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BACKGROUND OF ·THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to an exchange cou-

5 pling film for fixing a magnetization direction of a ferro­

magnetic body, a magnetoresistance ef feet device 

incorporating the same which causes a substantial magnetore­

sistance change with a low magnetic field, a magnetoresis­

tance head incorporating the same wh:i.ch is suitable for use 

10 in high density magnetic recordi.ng and reproduction, and a 

method for produci.ng such an exchange coupling fi.lm. 

2. DESCRIPTION OF THE RELATED ART: 

In recent years, the density of· hard disk dri. ves has 

15 been dramaticall,y increased,. while reproducti.on magneti.c 

heads have also been improved dramatically. Among others, a 

magnetoresistance effect device (hereinafter, referred to 

simply as an ''MR devi.ce 11 
) uti.lizing a giant magnetoresistance 

effect, which· is also called a "spin valve", has been re-

20 searchec'.l actively and is expected to have the potential to 

25 

significantly i.mprove the sensi ti vi ty of a currently­

employed magnetoresistance effect head (hereinafter, 

. referred to simply as-ran "MR head"). 

A spin valve includes two ferromagnetic layers and a 

non-magnetic layer i.nterposed between the f erromagneti.c 

layers. The magnetization direction of one of the 

ferromagnetic layers (herei.nafter, referred to also as a 

"pinned layer" ) is fixed by an exchange bias magnetic field 

30 from a pinning layer (the ferromagnetic layer and the pinning . 

layer are referred to collectively as an "exchange coupling 

.film" ) • The magnetization direction of the other one of the 

ferromagnetic layers (hereinafter, referred to also as a 
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11 fre_e layer" ) is allowed to change relatively freely in 

response to an external magnetic field. In this way, the 

angle between the magnetization direction of the pinned layer 

and that of the free layer is allowed to change so as to vary 

5 the electric resistance of the MR device. 

A spin valve film has been proposed which utilizes 

Ni-Fe for the ferromagnetic layer, Cu for the non-magnetic 

layer and Fe-Mn for the pinning layer. The spin valve film 

10 provides a magnetoresistance rate of change (hereinafter, 

re:ferred to simply as an"~ ratio") of about 2% (Journal of 
. . . 

Magnetism and r-tagnetic Materials 93, p. 101, ( 1991)). When 

Fe-Mn is·.used for the pinning layer, the resulting MR ratio is 

small, and the blocking temperature (a temperature at which 

15 ~he pinning layer provides no effect . of fixing the 

magnetization direction of the pinned layer) is not suff i­

ciently high. Moreover, the Fe-Mn film itself has a poor 

corrosion resistance. In view of this, other spin valve films 

have been proposed which employ pinning layers with materials 

20 other than Fe-Mn. 

Among others, a spin valve film which employs an 

oxide, sucJ:r"l!s NiO or a-Fe20 3 , for the pinning layer is 

expected to realize a dr~atically large MR ratio of 

25 about 15% or greater. 

30 

However, the blocking temperature.of NiO is not 

sufficiently high. Therefore, the thermal stability of 

the MR device employing NiO is undesirable. 

When a spin valve film employs a pinning layer of 

a-Fe203 , on the other hand, the reverse magnetic field of 

the pinned layer is not sufficiently large when the 
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pinning layer is thin. Particularly, a spin valve film 

having a dual spin valve structure or a spin valve film 

where an a-Fe20 3 layer is formed on the pinned layer has 

a strong tendency that the reverse magnetic field of the 

5 pinned layer obtained in the overlying a-Fe203 layer is 

insufficient. Moreover, the thermal stability of the a­

Fe203-employing spin valve film is also undesirable for 

the same reasons as the NiO-employing _spin valve film. 

Furthermore, the a-F~203-employing spin valve film has 

10 other problems in controlling the anisotropy during 

deposition in a magnetic field or during a low-tempera­

ture heat treatment in a magnetic field. 

15 

SUMMARY OF THE INVENTION 

According to one aspect of this invention, an 

exchange coupling film includes a ferromagnetic layer and 

a pinning layer which is provided in contact with the 

ferromagnetic layer for pinning a magnetization direction 

20 of the ferromagnetic layer, the pinn-ing layer including 

an (AB) 20x layer, wherein: O denotes an oxygen atom; 

2.8<x<3.2; and a value t as defined by: 

25 

t = (-Ra+Ro)/(12• (Rb+Ro)) 

(where Ra, Rb and Ro denote the ion radii of the 

atoms A, B and 0, respectively) 

satisfies O.B<t<0.97. 

In one embodiment of the invention, the (AB)zOx 

30 includes an antiferromagnetic layer. 

In another embodiment of the invention, the atom 

B of the (AB) 20x layer includes a transition metal atom. 
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In still another embodiment of the invention, the 

atom B of the (AB) 20x layer includes an Fe atom. · 

In still another embodiment of the invention, the 

5 atom A of the (AB) 20x layer includes a rare earth atom. 

10 

In still another embodiment of the invention, the 

atom A of the (ABhOx layer includes an alkaline-earth 

atom. 

In still another embodiment of the invention, the 

pinning layer includes a layered structure of the (AB) 20x 

layer and an NiO layer. 

15 In still another embodiment of the invention, the 

(AB) 20x layer is provided in contact with the ferromagnet­

ic layer. 

In still another embodiment of the invention, the 

20 pinning layer includes a layered structure of the (AB) 20x 

layer and an Fe-M-0 l~yer (where M = Al, Ti, Co, Mn, Cr, 

Ni or V) • 

. In still another embodiment of the invention, the 

25 Fe-M-0 layer includes an (Fe1_xMx) 203 layer (where M = Al, 

Ti, Co, Mn, Cr~ Ni or v, and O.Olsxs0.4). 

According to another aspect of this inventio~, a 

magnetoresistance effect device includes a substrate and 

30 a multilayer film. The multilayer film inc,1.udes at least 

two ferromagnetic layers, a non-magnetic layer and a 

pinning layer for pinning a magnetization direction of 

the ferromagnetic layer. The ferromagnetic layers are 
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deposited via the non-magnetic layer interposed 

therebetween. At least one of. the ferromagnetic layers 

is a pinned layer whose magnetization direction is fixed 

by_ the pinning layer which is provided in contact with 

5 the one of the ferromagnetic layers on an opposite side 

of another one of the ferromagnetic layers with respect 

to the non-magnetic layer. At least one of the 

ferromagnetic layers is ~ free layer whose magnetization 

direction is allo~ed to rotate freely. A change in an 

10 angle between the magnetization direction of the pinned 

layer and the magnetization direction of the free layer 

causes an electric resistance of the devi.ce to vary. The 

pinning layer includes an (AB) 20x · layer, wherein: 0 

denotes an oxygen atom: 2.8<x<3.2~ and a value t as 

15 defined by: 

20 

t = (Ra+Ro)/(12.• (Rb+Ro)) 

(where Ra, Rb"and Ro denote the ion-radii of the 

atoms.A, Band 0, respectively) 

satisfies O.B<t<0.97. 

I·n still another embod::tment of the invention, the 

pinning layer includes a layered structure of the (AB) 20x 
25 layer and·· an NiO layer. 

In still another embodiment of the invention, the 

pinning layer includes a layered structure of the (AB) 20x 

layer and an Fe-M-0. layer (where M = Al, Ti, Co, Mn, Cr,. 

30 Ni or V). 

In still another embodiment of the invention, the 

atom B of the (AB) 20x layer includes a transition metal 
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atom. 

In still another embodiment of the invention, the 

atom.A of the (AB) 20x layer includes a rare earth atom. 

In still another embodiment of the invention, the 

atom A of the (AB >zOx layer includes an alkaline-earth 

atom. 

10 In still another embodiment of the invention, AB 

of the (AB)zOx layer .includes La1_yFeir (0.4<y<O. 6). 

In still another embodiment of the invention, the 

atom A of the (AB)zOx layer includes an A' atom_ or an A" 

15 atom,. and the atom B of the (AB)zOx layer includes an B' 

atom or an B" atom. The A' atom includes a rare earth 

atom; the A" atom incl.udes an alkaline-earth· atom; the B' 

atom includes an Fe atom; and the B" atom includes an Ni 

or Mn atom. 

20 

25 

30 

In still another embodiment of the invention, the 

A' atom includes an La atom; the A" atom includes an Sr 

atom; the B' atom incl.udes an Fe ·atom; ·and the B" atom 

includes an Ni atom. 

In still. another embodiment of the invention, the 

free layer includes two or more magnetic films deposited 

via the non-magnetic layer interposed therebetween. 

