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MAGNETORESISTANCE EFFECT ELEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
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The present invention relates to a_magnetoresistance 

effect element. 

2. Description of the Related Art 

In general, information recorded on a magnetic 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 t? IEEE ~G-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 oi 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 magnetores~stance effect is a 

phenomenon that electric resistance of a ferromagnetic 
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material is changed by an external 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 

magnetoresistance effect (GMR) which depends on the directions 

of magnetization of ferromagnetic conductive lay~rs superposed 

with a non-magnetic conductor layer interposed between them 

can give a re~istance change· ratio exceeding io· %, it is 

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 me.tallic 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 

change with a weak magnetic field and therefore, both a great 

resistance change ratio and a little saturation magnetic field 

(a 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 property. 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 operati6n of the element. 

For example, an NiFe alloy (Permalloy 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 comparison with a Co alloy. On the 

6ther hand, a Co alloy has a great coercive force and has a 

problem in a soft magnetic property, and 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 tQ 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 change 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 rnulti-l·ayered film where ferromagnetic metallic films 



and non-magnetic metallic film: 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 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 l.ike). 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-magnetic film/a ferromagnetic film in which the 

ferromagnetic films are not coupled by antiferromagnetic 

coupling also has at.tained a great magnetoresistance ef feet. 

Namely, one of the two ferromagnetic films having a 

non-magnetic f i1m interposed between them is fixedly 

magnetized PY 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 between the directions of · 

magnetization of the two ferromagnetic films disposed so as to 

have a non-magnetic film interposed between them. A 

mu'ltilayered film of such a type is called a spin valve film 

(see "Phys. Rev. B., Vol.45,806 (19.92), "J. Appl. Phys., 

Vol.69,4774 (1991), and the like). Although a spin valve film 
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has a smaller magnetoresistance
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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 pract:ical use is 

placed on an MR head using such a spin valve film. 

By the way, in an MR element using 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 valve .film 

using a Co film or a Co based magnetic alloy film as a 

ferromagnetic film, or particularly a spin valve film using a 

crystalline Co film or a crystalline Co ~ased magnetic alloy 

film shows a good MR change quantity, it is difficult to give 

a soft magnetic property to it. In general, in Co or a Co 

based magnetic alloy, dispersion of magnetic anisotropy is 

generated and a great coercive force He is generated also in 

magnetic hysteresis in a direction of hard axis of 

magneti·zation. 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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6 its S/N ratio caused by Barkhausen 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 

performing such an annealing process, 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 pr~ctical use. 

Thus, in an MR element using a 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 He 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 He in direction of hard axis of magnetization. 

SUMMARY OF THE INVENTION 

A first object of the invention is to provide a 

magnetoresistance effect element which 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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making it possible to attain a 7great MR change quantity and 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 supeFposed on the non-magnetic 

conductive layer and a pair of electrodes formed on this 

laminated film wherein one of the first ferromagnetic 

conductive layer and the second ferromagnetic conductive layer 

is provided with at least a first ferromagnetic 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 differ.ent 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 magn~tic 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 magn~toresistance 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 nearly 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 ferromagnetic film is 

arranged so as 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 rotated by 

a magnetic field to be measured and a pin layer which is 

composed of a ferromagnetic conductive layer having an 

uniaxial ~agnetic 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 b~~ween 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 magneti~ation directions of the free layer and the 

pin layer, wherein the free layer comprises at least a first 

ferromagnetic layer and a second terromagnetic f ilrn having a 

direction of axis of easy magnetization different from that of 

the first ferromagnetic layer and keeps an uniaxial magnetic 
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anisotropy in a specified dir~ction 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 

conductive layer having an uniaxial magnetic anisotropy given 

in a direction in its film plane, a non-magnetic conductor 

layer superposed on the first main surface of the first 

ferromagnetic conductive layer, a second ferromagnetic 

conductive layer which is superposed on the non-magnetic 

conductor layer and has an uniaxial magnetic anisotropy given 

in a direction in its film plane, and a magnetically fixing 

film which is superposed on the second main surfa·ce 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 ferromagnetic conductive 

layer comprises at least a first and 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, 

f~rthermore, 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 easy1~agnetization of one of said 

first ferromagnetic film and said secpnd_ferromagnetic film 

and the direction of axis ·of easy magnetization of the first 

ferromagnetic conductive layer are nearly in parallel with 

each other. 

