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MAGNETORESISTANCE EFFECT ELEMENT AND MAGNETORES | STANCE DEVICE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The preseht invention relates to a magnetoresistance
effect element for reading the magnetic field intensity of
a magnetic recording medium or the like as a signal and, in
particular, to a magnetoresistance effect element which is
capable of reading a small magnetic field change as a
greater electrical resistance change signal, and further
relates to a magnetorgsistance device, such as a
magnetoresistance effect type head, using such a
magnetoresistance effect element. |

DESCRIPTION OF THE PRIOR ART

Following the recent increase in density of magnetic
recording, induction type magnetic heads are being'repla;;d
by magnetoresistance effact type heads (hereinafter
referred to as "MR heads") in the field of read-only heads.
The MR head utilizes a magnetoresistance effect and senses
a change in magnetic flux from a recording medium, that is,
a signal magnetic field, based on a change in resistance.
An output voltage is given by the product of a change in
resistance of a magnetoresistance effect eleﬁent
(hereinafter referred to as “MR element”) sensing a change

in magnetic flux and a sense current flowing in the MR

element. Accordingly, the output voltage can be set large,
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and further, a value of the output voltage can be freely
changed by a value of the sense current; Thus, as different
from .the induction type magnetic head, the output voltage
does not depend a relative speed between a head sensor
portion and the recording medium.

In the MR head, the MR element which senses the change

in magnetic flux from the recording medium to change its
resistance is made of an NiFe alloy. The NiFe alloy is
excellent in anisotropy magnetoresistance effect
(hereinafter referred to as "AMR") and, since it is a soft
magnetic material, its response is excellent in a small
magnetic.field.

However, for the NiFe alloy to perform the optimum
operation as an Mﬁ element, two biases are required.
Specifically, as the first bias, a lateral bias is required
which is applied to a surface of the magnetic recording
medium in perpendicular thereto and to a surface of the MR
element in parallel thereto for achieving the |inearity of
a magnetic field response of the MR element. The lateral
bias is generated by the flow of sense current in a soft
film bias layer (made of, for example, NiFeRh or NiFeCr)
adhered to an NiFe alloy layer v{a.a magnetic separation
layer_ (made of, for example, Ta). .

As the second bias, a longitudinal bias is required
for suppressing Barkhausen jump noise (hereinafter referred

to as "BHN") which is caused upon movement of domain walls



of multidomains in the MR element in response to the
magnetic field. The longitudinal bias is given by an
exchange coupling magnetic field (hereinafter referred to
as "Hua") caused by a laminate film of the NiFe alloy énd
an antiferromagnetic material (for example, FeMn) as the MR
element. The Hua is a magnetic field generated by an
exchange interaction at ‘a contact surface between the
ferromagnetic material and the antiferromagnetic material.

By this exchange coupling, the longitudinal bias is
applied to the NiFe alloy being the MR element. As a
result, a domain structure of the NiFe alloy approximates a
single domain to control BHN.

In the MR using the AMB, since the MR element is the
NiFe alloy, a magnetoresigtance change ratio (hereinafter
referred to as "MR change ratio”) is about 2 to §ﬁ.
Therefore, recently, as a film replacing NiFe, attention
has been paid to artificial lattices and spin valve films
(for example, PHYSICAL REVIEW B volume 43, page 1297, in
1991, and Japanese First (unexamined) Patent Publication
No. 4-358310) revealing a giant magnetoresistance effect
(hereinafter referred to as "GMR"). Among the films
revealing the GMR, since the spin valve film is simple in
structure and small in operation magnetic field as coméared
with the artificial lattice, attention has been further
paid thereto. An example of actual review of the spin valve

film for use in the magnetoresistance effect element of the



magnetoresistance effect type reproduction head is reported
in |EEE TRANSACTION ON MAGNETICS volumé 30. page 3801, in
1994. The reported spin valve film is a magnetic
multif{ayered fiilm which is formed by coupling a soft
magnetic layer (also called a free layer and made of NiFe
or the like) responsive to a magnetic field, and a fixed
layer in the form of a two-layer film of a ferromagnetic
fayer (NiFe, CoFe, CoFeNi or the like) and an
antiférromagnetic fayer (FeMn), via a non-magnetic material
(Cu, Au, Ag or the like) interposed therebetween. The spin
valve film shows a very high MR change ratio of 3 to 10% as -
compared with the NiFe alloy. According to the GMR of the
spin valve film, the resistance thereof becomes minimum
when magnetization‘(ﬁf) of the soft magnetic layer which
can freely respond to the magnetic field and magnetization
(Mp) of the fixed layer (two-layer film whose magnetization
direction is fixed due to Hua generated at a contact
surface between the ferromagnetic layer and the
antiferromagnetic layer) are parallel to each other. It is
assumed that the resistance at this time is Ro,. On the
other hand, when Mf and Mp are antiparallel to each other,
the resistance of the spin valve film becomes maximum. 1|t
is assumed that the resistance at this time is Rm. Thé GMR
change ratio is given by (Rn—R.)/Ro.
¥hen the directions of magnetization of those layers

are parallel to each other, the current flowing in the spin



va[ve film is not subjected to scattering.of electrons due
to spins at the interface between the non-magnhetic layer
and the soft magnetic layer and at the interface between
the non-magnetic layer and the fixed .layer so that the
resistance becomes minimum.

. On the other hand. when the magnetization direétions
are antiparallel to gach other, the current flowing in the
spin vélve film is subjected to scattering of electrons due
to spins at the interface between the non-magnetic layer
and the soft magnetic layer and at the interface between
the non-magnetic layer and the fixed layer so that the
resistance becomes max i mum.

In the MR head using the AMR and the spin valve head
(MR head) using thé GMR, a so-called pinning operation is
required which generates Hua by stacking and joining lpe
ferromagnetic film and the antiferromagnetic film. In tﬁe
MR head using the AMR, the pinning is carried out for
generating a longitudinal bias magnetic field to control
the BHN. In the spin valve head, the pinning is carried out
for fixing the magnetization.

As materials for the antiferromagnetic films which
generate Hua, v -FeMn alloy. (for example, USP4,103,315).
NiO, «a-Fe.0; and Mn gamma alloy containing an elément
selected from Fe, Co, Cu, Ge, Ni, Pt and Rh (Japanese
Second (examined) Patent Publication No. 60-32330) have

been known. Further, USP4, 755, 897 has proposed FeMn added



with Cr.

.However. the foregoing ﬁaterials of the
antifer}omagnetic films are not sufficient in corrosion
reéistance or thermal stability, resulting in deterioration
of Hua due to corrosion or deterioration of Hua due to
temperature change. In addition to the foregoing problem, a
high blocking tempefature (at which Hua becomes zero) is
required.in the spin valve film. Further, during a
fabricating process, it is required that the blocking
temperature is within a certain range for performing an
orthogonalization heat treatment and that the blocking

temperature can be selected to some extent.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present inventiPn
to provide an antiferromagnetic layer (pinning layer) which
is excellent in corrosion resistance and thermal stability,
free from deterioration of Hua and sufficiently high in
blocking temperature, and a magnetoresiétance effect
element having a magnetic multilayered film which,
utilizing the characteristics of the antiferromagnetic
layer (pinning layer), is excellent in corrosfon resistance
and thermal stability, high in magnetic field sensitivity
and large in MR change ratio, and further provide a

‘magnetoresistance device, such as a magnetoresistance

effect type head, using such a magnetoresistance effect



element.