In still another embodiment of the invention, the 

pinned layer includes two magnetic layers having an anti­

ferromagnetic exchange coupling therebetween via the non­

magnetic layer interposed therebetween. 
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In still another embodiment of the invention, the 
multilayer includes a first pinning layer, a first pinned 
layer, a first non-magnetic layer, a ferromagnetic free 
layer, a second non-magnetic layer, a second pinned layer 

5 and a second pinning layer which are deposited in this 
order on the substrate. The first pinning layer fixes a 
magnetization direction of the first pinned layer. The 
second pinning layer fixes a magnetization direction of 
the second pinned layer. The first pinning layer in-

10 eludes the (ABhOz layer. 

15 

In still.another embodiment of the invention, the 
second pinning layer includes a T-Mn (where T = Ir, P~, 

Pd, Rh, or Ni ) • 

In still another embodiment of the invention, the 
second pinning layer includes the (AB) 20.z: layer. 

In still another embodiment of the invention, the 
20 first· pinning layer or the first and second pinning 

layers include a layered structure of the (AB hOx layer 
and an NiO layer. 

·. ·:~ .~. 

In still another embodiment of the invention, the 
25 first pinning layer or the first and second pinning 

layers include a layered structure of ·the (AB) 20.z: layer 
and· an Fe-M-0 layer (where M = Al, Ti, Co, Mn, Cr, Ni or 
V) • 

30 In still another embodiment of .the invention, the 
Fe-M-0 layer includes an ( Fe1_.z:M.z:) 203 layer (where M = Al, 
Ti, Co, Mn, Cr, Ni or V, and O.Olsxs0.4). 
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In still another embodiment of the invention, the 

atom B of the (AB) 20x layer includes an Fe atom. 

In still another embodiment of the invention, the 

5 atom A of the (AB) 20x layer includes a rare earth atom. 

10 

In still another embodiment of the invention, the 

atom A of the (AB) 20x layer includes an alkaline-earth 

atom. 

In still another embodiment of the invention, AB 

of the (AB)zOx layer includes La1_rF9Y (0.4<y<0.6). 

In still another _embodiment of the invention, the 

15 atom A of the (AB)zOx layer includes an A' atom or an A" 

atom, and ~he atom B of the (AB) 20x layer includes an B' 

atom or an B" atom. The A' atom includes a rare earth 

atom; the A" atom includes an alkaline-earth atom; the B' 

atom includes an Fe atom; and the B" atom includes an Ni 

20 or Mn atom. 

In still another embodiment of the invention,· the 

··~· A' atom includes an La atom; the A" atom includes an Sr :;-.... 

atom; the B' atom, includes an Fe atom; and the B11 atom 

25 includes·an Ni atom. 

30 

In still another embodiment of the invention, the 

free layer includes two or.more magnetic films deposited 

via the non~magnetic layer .interposed therebetween. 

In still another embodiment of the invention, the 

pinned layer includes two magnetic layers having an anti­

ferromagnetic exchange coupling therebetween via the non-
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magnetic layer interposed therebetween. 

According to still another aspect of this inven­

tion, a magnetoresistance effect head includes: a 

5 magnetoresistance effect device of the present invention; 

and a shield gap section for insulating the magnetor­

esistance effect device and the_shield section from each 

other. 

10 

15 

According to still another aspect of this inven­

tion, a magnetoresi~tance effect head includes: a 

magnetoresistance effect device of the present invention; 

and a yoke section for introducing into the magnetor­

esistance effect device a magnetic field to be detected. 

According to still another aspect of this inven­

tion, a method for producing an exchange coupling film 

includes the steps of: heating a substrate to a tempera­

ture of about 300°C or higher; and depositing the ex-

20 change coupling film by a sputtering meth9d using an Ar 

gas_ at a pressure of about 2 mTorr or less. 

In order to solve the problems in the· prior art, 

the exchange-coupling film of the present invention is 

25 formed by depositing a ferromagnetic layer and an (ABhOx 

layer for fixing the magnetization direction of the 

ferromagnetic layer. Herein, O denotes an oxygen atom; 

2.8<x~3.2; and a value t as defined by: 

30 t = (Ra+Ro)/(i2•(Rb+Ro)) 

(where Ra, Rb.and Ro denote the ion radii of the 

atoms A, B and 0, respectively) 
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satisfies O.B<t<0.97. 

The expression (AB)zOx indicates that the composi­

tion ratio of the total of the A and B elements with 

5 respect to the 0 element is 2: X ( i.e. , ( A1_YBY) 20x) • While 

both of the A element and the B element should be includ­

ed, the ratio between the A element and the B element may 

be arbitrary (preferably, such that 0. 4<y<0. 6) • Particu­

larly, when the A element and the B element are included 

10 at a ratio of 1: 1, the resultant composition will be 

A1B10x, which will hereinafter represented as "ABOx". A 

representative example of AB03 , among others, is one which 

has a crystalline structure called a "perovskite struc­

ture". 

15 

When the exchange coupling film is deposited on 

a substrate, which has been heated to a temperature of 

about 300°C or higher, by sputtering using an Ar gas at 

a pressure of about 2 mTorr or less, the exchange cou-

·20 pling film exhibits a greater exchange coupling and 

preferable characteristics for use as an MR device. 

During the deposition step, it is preferable to apply a 

magnetic field in the film plane so as to fix the axis""of 

easy magnetization. 

25 

30 

While the above-described (AB) 20x layer is basi­

cally used as a film to be coupled with the ferromagnetic 

layer, desirable structures thereof include the follow-

ing: 

(1) An (AB) 20x layer in which B · is Fe; 

(2) An (AB) 20x layer in which A is a rare earth 

atom; 
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(3) An (AB) 20x layer in which A is an alkaline­

earth atom; 

· ( 4) A layered structure of an {AB) 20x layer and an 

NiO layer·; 

{ 5) A layered structure of an (AB) 20x layer and an 

Fe-M-0 layer (where M = Al, Ti, Co, Mn, Cr, Ni or V); and 

(6) A structure of (5), in which the Fe-M-0 layer 

is an (Fe1.xMx)-O layer {where M = Al, Ti, Co, Mn, Cr, Ni 

or V, and O.Olsxs0.4). 

In the MR device of the present inventi.on, the 

magnetization direction of . at least one of the 

ferromagnetic layers, which are deposited together via a 

non-magnetic layer interposed therebetween, .is fixed by 

15 the pinning layer which is provided in contact with the 

one of the ferromagnetic layers on an opposite side of 

another one of the ferromagnetic layers with respect to 

. the · non-magnetic layer (this ferromagnetic layer is 

called a pinned layer). On the other hand, the magneti-

20 zation direction of at least one of the ferromagnetic 

layers is allowed to rotate freely {this ferromagnetic 

layer is called a free layer). A change in the angle 

between.the magn~zation direction of the pinned layer 

arid that of the free layer causes an electric resistance 

25 of the device to vary. The pinning layer for fixing the 

magnetization direction of the pinned layer may be formed 

of the above-described {AB hOx material. While the above­

described {AB) 20x layer is basica~ly used for the pinning 

layer, desir~ble structures include the above-described 

30 structures (1)-(6). 

A particularly preferable example of the {.AB) 20x 

layer may be an La1.yFeyOx layer {where 0. 4<y<O. 6, and 
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2.8<x<3.2) in which A is La and B is Fe. 

Moreover, the (ABhOx layer may be such that A is 

A'A", and Bis B'B", wherein A' is a rare earth element 

5 such as Y or La, A" is an alkaline-earth element such as 

Ca, Sr or Ba, B' is Fe, and B" is Ni or Mn, for example. 

In the case of a composition (A'A") 1_y(B'B")y0x, y is 

preferably such that 0. 4<y_<O. 6. 

10 A particularly preferable example may be one in 

which A'·is La, A" is Sr, B' is Fe, and B" is Ni. 

An exemplary struct~re of the MR. device of the 

present invention includes an (AB hOx layer as a first 

15 pinning layer, a first pinned layer of a ferromagnetic 

material, a first non-magnetic layer, a free layer of a 

ferromagnetic material, a second non-magnetic layer, a 

second pinned· layer of a ferromagnetic material and a 

second pinning layer which are deposited in this order on 

20 a substrate. While the ~hove-described {AB) 20x layer is 

basicalll" used for the first pinning layer, desirable 

structures include the above-described structures { 1 ) -

(6). ~Por the second pinning layer, the {AB) 20x layer or 

any of above-described structures (1)-(6) may be used. 

25 Alternatively, a T-Mn metal antiferromagnetic_film (where 

T = Ir, Pt, Pd, Rh, or Ni) may be used. 

Furthermore, the present invention includes the 

following two types of MR heads: an MR head which is ob-

30 tained by providing a shield- section. to the MR device of 

the present invention; and an MR head which is provided 

with a yoke of a softmagnetic material for introducing 

into the MR device a magnetic field to be detected. 
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Thus, the invention described- herein makes 

possible the advantages of: ( 1 ) providing an exchange 

coupling film having a good thermal stability and a large 

MR ratio; (2) providing an MR ~evice incorporating such 

5 an exchange coupling film; ( 3) providing an MR head 

incorporating such an MR . device; and ( 4) providing a 

method for producing such an MR device. 