In the third magnetoresistance effect element, 

furtnermore, it is preferable that the second ferromagnetic 

conductive layer is applied a bias magnetic field which is so 

intense that its magnetization direction can be rotated by an 

external magnetic field and which is in a direction 

perpendicular t~ the magnetization direction of the first 

ferromagnetic conductive layer. 

A method for manufacturing one of the first to third 

magnetoresistance effect elements, namely, a method for 

rnanuf acturing a magnetoresistance effect element comprising a 

laminated film member which comprises a first ferromagnetic 

conductive layer, a non-magnetic conductive layer superposed 

on the first ferromagnetic conductive layer, and a second 

ferromagnetic conductive layer superposed on the non-magnetic 

conductive layer and which shows a magnetoresistance effect, 

wherein at least one of the first and second ferromagnetic 

conductive layers comprises at least a first and a second 

ferromagnetic films whose directions of axis of easy 
r 

magnetization are different from each other, tne method for 

manufacturing a magn~toresistance effect comprises a heat 

treatment process comprising the s~eps of heating the 

laminated film to a. first tempera tu re and keeping it as 

applying a magnetic field to it in a first direction for a 
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0 t 11 d k . speci ie time, coo ing to a secon· temperature as eeping 

the magnetic field applied to it, turning the magnetic field 

to a second direction at a point of tim'e when it has been 

cooled to 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 

orthogonalizing 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 treatment so that the total of 

the anisotropic magnetic fields of the first and second 

ferromagnetic films may be 10 Oe or less in intensity. 

As described above, in said first to third 

magnetoresistance effect elernents,·a ferromagnetic conductive 

layer composed of plural ferromagnetic films whose directions 

of axis of .easy magnetization are different from each other 

has an exchange coupling generated directly between the 

ferromagnetic films, and the ferromagnetic conductive layer 

acts in magnetization as one body on the whole. Since 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 



each other. 12 

This is described more concretely with reference to the 

drawings. 

As shown in Figure lA, 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 an FeMn film 

for example. A pair of electr~des are provided on this 

laminated 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 magnetores~stance effect element of a spin valve 

type, since its pin layer 4 is fixedly magnetized, 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 that 

only the free layer 2 may be improved in soft magnetic 

property. However, it is a matter of course that the pin 

l~yer may be also made multilayered according 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 thermal resistance, it will do to make 

a layered structure in the.free layer 2 so that a Co film or a 
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C 11 f ·1 b d. d 13 h "d . . h h o a oy i m may e ispose at t e si e in contact wit t e 

non-magnetic conductor 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 laminating 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 then making the directions of axis of easy magnetization 

of the first and the second _ferromagnetic films, for example, 

perpendicular to each other. 

Such a state 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 ptructure. -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 direction of the applied magnetic 

field is cha_nged depends upon a ~ilm composition (varies 

according to such various conditions as ~ 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 film is turned to the first magnetic field 

direction and .that of the second ferromagnetic film is turned 

to the second magnetic field direction. 



S . th h 1 f · 1 14 . . 1 . . t . eeing e w o e i m, an·· uniaxia magnetic anise ropy is 

introduced in the direction of ·~xis of easy magnetization of a 

film governing the anisotropy. Anisotropy of the whole film is 

governed by the film which is greater in a product of the 

intensity of its magnetization and its ·film thickness and the 

anisotropic magneti~ field. 

Assuming that the second ferromagnetic film 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 

f errornagnetic film in the no magnetic field state of the first 

ferromagnetic film. 