According to one aépect of tﬁe ﬁresent invention, a
magnetoresistance device comprises a magnetoresistance
effect element, conductive films and electrode portions,
" wherein the conductive films are conductively connected to
the magnetoresistance effect element through the electrode
portions, and the magnetoresistance effect element
comprises a magnetié multilayered film including a
non-magnetic metal layer, a ferromagnetic layer formed on
one surface of the non-magnetic metal layer, a soft
magnetic layer formed on the other surface of the
non-magnetic metal layer, and a pinning layer which is
formed on a surface of the ferromagnetic layer remote from
a surface thereof abutting the non-magnetic metal layer so
as to pin a direction of magnetization of the ferromagnetic
layer, and wherein the pinning layer is made of Ru,Manz
where M represents at least one selected {rom Rh, Pt, Pd,
Au, Ag and Re. 1=x =30. 1=y =30. 69=z =<90. 105 x+y=
31, and the unit of x, y and z is atomich.

According to another aspect of the present invention,
a magnetoresistance device comprises a magnetoresistance
effect element, conductive films and electrode portions,
wherein the conductive films are conductively connectéd to
the magnetoresistance effect element through the electrode
portions, and the magnetoresistance effect element

comprises a magnetic multilayered film including a



non-magnetic metal layer, a ferromagnetic layer formed on
one surface of the non-magnetic metal layer, a soft
magnetic layer formed on the other surface of the
non-magnetic metal layer, and a pinning layer which is
formed on a surface of the ferromagnetic layer remote from
a surface thereof abutting the non-magnetic metal layer so
as to pin a direction of magnetization of the ferromagnetic
layer, and wherein the pinning layer is made of Ru.M,Mn.
where M represents at least one selected from Rh, Pt, Pd,
Au. Ag and Re, 1Sx =59, 1 =y <50, 40sz <58, 42=xty =
60, and the unit of x, y and z is atomic}.
According 'to another aspect of the present invention,

a magnetoresistance device comprises a magnetoresistance
effect element, conduct.ive films and electrode portions,
wherein the conductive films a?é“conductively connecteqﬁfo
the magnetoresistance effect element through the electrode
portions, and the magnetoresistance effect element
comprises a magnetic multilayered film including a
non-magnetic metal layer, & ferromagnetic layer formed on
one éurface of the non-magnetic metal layer, a soft
magnetic layer formed on the other surface of the
non-magnetic metal layer, and a pinning layer which is
formed on a surface of the ferromagnetic layer remote:from
a surface thereof abutting the non-magnetic metal layer so
as to pin a direction of magnetization of the ferromagnetic

fayer., and wherein the pinning layer is made of Ru.Mn;oo-«



where 15=x <30, and the unit of x is atomick.

According to another aspect of fﬁe present invention,
a magnétoresistance effect element comprises a magnetic
multilayered film including a non-magnetic metal layer, a

ferromagnetic layer formed on one surface of the

non-magnetic metal layer, a soft magnetic layer formed on

the qther surface of the non-magnetic metal layer, and a
pinning layer which is formed on a surface of the
ferromagnetic layer remote from a surface thereof abutting
the non-magnetic metal layer so as to pin a direction of

magnetization of the ferromagnetic layer, wherein the

-pinning layer is made of Ru.M,Mn, where M represents at

least one selected from Rh, Pt, Pd, Au, Ag and Re, 1=<x <30,
1=y <30, 69z <90, 10=x+y =31. and the unit of x, y

and z is atomich. ]

According to another aspect of the present invention,
a magnetoresistance effect element comprises a magnetic
multilayered film including a non-magnetic metal layer, a
ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the other surface of the non-magnetic metal layer., and a
pinning layer which is formed on a surface of the
ferromagnetic layer remote from a surface thereof abu;ting
the non-magnetic metal layer so as to pin a direction of

magnetization of the ferromagnetic layer, wherein the

pinning layer is made of Ru.M,Mn. where M represents at
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least one selected from Rh, Pt, Pd, Au, Ag and Re, 1=x <59,
1=y =59, 40=<z <58, -42§x+y =60, a.md.the unit of x, vy
and z is atomick.
According to another aspect of the present invention,
a magnetoresistance effect element comprises a magnetic
multilayered film including a non-magnetic metal layer, a
- ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the other surface of the non-magnetic metal layer, and a
pinning layer which is formed on a surface of the
ferromagnetic layer remote from a surface thereof abutting
the non-magnetic metal layer so as to pin a direction of
magnetization of the ferromagnetic layer, wherein the
pinning layer is made of Ru.Mn;oo-x where 15=<x <30, and the
unit of x is atomichk.
It may be ar}anged that the pinning layer has an

oxygen concentration of no more than 5, 000 atomic ppm, a
carbon concentration of no more than 5,000 atomic ppm, a
sulfur concentration of ‘no more than 5,000 atomic ppm, and
a chlorine concentration of no more than 5, 000 atomic ppm.
With this arrangement, since the pinning layer
(antiferromagnetic layer) has a composition of Ru-Mn or
Ru-M-Mn where M represents at least one éelected froﬁ Rh,
Pt, Pd. Au. Ag and Re, and the impurity concentrations of
the pinning layer are regulated, there can be provided the

magnetoresistance effect element having the magnetic
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multilayered film which is excellent in corrosion
resistance, thermal stability and magnetic field
sensitivity and has a large MR change ratio, as well as the
magnetoresistance device, such as a magnetoresistance
effect type head or the like, using such a

magnetoresistance effect element.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing a magnetoresistance

effect element according to the present invention;

Fig. 2 is a schematic diagram showing a
magnetoresistance effect element, particularly, a structure
of a-magnetic multilayered film, for explaining an
operation of the present invention;

Fig. 3 is a schematic diagram showing a magnetization
curve and an MR curve for explaining an operation of the
present invention;

Fig. 4 is a partially omitted sectional view showing

an example of a magnetoresistance device according to the
present invention;

Fig. b is a sectional view showing a structure of a
magnetoresistance effect element (magnetic multilayered
film). and electrode portions of a magnetoresistance dévice
according to the present invention;

Fig. 6 is a schematic perspective view showing a

preferred connection state between a magnetoresistance
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effect element (magnetic multilayered film) and electrode
portions of a magnetoresistance deviée éccording to the
present invention;

Fig. 7 is a schematic sectional view showing a sample
‘of an exchange coﬁpling film according to the present
invention;

Fig. 8 is a diagram showing an M-H loop according to
the present invention;

Fig. 9 is a graph showing an influence of an amount of

Ru onto Jk;

Fig. 10 is a graph showing an X-ray diffraction
pattern of a pinning layer made of Ru.sMn;; according to
the present inventjon;

Fig. 11 is a diagram showing a distribution of
exchange coupling magnetic field Hua in a ternary diagram
of Ru-Rh-Mn;

Fig. 12 is a diagram showing a distribution of
blocking temperature Tb in a ternary diagram of Ru-Rh-Mn:

Fig. 13 is a graph showing an X-ray diffraction
pattern of a pinning layer made of Ru.RhsMn,, according to
the present invention;

Fig. 14 is a graph showing a relationship between
exchange coupling energy Jk and temperature‘in a
magnetoresistance effect element (magnetic multilayered
film) according to the present invention;

Fig. 15 is a sectional view showing an anisotropy
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magnetoresistance effect (AMR) type magnetoresistance
effect type Head according to the presentlinvention;

Fig. 16 is a sectional view showing an anisotropy
magnetoresistance effect (AMR) type magnetoresistance
effect type head according fo the present invention;

Fig. 17 is a graph_showiné a relationship between
applied magnetic field and output voltage in a
magnetoresistance device according to the present invention:

Fig. 18 is a partially omitted sectional view showing
an example, wherein a magnetoresistance effect element
(magnetic multilayered film) according to the present
invention is applied to a yoke-type MR head; and

Fig. 19 is a partially omitted sectional view showing
an example, wherein a magnetoresistance effect elemgnt
(magnetic multilayered film) according . to the present

invention is applied to a flux guide type'MR head.

DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, the concrete structures of the present
invention will be described in detail.

Fig. 1 is a sectional view showing a magnetoresistance
effect element 3 according to a preferred embodiment of the
present invention. The magnétoresistance effect elemeﬁt 3
has a magnetic multilayered film as a spin valve film
showing a giant magnetoresistance effect (GMR) (hereinafter

simply referred to as the magnetic multilayered film 1). As
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shown in Fig. 1, the magnetic multilayered film 1 has a
laminate body structure which compriées a non-magnetic
metal layer 30, a ferromagnetic layer 40 formed on one
surface of the non-magnetic metal layer 30, a soft magnetic
layer 20 formed on the other surface of the non-magnetic
metal layer 30, and a pinning layer 50 which is formed on a
surface of the ferromagnetic layer 40 remote from the other
surface thereof abutting the non-magnetic metal layer 30 so
as to pin the direction of magnetization of the
ferromagnetic layer 40.

As shown in Fig. 1, the laminate body is normally
formed on a substrate b, and they are laminated from the
side of the substrate 5 via a ground layer 7 in the order
of the soft magnetic layer 20, the non-magnetic metal layer
30, the ferromagnetic layer 40 and the pinning layer 50. As
shown in the drawing, a protective layer 80 is formed on
the pinning layer 50 for preventing oxidation.

In the magnetic multilayered film 1 (spin valve film)
according to this embodiment, it is required that the soft
magnetic layer 20 and the ferromagnetic layer 40 which are
adjacently formed at both sides of the non-magnetic metal
layer 30 have substantially different magnetization
directions from each other in accordance with a s{gnal
magnetic field applied from the external. The reason is as
follows: In the principle of the presenf invention, when

the magnetization directions of the soft magnetic layer 20
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and the ferromagnetic layer 40 which are formed via the
non-magnetic metal layer 30 interposéd therebetween are
deviated from each other, conduction electrons have a
behavior of.scattering due to spins to increase its
resisfance. In this case, when the magnetization directions
are opposite to each other, the maximum resistance is
obtained. That is, in this invention, when a signal
magnetic field from the external is positive (in an upward
direction with respect to a recording surface 93 of a
recording medium 90 (represented by reference numeral 92))
as shown in Fig. 2, there occur mutually opposite
components in the magnetization directions of the
neighboring magnetic layers so that the resistance is
increased.

Here, the relationship among the external signal
magnetic field from the magnetic recording medium, the
magnetization directions of the soft magnetic layer 20 and
the ferromagnetic layer 40 and the variation of electrical
resisfance in the (spin valve) magnetic multilayered film
used in the magnetoresistance effect element of the present
invention will be described.

Now, in order to facilitate the understanding of the
present invention, the simplest magnetic multilayered'film
in which the pair of soft magnetic layer 20 and
ferramagnetic layer 40 exist via the non-magnetic metal

layer 30 as shown in Fig. 1 will be described with
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reference to Fig. 2.

As shown in Fig. 2, the maénetization of the
ferromagnetic layer 40 is pinned in a downward direction to
the surface of the recording medium by a method as
described later (see reference numeral 41). The soft
magnetic layer 20 is formed via the non-magnetic metal
layer 30 so that the magnetization direction thereof is
v%ried in accordance with the signal magnetic field from
the external (see reference numeral 21). At this time, the
relative éngle between the magnetization directions of the
soft magnetic layer 20 and the ferromagnetic layer 40 is
greatly varied in accordance with the direction of the
sign%l magnetic field from the magnetic recording medium
90. As a result, the scattering degree of the conduction
electrons flowing in the magnetic layers is varied, and
thus the electrical resistance is greatly varied. B

Accordingly, a large MR (Magneto-Resistive) effect,
which essentially differs in mechanism from the anisotrbpic
magnetoresistance effect of Permalloy, can be obtained.

The magnetization directions of the soft magnetic
layer 20, the ferromagnetic layer 40 and the pinning layer
50 exhibiting a pinning effect are varied relative to the
exterﬁal magnetic field. The variation of the magnetizétion
directions thereof is shown in Fig. 3 in correspondence
with the magnetization curve and the MR curve. In this

case, all the magnetization of the ferromagnetic layer 40
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is fixed in a minus direction (in a downward diréction with
respect to the recording surface of the recording medium
80). ¥hen the external signal magnetic field is minus, the
magnetization of the soft magnetic layer'20 is in the minus
direction. Now, it is assumed that the coercive force of
each of the soft magnetic layer 20 and the ferromagnetic
layer 40 is approximate to zero in order to simplify the
description. In an area (l) where the signal magnetic field
H<0, the magnetization of both the soft magnetic layer 20
and the ferromagnetic layer 40 is oriented in one direction.
When the external magnetic field is intensified and
H exceeds the coercive force of the soft magnetic layef 20,
the magnetizatfon direction of the soft magnetic layer is
rotated in the direction of the signal magnetic field, so
that the magneti;ation and the electrical resistance are
increased as the magnetization directions of the s;;t
magnetic layer 20 and the ferromagnetic layer 40 become
antiparallel to each other. Finally, these values are fixed
(state of an area (I11)). At this time, a pinning magnetic
field'Hua is applied by the pinning layer 50. |f the signal
magnetic field exceeds .Hua, the magnetization of the
ferromagnetic layer 40 is also rotated in the direction of
the signal magnetic field, so that the magnetizatidn of
each of the soft magnetic layer 20 and the ferromagnetic
layer 40 is oriented in the same direction in an area

(I11). At this time, the magnetization is set to a constant
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value, and the MR curve is equal to zero.

Conversely, when the sigﬁal mégnétic fieid H is.
reduced, the magnetization is changed from the area (111)
through the area (11) to the area (1) by inversion of the
magnetization of the soft magnetic layer 20 and the
ferromagnetic layer 40 in the same manner as described
above. At an initial portion of the area (Il), conduction
electrons have a behavior of scattering dependent on spins,
and the resistance is increased. In the area (Il), the
ferromagnetic layer 40 has little magnetization inversion
because it is pinned, while the magnetization of the soft
magnetic.layer 20 increases Iiﬁearly. so that the rate of
spin-dependent scattered conduction electrons is gradually
increased in accordance with the magnetization change of
the soft magnetic layer 20. That is, if Nio. sFeo. - whose Hc
is low is selected for the soft magnetic layer 20 and a
suitable anisotropic magnetic field Hk is applied, a formed
magnetic multilayered film has a linearly-varying
resistance and a large magnetoresistance ratio in a small
external magnetic field of severaI.Qe to several tens Qe
beliow Hk.