These and other advantages of the present inven-

10 tion will become apparent to those skilled in the art 

upo:i;i. reading . and under~tanding the following detailed 

description with reference to the accompanying figures •. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional.diagram illustrat­

ing an exchange coupling film of the present invention; 

Figure 2A is· a cross-sectional diagram illustrat-

20 ing an MR device of the present invention; 

25 

30 

Figure 2B is a cross-sectional diagram illustrat­

ing a variation of the MR device of Fagure 2A; 

Figure 3A is a cross-sectional diagram illustrat­

ing another MR device of the present invention; 

Figure 3B is a cross-sectional diagram illustrat­

ing a variation of the MR device of Figure 3A; 

Figure 4 is a cross-sectional diagram illustrat­

ing an MR head of the present invention; 
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Figure 5 is a perspective view illustrating the 

MR head of the present invention; 

Figure 6 is a cross-sectional view illustrating 

5 the MR head of the present invention along with a magnet­

ic disk; 

Figure 7A is a cross-sectional view illustrating 

an MR head integrated with a recording head according to 

10 the present invention; 

15 

20 

25 

30 

Figure 7B is·a cross-sectional view illustrating 

another MR head of the present invention; 

Figure 8 is a· cross-sectional view illustrating 

a yoke-type MR·head of the present invention; 

Figure 9 is a flow chart ill~strating steps of 

producing an MR head of the present invention; and 

Figure 10 ·is a flow chart illustrating steps of 

producing an exchange coupling film of the present inven-

-tion. ,-~-

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An MR device and an · . MR head of the present 

invention will now be described with reference to the 

accompanying figures. 

Figure 1 illustrates a structure of an exchange 

coupling film of the present invention. Referring to 

Figure 1, an (AB) 20x layer 2 and a ferromagnetic film 3 
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are deposited in this order on a substrate 1. A feature 

of the present invention is the use of an (AB) 20x layer as 

a pinning layer for applying an exchange bias magnetic 

field to the ferromagnetic layer. Desirable structures 

5 of the present invention include the above-described 

structures (1)-(6). 

10 

Next, an MR device using such an exchange cou­

pling film will be described in greater detai_l. 

Figure 2A is a c_ross-.sectional. view illustrating 

a structure of an MR device of the present invention. 

Referring to Figure 2A, an (AB) 20x layer 2, a pinned 

layer 3, ·a non-magnetic layer 4 and a free layer 5 are 

15 deposited in this order on a substrate 1. The 

magnetization direction of the pinned layer 3, which is 

a ferromagnetic layer, is fixed by an exchange bias 

magnetic field from the (AB) 20x layer 2. The free 

layer 5, which is another ferromagnetic layer, is magnet-

20 ically separated from the. pinned layer via the non­

magnetic layer 4, · so that the magnetization direction 

thereof. is allowed to change relatively freely in re­

sponse to an ·"external magnetic field. In this way, the 

angle between the magnetization direction of the pinned 

25 layer and that of the free layer is allowed to change so 

as to . vary the electric resistance of the MR device. 

When the MR device is used as an MR sensor, ·the change in 

the electric resistance of the MR device .in response to 

an ex~ernal magnetic field can be detected as an electri-

30 cal signal. 

A feature of the present invention is the use of 

an (AB) 20x oxide layer, which has a high resistance as a 
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pinning layer and is capable of controlling the 

magnetization direction of a magnetic layer at high 

temperatures. 

As is described above in the prior art section, 

a spin valve film using NiO or a-Fe20 3 exhibits a large 

magnetoresistance ratio (MR ratio). However, in the NiO 

or a-Fe20 3 spin valve, the magnetic field provided for 

fixing the pinned layer is insufficient. The tendency is 

10 greater in the a-Fe203 layer when a-Fe203 . is used for 

pinning an upper pinned layer.in a dual structure. NiO 

15 

20 

has a disadvantage that it may lose its capability of 

pinning a magnetic layer at a temperature of about 200° 

or l:iigher. 

In order to solve this problem, the present 

invention employs an (AB) 20x oxide film. as a pinning 

layer. · In (AB) 20x: 0 denotes an oxygen atom; 2.8<x<3.2; 

and a value t as defined by: 

t =· (Ra+Ro)/(J°2• (Rb+Ro)) 

(where Ra, Rb and Ro denote the ion radii of the 

atoms A,. B and o, respectively) 

25 satisfies O.B<t<0.97. 

When these conditions are not met, there is not 

provided a sufficient effect of fixing the magnetization 

direction of the magnetic layer. In (AB) O "A" denotes 2 XI 

30 an element which has a large ion radius, e.g., a rare 

earth element such as La, Pr, Nd, Sm or Y, or an alka­

line-earth element such ·as Ca or Sr. Other desirable 

elements include Bi. Moreover, the A element may com-
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prise two elements A' and A 11
, wherein A' is one of the 

rare earth elements and A11 is one of the alkaline-earth 

elements, for example. Pref er ably, 11 B" in (AB) 20x is a 

transition metal which has a small ion radius. Fe is 

5 particularly preferable for a pinning layer which pro­

vides the.pinning effect at high temperatures. When the 

A element comprises two elements, such as A' and A", the 

B el·ement may similarly comprise two elements B' (e.g .• , 

Fe) and B" (e.g., Ni, Mn). A particularly preferable 

10 combination of the elements is A'=La, A"=Sr, B'=Fe and 

B"=Ni, for example. 

Generally, when.some of the Fe atoms are substi­

tuted with-Ni atoms, or the like, although the MR ratio 

15 would remain at substantially the same level, the level 

of the pinning magnetic field, Hp, tends to decrease. 

However, this can be solved by substitut1ng some of the 

rare earth (e.g., La) atoms with alkaline-earth (e.g., 

Sr) atoms, whereby the device exhibits satisfactory 

20 characteristics as an MR device. 

Moreover, a pinning l~yer may be provided as a 

multilayer film of the (AB) 20x oxide film and the :bLiO or 

Fe-M-0 film. When NiO is used, preferably, the magneti-

25 zation direction of the magnetic layer i~ fixed by the 

(AB) 20x film, while using NiO as an underlying layer for 

the (ABhOx film.· By using NiO as an underlying layer, it 

is possible to provide a substantial pinning effect even 

when the thickness of the (AB) 20x film is as small as 

30 about 3·0 run or less. However, when NiO is used for 

pinning the magnetic layer, the resultant thermal stabil­

ity and the obtained pinning eff~ct would not be as good 

as those obtained by· the (AB) 20x film. 
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In the Fe-M-0 film, the M element comprises one 

or two element selected from the group consisting of Al, 

Ti, Co, Mn, Cr, Ni and V. In order to provide a 

satisfactory effect of pinning the pinned layer, the 

5 atomic composition ratio between the metal ( Fe+M) and the 

oxygen (O) should be around 2/3. 

An atomic composition ratio between O and Fe+M 

outside the range of about 1. 2 to about 1. 6 is not 

10 preferred. The atomic composition ratio between O and 

Fe+M less. than about 1. 2 results in a poor pinning 

effect. When the atomic composition ratio between O and 

Fe+M is greater than about 1.6, the Fe-M-0 layer becomes 

a weqk ferromagnetic body unsuitable for use in an MR 

15 head. 

20 

When Co, Ni, or the like, is used as the M 

element in the Fe-M-0 film, the .spin valve film would 

provide a greater pinning magnetic field during produc~ 

tion of the MR device or after a heat treatment. 

Among others, Mn and Co are particularly effec­

tive in obtaining a large MR rati--6: For a greater 

:i;>inning magnetic field, Co is particularly effective. It 

.25 is effective to use Al, Ti, Cr or Vas the M element so 

as to perform an anisotropic control by a low-temp~rature 

heat treatment at a temperature of about 250°C or less. 

A desirable composition of the Fe-M-0.1ayer is: 

30 (Fe1_zMz)-O (where M = Al, Ti, Co, Mn, Cr,' Ni or V, 

and O.Olsxs0.4). 

When-xis excessively sma11, the resulting effect 
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is insufficient. When x is excessively large, the 

resulting pinning effect may be reduced. 

Since the thic.kness of a shield gap for a high 

5 density recording magnetic head is about 200 nm to about 

100 nm, when. the (AB hOx £.ilm or a layered film of the 

(AB) 20x film and the NiO or Fe-M-0 film is used in a 

shield type magnetic head, as illustrated in Figure.4, 

the thickness d of the (AB) 20x film or the layered film 

10 should be about 50 nm or less and, more preferably about 

30 nm or less. 

