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MAGNETORESISTANCE EFFECT ELEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a magnetoresistance 

effect element using a spin valve film. 

2. Description of the Related Art 

In general, information recorded on a magnetic 
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recording medium has been read out by a method of detecting 

a voltage, induced in a coil by electromagnetic induction 

caused by moving a reproducing magnetic head having the coil 

relatively to the recording medium. On the other hand, it 

has been known also 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 

(hereinafter referred to as an MR head) utilizes 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, peop1e's expectation on an 

MR head which can take out a great output also in a small 

relative velocity has been increased. 

Hereupon, an Ni-Fe alloy, what is called a 
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Permalloy-system alloy has been2used in a portion varying in 

resistance by sensing a magnetic field outside an MR head 

(hereinafter referred to as an MR element). However, even 

if a Permalloy-system alloy is an alloy having a good 

soft-magnetic property, it is at most 3 % in 

magnetoresistance change ratio and therefore it is . ; 
insufficien·t in magnetoresistance change ratio as an MR 

element to be used for a magnetic recording medium which has 

been made small in size and large in capacity. Accordingly, 

a magnetoresistance effect material of higher sensitivity 

has been desired as an MR element material. 

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

that a multilayered film whe.re a ferromagnetic metallic film 

and a non-magnetic m~tallic film are alternately stacked 

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 

magnetoresistance change ratio of more than 100 % at the 

maximum (see "Phys. Rev. Lett., Vol.61,2474 {1988), "Phys. 

Rev. Lett., Vol.64,2304 {1990), and the like). However, 

since an artificial lattice film has a high saturation 

magnetic field, 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-magnetic film/a ferromagnetic film in which the 

ferromagnetic films are not coupled by antiferromagnetic 



coupling has also attained 3a great magnetoresistance effect. 

Namely, one of the two ferromagnetic films having a 

non-magnetic film interposed between them i~ fixedly 

magnetized by applying an exchange bias to it and the other 

ferromagnetic film is rotated in magnetization by an 

external magnetic field (a signal magnetic field or th~ .. 
like). In this way, a great magnetoresistance effect can be 

obtained by changing a relative angle made between the 

magnetized directions 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 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 using the above-mentioned 

spin valve film, it is said to be important to improve a 

soft magnetic property of the ferromagnetic film by 

improving its crystal orientation. For example, in a spin 

valve film using a Co-based ferromagnetic material such as 

Co or a Co-based alloy as a ferromagnetic layer, to form a 

Co-based ferromagnetic layer directly on an amorphous 

material lowers its crystal orientation and deteriorates its 

soft magnetic property. Thereupon, it has been studied to 
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improve the crystal orientatioA by forming a metallic film 

having an fee crystal structure as a buffer layer and 

forming a Co-based ferromagnetic layer on this metallic 

buffer layer. 

However, in case of using a soft magnetic material such 

as an NiFe alloy or the like as the above-mentioned metallic . : 
buffer layer, ·thermal diffusion easily happens between the 

soft magnetic material and the Co-based ferromagnetic 

material, and the magnetoresistance effect is deteriorated. 

And although it has been studied also to form a 

ferromagnetic layer to rotate magnetization by an external 

magnetic field on a magnetic undercoat layer composed of 

v~rious soft magnetic materials, in such a case also, the 

magnetoresistance effect is deteriorated due to thermal 

diffusion which happens between the ferromagnetic layer and 

the magnetic undercoat layer. 

Since a heat treatment is indispensable in a process of 

manufacturing an MR element using a spin valve film, the 

above-mentioned deterioration of the magnetoresistance 

effect caused by thermal diffusio_n is a serious problem. In 

such a way, an MR element having a conventional spin valve 

film has a problem that it is poor in thermal stabilit~ 

(heat resistance), and it has been a great problem to 

improve the thermal stability by suppre~sing the thermal 

diffusion. 

SUMMARY OF THE INVENTION 

The present invention has been performed for the 



.' 

purpose of coping with such5a problem, and an object of the 

invention is to· provide a high-performance magnetoresistance 

effect element which is excellent in thermal stability by 

suppressing the thermal diffusion. 

A first magnetoresistance effect element of the 

invention is a magnetoresistance effect element provided . : 
with a spin valve film having a first magnetic layer formed 

on a metallic buffer layer, a second magnetic layer, and a· 

middle non-magnetic layer interposed between the first and 

second magnetic layers, wherein an atomic-diffusion barrier 

layer having an avera9e thickness of 2 nm or less is formed 

in the interface between said metallic buffer layer and the 

first magnetic layer. 

The first magnetoresistance effect element is 

furthermore a magnetoresistance effect element provided with 

a spin valve film having a first magnetic layer composed of 

a ferromagnetic material containing Co which has been formed 

on a metallic buffer layer having_ an fee crystal structure, 

a second magnetic layer~ and a middle non-magnetic layer 

interposed between the first and second magnetic layers, 

wherein an atomic-diffusion barrier layer having as the.main 

component at least one kind of material selected from an 

oxide, a nitride, a carbide, .a boride, and a fluoride is 

formed between said metallic buffer layer and the first 

magnetic layer. 