This situation is shown in Figure lB. 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 

rnagnetizati.on of the first ferromagnetic film 2-1 and is 

perpendicular to the direction of axis of easy magnetization 

of the second ferromagnetic film 2-2. The second 

ferromagnetic film 2-2 governs the anisotropic direction of 

the whole free layer 2 and as a result, anisotropies 

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 antiferromagnetic 

f ilrn for f iiing magnetiza~ion of a pin layer. A layer 

configuration in this case is as shown in Figure 2 for 
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Nameiy, 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 uniaxiai magnetic 

anisotropy given in a direction in its film plane, a 

non-magnetic conductive layer 23 superposed on the first 

ferromagnetic conductive layer, a second ferromagnetic 

conductive 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 an 

antiferromagnetic film; and a pair of electrodes 26 formed on 

this laminated film, wherein said second ferromagnetic 

conductive layer comprises a first ferromagnetic 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 lB 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 giv.ing a bias magnetic field 

to a free layer 22 is formed so as 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 to 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 laminated film or between the 

hard magnetic layer 27 and the laminated film. 

Furthermore, since generally an antiferromagnetic film is 

poor in corrosion resistance, a protective film may be formed 

on the anti ferromagnetic f_ilm 25. 

In general, an uniaxial magnetic anisotropy of a free 

layer is set in parallel with the surface of a recording 

medium and an uniaxial magnetic anisotropy of a pin layer is 

set perpendicularly to the surface of the recording medium. 

Accordingly, in the heat treatment in a magnetic field, it 

will do to set the first applied magnetic 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 non1Jagnetic conductor film that 

greatly contributes to a magnetoresistance ~ffect, the 

properties, which is difficult to reconcile by the first 

ferromagnetic film alone, can be reconciled 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 

plural magnetic films and it is a matter of course that it may 

contain two or more f~rromagnetic films. 
. . 

Here, a case is explained where the free layer is 

composed of a laminated film made by laminating two kinds of 

magnetic. films, and activation energies of. the respective 

magnetic films are el and e2 (eV), and an uniaxial magnetic 

anisotropy having a little 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 temperature high enough in 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; 

H~ = 2H~ (exp{-A exp(-ne)t}- 0.5), where H~ is an 

anisotropic magnetic field in case of annealing the magnetic 

film for the infinite time, A is a constant obtained by an 
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experiment, tis a ~eat treatment time,~= l/(kB • Ta), kB is 

a Boltzmann constanti 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 Hk depending upon an 

activation energy e 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 

performing an orthogonalizing heat treatment at the same 

temperature, when the activation energy varies, the resultant 

value of Hk varies. And it is known that it is possible to 

bring the Hk close to nearly zero by selecting a proper 

annealing temperature to an activation energy. 

In case of annealing a single film, however, sin~e 

dispersion of anisotropy happens, Hk becomes smaller but a 

coercive force He 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 f ilrn of two magnetic films and their activation 

energies e 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 e2 = 0.52 (eV), the layers are set in 

thickness so that the (M5 • d) products of both the layers 

(where Ms is a saturated magnetization and d is a film 
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thickness) may be equal to each other (1 : 1). 

Then, in case of performing an orthogonalizing heat 

treatment at 200°C, Hk of the layer l becomes 8 (Oe) and Hk of 

the layer 2 becomes 20 (Oe), and the resultant value of Hk 

becomes 14 (Oe) on an average. 

On the other hand, in case of a heat treatment at 270°C, 

Hk of the layer l becomes -10 (Oe) and Hk of the layer 2 

becomes 14 (Oe), and the resultant value of Hk 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, Hk of the layer 1 becomes -16 (O~) and 

Hk of-the layer 2 becomes 0 (Oe), and the resultant value of Hk 

becomes -8 (Oe) on an average. In this case, such a problem 

happens that the anisotropy is turned by 90 degrees as a whole 

or a certain coercive force appears on the whole due to 

dispersion ·of anisot_ropy caused by the too much lowered Hk of 

the layer 2. In such a case, therefore, an orthogonalizing 

heat treatment temperature of about 270°C 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), 

• t), where Ms: Saturation flux density of each layer 



··1 
~~ 
-'·1 
'I ., 
. ' ' 

t: Thickness of each la§9r 

Hk: Anisotropic magnetic field of each layer 

E1 : Sum for a ferromagnetic film having the axis of easy 

magnetization in the first direction 

E2 : Sum for a ferromagnetic film having the axis of easy 

magnetization in the second direction 

E11 2 : Sum for the whole ferromagnetic film. The smaller 

the absolute value of the Hk (total) represented by the above 

expression is, the better the magnetic film is in soft 

magnetic property. In practical use, it is preferable to make 

this value be 10 {Oe) or less. Accordingly, a temperature is 

selected so as to satisfy this relation. 