In the present invention, the thickness of sach of
the thin film layers has its own preferred range. I% is
preferable that a thickness of the non-magnetic metal layer
is in the range from 15 to 40 A I[f the thickness of the

non-magnetic metal layer is greater than 40 A the rate of
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the conduction electrons flowiné through only this layer
increases, so that the total MR.chéngé becomes small
unfavorably. |f the thickness becomes thinner than 15 A
the ferromagnetic magnetic—coupling between the soft
magnetic layer 20 and the ferromagnetic layer 40.is SO
increased that the antiparalle{ state of the spins for
achieving the large MR effect can not be obtained. On the
other hand, the conduction electrons are scattered at the -
interface portion between the non-magnetic metal layer and
each of the soft magnetic layer 20 and the ferromagnetic
layer 40, so that the effect is not substantially improved
even if the thickness of the two magnetic layers 20 and 40
is larger than 200A. Rather, it is unfavorable because the
total film thickness is increased. The thickness of the two
magnetic layers 20 and 40 is preferably set to 16 A or
more.- If the thickness is smaller than this value, the heat
resistance and the resistance against processing are
deteriorated.

Hereinbelow, each constitution of the foregoing
magnetoresistance effect element 3 will be described in
detail. The first feature of this magnetoresistance effect
element resides in composition of the pinning layer 50.

The pinning layer 50 of the present invention Bas a
composition represented by Ru.M,Mn, (M represents at |east
one kind selected from Rh, Pt, Pd, Au, Ag and Re) or

’ RUanl 00— x-
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First, the pinning layer 50 having the composition of
RuM,Mn. will be explained. | |

In this composition, as noted above, M is at least
one kind of element selected from Rh, Pt, Pd, Au, Ag and
Re. When only one kind is selected for M, the ternary
composition is obtained. When two or more kinds are
selected for M, the four-element or more-element
composition is obtained. Although the effect of the present
invgntion can be achieved in the foregoing all range of M,
the ternary composition selecting Rh or Pt for M is most
preferable.

In RuxM,Mn., x, y and z represent ratios of the
respective elements and the unit is atomick%. In Ru.M,Mn, of
the present invention, the following two preferred
composition ranges exist when roughly classified:

M 1=x =30. 1 <y <30, 69<z <90. 10<xty <31
(2 | 1=x =59, 1 =y =<h9, 40=<z =58, 42=xty =60

In the composition range (1) where 1=x =< 30,
1 =y =30, 69=<z =90 and 10 =xty <31, preferably 1=x =<
24, 1= y=< 24, 15<z <85 and 15 <x+y <25, and more
preferably 1 = x<£22, 1 Sy £22, 71z <82 and 18 sxty <
23. in the composition range (1), if a value of z becomes
less than 69 atomick% and a value of x+y exceeds 31 atoﬁic%,.
a value of the exchange coupling magnetic field Hua and a
blocking temperature Tb (defined as a temperature at which

a value of Hua becomes () are both lowered. On the other



21

hand, if a value of z exceeds 90 atomick% and a value of x+y
bécomes less than 10 atomick%, a Qalﬁe of the exchange
coupling magnetic field Hua and a blocking temperature Tb
are both reduced simitar to the above, and further, the
corrosion resistance is lowered following the increase of
Mn. In the composition range (1), it is considered that an
irregular alioy of M and Mn is formed and thereby the whole
pinning layer b0 reveals the antiferromagnetism so that the
excel lent exchange coupling magnetic field Hua is obtained..
Further, by adjusting the composition in the range of
10=x+y =31, the blocking temperature Tb can be desirably
set within the range of, for example, 160 °C to 250 °C.
With the foregoing arrangement, orthogonalization of
magnetization necessary for thé spin valve film
(orthogonalization between magnetization of the soft
magnetic.layer 20 and magnetization of the ferromagnetic
layer 40 when the external maénetic field is 0) can be
smoothly achieved.

In the composition range (2) where 1sx =59, 1 =y =
59, 40<z <58 and 42 <x+y é.60. preferably 1=x =57, 1 =
y =57, 42 =z &£57 and 43<x+y <58, more preferably 1=<x
=54,"1 =y <54, 45z =55 and 45 <x+y =55, and further
preferably 1=x =54, 1 =y <54, 455z <54 and 46 sx-+y <
55. In the composition range (2), the quite excellent
exchange coupling magnetic field Hua, blocking temperature Tb

and corrosion resistance are obtained. |f a value of z
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becomes less than 40 atomic% and a value of xty exceeds 60
atomic%, a value of the exchange coupiing magnetic field
Hua is rapidliy reduced. On the other hand, if a value
oflz exceeds 58 atomick and a value of x+y becomes less
than 42 atomic¥%, a value of the exchange coupling magnetic
field Hua is rapidly reduced similar to the above. In the
composition range (2) where 1 <x =59, 1 =y £59, 40<z £
58 and 42 <x+ty <60, it is considered that a regular alloy
of Mn and another element in the ratio of about 1:1 is
formed and thereby the quite excellent exchange coupling
magneftc field Hua and blocking temperature Tb are
achieved. Further, since the amount of Mn is small, the
corfosion resistance is also quite excellent. Moreover, by
adjusting the composition in the range of 42<x+y <60, the
blocking temperature Tb can be desirably set within the
range of, for exampie, 160°C to 400 °C. With the foregoing
arrangement, orthogonalization of magnetization necessary
for the spin valve film (orthogonalization between
magnetization of the soft magnetic layer 20 and
magnetization of the ferromagnetic layerl40'when the
external magnetic field is ) can be smoothly achieved.

Now, the pinning layer 50 having the composition of
Ru.Mnioo-« will be explained. In this two-element piﬁning
layer 50, the range of x (unit of x is atomic%) is set to
preferably 15 =x =30, more preferably 18§<x <27. and

further preferably 20 sx <25. If a value of x becomes less
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than 15 atomic% or exceeds 30 atomick%, the exchange
coupling magnetic field Hua is reduced-ﬁnfévorably. If the
foregoing M is added to the Ru—Mn composition, the exchange
coupling magnetic field Hua and the blocking temperature
Tb are further imprbved as described above.

The blocking temperature Tb of the foregoing pinning
layer. 50 is 160 °C or higher, particularly 160°C to 400 °C,
so that the pinning layer 50 reveals the very high thermal
stability. In case of FeMn which has been conventionally
used, the blocking temperature is about 150 °C.

In this embodiment, the exchange coupling energy Jk
between the pinning layer 50 and the ferromagnetic layer 40
reveals a very high.value of no less than 0.06 erg/cm?,
particularly 0.08 to 0.18 erg/cm® The exchange coupling
energy Jk represents a strength of fixing (pinning)
magnetization of the ferromagnetic layer 40 and is derived
by (ferromagnetic layer saturation magnetization) X (Hua)
X (thickness).