A second magnetoresistance effect element of the 

invention is a magnetoresistance effect element provided 

with a spin valve film having a first magnetic layer 



composed of a laminated film6of a magnetic undercoat layer 

and a ferromagnetic. layer, a second magnetic layer, and a· 

middle non-magnetic layer interposed between the first and 

second magnetic layers, wherein an atomic-diffusion barrier 

layer having an average thickness of 2 nm or less is formed 

in the interface between said magnetic undercoat layer and 
• i 

the ferromagnetic layer. 

The second magnetoresistance effect element is 

furthermore a magnetoresistance effect element provided with 

a spin valve film having a first magnetic layer composed of 

a laminated film of a magnetic undercoat layer and a 

ferromagnetic layer containing Co, a second magnetic layer, 

and a middle non-magnetic layer interposed between the first 

and second magnetic layers, wherein an atomic-diffusion 

barrier layer having as ·the main component at least one kind 

of material selected from an oxide, a nitride, a carbide, a 

boride, and a fluoride is formed in the interface between 

the magnetic undercoat. layer and the ferromagnetic layer. 

In the_ first magnetoresistance effect-element, since an 

atomic-diffusion barrier layer as described above is 

provided in the interface between the metallic buffer layer 

·and the first magnetic layer, it is possible to preferably 

suppress.atomic cross-diffusion between the metallic buffer 

layer and the first magnetic layer in heat treatment and to 

obtain an effect of improving the first magnetic layer in 

film quality by the metallic buffer layer. Therefore, it is 

possible to stably obtain a good magnetoresistance effect 

after heat treatment and at the same time it is possible to 



b . d f · 7 t o tain a goo so t magnetic proper y. 

And in the second magnetoresistance effect element, 

since an atomic-diffusion barrier layer as. described above 

is provided in the interface between the magnetic undercoat 

layer and the ferromagnetic layer, in the same way it is 

possible to preferably suppress atomic cross-diffusion . : 
between the magnetic undercoat layer and the ferromagnetic 

layer in heat treatment. Therefore, it is possible to stably 

obtain a good magnetoresistance effect after heat treatment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view for showing the structure of 

the main part of an embodiment of the first embodiment of 

the invention. 

Fig. 2 is a sectional view for showing the structure of 

the main part of an embodiment of the second embodiment of 

the invention~ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the invention are described in the 

following. 

First, an embodiment of the first rnagnetoresistance 

effect element (MR element) of the invention is described. 

Fig. 1 is a sectional view for showing the composition 

of the main part of an embodiment of the first MR element. 

In Fig. 1, reference number 1 is a first magnetic layer, 

number 2 is a second magnetic layer, and a middle 

non-magnetic layer 3 is .interposed between the first 
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magnetic layer 1 and the secJ3nd magnetic layer 2. These 

magnetic layers 1 and 2 form a laminated film of a 

non-coupled type without being coupled with each other by 

antiferromagnetic coupling. 

Each of the first magnetic layer 1 and the second 

magnetic layer 2 is composed of such a ferromagnetic .. : 

material containing Co as Co alone or a Co-based magnetic 

alloy, or such a ferromagnetic material as an NiFe alloy or 

the like. Among them, as a ferromagnetic material 

containing Co, it is preferable to use a Co-based magnetic 

alloy which can. make great an interfacial effect as well as 

Barkhausen effect having particularly a great influence upon 

the MR change ratio and can bring a great MR change ratio 

thanks to this. 

As such a Co-based magnetic alloy as described above, 

an alloy obtained by adding one or two or more of Fe, Ni, 

Au, Ag, Cu, Pd, Pt, Ir, Rh, Ru, Os, Hf, and the like to Co 

is mentioned. An amount of elements to be added is 

preferably 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 Barkhausen effect is not 

sufficiently increased, and conversely when the amount of 

added elements is too much, there is a possibility 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 ratio. 

And it is preferable that the first magnetic layer 1 

and the second magnetic layer 2 have a thickness of 1 to 30 

.• 
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run which can give a great MR change ratio and can suppress 

occurrence of Barkhausen noises. 

The first magnetic layer 1 of the above-mentioned 

magnetic layers 1 and 2 is formed on a metallic buffer layer 

4, and thanks to this, the first magnetic layer 1 is 

improved in film quality by improvement of its crystal . : 
orientation. In case of using a ferromagnetic material 

containing Co as described above ·for the first magnetic 

layer 1, as the metallic buffer layer 4, a metallic material 

having an.fee crystal structure such as an NiFe alloy, an 

NiFeCo alloy, an alloy whose resistance is made higher by 

adding such an additive element as Ti, v, Cr, Mn, Zn, Nb, 

Mo, Tc, Hf, Ta, W, Re or the like to these alloy of an fee 

crystal structure can be mentioned. Among them, an NiFe 

alloy, an NiFeCo alloy or the like functions also as a 

magnetic undercoat layer as described later. And in case of 

using a ferromagnetic material such as an NiFe alloy or the 

like as the first magnetic layer 1, Ta, Ti, Cr, Cu, Au and 

Ag, and an alloy of them and the like can be used as the 

metallic buffer layer 4. The first magnetic layer 1 is a 

magnetic layer whose magnetization is rotated by an external 

magnetic field such as a signal magnetic field, what is 

called .a free magnetic layer. 