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

ferromagnetic conductiye material to be used in the present 

invention. Particularly, to use Co or a Co alloy is effective 

in order to obtain 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-ma_gnetic 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 use of its feature such as a high thermal resistance 

(reducing diffusion to the non-magnetic layer) and a high 

resistance change rati~ at the maximum; 

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



non-magnetic conductor. In the 2s1ame way, the film thickness 

is about 5 nm .to 20 run. 

Furthermore, FeMn, NiO, IrMn, and the like can be used as 

an antiferromagnetic material. 

A fo~rth magnetoresistance effect element of the 

invention is a magnetoresistance effect element.provided with 

a spin valve film comprising a first magnetic layer composed 

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 second magnetic 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 soft magnetic material films of two or more kinds, and 

when assuming that magneti~ation of the soft magnetic material 

film or the soft magnetic material laminat~d film is M8 (T), its 

thickness is d(nm), and its anisotropic magnetic field is 

Hk{Oe), the formula of E(M8 x d x Hk) > 30(Tnm Oe) is 

satisfied, where the E(M8 x d x Hk) value sh?ws the sum of (Ms 

x d x Hk) values of the respe.ctive soft magnetic material 

films. 

In a magnetoresistance effect element of the invention, a 

soft magnetic material film or a soft magnetic material 

laminated film whose E(Ms x d x Hk) value is greater than 

30(Tnm Oe) is used as a soft magnetic layer formed in contact 

with a ferromagnetic film containing Co. Here, the E(M5 x d x 

Hk) value of said soft magnetic layer represents a force 

suppressing dispersion of anisotropy of the ferromagnetic film 
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containing Co. 
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By using such a soft magnetic film whose E(M. x 

d x Hk) value is greater than 30(Tnm Oe), it is possible to 

suppress dispersion of anisotropy of the ferromagnetic film 

containing Co in good repeatability. By this, it is possible 

to reduce a coercive force He in the direction·of hard axis of 

magnetization of a ferromagnetic film containing Co, for 

example, to l 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 ~f fect element provided with 
.. 

a spin valve film comprising a first magnetic layer composed 

of a laminated film made by laminating a ferromagnetic film 

c~ntaining 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 second magnetic layer, the method 

for manufacturing a magnetoresistance effect element makes a 

spin va·lve magnetoresistance effect element by forming a soft 

magnetic f ~lm on a substrate, forming a first magnetic layer 

by laminat~ng 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 

ferromagnetic material containing Co on the non-magnetic 

layer, forming an antiferromagnetic film on the second 

magnetic layer, 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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. . d f h 23 . h 1 . invention is describe urt ermore in t e· fol owing. 

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 number 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, 

t.here is no antiferromagnetic coupling and a laminated film of 

non-coupl~ng 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 52-1 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 fi1m 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 arrang~ment, it is desirable to perform the 

ftbove-men~ioned arrangemerit in order to obtain a great MR 
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change quantity. And it is desirable to mqke 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 b_eing 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. In 

case that the ferromagnetic film 52-1 is a crystalline layer 

which is good in MR change quantity but is difficult to 

magnetize, particularly the inventiqn is greatly effective. 

As the ferromagnetic film 52-1 in the first magnetic 

layer 52, Co alone or a Co based magnetic alloy can be used, 

but it is preferable to use a Co based magnetic alloy capable 

of making 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 magnetic alloy, 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. An amount of elements to be added is 

preferably 5 to 50 atom%, and more preferably in a range of B 

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 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 quantity. And it is preferable that the 



ferromagnetic film 52-1 and th~5 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 the soft magnetic film 52-2 is reduced. More preferably 

it is not g~eater than 5 nm in thickness. Thickness of the 

soft magnetic film 52-2 is described in detail later. 