Further, in a relationship of temperature-exchange
coupling energy between the pinning layer 50 and the
ferromagnetic layer 40, it is preferable in view of the
temperature stability that a temperature coefficient Tc in
the range of 80 fo 130°C falls within the range of ;2 X
10°* to -8X10™* erg/cm®. The temperature coefficient Tc is
defined as follows. Specifically, in a graph showing a

relationship of temperature T-exchange coupling energy Jk;
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differential values d(Jk)/d(T) are derived at two points of
80°C and 130°C in the range of 80 to 130°C, and then the
derived values at the two points are arithmetically
averaged. The averaged value is defined as a value of the
temperature coefficient Tc.
Further, it is preferable that, in the pinning layer

50, the oxygen concentration is no more than 5, 000 atomic
ppm, preferably no more than 3, 000 atomic ppm, the carbon
concentration is no more than 5,000 atomic ppm, preferably
no more than 3, 000 atomiq ppm, the sulfur concentration is
no more than 5;000 atomic ppm, preferaBly no more than
3. 000 atomic ppm, and the chlorine concentration is no more
than 5, 000 atomic ppm, preferably no more than 3, 000 atomic
ppm. When the oxygen concentration increases, Mn contained
in the pinning layer 50 is oxidized so that Ehe
characteristics (for example, Hua, Tb, Jk) as an
antiferromagnetic layer are deteriorated. Further, the
magnetic chafacteristic of the ferromagnetic layer 40
abutting the pinning layer 50 fs aiso deteriorated, and the
thermal resistance is also adversely affected. Similarly,
if the concentration of carbon, sulfur or chlorine in the
pinning layer 50 exceeds the foregoing value, the
characteristics as an antiferromagnetic'layer are.also
deteriorated. In view of this, it is necessary to set the
film forming condition so as not to exceed the foregoing

impurity concentrations. The foregoing impurity
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concentrations have no lower limits and preferably
approximate to zero as much as possible. |

The thickness of the pinning layer 50 is set to 50A
to 1,000A preferably 60A to 800 A more preferably 70 A
to B00A still more preferably 70 A to 300 A. [f the
thickness of the pinning layer 50 becomes sﬁaller than 50 A,

the exchange coupling magnetic field Hua and the blocking
temperature Tb are rapidly reduced. On the other hand, in
case of being thicker, it is not so serious. However, if it
is too thick, a gap length (a shield-shield length) of the
MR head is so increased that it is not suitable for the
ultrahigh density magnetic recording. Thus, it is
preferably less than 1, 000A.

The pinning layer 50 is formed.using a method, such
as an ion beam sputtering method, a sputtering method._a
reactive deposition method or a mo|ecuiar beam epitaxy
(MBE) method; There is no particular limitation to these
film forming methods.

The ferromagnetic layer 40 is formed of a metal
element such as Fe, Ni, Co, Mn, Cr, Dy, Er, Nd. Tb, Tm, Ce,
Gd, alloy or compound containing the above metal element.
Particularly, it is preferably.formed 6f a composition
expressed by (Co.Ni,-.).Fei-w (0.45z 1.0, 0.5sw sl.o‘ by
weight). Out of the composition range as described above,
no large electrical resistance change can be obtained.

The thickness of the ferromagnetic layer 40 as



26

described above is set to 16 to 100 A, and more preferably
20 to 60A. If this value is smaller than 16A, it loses the
characteristic as the ferromagnetic layer. On the other
hand, if the value exceeds 100A, the pinning force of the
pinning layer 50 is reduced, and thus the sufficient
pinning effect of the spin of the ferromagnetic layer can
not be obtained.

As described above, since the ferromagnetic layer 40
is in direct abutment with the pinning layer 50, a direct
interlayer interaction acts on each other, and the rotation
of the magnetization of the ferromagnetic layer 40 is
prevented. On the other hand, with respect to the soft
magnetic layer 20 as described later in detail, its
magnetization can be freely rotated by a signal mégnefic
field from outside. As a result, a relative angle is
produced in magnetization between the soft magnetic layer
20 and the ferromagnetic layer 40, so that a large MR
effect due to the difference between the magnetization
directions can be obtained.

The soft magnetic layer 20 is formed of Fe, Ni, Co
or the tike revealing soft ﬁagnetic characteristics, or
alloy or compound containing these elements. The MR curve
rises up more sharply by using the magnetic layer having a
small coercive force Hc, and a favorable effect can be
obtained. It is particularly preferable that the soft

magnetic layer 20 has the following two-layer structure.
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Specifically, the soft magnetic layer 20 is formed as a
two-layer laminate body comprising, from the side of the
non-magnetic layer 30, a first soft magnetic layer and a
second soft magnetic layer. The first spft magnetic layer
is made of a simple substance of Co (cobalt) or an alloy
containing Co no less than 80 weight¥%. The second soft
magnetic Iafer has a composition expressed by
(Ni.Fei-)yCoi-y (0.7 =x 0.9, 0.5y =<0.8 by weight).
With fhis arrangement, the first soft magnetic layer with
Co being rich works as a diffusion bfobking layer so as to
prevent diffusion of Ni from the side of the second soft
magnetic Iayer'toward the non-magnétic metal layer 30.
Further, since the first soft magnetic layer with Co being
rich enhances the scattering of electrons, the MR change
ratio is improved. The second soft magnetic layer is form?d
within the foregoing composition Tange for maintaining the
soft magnetic characteristic.

The thickness of the soft magnetic layer 20 as
described above is set to 20 to 150 Aﬁ’ preferably 30 to
120 A, and more preferably 50 to 100 A. If this value is
smaller than 20 A, no excellent bharacteristic as the soft
magnetic layer can be obtained. On the other hand, if the
value exceeds 150 A, the total thickness of.the
multilayered film is large and the resistance of the whole
magnetic multilayered film is increased, so that the MR

effect is reduced. When the soft magnetic layer 20 is in
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the form 6f the foregoing two-layer laminate body, it is
sufficient to set the thickness bf thélCo—rich first soft
magnetic layer to be no less than 4A.

In order to conduct electrons efficientiy, a metal
having conductivity is preferably used for the non-magnetic
metal layer which is interposed between the soft magnetic
Iayer.ZO and the ferromagnetic layer 40. More specifically,
it may be formed of at least one kind selected.from Au, Ag
and Cu, alloy containing 60 weight% or more of at least one
of these elements, or the like.

The thickness of the non-magnetic metal layer 30 is
preferably set to 15 to 40An If this value is smaller than
15A, the soft magnetic layer 20 and the ferromagnetic layer
40 which are disposed through the non-magnetic metal layer
are exchange~-coupled to each other, so that the spins of
the soft magnetic layer 20 and the ferromagnetic layer 40
do nof function independently of each other. [f this value
exceeds 40A, the rate of the electrons which are scattered
at the interface between the soft magnetic layer 20 and the
ferromagnetic layer 40 disposed at the upper and lower
sides respectively are reduced, so that the MR change ratio
is reduced.

The protection layer 80 is provided to prévent
oxidation of the surface of the magnetic multilayered film
in a film-forming process and improve wettability with

electrode material formed thereon and adhesive strength.
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The protection layer 80 is formed of Ti, Ta. W. Cr. Hf, Zr,
Zn or the like. The thickness thereof is generally set to
about -30 to 300 A.