And an atomic-diffusion barrier layer 5 is formed in 

the interface between the first magnetic layer 1 and the 

metallic buffer layer 4, and this suppresses thermal 

diffusion of atoms between the first magnetic layer 1 and 

the metallic buffer layer 4 in heat treatment. That is to 
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b f . h . 10ct. ff . b . 1 5 . t . say, y orming t e atomic- i usion arrier ayer , i is 

possible to suppress deterioration of the magnetoresistance 

effect caused by thermal diffusion and to improve an MR 

element in thermal stability. Although the atomic-diffusion 

barrier layer 5 needs to.be thermally stable and suppress 

atomic cross-diffusion between the first magnetic laye~ 1 .. 
. and the metallic buffer layer 4, since when it is too thick 

the .. metallic buffer layer 4 cannot bring an effect of 

improvement in film quality, it is desirable to make it as 

thin as possible within a range where a bad influence does 

not happen upon an effect of suppressing the atomic 

cross-diffusion. Accordingly, the average thickness of the 

atomic-diffusion barrier layer 5 is set at 2 run or less. 

However, since a function as an atomic-diffusion barrier is 

deteriorated when it is too thin, it is preferable that its 

average thickness is 0.5 nm or more. 

As a material for the atomic-diffusion barrier layer 5, 

a thermally stable material such as an oxide, a nitride, a 

carbide, a boride, a fluoride and the like can be used, and 

they can be used not only in the form of a single material 

alone but also in the form of a mixture, a composite 

compound, or the like. Among them, a self-oxide film, a 

surface-oxide film,· a passive film and the like which are 

particularly easy to form and excellent in suppression of 

atomic diffusion are preferably used. The atomic-diffusion 

barrier layer 5 composed of such compounds can be formed by 

forming a metallic buffer layer 4 and then once exposing its 

surface to the air or an atmosphere containing oxygen, 



nitrogen, carbon, boron, fluS!ine or the like. And it can 

be also formed by using an ion injection method or exposing 

it to plasma or the like. 

A compound forming the atomic-diffusion barrier layer 5 

does not have to have a stoichiometrically accurate 

composition and does not have to have a neat crystal . : 
lattice, and may be in an amorphous state. Furthermore, the 

atomic-diffusion barrier layer 5 does not have to uniformly 

cover the surf ace of the metallic buff er layer 4 but may 

cover it in a discontinuous state such as a state where 

pinholes are formed or where an oxide, a nitride, a cabide, 

a boride, a fluoride or the like is formed in the shape of 

islands. It is more preferable that there are pinholes to 

such a degree that they may not have a bad influence upon an 

effect of suppressing atomic cross-diffusion. The reason is 

that.there is a possibility that an effect of improv~ment in 

film quality and a magnetic coupling are reduced. 

Considering the above points, it is preferable that the 

average size of pinholes is nearly equal to or less than the 

distance between pinholes adjacent to each other. 

On the other hand, the second magnetic layer 2, whose 

magnetization is fixed as being given a bias magnetic field 

by an antiferromagnetic layer 6 composed of an IrMn film, an 

FeMn film, an NiO film or the like, or a hard "magnetic layer 

composed of a CoPt film or the like, is what is called a pin 

magnetic layer. The second magnetic layer 2 as a pin 

magnetic layer is not limited to a layer obtained by fixing 

magnetization of the ferromagnetic layer by means of an 
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antiferromagnetic layer 6 or 1~he like as described above but 

can be directly composed of a hard magnetic layer for 

example. 

Here, it is preferable to keep the magnetizing 

directions of the first magnetic layer 1 and the second 

magnetic layer 2, for example, perpendicular to each other 
.. : 

in a state where the external· magnetic field is zero in 

·order to improve an MR element in linear response. Such a 

magnetized state can be obtained by applying an annealing 

process sho~ in the following, for example.· That is to 

say, (1) after keeping a sample at a temperature of about 

523K as applying a magnetic field of about 1 kOe to the 

sample, (2) the process cools the sample to a temperature of 

about 483K in a magnetic field of about 1 kOe as it is, and 

(3) turns the direction of the applied magnetic field by 90° 

when the temperature has reached about 483K and cools the 

sample to the room temperature. An orthogonally magnetized 

state can be stably obtained by such an annealing process 

(hereinafter referred to as an orthogonal annealing 

process). As concrete magnetizing directions, it is 

preferable that magnetization of the first magnetic layer 1 

is in the track-width direction and magnetization of the 

second magnetic layer 2 is in the vertical direction to the 

medium fa~ing surface perpendicular to the magnetizing 

direction of the first magnetic layer 1. 