On the 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 magnetic layer composed ·of a CoPt film or 

the like which are formed on it. This 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 magneti~ layer 54 as a pin layer is 

not limited to a ferromagnetic film fixedly magnetized by an 

antiferromagnetic f ilrn 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 b~, for example, perpendicular to each 

other in a state of no external magnetic field in order to 

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 

process 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 l 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 magnetization, it is 

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 surf ace 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 54, Cu, Au, Ag and the like are 

mentioned. And these non-magnetic films may be made of a 

material obtained by mixing a non-magnetic material with a 
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magnetic material. 27 

Here, it is pre.ferable for the non-magnetic layer 53 to 

be set at 2 to 5 nm in thickness. When the non-magnetic layer 

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 diffi~ult to make small enou~h 

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 magnetoresistance 

effect can be obtained by variation of a relative angle made 

between the directions of magnetization of the two magnetic 

layers 52 and 54 disposed so as to have a middle non-magnetic 

layer 53 interposed between them. In this case, since a 

ferromagnetic material containing Co, particularly, a Co 

based magnetic alloy is used as a ferromagnetic film mainly 

forming the first magnetic 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 quantity, it is difficult to attain a good 

soft magnetic property by itself and generally its coercive 

force He 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 a crystal magnetic anisotropy and sometimes by an inductive 

magnetic anisotropy. Particularly, when performing an 



orthogonalizing annealing proJ~ss 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 the 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 thickness of it are set so 

that a value of ~(~s x d x Hk) may not be less than 30(Tnm Oe) 
.. 

when assuming that magnetization of the soft magnetic film 

52-2 is M~(T), its film thickness is d(nm), and its anisotropic 

magnetic field is Hk{Oe).. In case that the soft magnetic film 

52-2 is composed of a soft magnetic material of one kind, a 

value of E(Ms x d x Hk) is the value of its (Ms x d x Hk), and 

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

laminated film of soft magnetic material films of two or more 

kinds, it is the sum of (Ms x d x Hk) values of the respective 

soft magnetic material films. 

As a result of examining in detail relation between a 

coercive force He 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 c9ntaining Co and the soft ~agnetic layer 52-2, it 

has become apparent that there is a definite relation between 

the sum (E(M5 x d x Hk.) value) of products (M 5 x d x H._) values 

each of which is obtained by multiplying magnetization M5 (T) of 



a soft magnetic layer, it~ 9 film thickness d(nm), and its 

anisotropic magnetic field Hk(Oe) by one another and said 

coercive force He, and in case that the E(M5 x d x Hk) value is 

more than 30(Tnm Oe), the coercive force He in the direction of 

hard axis of magnetization can be reduced in good 

repeatability. 

Figure 5 shows a result of examining variation of a 

coercive force He in the direction of hard axis of 

magnetization in case of varying the E(M5 x d x Hk) value by 

changing the soft magnetic film 52-2 in composition. As 

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

direction of hard axis. of magnetization shows an inversely 

proportional dependence upon the E(M5 x d x Hk) value and 

decreases with the increase of the E(M5 x d x Hk) value. The 

reason is that dispersion of anisotropy of the ferromagnetic 

f ilrn 52-1 containing Co is suppressed by an uniaxial magnetic 

anisotropy of the soft magnetic film 52-2. Namely, the E(Ms x 

d x Hk) 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 He in the direction of hard axis of magnetization to 1 Oe 

or less for example. 

In such a way, by mak.ing a coercive force He, for example, 

not greater than 1 Oe in the direction of hard axis 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 
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with a spin valve laminated' film 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 

E(M5 x d x Hi..) value satisfies a condition of E(M5 x d x Hk) > 

SO{Tnm Oe) in order to stably attain a low coercive force He, 

and it is preferable to satisfy a condition of E(M5 x d x Hk) > 

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

example, He < 0.5 Oe. 