Usually, an Ni-Co-Fe alloy layer is suitably used 

as the free layers· of.the sp.in valve film. Preferably, 

15 the atomic composi t:i.on ratio of the NixCo:rFez layer may 

be: 

o •. 6sxso. 9 

Osys0.4 

Oszs0.3 (thereby obta.ining an Ni-rich soft 

20 magnetic film); or 

osxs0.4 

0.2sys0.95 

Oszs0.5 (thereby obta.ining a Co-rich film). 

A f.ilm·having such a compos.ition exhibits a low magneto-

25 striation (lxl0-5 ) which is required for an MR sensor or 

an MR head. 

An amorphous layer, such as a Co-Mn-B layer, a 

Co-Fe-B layer, a Co-Nb-Zr layer, or a Co-Nb-B layer, or 

30 a layered film of such an amorphous layer and the Ni-Co­

Fe layer, may alternatively be used as the free layer 5. 

In such a case, however, the resistance of the device 

will be relat.i vely high. Therefore, it .is· not very 
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suitable for a dual structure, as illustrated in Fig­

ure 3A, but should preferably be used for a structure of 

the type as illustrated in Figure 2A. 

Preferably, the thickness of the free layer 5 is 

in a range between about-1 nm and about 10 nm. When the 

free layer 5 is excessively thick, the MR ratio is 

reduced due to a shunting effect. When the free layer 5 

is excessively thin, the soft magnetic property is 

10 reduced. More preferably, the thickness of the free 

layer 5 is in·a range between about 2 nm and about 7 nm. 

Pref erred materials for the pinned layer 3 

include Co, a Co-Fe alloy, an Ni-Fe alloy, or an Ni-Fe-Co 

15 alloy. 

A particularly large MR ratio can be obtained 

when Co or a Co-Fe alloy is used. In particular, ·it is 

desirable to employ a Co layer 5C at the interface 

20 between ~ free layer 5A and the non-magnetic layer 4, and 

an Ni-Fe-Co layer 58 on the Co layer SC, as illustrated 

in Figure 28. It is also desirable to employ a Co 

layer 5C·-at the interface between_the free layer 5A and 

the non-magnetic layer 4,_ and the Ni-Fe-Co layer 58 

25 substantially in the middie of a free layer 55A, as 

illustrated in Figure 38. 

The pinned layer 3 may be in a mu"itilayer struc­

ture incl~dirig two ma~netic layers which have an anti-

30 ferromagnetic exchange coupling therebetween via the non­

magnetic layer 4. More particularly, the pinned layer.3 

may be a Co/Ru/Co multilayer film, for example. In such 

a case, the thicknes.s of Ru needs to be such that there 



.~~-------~-----------·-------····· 

21 -

is provided an antiferromagnetic exchange coupling 

between the two Co films (e.g. , about 0. 6 nm in this 

instance). In the case of a normal MR device, when the 

MR device is extremely small, a problem arises where a 

5 magnetic pole occurring at the end surf ace of the pinned 

layer 3 applies an undesirable bias magnetic field to the 

free layer 5. When the pinned layer 3 is formed of two 

magnetic layers which have an antiferromagnetic exchange 

coupling, substantially no bias magnetic field is applied 

10 to the free layer 5, thereby solving this problem. 

Preferably, the thickness of the pinned layer 3 

is in a range between about 1 nm and about 10 nm. The MR 

ratio is reduced when the pinned layer 3 is either exces-

15 sively thin or excessively thick. More preferably, the 

thickness of the pinned layer 3 is in a range between 

about 1 nm and about 5 nm. 

While the non-magnetic layer 4 between- the free 

20 layer 5 and the pinned layer 3 may be made of Cu, Ag, Au, 

Ru, or the like, Cu is particularly preferred. iJ'he 

thickness of the non-magnetic layer 4 needs to be at 

;_,,:, least about O. 9 nm in orde;i:- to reduce the interaction:1?,:• 

between the two ferromagnetic layers (the pinned layer 3 

25 and the free layer 5). When the non-magnetic layer 4 is 

excessively thick, the MR ratio is reduced. Therefore, 

the thickness of the non-magnetic layer 4 should be 10 nm 

or less, and more preferably about 3 nm or less. 

30 It is also effective to insert an interface 

magnetic layer at the .interface .between one of the 

ferromagnetic layers (the pinned layer 3 or the free 

_layer 5} and the non-magnetic layer 4 in order to further 
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increase the MR ratio of the MR device. When the inter­

face magnetic layer is excessively thick, the sensitivity 

of the MR ratio to the magnetic field is reduced. There­

fore, the thickness of the interface magnetic layer is 

5 preferably about 2 nm or less, and more preferably about 

1. 8 nm or less. In order for the interface magnetic film 

to effectively function, the thickness thereof should be 

at least about 0.2 nm, and more pre~erably about 0;8 nm 

or greater. Preferably, Co or a Co-rich Co-Fe alloy is 

10 used as the material of the interface magnetic film. 

Preferably, the substrate 1 has a relatively 

smooth surface, and may be a glass substrate, an MgO 

substrate, a Si substrate or an Al20 3-TiC substrate. An 

15 Al20 3-TiC substrate is particularly suitable for producing 

an MR head. 

Another way to further increase the MR ratio of 

the MR device is to form a metal reflective layer on the 

20 fr'ee· layer 5 in the structure illustrated in Figure 2A. 

25 

Prefe.rably, Ag, Au, or the. l~ke, is ·used as the material 

of the metal reflective layer. 

When the metal reflective layer is excessively 

thick, the MR ratio is reduced due-to a shunting effect. 

Therefore, ·the thickness of the metal reflective layer is 

preferably about 10 nm or less, and more preferably 

·about 3 nm or less. When the metal reflective layer is 

excessively thin, the resulting effect will not be 

30 sufficient. Therefore, the thickness of the metal 

reflective layer should be at least about 0. 5 nm or 

greater, and more preferably about 1 nm or greater. 
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In the example described above in connection with 

Figure 2A, the (AB) 20x layer 2, the pinned layer 3, the 

non-magnetic layer 4 and the free layer 5 are deposited 

in this order on the substrate 1. These layers may 

5 alternatively be deposited in the opposite order (the 

free layer 5/ the non-magnetic layer 4/ the pinned layer-

3/ the (ABhOx layer 2) on the substrate 1 directly ·or 

via an underlying layer. This reverse structure results 

in a slightly reduced pinning effect from that obtained 

10 by the structure illustrated in Figure 2A, but can still 

be used as- an J.VIR'd~vice and may be- effective for some 

particular device designs. 

While a.normal spin valve film has been described 

15 above, an MR device 300 having a dual spin valve struc­

ture, as illustrated in Figure 3A, is also effective, 

particularly for further increasing the MR ratio. In 

such a case, an (AB hOx layer, an IrMn layer, an NiMn 

_ layer, an F~-M-0 layer, or - a compound layer (layered 

20 film) of an Fe-M-0 layer and an (AB hOx layer, can be used 

for an uppermost pinning laye·r 6. An (AB) 20x layer or an 

Fe-M-0 layer is particularly preferred in order to 

further increase the MR ratio .·,,,.:o, In view of an MR device 

electrode formation or MR head formation, it is appropri-

25 ate to use a metal antiferromagnetic material such as Ni­

Mri, Pd-Mn, Pt-Mn, Ir-Mn, Fe-Ir, Pd-Pt-Mn, Cr-Pt-Mn, Ru­

Rh-Mn, or the like. Among others, Ni~Mn is believed to 

be the most preferred material in view of the heat 

resistance. In view of the MR ratio, Ir-Mn is believed 

30 to be the most preferred material. . Preferably, the 

atomic composition ratio of an Ir zMni-z layer may be: 

O.lszs0.5. 
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In the example illustrated in Figures 3A and 3B, 

the (AB) 20x layer 2 is deposited first on the substrate 1. 

Alternatively, the layers may be deposited on the sub­

strate 1 in the reverse order from the pinning layer 6 to 

5 the pinning layer 2. 

While,: in the above instance, a~ (AB) 20x film is 

used solely as the pinning layer 2, as illustrated in 

Figures 1, 3A and 3B, an NiO film and an (AB) 20x film, for 

.10 example, may alternatively be layered to form the pinning 

layer 2._ When using the Ni0/(AB) 20x film, it is prefera­

ble in view of the thermal-stability and the film flat­

ness to form an NiO film first on the substrate 1, and 

then an (AB) 20x film on the NiO .;Layer, so that the layer 3 

lq is pinned by the (ABh~x film. In such a case, the 

thickness of. the NiO film can be about 10 run, while the 

Fe-M-0 film is preferably thicker than the NiO film. 

The-layers can be formed suitably by a sputtering 

20 method. Sputtering methods which can ~e used to produce 

the MR device of . the- present invention include a DC 

sputtering method, an RF sputtering method, an ion beam 

sputtering method, and the""'~ike. 