And an annealing process to be applied to the first 

magnetic layer 1 and the second magnetic layer 2 is not 

limited to the above-mentioned orthogonal annealing process 



but is also performed in ordJi to improve the first magnetic 

layer 1 and the second magnetic layer 2 in crystallinity. 

In this case, the annealing process is performed at a 

temperature of about 100 to.400K for a time of .about 1 

minute to 10 hours. 

The middle non-magnetic layer 3 disposed between ;t;.he 

said magnetic layers 1 and 2 is composed of a paramagnetic 

material, a diamagnetic material, an antiferromagnetic 

material, a spin glass material, or the like. Concretely, 

for example, Cu, Au, Ag, a paramagnetic alloy containing 

them and a magnetic element, Pd, Pt, and an alloy containing 

them as its main ingredient are mentioned. Here, it -is 

preferable to set the thickness of the middle non-magnetic 

layer 3 in a range of about 2 to 5 nm. The middle 

non-magnetic layer 3 cannot give a sufficient resistance 

change sensitivity when its thickness is more than 5 run, and 

it is difficult to make small enough the exchange coupling 

between the magnetic layers 1 and 2 when its thickness is 

less than 2 nm. 

The spin valve laminated film 7 is composed of the 

above-mentioned layers, and in an MR element provided with 

such a spin valve laminated film 7, since the magnetizing 

direction of the first magnetic layer 1 is rotated by an 

external magnetic field while the magnetizing direction of 

the second magnetic layer 2 is fixed, a magnetoresistance 

effect is obtained by that the relative angle between t;he 

magnetizing directions of the two magnetic layers 1 and 2 

which are disposed so as to have the middle.non-magnetic 
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layer 3 interposed between ··them is changed. 

In an MR element of said embodiment, since an 

atomic-diffusion barrier layer 5 composed of an oxide, a 

nitride, a carbide, a boride, a fluoride or the like is 

formed in the interface between the first magnetic layer 1 

and the metallic buffer layer 4, it is possible to stably .. ,. 

suppress atomic cross-diffusion between the first magnetic 

layer 1 and the metallic buffer layer 4 when applying an 

orthogonal annealing process as described above or an 

annealing process for improvement of crystallinity. And an 

effect of improvement in film ~uality by the metallic buffer 

layer 4 can be sufficiently obtained by making the average 

thickness of the atomic-diffusion barrier layer 5 be 2 nm or 

less. In such a way, according to an MR element of said 

embodiment, since an effect of improvement in film quality 

by the metallic buffer layer 4 can be sufficiently obtained 

and deterioration of a magnetoresistance effect caused by 

thermal diffusion can be suppressed, it is possible to 

attain a high perfo~ance and furthermore improve a thermal 

stability. 

Next, an embodiment for implementing the second 

magnetoresistance effect element (MR element) of the 

invention is described in the following. 

Fig. 2 is a sectional view for showing composition of 

the main part of an embodiment of the second MR element. In 

Fig. 2, reference number 1 is a first magnetic layer, number 

2 is a second magnetic layer, and a middle non-magnetic 

layer 3 is interposed between these first and second 
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a laminated film of a non-coupling type without being 

coupled by an antiferromagnetic coupling. 

The first magnetic layer 1 of these magnetic layers 1 

and 2 is composed of a laminated film of a ferromagnetic 

layer 11 composed of a ferromagnetic material as described 
~ : 

in the first embodiment and a magnetic undercoat layer 12 

composed of various soft magnetic materials. Among them the 

ferromagnetic layer 11 is a layer to contribute to a 

magnetoresistance effect and the magnetic undercoat layer 12 

is a layer to improve the ferromagnetic layer 11 in soft 

magnetic property. Here, since among said ferromagnetic 

materials, particular~y it is difficult for such 

ferromagnetic materials containing Co as Co or a Co-based 

alloy tq attain a good soft-magnetic property by themselves 

alone, they are materials for which a magnetic undercoat 

layer 12 is desirably formed in particular. 

~he magnetic undercoat layer 12 may be composed of a 

soft I_nagnetic material film composed of one kind of soft 

magnetic material and may be composed of a soft magneti~ 

material laminated film composed of two or more kinds of 

soft magnetic materials. As a component material for the 

magnetic undercoat layer 12, an NiFe alloy, an NiFeCo alloy, 

an alloy whose resistance is made higher by adding such an 

additive element as Ti, V, Cr, Mn, Zn, Nb, Mo, Tc, Hf, Ta, 

W, Re or the like to these soft magnetic alloys, an alloy 

made amorphous by adding the same additive elements as 

described above to Co, for example, an amorphous CoNbZr 
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alloy and the like can be mentl~ned. 