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

not limited in particular if it satisf~es said E(M5 x d x Hk) > 

30(Tnm Oe), but it is preferable to have at l~ast one layer of 

a soft magnetic material film which has a good uniaxial 

magnetic anisotropy in order to suppress dispersion of 

anisotropy of the ferromagnetic __ film 52-.~ and whose 

anisotropic magnetic field Hk 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 

resistance"by adding such an additive element as Ti, v, Cr, 

Mn, Zn, Nb, Mo, Tc, Hf, Ta, W, Re, or the like to such a soft 

magnetic alloy of fee crystal structure, an alloy made 

amorphous by adding 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 fee crystal 

structure and contributes to improving the ferromagnetic layer 

containing Co in crystallinity and soft magnetic property, but 
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. . . . . 31f . ld . 1 h 5 since its anisotropic magnetic ie Hk is ess t an 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 Hk 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 laminated together with the soft magnetic film 52-2 of 

E(Ms x d x Hk) > 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 great MR change quantity and a good soft 

magnetic property are reconciled with each otner, and 

therefore it is possible 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 element 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 magnetic recording, a structure shown in 

Figure 6 can be adopted as a shield type structure. 

A lower shield layer 32 composed of a ferromagnetic 
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material is formed on a substrate 31, and an MR film 34 

composed of a laminated tilm 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 directly 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, and an 

amorphous magnetic alloy such as Permalloy, CoZrNb, or the 

like can be used as a ferromagnetic material. 

In this structure, a magnetic field of a recording medium 

enters between the upper and lower 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. 

An~ a structure in which a yoke takes in a magnetic field 

.. ~· . 
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of a recording medium and an3~ 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 yoke_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). 

In the 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 direction 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 bo~y type head, a 

recording head of induction type can be also stacked. 

Without being limited to a head, ~uch an MR element can 

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 ''l" 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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. h 34d· . f . . resistance depending upon t e irections o 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 lA is a schematic sectional view showing a 

magnetoresistance effect element of the invention, and Figure 

lB 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 

according 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 He in the direction of hard axis of magnetization of the 

first magnetic layer and a E(Ms x d x Hk) value of the soft 

magnetic layer. 

Figure 6 is a schematic sectional view of an example of a 

magnetic reproducing head using a magnetoresistance effect 

element of the invention. 



. h 35 . . f 1 f . Figures 7A and 7B are sc ematic views o examp es o 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 

What 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; 

Co~Zr6Nb4 amorphous magnetic film: lOOA (angstrom) 

Ni~Few film: 20A 

Cu film: 30A 

FeMn f-ilm: 150A. 

This is a composite laminated film composed of a first 

magnetic layer which is a pin layer of a single layer of a 

CoFe film and a ~econd magnetic layer which is a free layer 

composed of two layers of a CoZrNb film and an NiFe film. 

A Ti film of SOA in thickness was superposed on the FeMn 

film as a protective layer. 

The laminated films were annealed under the following 

conditions. 

(1) This condition kept a sample at 250°C as applying a 



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 

magnet~c field of 1 kOe to the sample in one direction a for 

one hour, and cooled it to 200°C as keeping the magnetic field 

applied to it, and turned the magnetic field by 90 degrees 

(direction b) at a point of 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 magnetic field 

applied to it, and turned the magnetic field by 90 degrees 

(direction b) at a point of time when the temperature reached 

150°C, and then cooled it as it 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, Hk in case that each magnetic film alone 

was formed is also shown. And tha directiop of axis of easy 

magnetization of each magnetic film is shown by the direction 

of a magnetic field applied to it. 

Table 1 

Free Layer Pin Layer 

HdOe) CoZrNb Ni Fe Co Fe Co Fe 

( 1 j 11 7(a) J(a) lJ(a) JOO(a) 

( 2 ) 3 7(a) J(a) ll(b) JOO(b) 

( 3 ) 11 7(a) 3(a) 13 (a) 300(b) 



. 137 . . . h In any case, an uniaxia magnetic anisotropy in t e 

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 11 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 direction of an inductive magnetic 

anisotropy is easy to turn is perpendicular to the directions 

of axis of easy magnetization o.f 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 

magnetor~sistance effect element having a film configuration 

according to the condition (2), a resistance change ratio 

exceeding 10 % could be obtained and a thermal resistance 

exceeding 200°C was confirmed. 