25 An MR head can be produced using the above-

described MR device of the present invention. Figure 5 

is a perspective view which illustrates a structure of an 

exemplary hard film bias type MR head 30 of the present 

invention. Figure 4 illustrates a cross-sectional view 

30 of Figure 5 as viewed from the direction indicated by an 
~ 

arrow A in Figure 5. Figure 6 illustrates a cross-

sectional view of Figure 5 taken along a plane indicated 

by a broken line B in Figure 5. Figure 4 will be mainly 
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referred to in the following description. 

Referring to Figure 4, an MR device section 9 is 

interposed between upper and lower shield gaps 14 and 11. 

5 An insulation film such as an Al20 3 film, an Si02 film, an 

AlN film, or the like, may be used as the shield gaps 11 

and 14. Upper and lower shields 15 and 10 are fu~ther 

provided on the shield gaps 14 and 11, respectively. A 

soft magnetic film such as an.Ni-Fe alloy film may be 

· 10 used as the shield material. In order to control the 

magnetic domain of the MR device, a bias magnetic field 

is· applied by a hard bias section 12 made of a material 

such as a Co-Pt alloy. While a hard film.is used in this 

instance for applying a bias magnetic field, an anti-

15 ferromagnetic film such as an Fe-Mn film can similarly be 

used. The MR device section 9 is insulated from the 

shields 10 and 15 by . the shield gaps 11 and 14, and 

changes in the resistance of the MR device section 9 can 

be read by applying an electric current thereto through 

20 a lead section 13. 

Since an MR head is a read only head, it is 

typically u8lad in combination.with an induction head for 

writing. Figures 6, 7A and 7B illustrate a write head 

25 section 31 as well as a read head section 32. Figure 7A 

illustrates the same structure a~ illustrated in Figure 4 

·with the write head ~ection 31 being additionally provid­

ed thereon. The write head section 31 includes an upper 

core 16 which is provided above the upper shield 15 via 

30 a recording gap film 40. 

While Figure 7A illustrates an MR head having a 

conventional abutted junction, Figure 7B illustrates 



- 26 -

another effective MR head with an overlaid structure in 

which a track width 41 can be more precisely controlled. 

Therefore, the structure illustrated in Figu~e 7B may be 

able to better account for a track width reduction 

5 resulting from an increase in the recording density. 

Now, the record~ng and reproduction mechanism of 

the MR head 30 will be described with reference to 

Figure 6. Referring to Figure 6, during a recording 

10 operation, a magnetic_ flux which is generated by an 

electric current conducted through a coil 17 and leaks 

through a space between the upper core 16 and the upper 

shield 15, thereby writing information on a magnetic 

disk 21. The MR head-30 moves in a direction indicated 

15 by an arrow c in the figure with respect to the magnetic 

disk 21, where it is possible to reverse a recording 

magnetization direction 23 by reversing the direction of 

the current flow though the coil 17. When the.recording 

density is increased, the recording length (recording 

20 pitch) 22 becomes shorter, whereby it is necessary to 

reduce a recording gap length (recording gap pitch) 19 

accordingly. 

In a reproduction operation, a magnetic flux 24 

25 leaking from a recording magnetization section of the 

magnetic disk 21 acts upon the MR . device section 9 

between the ·shields 10 and 15, thereby altering the 
1 

resistance of the MR device section 9. Since a current 

is conducted to the MR device section. 9 through the lead 

30 section 13, a ch~nge in the resistance thereof can be 

read as a change in the voltage (output) thereof. 

Figure 8 illustrates a structure of a yoke-type 
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head 80 incorporating the MR device of the present 

invention. 

Referring to Figure 8, the yoke-type head 80 

5 includes a yoke section 81 made of a soft magnetic film 

for guiding to the MR device section 9 a signal magnetic 

field to be detected. Since a conductive metal magnetic 

film is normally used for the yoke section 81, an insui"a­

tion film 82 may preferably be provided in order to avoid 

10 short-circuiting between the yoke section 81 and the MR 

device section 9. The illustrated insu~ation film 82 may 

be optional when the MR device section 9 is in a dual 

structure, as illustrated in Figure 3A, where the upper 

pinning layer employs an oxide insulation film such as 

15 the (AB) 20x f;i.lm or the Fe-M-0 film, for example. While 

each of the insulation films 14 and 11 in the structure 

illustrated in Figure 4 should be a non-magnetic film or 

a weak ma~netic film which does not adversely influence 

the head . characteristics, the insulation film 82 of 

20 Figure 8 does not have to be non-magnetic. In particu­

lar, the insulation film 82 may be magnetic in order for 

a signal magnetic field guided by the yoke section 81 to 

continuously enter the MR device section 9. The~~ore, 

25 

30 

when the 'l:lpper pinning layer of the MR device sec.tion 9 

employs an (AB) 20x film or an Fe-M-0 film, the insulation 

film 82.may be optional. Thus, it is. suitable for the 

illustrated y9ke-type head 80 to employ a dual structure 

where an.(AB) 20x film or an Fe-M-0 film is formed in the 

upper portion. 

Moreover, ' since the above-described yoke-type 

head employs a yoke section, the output thereof may.be 

lower than that of a head of the type illustrated in 
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Figure 4. However, since the MR device does not have to 

be interposed between shield gaps, as in the structure 

illustrated in Figure 4, the yoke-type head may be advan­

tageous in realizing a super· narrow gap. 

Referring to Figure 9, a method for producing the 

MR head 30 will now be described. 

First, the lower shield 10, as illustrated in 
, 

10 Figure 4, is formed on an appropriately processed sub-

strate (8801). Then, the lower shield gap 11.is farmed 

on the "rower shield 10 (8802), and an MR device section 

layer is formed on the lower shield gap 11 ( S803) • After 

. the MR device . section layer is patterned into the MR 

15 device section 9 (8804), the hard bias section 12 (S805) 

and the lead section 13 (8806) are formed. Then, the 

upper shield gap 14 ( ·5907) and the upper shield 15 ( 8808) 

are formed. Finally, the write head section 31 is 

formed, as illustrated in Figure 7A ( 8809), thereby 

20 obtaining the MR head 30. 

Referring to Figure 10~ a method for producing an 

exchange coupling film· will now be described. The 

substrate 1, as illustra~ed in Figure 1, is .heated to a 

25 temperature ~f about 300°C or higher (8901). Then, the 

exchange coupling film 100, as illustrated in Figure 1, 

is deposited by. a sputtering method using an Ar gas at 

about 2 mTorr or less (8902). 

30 In view of a future increase in recording density 

of hard disk drives, the recording wavelength (recording 

pitch) should be shortened, for which it may be necessary 

to shorten the distance d between the shields as illus-
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trated in Figure 4. As can be seen from Figure 4, it may 

be necessary to reduce the thickness of the MR device 

section 9. Preferably, the thickness of the MR device 

·section 9 should be about 20 nm or less. Since the 

5 pinning layer 2 of an oxide film such as an (AB) 20x film 

used in the present invention is an insulator, the 

pinning layer 2 can be considered substantially to be a 

part of the lower shield gap 11, ·rather tha.n the ·MR 

device section 9. Such a structure is suitable for the 

10 purposes of. the pr~sent invention. A conventional a-Fe20 3 

film had to have a thickness of about 50 nm or more, and 

it was thus difficult to use it in a dual structure. 

In order to suppress generation of Barkhausen 

15 noise when the magnetization direction of the free layer 

rotates, the MR device section 9 preferably has an 

arrangement such that an axis of easy magnetization (also 

referred to as an 11 easy axis 11 
) of the free layer 5 

(Figures 2A and 3A) is- substantially perpendicular to the 

20 direction of a magnetic field of a signal to be detected, 

whereas the easy axis of the pinned layer 3 are parallel 

to the direction. 

In the above description, a conventional lateral 

25 GMR head has been described. However, the present 

invention can effectively be used in a vertical GMR head. 

While the direction of the current flow in the lateral 

GMR head is perpendicular to the magnetic field to be 

detected, the direction of the current flow in the 

30 vertical GMR head is parallel to the magnetic field to be 

detected. 

Examples 
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The exchange coupling film, the MR device and the 

MR head of the present invention will now be described by 

way of illustrative examples. 

5 Example 1 

An exchange coupling film according to Example 1 

of the present invention was produced by using a multi­

sputtering apparatus. AB03 (A = La, Pr, Nd, Sm, Gd, Tb, 

Dy, Y, .Ho, Bi, Ca, Sr; B = Fe) sintered to a target and 

10 an alloy plate of Co0 •9Fe0 •1 were used. 

After a vacuum chamber was exhausted to about 

lx10-s Torr, an Ar gas was supplied therein so as to 

maintain the pr~ssure therein at about 0. 8 mTorr while 

15 the exchange coupli.ng film 100, as :illustrated :i.n Fig­

ure 1, was formed on the glass substrate using a sput­

tering method, · thereby producing a sample exchange 

_coupling film having the structure as illustrated in 

Figure 1. The composition of the sample film is shown 

20 below, wherein the respective thicknesses (in run) of the 

layers thereof are shown in parentheses. An RF cathode 

was used when AB03 was employed, and a DC cathode was used 

when any; .. other material was employed. The AB03 layer had 

a thickness of about 50 run, and the Co-Fe layer had a 

25 thickness of about 10 run. 