The first magnetic layer 1 composed of a laminated film 

of the ferromagnetic layer 11 and a magnetic undercoat layer 

12 is arranged so that the ferromagnetic layer 11 may be in 

contact with the middle non-magnetic layer 3. Although it 

is not always limited to this arrangement, such an . ; 

arrangement as described above is desirable in order to 

obtain a great MR change ratio. And it is desirable to make 

directly magnetically an exchange coupling between the 

ferromagnetic layer 11 and the magnetic undercoat layer 12 

and make them act as one body in magnetization when seen in 

the film thickness direction. This first magnetic layer 1 

is a magnetic layer whose magnetization fs rotated by an 

external magnetic field such as a signal magnetic field or 

the like, what is called a free magnetic layer. 

And an atomic-diffusion barrier layer 5 is formed in 

the interface between the ferromagnetic layer 11 and the 

magnetic undercoat layer 12, and this suppresses thermal 

diffusion between the ferromagnetic layer 11 and the 

magnetic undercoat layer 12 in heat treatment. That is to 

say, by forming an atomic-diffusion barrier layer 5, it is 

possible to suppress deterioration of a magnetoresistance 

effect caused by thermal diffusion and an MR element is 

improved in thermal stability. Although the 

atomic-diffusion barrier layer 5 needs to be thermally 

stable ~nd suppress an atomic cross-diffusion between the 

ferromagnetic layer 11 and the magnetic undercoat layer 12, 

since a magnetic coupling between the ferromagnetic layer 11 
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and the magnetic undercoat layer 12 is cut off when it is 

too thick, it is desirable to make it as thin as possible 

within a range where a bad influence does not happen upon an 

effect of suppressing an atomic cross-diffusion. Therefore, 

the average thickness of the atomic-diffusion barrier layer 

5 is set at 2 nm or less. However, since a function as an . : 
atomic~diffusion barrier is deteriorated when it is too 

thin, it is preferable that the average thickness of the 

atomic-diffusion barrier layer 5 is 0.5 nm or more. 

A material for the atomic-diffusion barrier layer 5 is 

the same as described in the first embodiment and in the 

same way as the first embodiment, a self-oxide film, a 

surface oxide film, ~ passive film and the like which are 

particularly easy to form and excellent in suppression of 

atomic diffusion are preferably used. A method for forming 

such an atomic-diffusion barrier layer 5 is also the same as 

described in the first embodiment. 

A compound forming the atomic-diffusion barrier layer 5 

does not have to have. a.stoichiometrically accurate 

composition and.does not have to have a neat crystal 

lattice, but may be in an amorphous state. Furthermore, the 

atomic-diffusion barrier layer 5 does not have to uniformly 

cover the surface of the metallic buffer layer 4 but may 

cover it in a discontinuous state such as a state where 

pinholes are formed or where an oxide, a nitride, a cabide, 

a boride, a fluoride or the like is formed in the shape of 

islands. It is possible to obtain a better effect of 

improvement in film quality of the ferromagnetic layer 11 
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by forming it in a discontinuous state than by forming it in 

a continuous state. 

Particularly, in order to keep sufficiently a magnetic 

coupling between the ferromagnetic layer 11 and the magnetic 

undercoat layer 12, it is preferable to positively redu.ce .. 
the area covered with a compound as described above and form 

the atomic-diffusion barrier layer 5 in a discontinuous 

state. And in order to keep sufficiently a magnetic 

coupling between the ferromagnetic layer 11 and the magnetic 

undercoat layer 12, it is preferable also to form the 

atomic-diffusion barrier layer 5 out of a ferromagnetic 

material or an antiferromagnetic material. As a 

ferromagnetic material for forming the atomic-diffusion 

barrier layer 5, spinel ferrite, FexN and the like are 

mentioned, and as an antiferromagnetic material for forming 

the atomic-diffusion barrier layer 5, NiO, MnxN, Coo and the 

like are mentioned. 

The second magnetic layer 2 is what is called a pin 

magnetic layer whose magnetization is fixed by applying a 

bias magnetic field by means of an antif erromagnetic layer 6 

or a hard magnetic layer in the same way as said first 

embodiment. The second magnetic layer 2 and the 

antif erromagnetic layer ·6 are composed in the same way as 

said first embodiment, and the middle non-magnetic layer 3 

is also the same as the first embodiment. 

An orthogonal annealing process or an annealing process 

for improvement in crystallinity is applied to the first 
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magnetic layer 1 and the second 1~agnetic layer 2 in the same 

way as the said first embodiment. - Annealing conditions of 

these are the same as described in the first embodiment. 

A spin valve laminated film 13 is composed of the 

above-mentioned layers, and in an MR element provided with 

such a. spin valve laminated film 13, since the magneti~ing .. 
direction of the· first magnetic layer 1 is rotated by an 

external magnetic field while the magnetizing direction of 

the second magnetic layer 2 is fixed, a magnetoresistance 

effect is obtained by that the relative angle between the 

magnetizing directions of the two magnetic layers 1 and 2 

which are disposed so as to have the middle non-magnetic 

layer 3 interposed between them is changed. 

In an MR element of the embodiment, since an 

atomic-diffusion barrier layer 5 composed of an oxide, a 

nitride, a carbide, a boride, a fluoride or the like is 

formed in the interface between the first magnetic layer 11 

and the magnetic undercoat layer 12, it is possible to 

stably suppress atomic cross-diffusion between the first 

magnetic layer 11 and the magnetic undercoat layer 12 when 

applying an orthogonal annealing process as described above 

or an annealing process for improvement in crystallinity. 