The substrate b is'formed.of glgss, silicon, MgO,
GaAs, ferrite, AITiC, CaTiO; or the like, and the thickness
thereof is generally set to about 0.5 to 10mm.

The material of each layer and the thickness thereof
are specified as described above, and an external magnetic
field is applied in a direction within the film surface as
described fater at the film fofmation time of at least the
soft magnetic layer 20 to apply anisotropic magnetic field
Hk of.Z to 2608. préferably 2 to 160e, and more preferably
2 to 100e.

I1f the anisotropic magnetic field Hk of the soft
'magnétic layer is lower than 20e, it is equal to the same
degree of the coercive force, and no linear MR change curve
can be substantially obtained in the viéinity of zero
magnetic field, so that the characteristic as the MR
element is deteriorated. .On the other hand, if it is higher
than 200e, when this film is applied to the MR head or.the
like, the output is liable to be reduced and the resolution
is reduced. The value Hk as described above can be obtained
by applying the external magnetic field of 10 to 3006e at
the film formation. If the external magnetic field is no
greatér than 100e. it is too insufficient to induce Hk. On

the other hand, if it exceeds 3000e, the effect is not
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impr&ved although a coil must be designed in large siée due
to aﬁ.occurrenCe of magnetic field..Thérefore. the cost is
increased and thus it is inefficient.

The magnetié multilayered film | may be repetitively
laminated to form a magnetoresistance effect element. In
this case, the repetitive lamination frequency n of the
magnetic multilayered film is not limited to é specific
value, and it may be suitably selected in accordance with a
desired magnetoresistance ratio, etc. In order to satisfy
the present requirement for ultrahigh densification of the
magnetic recording, the smaller total film thickness of the
magngtic multilayered film is better. However, if the film
is thinner, the MR effect is usually reduced. The magnetic
multilayered film of this invention can be used in practice
to a sufficient level, even when the repetitive lamination
frequency n is 1. Furthermore, as the lamination frequé;Ey
is increased, the magnetoresistance ratio increases while
productivity is lowered. If n is excessively large. the
resistance of the whole element is excessively low, and it
is practically inconvenient. Therefore, usually, n is
preferably set to_IO or less. The preferable range of n is
1 to 5

The film formation of each layer of the foreﬁoing
magnetic multilayered film 1 may be performed by an
ion-beam sputtering method, a sputteriﬁg methqd. a

deposition method, a molecular beam epifaxy (MBE) method or
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the like. Upon formation of the magnetic multilayered film
1 (particularly., upon formation of the fer;omagnetic layer
40 and the pinning layer 50), it is preferable to carry out
the film formation in an atmosphere where an uitimate
pressure in a vacuum film forming abparatus is 1 X 1077
Torr or less and water and oxygen partial pressures during
film formation are 1X 10”7 Torr or less. By setting such
film forming conditions, the exchange coupling magnetic
field Hua cén be improved. As the substrate 5, glass,
silicon, Mg0, GaAs, ferrite, AITIiC, CaTiOs; or the |ike may
be used. For the film formation, it is preferable that an
external magnetic field of 10 to 3000e is applied in one
direction within the film plane at the film formation of
the soft magnetic layer 20. With this operation, the
anisotropic hagnetic field Hk can be provided to the soft
magnetic layer 20. The application of the external magnetic
field may be performed at only the film formation time of
the soft magnetic field, for example, using a device which
is equipped with an electromagnet or the like which is
capable of easily controlling an application timing of the
magnetic field, and no external magnetic field is applied
at the film formation time of the pinning layer 50.
Alternatively, a method of applying a constant mag&etic
field at the film formation time at all times may be used.

As described above. by applying the external magnetic

field in one direction within the film plane at least upon
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film formation of the soft magnetic layer 20 to induce the
anisotropic magnetic field Hk, thé High frequency
characteristic can be further imprqved.

Furthermore, when forming the pinning player 50, the
magnetic field is preferably apblied in a direction
perpendicular to the direction of the magnetic field
applied at the film formation time of the soft magnetic
film 20. Specifically, it is applied within the film plane
of the magnetic multilayered film and in a direction
. orthogonal to the measurement current. The magnitude of the
appl ied magnetic field is preferably set in the range of 10
to 3000e. With this operation, the magnetization direction
of the ferromagnetic layer 40 is surely fixed in the
applied magnetic field direction (direction perpendicular
to the measurement current) by the pinning layer 50,
whereby the magnetization of the ferromagnetic layer can be
most reasonably set to be antiparallel to the magnetization
of the soft magnetic layer 20 whose direction can be freely
changed by the signal magnetic field. However, this is not
a necessary condition, and the direction of the magnetic
field to be applied at the film formation time of the
antiferromagnetic layer may be coincident ﬁith the
direction of the magnetization of the magnetic field fo be
applied at the film formation time of the soft magnetic
layer. At this time., it is preferable that the temperature

is decreased while applying the magnetic field in a strip



33

short-side direction (direction perpendicular to the
direction of the applied magnetic field when the soft
magnetic layer 20 is formed), when the heat treatment at
about 200 °C is carried out in the process after the
magnetic multilayered film is formed.

Next, the invention of the magnetoresistance effect
element having the magnetic multilayered fiim 1 as
- described in the foregoing embodiment has been developed
and a path through which electrons flow has been considered
in detail, thereby achieving the invention of a
magnetoresistance device. The magnetoresistance device as
described here includes a magnétoresistance effect element,
conductive films and electrode portions. More speﬁifically.
it is a device which ié expressed with a broad conception
covering a magnetoresistance effect type head (MR head), an
MR sensor, a ferromagnetic memory element, an angle seA;;r
or the like. Further, the magnetoresistance effect type
head (MR head) in the present invention includes a spin
valve head having a magnetic multilayered film revealing
the giant magnetoresistance éffect (GMR) and an MR head
having a magnetic multilayered film revealing.the
anisotropic magnetoresistance effect (ANMR).

In the following description, a spin valve head Qill
be picked up as a magnetoresistance effect type head (MR
head) and described as an example of the magnetoresistance

device.
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As shown in Fig. 4, a magnetoresistance effect type
head (MR head) 150 includes a magnetofesistance éffect
element 200 serving as a magnetically-sensitive portion for
magnefically sensing a signal magnetic field, and electrode
portions 100, 100 which are formed at both end portions
200a, 200a of the magnetoresistance effect element 200.
Preferably, the whole both end portions 200a, 200a of the
magnetoresistance effect element 200 serving as the
magnetically-sensitive portion are connected to the
electrode portions 100, 100. Conductive films 120, 120 are
electrically conducted to the ﬁagnetoresistance effect
element 200 through the electrode portions 100. 100. In
this inveﬁtion. the conductive film 120 and the electrode
portion 100 are individually shown to simplify the
description which will be made later, while in most cases
the conductive film 120 and the electrode portion 100 are
formed integral with each other by a thin film forming
method. Accordingly, these elements may be considered as
being formed of one member.