30 

Samples 1 to 13 as· specified below were produced, 

where B = Fe in each of Samples 1 to 13. 

Sample 1: 

Sample 2: 

Sample 3: 
Sample 4: 

CoFe(lO) 

LaB03 (50) / CoFe(lO) 

PrB03 (50) / CoFe(lO) 

NdB03 (50) / CoFe(lO) 
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Sample 5: SmB03 ( 50) I CoFe(lO) 

Sample 6: GdB03 ( 50) I CoFe(lO) 

Sample 7: TbB03 (50) I CoFe(lO) 

Sample 8: DyB03 ( 50) I CoFe(lO·) 

Sample 9: YB03 (50) I CoFe(lO) 

Sample 10: HoB03 (50) I CoFe(lO) 

Sample 11: BiB03 (50) I CoFe(lO) 

Sample 12: caeo;c5o) I CoFe(lO) 

Sample 13: SrB03 ( 50) I CoFe(lO) 

The produced exchange coupling film · was -main-

tained in a vacuum at about 200°C for about 1 hour while 

applying thereto a magnetic field of about 80 kA/m (about 

1 kOe). Then, the magnetization curve of the exchange 

15 coupling film was measured at room temperature by using 

a vibrating sample magnetometer. 

As a result, the CoFe film of Sample 1 showed a 

coercive force He of about 600 A/m, whereas all of the 

20 AB03 /CoFe layered films of Samples 2 to 13 showed a coer­

cive force He of about 20 kA/m or larger, thus indicating 

that there is provided an exchange coupling between AB03 

.;:.:,.-. and CoFe to form a film of a large coercive force. .z:IK· 

25 Example 2 

Sample MR devices, A(i) (see Table 1 below), as 

illustrated in Figure 2A, were produced by using a multi­

sputtering apparatus as in Example 1. An Si substrate 

was used as the substrate 1, an (AB) 20x layer of the type 

30 used in Example 1 was used as the pinning layer 2, and a 

Co layer was used as the ferromagnetic pinned layer 3. 

Moreover, a Cu layer was used as the non-magnetic lay­

er 4, and an Ni0 • 68Fe0 • 20Co0 • 12 layer was used as the free 
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layer 5. The respective thicknesses of the layers 

thereof were as shown below. 

A(i): AB03(35) I Co(2) I Cu(2) I Ni0 ;6~ Fe0 • 20Co0 •12 (5) 

(wherein: i = 0 to 12; and a number in parenthe­

ses denotes a thickness in nanometer) 

As in Example 1, the sample MR.device produced as 

described above was ·subjected. to a heat treatment at 

10 about 200°C for about 30 minutes. 

15 

20 

.., 

The sample device A(O) employs a-Fe203 instead of 

AB03 as a comparative example tc;> be compared to the 

samples A(l) to A(l2) of ~he present invention. 

In Table 1, A'(l) denotes a sample which has the 

same composition and film thicknesses as those of the 

sample A(l)~ but in which the AB03 film is deposited at 

a substrate temperature of about 500°C. 

·MR characteriE!tics of the produced sample MR 

devices were evaluated while applying a magnetic field of 

up to about 80 kA/m (or greater for the samp-le A'(l)) by 

.a DC 4-terminal method at room tempera~ure. The results 

25 are shown in Table 1 below. For comparison, MR 

characteristics 0.f the sample MR device A( 0) were· also 

evaluated in substantially the same manner. As described 

above, the sampl.e device A(O) was produced by using an a­
Fe203 layer in place of the (AB) 20x layer. 

30 

Table 1 
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Sample No. Pinning layer MR ratio Hp(kA/m) 
A(O) a-Fe203 13 10 
A(1) La803 15 45 

5 A'(1) La803 18 >BO 
A(2) PrB03 14 .40 
A(3) NdB03 14 45 
A(4) Sm803 15 ·50 
A(5) Gd8Q3 14 35 

10 . A(6) Tb803 14 35 
A(7) .Dy803 14. 35 
A(B) y 803 15 50 
A(9) Ho803 14 40 
A(10) BiB03 · 14 40 

15 A(11) Ca803 14 40 
· A(1_2) . Sr803 14 40 

As can be seen from the experimental results, a 

20 sample employing an AB03 film has a greater value of Hp 

than that of a sample employing an a-Fe203 film. 

Moreover, a similar experiment was conducted 

while producing a sample AA I ( 1 ) using an A I 1-xA II XB I 1-xB II xo3 

25 film, wherein A' = La, A11 = Sr, B' = Fe, B11 = Ni and 

x=O.l, in place of an AB03 film. The composition of the 

produced film was as follows: 

. . 
AA'(l): A'~-xA"xB' 1-xB 11 x03 (50) / Co(2) / Cu(2) / 

30 Ni0 • 68Fe0 •20Co0 •12 ( 5) 

(wherein a number in parentheses denotes a 

thickness in nanometer) 
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As in Example .1, the sample MR device produced as 

described above was subjected to a heat treatment at 

about 200°C for about 30 minutes. MR characteristics of 

the produced sample MR devices were evaluated while 

5 applying a magnetic field of up to about 80 kA/m (or 

greater for the sample AA'(l)) by a DC 4-terminal method 

at room temperature. As a result, the MR ratio was about 

16%, and Hp was about 40 kA/m, indicating again that the 

sample devices have satisfactory characteristics. 

10. 

15 

Sample devices B(i) were produced, while using 

Co(2) I Ru(0.6) / Co(2) with an antiferromagnetic ex­

change coupling for the pinned layer in place of Co(2). 

B(i): AB03 (35) I Co(2) I Ru(0.6) I Co(2) I Cu(2) 

I Nio.68Feo.20C00.12C 5) 

Regarding the AB03 (35) layer, the sample devices 

B( i) ( i = 1 to 12) employ the same pinning layers as 

20 those of the A ( i ) ( i = 1 to 12 ) , respectively. The 

characteristics of the sample device~ B( i) were evaluated 

in substantially the same manner as for the sample 

devices A( i). -<-"The sample devices B( i) had MR ratios 

which a·re reduced by about 2%, on average, from those of 

25 the respective sample devices A( i), but the sample 

devices B(i) had Hp v~lues which all were about 100 kA/m 
,. 

or greater. It was also observed that there is substan-

tially no bias influence on the free layer due to the 

magnetic pole occurring at tpe end surf ace of the pinned 
30 layer. 

Sample devices B' ( i) were further produced, where 

the same films as those listed in Table 1 were used for 
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the pinning layers, and the free layer includes a plural­

ity of magnetic layers deposited via the non-magnetic 

layer. 

B'(i): I Co(2) I Cu(2) I 

Characteristics of the produced sample devices 

B'(i) were evaluated in substantially the same manner as 

10 for the sample devices A(i). The AB03 {35) layer employed 

the same pinning layers as. those of the sample devices 

A(l) to A(l2) listed in Table 1. 

·As a result, the sample device B' (i) of the 

15 present.invention had substantially the same MR ratio and 

substantially the same Hp value· with an improved soft 

magnetic property of the free layer. In particular, the 

coercive force of the soft magnetic layer was reduced 

from about 800 A/m.to about 400 A/m. Thus, it is possi-

20 ble to improve the soft magneti·c property of the free 

layer.and the magneti~ field sensitivity of the device by 

forming the free layer from two or more magnetic films 

layered Vil:l a non-magnetic layer. 

25 Example 3 

MR heads as illustrated in Figure 4 were produced 

while using the sample devices B{i: i = 1 to 12) and.the 

sampl~ device B ( 0) (comparative example) for the MR 

device section 9, and the characteristics thereof were 

30 evaluated. 

In each of the produced MR heads, an Al20 3-TiC 

material was employed for the substrate, an Ni0 •8Fe0 • 2 alloy 
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for the shields 10 and 15, and Al203 for the shield 

gaps 11 and 14. Moreover, a Co-Pt alloy was used for the 

hard bias section 12, and Au for the lead section 13. 

The magnetic films were provided with an anisotropy in 

5 such a way that the easy axis of the pinned layer 3 was 

substantially parallel to the direction of a magnetic 

field of a signal to be detected, whereby the easy axis 

of the free layer 5 was substantially perpendicular to 

the direction of the magnetic field of the signal to be 

10 detected. This was achieved by first subjecting the 

produced MR device to a heat treatment at about 250°C in 

a magnetic field so as to define the direction of the 

easy axis of the pinned layer 3, and then further sub­

jecting the produced MR device to a heat treatment at 

15 about 180°C so as to define the direction of the easy 

axis of the free layer 5. 