And a good effect of giving a soft magnetic property to the 

ferromagnetic layer 11 by means of the magnetic undercoat 

layer 12 can be obtained, since a magnetic coupling between 

the ferromagnetic layer 11 and the magnetic undercoat layer 

12 is not deteriorated. According to an MR element of the 

above embodiment, since ah effect of giving a soft magnetic 



property to the ferromagneti~O layer 11 by means of the 

magnetic undercoat layer 12. can be sufficiently obtained and 

deterioration of a magnetoresistance effect caused by 

thermal diffusion can be suppressed, it is possible to 

attain a high performance and furthermore improve a thermal 

stability. . .. 

(Embodiments) 

Next, concrete embodiments of the present invention are 

described in the following. 

(Embodiment 1) 

First, as the magnetic undercoat layer 12, an amorphous 

CoNbZr alloy film of 10 nm in thickness and an NiFe alloy 

film of 2 run in thickness were formed one after another on a 

thermally oxidized Si substrate by means of a sputtering 

method. Here, the NiFe alloy film acts also as a metallic 

buffer layer 4. 

After said ·Ni Fe alloy film was formed, the surface of 

it was ·once exposed to the air, and a passive film was 

formed as an atomic-diffusion barrier layer on the NiFe 

alloy film. Examining the state of this passive film by 

means of a sectional TEM, the average thickness of it was 

about 1 nm and its formed state was discontinuous in the 

shape of islands. 

Next, a spin valve laminated film 13 (7) was made by 

forming one after another a Co90Fe10 alloy film of 3 nm in 

thickness as a ferromagnetic layer 11, a Cu film of 3 nm in 

thickness as a middle non-magnetic layer 3, a Co90Fe10 alloy 
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21 film of 3 run in thickness as a second magnetic layer 2, an 

IrMn alloy film of 10 nm in thickness as an 

. antiferromagnetic layer 6, and a Ta film of 5 run in 

thickness as a protective layer on the NiFe alloy film on 

whose surface a passive film had been formed. 

On the other hand, as a comparative example 1 to be 

compared with the present invention, a spin valve laminated 

film was made in the same way as the embodiment 1 except 

that all the films were consecutively formed inside a vacuum 

chamber without exposing the surface of the NiFe alloy film 

after it was formeq. In the spin valve laminated film of 

the comparative example, an atomic-diffusion barrier layer 

is not formed in the interface between the NiFe alloy film 

and the Co90Fe10 alloy film. 

The respective spin valve laminated films according to 

the embodiment 1 and compa~ative example 1 were patterned 

.and then annealed at 523K. The MR change ratios of the 

respective MR elements obtained in such a way were measured. 

The ~ change ratips were measured respectively after 

annealing of 2 hours, after annealing of 10 hours, after 

annealing of 50 hours, and after annealing of 100 hours, and 

from the result of these measurements the MR element 

according to the embodiment and the MR element according to 

the comparative example were compared with each other in 

thermal stability. Table i shows the result of measurement 

of the MR change ratios after the lapse of the respective 

annealing hours. 



MR change ratio (%) 

Annealing 0 2 10 50 100 
time (hours) (as depo) 

Embodiment 1 6.2 8.0 8.0 8.0 8.0 . 
Comparative 6.9 6.1 5.9 5.4 4.9 
example 1 

. : 

As known from Table 1, in the comparative example 

having no atomic-diffusion barrier layer formed in the 

interface between the NiFe alloy. film and the Co90Fe10 alloy 

film due to the consecutive film forming, although the MR 

change ratio immediately after the film forming is as 

comparatively good as 6.9 %, the MR change ratio is abruptly 

decreased after annealing of 2 hours. And after that; the 

MR change ratio continues to decrease with the lapse of 

annealing time and the MR change ratio has decreased to 4.9 

% after annealing of 100 hours. The reason is thought that 

since there is not a barrier layer to suppress atomic 

diffusion in the interface between the NiFe alloy film and 

the Co90Fe10 alloy film, atomic cross-diffusion has 

progressed between the layers due to the annealing, and the 

MR change ratio has been decreased by this. In such a way, 

the MR element of the comparative example 1 was poor in 

thermal stability (heat resistance). 

On the other hand, in the embodiment 1 having an 

atomic-diffusion barrier layer formed in the interface 

between the Ni Fe alloy film and the Co90Fe10 alloy film by 
-

exposing once the NiFe alloy film to the air after forming 

it, although the MR change ratio immediately after the film 
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f ' 1 h h 23 . 1 th MR orming was ower t an t e comparative examp e, e 

change ratio rised to 8.0 % after annealing of 2 hours. The 

reason is thought that the 2-hour annealing process improved 
'-· 

the respective layers in crystallinity and the 

atomic-diffusion barrier layer suppressed atomic diffusion 

in the interface between the NiFe alloy film and the Cq90Fe10 .. 
alloy film. It is known that the MR change ratio is not 

decreased from 8.0 % and atomic diffusion in the interface 

between the Ni Fe alloy film and the Co90Fe10 alloy film is 

! 

suppressed even after annealing for a furthermore long time. 