The magnetoresistance effect element 200 serving as
the magnetjcally-sensitive portion of the MR head has
substantially the same laminate structure as the
magnetoresistance effect element 3 having the magnétic
multilayered film | shown in Fig. 1. That is. the
magnetoresistance effect element 200 is replaced by the

magnetoresistance effect element 3 having the magnetic
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multilayered film shown in Fig. 1, so that the
magnétoresistance effect element ZOO includes a
non—magnefic metal layer 30, a ferromagnetic layer 40
formed on one surface of the non-magnetic metal layer 30, a
soft magnetic layer 20'formed on the other surface of the
non-magnetic metal layer 30, and a pinning layer 50 formed
on the ferromagnetic layer 40 (on a surface opposite to a
surface abutting the hon—maghetic metal layer 30) to pin
the magnetization direction of the ferromagnetic layer 40.

The important point is that the thus formed
magnetoresistance effect element 200 exhibits the so-cal led
spin;valve type magnetoresistance change. The spin-valve
‘type magnetoresistance change represents that, in the
magnetic multilayered film havinQ the non-magnetic metal
layer 30, the ferromagnetic layer 40 formed on one surface
of the non-magnetic metal layer 30, the soft mégnetic layer
| 20 formad on the other surface of the non-magnetic metal
layer 30 and the pinning layer 50 formed on the
ferromagnetic layer for pinning the magnetization direction
of the ferromagnetic layer 40, an angle formed between the
spin of the soft magnetic layer 20 and the spin of the
pinnéd ferromaénetic layer 40 is set to approximately 90
degrees in an acute angle when the external signal magﬁetic
field is zero. In practicef the angle may be 45 to 90
degrees, and most preferably 90 degrees (orthogonalization

of magnetization) for causing the magnetoresistance effect
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curve (MR curve) to be asymmetrical relative to the plus
and minus external magnetic fields with respect to the zero
external maghetic field.

For achieving the orthogonalization of magnetization,
it is necessary that the magnetic multilayered film | is
subjected to a vacuum heat treatment at no less than the
blocking temperature Tb of the pinning layer 50 in the
magnetic field. This treatment is called an
orthogonal ization heat treatment, and a temperature during
the treatment is called an orthogonalization temperature.
It is also possible to provide the orthogonalization of
magnetization in advance by applying the magnetic field
during the film formation. However, in this case, the
orthogonalization state may be disturbed by the unavoidable
heat applied during the subsequent héad fabricating
process. Thus, it is preferable to carry out the
qrthogonalization heat treatment at the final stage of the
head fabricating process. In the orthogonalization heat
treatment, it is preferable to change only the
magnétization direction qf the pinning layer 50.
Preferably, the Orthogoﬁaf}zation temperature is higher
than the blocking temperature Tb and lower than a
temperature at which the induced magnetic anisotropy o% the
soft magnetic layer 20 is lost. If the orthogonalization
heat treatment is carried out when the blocking temperature

Tb is higher than the temperature at which the induced
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magnetic anisotropy of the soft magnetic layer 20 is lost,
the magnetization direction of the soft maénetic layer 20
is oriented in a magnetization easy axis direction relative
to the external magnetic field so that the
magnetoresistance effect curve relative to the external
magnetic field is subjected to hysteresis to cause a
problgm in linearity. On the other hand, when the blocking
temperature Tb is too lower than the temperature at which
the induced magnetic anisotropy of the soft magnetic layer
20 is lost, the exchange coupling magnetic field Hua is
deteriorated due to heat applied during operation of an MR
sensor in the magnetic recording system and during the spin
valve head fabricating process so that the magnetic
multilayered film can not work as a spin valve film. That
is, it is preferable to form the pinning layer 50 having
the blocking temperature Tb which is a little lower tﬁ;h
the temperatura at which the induced magnetic anisotropy of
the soft magnetic layer 20 is lost, and carry out the
orthogonalization heat treatment. In the present invention,
by setting a composition of the pinning layer 50 within the
foregoing range, the blocking temperature Tb is selectable
in the range of 160 to 400°C. The orthogonalization heat
treatment is performed in the rénge of about 150 to 410 ﬁi.

As shown in Fig. 4, in the magnetoresistance effect
type head (Mﬁ head) 150, shield layers 300, 300 are formed

so as to sandwich the magnetoresistance effect element 200
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and the electrode portions 100, 100 at the upper and lower
sides, and a non-magnetic insulation Iayér 400 is formed at
a portion between the magnetoresistance effect element 200
and the shield layers 300, 300. |

The same materials and thicknesses as described in the

foregoing embodiment of the magnetic multilayered film are
preferably used for the ferromagnetic layer 40, the
non-magnetic metal layer 30, the soft magnetic layer 20 and
the pinning layer 50 used in the magnetoresistance effect
element 200 as the magnetical ly-sensitive portion.

As shown in Fig. 4, the current-flowing electrode
portions 100 are arranged so that both end portions 200a,
200a of the magnetoresistance effect element 200 are wholly
contacted with the electrode portions 100 in the laminate
direction of the magnetoresistance effect element 200.
Then, the electrons intensively flow through the portion
sandwiched between the soft magnetic layer 20 and the
ferromagnetic layer 40. At this time, the electrons are
magnetically scattered in accordance with the spin
directions of the soft.magnetic layer 20 and the
ferromagnetic layer 40, so that the resistance is greatly
varied. Accordingly, a fine change of the external magnetic
field can be detected as a large change of electr}cal
resistance.

The rise-up portion of the MR curve is determined by

the rotation of the magnetization of the soft magnetic
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layer'20< In order to obtain a sharper rise-up of the MR
curve, it is preferable that the magnetiiatfon direction of
the soft magnetic layer 20 is perfectly varied due to the
magnetization rotation in accordance with the signal
magnetic field. However, actually, magnetic domains occur
in the soft magnetic layer 20, and a movement of domain
wall and a magnetization rotation occur simultaneously, so
that Barkhausen noises are produced and thus the MR head
characteristic is not stabilized.

Accordingly, as a result of inventor's earnest
studies, it has been found out that the noises can be
reduced by interposing a linking soft magnetic layer 500,
made .of, for example, CoPtCr and having a thickness of
50nm, between the magnetoresistance effect element 200 and
each of the electrode portions 100 through which the
measurement current flows, as shown in Fig. 5. Of course,
in this case, the linking soft magnetic layers 500 are in
contact with the whole end portions 200a, 200a of the
magnetoresistance effect element 200. The linking soft
magnetic layers 500, 500 which are formed'adjacent to the
magnetoresistance effect element (magnetic multilayered
film) are in direct magnetic contact with the soft magnetic
layer constituting the magnetic multilayered film: The
added linking soft magnetic layer 500 causes the magnetic
domains of the soft magnetic layer in the magnetic

multilayered film to approach a magnetic monodomain



40

structure and stabilizes the magnetic domain structure. As
the result, the soft magnetic layer in the magnetic
multilayéred film acts in a magnetization rotation mode
relative to the signal magnetic field, and an excellent
characteristic having no noise can be obtained. The
‘electrode portion 100 is made of a simple substance of Ta,
Cu, W. Ti or Au or a combination thereof, and has a
monolayer or multilayered structure.