A value of Hk (total) obtained by said computation was 

nearly equal to the measured value Hk, and only in case of 

condition (2), the value of Hk (total) satisfied the condition 
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Comparing magnetoresistance effects, while the 

sensitivity in case of condition (2) was 1.6 %/Oe, that in 

condition (1) was 0.45 %/Oe and that in condition (3) was 0.45 

%/Oe, 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 ha~ been unabl~ to be 

attained 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 resistance 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 cas.e of. using such a high 

coercive force material 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 magnetoresistance 

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 alloy 

film were formed one after another as a soft magnetic layer on 



a thermally oxidized silicon~ 9substrate by means of a 

sputtering me.thod. 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 

magnetic material laminated film, a Co90Fe 10 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 Co90Fe 10 alloy film 

of 3 nm in thickness as a second magnetic layer, an IrMn alloy 

film of 10 nm in thickness as an antiferromagnetic layer, and 

a Ta film of 5 nm in thickness as a protective layer were 

laminated one after another and as a result a spin valve 

laminated film was formed. 

In the spin valve laminated film as described above, by 

the soft m_agrietic layer composed of a laminated film made by 

laminating an amorphous C.oNbZr alloy film and an NiFe alloy 

film, dispersion of anisotropy of the Co90Fe10 qlloy film as the 

ferromagnetic layer adjacent to the soft magnetic layer is 

suppressed an~ an uniaxial magnetic anisotropy is given to the 

Co90Fe 10 alloy film as the second magnetic layer adjacent to the 

IrMn antiferromagnetic film. 

After this, an MR element was obtained by patterning said 

spin valve laminated film, and applying to it said 

orthogonalizing annealing process so that the direction of an 

uniaxial anisotropy of the Co90Fe 10 alloy film as the pin 

magnetic layer and the direction of an uniaxial anisotropy of 
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the Co90Fe 10 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 He in the direction of hard axis of 

magnetization, on the whole, of each of the MR elemen~s 

obtained by changing the amorphous CoNbZr alloy film in 

thickness was measured. Table i shows relation between a E(Ms 

x ct x Hk) value of a laminated film of an amorphous CoNbZr 

alloy film and an NiFe alloy film in each MR element and a 

coercive force He in the direction of hard axis of 

magnetization of each MR element on the whole. 

Table 2 

Sample Thickness of E(Ms x d x Hk) Coercive force 
number CoNbZr alloy value (Tnm He 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 apparently known from Table 2, as thickness of the 

amorphous CoNbZr alloy film increases, the E(Ms x d x Hk) value 

becomes large and the coercive force He decreases. And it is 

known that while the sample No.l of JO(Tnm Oe) or less in its 

E(Ms x d x Hk) 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 eing greater than 30(Tnm Oe) in E(M8 x d x Hk) va ue, 

namely, a sample having a spin valve film of the invention 

(embodiment) is not greater than 1 Oe in coercive force He. In 

this way, a good soft magnetic property can be obtained by 

satisfying E(Ms x d x Hk) > 30(Tnm Oe). Furthermore, examining 

MR change ratios of said 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 5 65 

3 7 10 

4 10 6 

From Table 3, it is known that the greater the E(Ms x d x 

Hk) value is, the less Barkhausen noises happen. 

Embodiment 3 

A spin val~e laminated film of the same structure as the 

embodiment l except using an (Ni 70Fe 10Co 20 ) 95Cr5 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 70Fe 10Co20 )g5Cr5 alloy film as the soft magnetic layer was 

changed as shown in Table 3. 

Next, by patterning said spin valve stacked film and then 

applying the same orthogonalizing annealing pr6cess as the 

embodiment 1 to it, an MR element was obtained. A coercive 

force He 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 I: ( Ms x d x Hk) Coercive force 
number ( Ni 70Fe10Co20 )95Cr5 value (Tnm Oe) He in the 

alloy film (nm) direction of 
hard axis of 
magnetization 

.. 
(Oe) 

5 3 24 1. 5 

6 5 40 0.8 

7 7 56 0.7 

B 10 80 0.5 

As apparently known from Table 4, also in case of using 

an ( Ni 70Fe 10Co 20 ) 95Cr5 alloy film as a soft magnetic layer, as 

thickness of the film increases, the E(Ms x d x Hk) value 

becomes large and the coercive force He decreases. And it is 

known that samples No.6 to 8 (embodiment) whose E(M5 x d x Hk) 

values exceed 30(Tnm Oe) are 1 Oe or less in coercive force He· 

In this way, a good soft magnetic property can be obtained by 

satisfying E(Ms x d x Hk) > 30(Tnm Oe). 