In such a way, the MR element of the embodiment 1 was 

excellent in thermal stability (heat resistance). 

(Embodiment 2) 

First, as the m~gnetic undercoat layer 12, an am~rphous 

CoNbZr alloy film of 10 nm in thickness and an NiFe alloy 

film of 2 nm in thickness were formed one after another on a 

thermally oxidized Si substrate by means of a plasma method. 

Here, the NiFe alloy film acts also as a metallic buffer 

layer 4. 

After the NiFe alloy film was formed, the plasma was 

once extinguished and an argon gas having 20 % oxygen mixed 

in it was introduced into a vacuum chamber, and an oxide 

film was formed as an atomic-diffusion barrier layer on the 

surface of the NiFe alloy film. At this time, the surface 

oxide film was changed in thickness by controlling the time 

and pressure of introducing the mixed gas of oxygen and 

argon. The average thicknesses of the obtained surface 

oxide films were as shown in the following Table 2. The 
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comparative example 2 in the ~fible has a surface oxide film 

having a thickness outside the scope of the present 

invention. 

Table 2 

Sample Average thickness of a 
number surface oxide film (nm) . : 

Embodiment 2 1 0.3 

2 o.s 
3 1. 0 

Comparative 4 3.0 
example 2 

Thickness of a surface oxide film shown in Table 2 is 

an average thickness, and the oxide film having that 

thickness is not always uniformly formed. Thereupon, sample 

No .1 o.f the embodiment 2 whose surface oxide film has an 

average thickness of 0.3 nm has comparatively many pinholes 

in the surface oxide film. 

Next, a spin valve laminated film 13 (7) was made by 

forming one after another a Co90Fe10 alloy film of 3 nm in 

thickness as a ferromagnetic layer 11, a Cu film of 3 nm in 

thickness as a middle non-magnetic layer 3, a Co90Fe10 alloy 

film of 2 nm in thickness as a second magnetic layer 2, an 

IrMn alloy film of 8 nm in thickness an antiferromagnetic 

layer 6, and a Ta film of 5 nm in thickness as a protective 

film on the NiFe alloy film on whqse surface an oxide film 

(passive film) had been formed. 

The respective spi~ valve laminated films accqrding to 

the embodiment 2 and comparative example 2 were patterned 
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and then annealed at 523K fo~5 2 hours. The MR change ratios 

of the respective MR· elements obtained in such a way were 

measured, respectively, immediately after the film forming 

and after annealing of 2 hours. Table 3 shows the result of 

measurement of these. 

. : 
Table 3 

Sample Average thickness MR change ratio ( % ) 
number of a surface 

oxide film (nm) !Dllllediately after After 2-hour 
the film forming annealing 

Embodiment 2 

1 0.3 5.8 6.2 

2 0.5 6.1 7.0 

3 1.0 6.0 8.2 

Comparative example 2 

4 3.0 5.0 5.2 

In any MR element according to the embodiment 2, its MR 

change ratio rised after annealing of 2 hours, ~nd an effect 

of an atomic-diffusion barrier layer composed of a surface 

oxide film was confirmed. ·However, although in a sample 

whose surface oxide fiim is thin in thickness its MR change 

ratio did not rise so greatly and it is assumed that atomic 

cross-diffusion has happened in some degree, in a sample 

whose surface oxide film is 1 nm in thickness a good MR 

change ratio has been obtained. 

On the other hand, in an MR element according to the 

comparative example 2, although its MR change ratio rised in 

some degree after anne~ling of 2 hours, the initial MR 

change ratio (immediately after the film forming) is small 
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26. 
and as a result a sufficient MR change ratio has not been 

obtained. The reason is thought that an effect of the 

magnetic undercoat layer and the metallic buffer layer could 

not be obtained due to a too thick surface oxide film. And 

since a sufficient fee orientation could not be obtained and 

a magnetic coupling with the magnetic undercoat layer was . : 
cut off, its soft magnetic property was deteriorated and its 

coercive force He was 3 Oe. 

According to the invention as described above, since 

thermal diffusion between a metallic buffer layer and a 

magnetic layer or between a magnetic undercoat layer and a 

ferromagnetic layer can be suppressed, a magnetoresistance 

effect element which is high in performance and excellent in 

thermal stability can be provided. 