The respective outputs of the produced MR heads 

were evaluated while conducting a DC current as a sense. 
20 current through these MR heads and applying an alternat­

ing signal magnetic field of about 3 kA/m thereto. The 

output of the MR head employing the MR device B ( i) of the 

present invention was compar~d with that of the MR head 

employing the comparative MR device B(O). The results 
25 are shown in Table 2 below. 
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Table 2 

Sample No. 

8(0) 
8(1) 
8(2) 
8(3). 
8(4) 
8(5) 
8(6) 
8(7) 
. 8(8) 
8(9) 
8(10) 
8(11) 
8(12) .. 
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.. 
Pinning layer 

a:-Fe203 
La803 
Pr803 
Nd803 

· SmB03· 
Gd8Q3 

.Tb803 
Dy803 .. 
y 803 
Ho803 
Bi803 
Ca8Q3 
Sr803 

Relative- output( dB) 
0 

+2 
+1 
+1 
+2 
+1 
+1 
+1 
+2 
+1 
+1 
+1 
+1 

Thus, it has· been confirmed that the MR head of 

the present invention can produce a greater output as 

20 compared with that from the conventional MR head. When 

the characteristics were measured after applying an 

external magnetic field of about 20 kA/m, the out~ut of 

the MR head employing the comparative· MR device B(O) 

became unstable, while the output of the MR head emp1oy-

25 _ing any of the MR devices B(l) to B(12) of the present 

invention was stable. 

Example 4 

Spin valve films C( i) of a composite type includ-

30 . ing a free layer and a · pinni_ng layer were produced in 

substantially the same manner as in Example 2. A compos­

ite type layer of an NiO layer and an AB03 layer was 

employed f·or the respective pinning layers, while a 
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composite type layer of CoFe and NiFe was employed for 
the free layer. The Cu layer provided at the end of each 
sample film is an antioxidation film. 

C( i): NiO( 10) I AB03 ( 20) I Co0 •85Fe0 •15 ( 2) I Cu( 2. 2) 
I Co0 •85Fe0 •15 ( 1) I Ni0 • 8Fe0 • 2 ( 5) I Cu( 1) 

As in Example 1, the sample ·films produced as 
described above were subjected to a heat treatment at 

10 about 200°C for about 30 minutes. MR qharacteristics of 
the produced sample films were evaluated in substantially 
the same manner as in Example 2. The results are shown 
in Table 3 below. 

15 Table 3 

Sample No. AB03 layer MR ratio Hp(kA/m) 
C(1) Lo803 18 45 

20 C(2) Pr803 17 40 
C(3) Nd803 17 45 
C(.4} Sm803 18 50 
C(5) Gd803 17 35 
C{6) Tb803 16 35 

25 C(7} DyB03 1-6 35 
C(B) y 803 18 50 
C(9) Ho803 16 40 
C(10) Bi803 . 16 40 
C(11) .. : ·'· Co803 17 40. 

30 C(12) SrB03 ·17 40 
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As can be appreciated from comparison between the 

results shown in Table 3 with those shown in Table 1, 

substantially the same level of Hp values can be obtained 

even when providing the free layer as a composite layer, 

5 thereby increasing the MR ratio, while providing· the 

pinning layer as a composite layer, thereby reducing the 

thickness of the pinning layer. 

Example 5 

10 As in Example 1, dual spin valve fi~ms D(i), E(i) 

and F(i), as illustrated in Figure 3A, were produced. 

, 

D(i): AB03 (30) /. Co(3) ./ Cu(2.5) I Co(l) I 
Ni0 •8Fe0 • 2 (5) I Co(l) I Cu(2.5) I Co(3) I ~r-Mn(8) 

15 E(i): AB03 (30) I Co(3) I Cu(2.5) I Co(l) I 

20 

Ni0 •8Fe0 • 2 ( 5) I Co( 1) I Cu( 2. 5) ·I Co( 3) I Fe-Co-0( 30) 

F ( i) : AB03 ( 30) I . Co ( 3 ) I Cu ( 2. 5 ) I . Co ( 1 ) I 
Ni0 •8Fe0 • 2 (5) I Co(l) I Cu(2.5) I Co(3) I AB03 (30) 

As in Example 1, the sample MR devices produced 

as described above were subjected to a heat treatment. 

Then, MR characteristics thereof were· evaluated in 

substantially the same manner as in Example 2. The 

results are shown in Table 4 below. 
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Sample No. AB03 layer MR ratio Hp(kA/m) 
D(1) La803 22 20 
D(2) Pr803 21 20 

· D(3) Nd803 21 20 
0(4) Sm803 22 20 
0(5) Gd803 21 20 
D(6) Tb803 20 20 
0~7) Oy803 20. 20 

y 803 22 20 
- ~(~~ Ho803 20 20 
0(10) Bi803 20 20 
0(11) . Ca803 21 20 
0(12) Sr803 21. 20 

SamP.le No. AB03 layer MR ratio Hp(kA/m) 
E{1) La803 28 40 
E(2~ Pr803 27 35 
Ep Nd803 27 40 
E 4) Sm803 28 45 
E(5) Gd803 27 30 
E(6) Tb803 26 30 
~7) Oy803 26 30 
E 8) y 803 28 45 . 
E(9) Ho803 26. 35 
E(10) Bi803 26 35 
E(11~ Ca8Q3 27 35 
E(1? . Sr803 27 35 

Sample No. AB03 layer MR ratio · Hp(kA/m) 