Examining MR change ratios of said samples, any of them 



1 
I ., 

satisfying E(M8 x d x Hk.) > 30(Tn°fu3 Oe) 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 ha~pened, it was confirmed that occurrence 

of Barkhausen noises can be suppressed in case of using an MR 

element whose coercive force He 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 

l. A magnetoresistance element comprising: 

a laminated film including 

a first ferromagnetic conductive layer, 

a non-magnetic conductive layer superposed on the first 

ferromagnetic conductive layer, and 

a second ferromagnetic conductive layer superposed on the 

non-magnetic conductive layer, said laminated film having a 

magnetoresistance effect; and 

a pair of electrodes formed on this lamination-structured 

member 

wherein at least one of said first and second 

ferromagnetic conductive layers comprises at least a first 

f errornagnetic layer and a second ferromagnetic film whose 

direction of axis of easy magnetization different from the 

direction of easy axis magnetization of the first 

ferromagnetic film. 

2. A magnetoresistance effect element _as defined in clatm 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 ~aving an uniaxial magnetic 

--------··------
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45 
anisotropy given in a direction in its film plane and whose 

direct~on 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 detecting variation in 

electric resistarice of said laminated film 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 superposed on the first main surface 

of the first ferromagnetic film, 

a second ferromagnetic conductive layer superposed on the 

non-magnetic conductive layer a~d having an uniaxial 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 different 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 of axis of easy magnetization 

of one of said first and second ferromagnetic films is nearly 

in parallel with the direction of axis of 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 
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10. A magnetoresistance effect.element having a spin valve 

film comprising: 

a first magnetic layer composed of a laminated film of a 

fe~romagnetic film containing Co and a soft magnetic film, 

a second magnetic layer, and 

a middle non-magnetic layer di9posed between said first 

magnetic layer and said secon9 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 ~ore kinds, and said soft magnetic material film or said 

soft magnetic material laminated film satisfies L(Ms x d x Hk) 

> 30(Tnm Oe), when designating ·their magnetization as M8 (T), 

their thickness as d(nm), and their anisotropic magnetic field 

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 Hk is 

not less than 5 Oe. · 

12. A magnetoresistance effect element as defined in claim 

10, wherein said first magnetic layer 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 fe~romagnetic 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. 

ilmi1rnHif 
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14. A magnetoresistance effect element as defined in claim 

10, wherein 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 Co is not less 

than 1 nm and not greater than 10 nm in thickness. 

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 second 

f erro~agnetic conductive layer sup~rposed on the non-magnetic 

conductive layer, said laminated film showing a 

magnetoresistance effect, wherein at least one of said first 

and second ferromagnetic conductive layers 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 
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temperature and cooling it to the room temperature as it is, 

thereby 

performing a heat treatment so as to give respectively 

different directions of axis of easy magnetization to the 

first and second ferromagnetic films. 

17. A method for manufacturing a .magnetoresistance effect 

element as defined in claim 16, wherein said heat treatment is 

an orthogonalizing heat treatment which turns the second 

magnetic 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 .treatment is 

performed·so that the total of anisotropic magnetic fields of 

said first and second ferromagnetic films become 10 Oe or 

less. 

19. A method for manufacturing 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 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 kinds·, a 

second magnetic layer, and a non-magnetic layer disposed 

between said first magnetic layer and 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 antiferromagnetic film on said second magnetic 

layer, thereby forming a spin valve film, and 

applying an orthogonalizing annealing process to said 

spin valve 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 ?f forming an 

amorphous alloy film containing Co on a substrate and then 

superposing a soft magnetic material film containing Ni on the 

amorphous alloy film. 

21. A method for manufacturing a magnetoresistance effect 

element as defined in claim 19, wherein values of 

magnetization M9 (T), film thickness d(nm), and anisotropic 

magnetic field Hk(Oe) of said soft magnetic material film or 

said soft magnetic material laminated film are selected so as 

to satisfy E{Ms x d x Hk) > 30 (Tnm Oe). 
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