In the magnetoresistance effect element of the present 

invention, a pair of lead electrodes which supply a sense 

current to the element are formed to be connected to the 

element. The structure of these lead electrodes and the 

connecting method thereof and the iike can_ be realized by 

selecting any of known arts depending on the used 

magnetoresistance effect·. For example, when the 

magnet~resistance effect element is used as a spin valve GMR 

element which mainly uses spin scattering at the interfaces 

between magnetic layers composed of a pinned layer and a 

free layer and nonmagnetic intermediate layer interposed 

between the pinned layer and the free layer, the lead 
. 

electrodes are provided at the both side ends of the element 

to form electrical connections and thereby a sense current 



flows perpendicular to a ?Jurface of each layer. Or, for 

example, to flow a ferromagnetic tunnel current to the layer 

direction of each layer, the lead electrodes are provided at 

the upper surface and the lower surface of the element, or 

the lead electrodes are provide.on either of the upper 

surface and the lower surface and on either of the both side 

ends of the element. 

When the magnetoresistance effect element of the 

present invention is used as the spin valve GMR element, the 

lead electrodes may be formed by laminating with a hard 

magnetic film. This hard magnetic film can suppress the 

occurrence of magnetic domain in the free layer, and 

provides a longitudinal bias to the free layer.. The above-

mentioned longitudinal bias can be allowed by adjacently 

forming above the both side ends of at least the free layer 

of the magnetoresistance element. Further, it may be 

possible by laminating the hard magnetic film on the side 

ends of the free layer. 

Further, the magne~oresistance effect element of the 

present invention as a GMR reproducing head can be unitarily 

formed with a magnetic recording head. The magnetic 

recording head has at least a pair of magnetic poles, a 

magnetic gap which separates the pair of magnetic poles at a 

plane facing the medium, and a coil for supplying an 

electric current field. The GMR head and the magnetic 

recording head are laminated on the substrate in order. In 

case of recording/reproducing separate type head, at least 

either of the pair of magnetic poles can be used as a 
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magnetic sealed layer of th~8 GMR head. Further, in case of 

recording/reproducing unit type head, a magnetic pole of the 

recording head can be used as a reproducing yoke of the GMR 

head. The magnetoresistance effect element of the present 

invention can be magnetically combined with the reproducing 

yoke. . .. 

These head structure can be realized by using the known 

arts. 

! 



i : 
\....._/· 

WHAT IS CLAIMED IS: 
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1. A magnetoresistance effect element provided with 

a spin valve film, comprising: 

a first magnetic layer formed on a metallic buffer 

layer, , : 

a middle non-magnetic layer formed on said first 

magnetic layer; and 

a second magnetic layer formed on said middle 
! 

non-magnetic layer, 

wherein an atomic-diffusion barrier layer whose average 

thickness is 2 nm·or less is formed in the interface between 

said metallic buffer layer and said first magnetic layer. 

2. A magnetor~sistance effect element as defined in 

claim 1, wherein said metallic buffer layer is composed of 

metal having an f cc crystal structure and said first 

magnetic layer is composed of a ferromagnetic material 

containing Co. 

3. A magnetoresistance effect element as defined in 

claim 1, wherein; said atomic-diffusion barrier layer is 

composed of at least one kind of material selected from 

groups of oxides, nitrides, carbides, borides, and 

fluorides. 

4. A magnetoresistance effect element as defined in 

claim 1, wherein pinholes are formed in said 

atomic-diffusion barrier layer. 

5. A magnetoresistance effect element as defined in 

claim 4, wherein 
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an average thickness of 3Qaid atomic-diffusion barrier 

layer is 0.5 run or more. 

6. A magnetoresistance effect element as defined in 

claim 1, wherein said atomic-diffusion barrier layer is 

discontinuously formed in the shape of islands. 

7. A magnetoresistance effect element as defined in 
·- -· 

claim 2, wherein said atomic-diffusion barrier layer is 

composed of a metal oxide. 

· 8. A magnetoresistance effect element as defined in 

claim 1, wherein said atomic-diffusion barrier layer is 

composed of a ferromagnetic material or an ant~ferromagnetic 

material. 

9. A magnetoresistance effect element provided with 

a spin valve film, comprising: 

a first magnetic layer composed of a laminated film of 

a magnetic undercoat layer and a ferromagnetic layer, 

a middle non-magnetic layer formed on said first 

magnetic layer; and. 

a second magnetic layer formed on said middle 

non-magnetic layer, 

wherein an atomic-diffusion barrier layer whose average 

thickness is 2 nm or less is formed in the interface between 

said magnetic undercoat layer and said ferromagnetic layer. 

10. A magnetoresistance effect element as defined in 

claim 9, wherein said ferromagnetic layer forming said first 

magnetic layer is composed of a ferromagnetic material 

containing Co. 

11. A magnetoresistance effect element as defined in 
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claim 9, wherein said atomiJ1diffusion barrier layer is 

composed of at least one kind of material selected from 

groups of oxides, nitrides, carbides, borides, and 

fluorides. 

12. A magnetoresistance effect element as defined in 

claim 9, wherein an average thickness of said 

atomic-diffusion barrier ~ayer is 0.5 nm or more. 

13. A magnetoresistance effect element as defined in 

claim 9, wherein pinholes are formed in said 

atomic-diffusion barrier layer. 

14. A magnetoresistance effect element as defined in 

claim ·g, wherein said atomic-diffusion barrier layer is 

composed of a ferromagnetic material or an antiferromagnetic 

material. 