~m La803 29 45 
Pr803 28 40 

F(3) Nd803 . 28 45 T) Sm803 29· 50 
F 5) Gd803 28 35 
F 6) Tb803 . 27 35 

~~~~ . 
DyB03 27 35 
y 803 29· 50 

F(9 Ho803 27 . 40 
F(10~ BiB03 27· 40 
F(11 CaB03 28 40 

.. F(12) Sr803 28 40 
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As can be appreciated from the results shown in 

Table 4, an extremely large MR ratio can be obtained with 

an MR device according to this example of the present 

inven~ion, which had not been realized by the convention-

5 al MR devices. This appears to be due to the fact that 

the magnetization direction of the pinned layer 3 is well 

fixed by a large pinning effect of the pinning laye~ 2 

shown in Figure 3A, thereby achieving satisfactory 

magnetization antiparallelism between pinned layer 3 and 

10 the free layer 5. 

The sample .devices D(i) showed to have slightly 

smaller MR ratios and small Hp values. This is due to 

the use of IrMn for the upper pinning layer. However, 

15 the sample devices D(i) are advantageous in that it is 

relatively easy to form the upper lead section (13 in 

Figure 4) of the MR device section when producing an MR 

h~ad since the upper layer is a metal layer. 

20 Example 6 

A yoke type head, as ill~strated in Figure 8, was 

produced while using the sample MR device F(8). An Al-0 

super thin film about 2 run thick produced by a plasma 

oxidation method was used for the insulation film sec-

25 tion 82 in the structure illustrated in Figure 8. 

A Co-Nb-Z:r;-type amorphous alloy layer having a 

high transmissivity was used for the yoke· section 81. A 

comparison was made between the output of the yoke-type 

30 MR head of this example and that of a comparative MR head 

B (0) of Example 3 shown in Table 2. The comparison 

showed that the output of the yoke-type MR head of this 

example was increased by about +3db from that of the 
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comparative MR head. 

The exchange coupling film employing a pinning 

layer made of an oxide of the present invention can. 

5 provide a large pinning magnetic field. Moreover, the MR 

device employing the same can provide a large MR ratio 

and a large pinning magnetic field as compared with those 

provided by the conventional MR device, thereby realizing 

an MR head having a high output and stable characteris-

10 tics. 

Various other modifications will be apparent to 

and can be readily made by those skilled in the art 

without departing from the scope and spirit of this 

15 invention. Accordingly, it is not intended that the 

scope of the claims appended hereto be limited to the 

description as set forth herein, but rather that the 

claims be broadly construed. 



- 43 - -------------------------

1111111111111111111 lllll ll 1111 
* C L M S * 

WHAT IS CLAIMED IS: 

1. An exchange coupling film, comprising a ferromagnetic 

layer and a pinning layer which is provided in contact 

with the ferromagnetic layer for pinning a magnetization 

direction of the ferromagnetic layer, the pinning layer 

comprising an (AB) 20x l~yer, wherein: 

O denotes an· oxygen atom; 

·2.8<x<3.2; and 

a value t as defined by: 

t = (Ra+Ro)/(.f2• (Rb+Ro)) 

(where Ra, Rb and Ro d~note the ion radii of 

the atoms ·A, B and 0, respectively) 

satisfies O.B<t<0.97. 

2. An exchange coupling film according to claim 1, 

wherein the (AB hOx ·comprises an anti ferromagnetic layer. 

3. An exchange coupling film according to claim 1, 

wherein .the atom B of the (AB) 20x layer comprises a 

transition metal atom. 

4. An exchange coupling film accordi~g to claim 1, 

wherein the atom B of the (AB) 20x layer comprises an Fe 

atom. 

5. An exchange coupling film according . to claim 1, 

wherein the atom A of the (AB) 20x layer comprises a rare 

earth atom. 

6. An exchange coupling film according to claim 1, 

wherein the atom A of the (ABhOx layer comprises an alka­

line-earth atom. 
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7. An exchange coupling film according to claim 1, 
wherein the pinning layer comprises a layered structure 

of the (AB) 20x layer and an NiO layer. 

8. An exchange coupling film according to claim 7, 

wherein the (AB) 20x layer is provided in contact with the 
ferromagnetic layer. 

9. An exchange coupling film according to claim 1, 
wherein the pinning layer comprises a layered structure 

of the (AB) 20x layer and an Fe-M-0 · layer (where M = Al, 
.Ti, Co, Mn, Cr, Ni or V). 

10. An exchange coupling film according to claim 9, 

wherein the Fe--M-.O layer comprises an. ( Fei-xMx) 20 3 layer 
(where M = Al, Ti, Co, Mn, Cr, Ni or v, and O.Olsxs0.4). 

11. A magnetoresistance effect device, comprising a 
substrate and a multilayer film, wherein: 

the multilayer film comprises at least two 
ferromagnetic layers, a non-magnetic layer and a pinning 
layer for pinning a magnetization direction of the 
ferromagnetic layer; 

the fe~romagnetic layers are deposited via the 
non-magnetic layer interposed therebetween; 

at least one of the ferromagnetic layers is a 
pinned layer whose magnetization direction is fixed by 
the pinning layer which is provi~ed in contact with the 
one of the ferromagnetic layers on an opposite side of 
another one of·the ferromagnetic layers with respect to 
the non-magnetic layer; 

at least one of the ferromagnetic layers is a 
free layer whose magnetization direction is allowed to 
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rotate freely; 
a change in an angle between the magnetization 

direction of the pinned layer and the magnetization 

direction of the free layer causes an electric resistance 

of the device to vary; and 

wherein: 

the pinning layer comprises an (AB) 20x layer, 

O denotes an oxygen atom; 

2.8<x<3.2; and 

a value t as de~ined by: 

t = (Ra+Ro)/(i2•(Rb+Ro)) 

(where Ra, Rb and Ro denote the ion radii 

of the atoms A, B and 0, respectiv~ly) 

satisfies O.S<t<0.97. 

12. A magnetoresistance effect device according· to 

claim 11, wherein the pinning layer comprises a layered 
· structure of the (AB) 20z layer and an NiO layer. 

13. A m~gnetoresistance effect device according to 
claim 11, wherein the pinning layer comprises a layered 

structure of the (AB) 20z layer and an Fe-M-0 layer (where 

M = Al, Ti, Co, Mn, Cr, Ni or V). 

14. A magnetoresistance effect device according to 

claim 11, wherein the atom B of the (AB) 20z layer compris­

es a transitiqn metal atom. 

15. A magnetoresistance effect device according to 

claim 11, wherein the atom A of the (AB} 20x layer compris­

es a rare earth atom.· 

16. A magnetoresistance effect device according to 
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claim 11, wherein the atom A of the (AB) 20x layer compris­

es an alkaline-earth atom. 

17. A magnetoresistance effect device according to 

claim 11, wherein AB of the (ABhOx layer comprises La1_rFer 

(0.4<y<0.6). 

18. A magnetoresistance effect device according to 

ctaim 11, the atom A of the (ABhOx layer comprising an A' 

atom or an A11 atom, and the atom B of the (AB) 20x layer 
comprising an B' atom or an B 11 atom, wherein: 

the A' atom comprises a rare earth atom; 

the A" atom comprises an alkaline-earth atom; 

the B' atom comprises an Fe atom; and 

the B" atom comprises an Ni or Mn atom. 

19. A magnetoresistance effect device according to 
claim 18, wherein: 

the A' atom comprises an La atom; 
the A" atom comprises an Sr atom; 
the B' atom comprises an Fe atom; and 

the B11 atom comprises an Ni atom. 

20. A magnetoresistance effect device according to 
claim 11, wherein the free layer comprises two or more 
magnetic films deposited via the non-magnetic layer 

interposed therebetween. 

21. A magnetoresistance effect device according to 
claim 11, where:l,.n the pinned layer comprises two magnetic 

layers having an ·antiferromagnetic exchange coupling 

therebetween via the non-magnetic layer interposed therebetween. 
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22. A rnagnetoresistance effect device according to 

claim 11, wherein: 

the multilayer comprises a first pinning layer, 

a first pinned layer, a first non-magnetic layer, a 

ferromagnetic free layer, a second non-magnetic layer, a 

second pinned layer and a second pinning layer which are 

deposited in this order on the substrate; 

the first pinning layer fixes a magnetization 

direction of .the first pinned layer; 

the second pinning layer fixes a magnetization 

direction of the second pinned layer; and 

the first pinning layer comprises the (AB) 20x 

layer. 

23. A magnetoresistance effect device- according to 

claim 22, wherein the second pinning layer comprises a T­

Mn (where T = Ir, Pt, Pd, Rh, or Ni). 

24. A rnagnetoresistance e~fect device according to 

claim 22, wherein the second pinning layer comprises the 

(AB) 20x layer. 

25. A magnetoresistance effect device according to 

claim 22, wherein the first pinning layer or the first 

and second pinning layers comprise a·layered structure of 

the (AB) 20x layer and an NiO layer. 

26. A magnetoresistance effect device according to 

claim 22, wherein the first pinning layer or the first 

and second pinning layers comprise a layered structure of 

the (AB) 20x layer and an Fe-M-0 layer (where M = Al, Ti, 

Co, Mn, Cr, Ni or V). 
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27. A magnetoresistance effect device according to 
claim 26, wherein the Fe-M-0 layer comprises an (Fe1_~x) 203 
layer (where M = Al, Ti, Co, Mn, Cr, Ni or V, and 
O.Olsxs0.-4). 

28. A magnetoresistance effect device according to 
claim 22, wherein the atom B of the (AB hOx layer compris­
es an Fe atom. 

29. A magnetoresistance effect device according to 
claim 22, wherein the atom i\. of the (AB) 20x layer compris­
es a rare earth atom. 

30. A magnetoresistance effect device according to 
claim 22, wherein the atom A of the (AB hOx layer compris­
es an alkaline-earth atom. 

31. A magnetoresistance effect device according to 
cla.im 22, wherein AB of the (AB) 20x layer comprises La1_rF8Y 
(0.4<y<0.6"). 

32. A magnetoresistance effect dev.ice according to 
claim 22, the atom A of the· (ABhOx layer compr.is.ing ·an A' 
atom or an A" atom, and the atom B of the (ABhOx layer 
comprising an B' atom or an B" atom, wherein: 

the A' atom comprises a ~are earth atom; 
the A" atom comprises an alkaline-earth atom: 
the B' atom comprises an Fe atom; and 
the B" atom comprises an N.i or Mn atom. 

33. A magnetoresistance effect ·device according to 
claim 32, where.in: 

the A' atom comprises an La atom; 
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the A" atom comprises an Sr atom; 

the B' atom comprises an Fe atom; and 

the B" atom comprises an Ni atom. 

34. A magnetoresistance effect device according to 

claim 22, wherein the free layer comprises two or more 

magnetic films deposited via the non-magnetic layer 

interposed therebetween. 

35. A magnetoresistance effect _device according to 

claim 22, wherein the pinned layer comprises two magnetic 

layers having an antif erromagnetic exchange coupling 

therebetween via the non-magnetic layer interposed 
therebetween. 

36. A magnetoresistance effect head, comprising: 
a magnetoresistance effect device according to 

claim 11; and 
a shield gap section for insulating the magnetor­

esistance effect device and the shield section from each 
other. 

37. A magnetore~istance effect head, comprising: 
a magnetoresistance effect device according to 

claim 22; and 
a shield gap section for insulating themagnetor­

esistance effect device and the shield section from each 
other. 

38. A m~gnetoresistance effect head, comprising: 

a magnetoresistance effect device according to 
claim 11; and 

a yoke section for introducing into the magnetor-
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esistance effect device a magnetic· field to be detected. 

39. A magnetoresistance effect head, comprising: 

a magnetoresistance effect device according to 
claim 22; and· 

a yoke section for introducing into the magnetor­

esi stance effect device a magnetic field to be detected. 

40. A method for producing· an exqhange coupling film, the 

method comprising the steps of: 

heating a substrate to a temperature of about 
300°C or higher; and 

deposittng the exchange coupling film by a 
sputtering method· using an Ar gas at a pressure of about 

2 mTorr or less. 