It is particularly preferable that the MR head
having the spin valve film of the present invention has a
head 'structure as shown in Fig. 6. Specifically, between
the magnetoresistance effect element 200 working as a
magnetically-sensitive portion and.the electrode portions
100 for conducting the measurement current, linking soft
magnetic layers 520 and antiferromagnetic layers 800 (or
hard magnetic layer 800) are interposed in order from the
side of the magnetoresistance effect element 200 as shown
in the drawing. Further, the linking soft magnetic layer 520
and the antfferromagnetic layer 800 (or hard magnetic layer
800) are formed such that their one end side covers a
portion of an upper side 200a (near the soft magnetic
layer) of the magnetoresistance effect element 200 and
their other end side gets under a lower surface 101 of the
electrode portion 100 as shown in the drawing. Further, an
end portion 102, located at the head center side, of the

electrode portion 100 is formed so as to cover a portion of
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the upper side 200a (near the soft magnetic layer) of the
magnetoresistance effect element 200 aﬁd also cover upper
end portions 520a, 800a of the linking soft magnetic layer
520 and the antiferromagnetic layer 800, respectively. The
linking soft magnetic layer 520 is about 10nm in thickness
and made of, for example, NiFe, NiFeCr. NiFeRh, NiFeRu,
CoZrNb, FeAlSi and FeZrN. The antiferromagnetic layer 800
is about 50nm in thickness and made of, for example,
RusRh,sMn, NiMn, FeMn, PtMn and o -Fe.0s. The hard
magnetic layer 800 is about 50nm in thickness and made of,
for example, CoPt and CoPtCr.
| With such an arranQement, through effects of both
the linking soft magnetic layers 520 and the
antiferromagnetic layers 800 formed at the
magnetoresistance effect element 200, the longitudinal bias
can be given quite efficiently so that the MR head which
can suppress the Barkhausen noises can be achieved.
Further, since the end portions 102 of the electrode
portions 100 are formed so as to cover the
magﬁetoresistance effect element 200, the MR head can be
provided wherein the signal magnetic field is not lowered
at the end portions of the element, and further, the
formation of narrow track width, such as no greater‘than
1 um, is easy.
¥hen these MR heads are manufactured, heat treatments

such as baking, annealing, resist curing. etc. are
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indispensable for a patterning process, a flattening
process, etc. in the manufacturing process.

In general, 5 problem of heat—resistance frequently
occurs in the magnetoresistance effect element having the
foregoing magnetic multilayered film due to the thickness
of each layer. According to the magnetoresistance effect
elemént (magnetic multilayered film) of the present
invention, the magnetic field is applied to provide
anisotropic magnetic field in the magnetic layer. so that,
after the film formation, it can endure a heat treatment at
a temperature 300 °C or less, generally 100 to 300°C for
about one hour. The heat treatment is generally performed
under vacuum, inert gas atmosphere, or atmospheric air.
Particularly, if the heat treatment is conducted under a
vacuum (pressure-reduced) state at 10~7 Torr or less, a
magnetoresistance effect element (magnetic multilayered
film).whose characteristic is extremely less deteriorated
can be obtained. Furthermore, the MR characteristic is
little deteriorated even by lapping or polishing in the
processing step.

In the foregoing magnetoresistance effect element and
the magnetoresistance device, the explanation has been made
about the spin valve type film (spin valve head) reveéling
the giant magnetoresistance effect (GMR). However, the
present invention is also applicable to a film revealing

the anisotropic magnetoresistance effect (AMR), that is, to



43

an MR head using Permalloy.
The MR head using Permalloy comprises, on a substrate,
a soft magnetic layer (soft film.bias fayer) working as a
lateral bias layer, a non-magnetic metal Jayer working as a
non-magnetic separation layer, a magnetoresistance effect
layer (ferromagnetic layer) made of Permalloy or the Ijke,
and an antiferromagnetic layer (pinning layer) for applying
a longitudinal bias to the magnetoresistance Iéyer to fix
(pin) thg magnetization thereof, in the order named. The
structure itself of the magnetic multilayered film is
similar to the foregoing spin valve type film. An operation
of the antiferromagnetic layer (pinning layer) is also the
same as that of the foregoing spin valve type film. The
soft magnetic layer is made of NiFe alloy and at least one
Jﬂselected from Rh, Cr, Ta, Nb, Zr and Hf and works as the
lateral bias layer. For the soft magnetic layer, a soft
magnetic material having a large resistivity, such as
CoZrMo or NiFeRh, may be preferably used. The non-magnetic
metal layer is made of Ta, Ti, Al.0; or Si0. and works as
the non-magnetic separation layer. The antiferromagnetic
layer (pinning layer) has the composition within the
foregoing range of the present invention. This embodiment
will be understood more clearly from later-descr}bed
examples.
The invention of the foregoing magnetoresistance

effect element and the invention of the magnetoresistance
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device (for examble. MR head) using suéh a
magnetoresistance effect element will be explained in
further detail ‘based on the followipg concrete examples:
Example 1

First, multilayered films as shown in Fig. 7 were
prepared as samples for examining the size of the exchange
coupling magnetic field Hua. Specifically, each sample
included, on a glass substrate b, a ground layer 7. a
ferromagnetic layer 40, an antiferromagnetic layer 50 and a
proteptive layer 80 which were stacked.in the order named
(composition or the like of the sample will be described
later). The sample was prepared by the RF sputtering method
and the DC magnetron sputtering method, and the film
formation was carried out in a magnetic field by applying
an induction magnetic field in a fixed directiqg:
Magnetization curves were described in a magnetic field of
1KOe using a vibration sample type magnetometer (VSM), and
the exchange coupling magnetic field Hua was derived by
such magnetization curves. Fig. 8 shows a typical example
of the magnetization curves measured by the vibration
sample type magnetometer (VSM). In the drawing, a
magnetization curve A shows a magnetization easy axis
direction (direction in which the magnetic field.was
applied upon film formation), and a magnetization curve B
shows a magnetization hard axis direction. As shown in Fig.

8. the magnetization curve in the direction of the
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magnetizatioﬁ easy axis shifts from the origin F due to the
exchange coupling magnetic field Hua. A mégnetic field at
point E (middle_point between point C and point D) shifting
from the origin F is defined as Hua.

In the structure of Fig. 7, each of the samples was
prepared by stacking on the glass substrate 5 the ground
layer 7 (Ta; 5nm in thickness), the ferromagnetic layer 40
(NiFe; 10nm in thickness), the antiferromagnetic layer 50
(RuxMnioo-x; 15nm in thickness) as a pinning layer, and the
protective layer 80 (Ta; bnm in.thickness) in the order
named. Spécifically. the samples were prepared by changing
the composition ratio of RuxMnioco-x 0of the
antiferromagnetic layer 50. The exchange coupling magnetic
field Hua was derived for each of the samples. Then, values
of the exchange coupling magnetic ?iéld Hua were converted
into values of the exchange coupling energy Jk. Fig. 9
shows a relationship between the values of'Jk and the Bu
contents of the antiferromagnetic layer 50. From Fig. 9. it
is seen that the results were excellent in the range where
the Ru content ratio x (unit: atomic¥%) was 15 =x =30,
preferably 18 =x =2T.

Fig. 10 shows the results of X-ray diffraction of a
Ruz3sMn;; film, wherein the peak of the compositioﬁ was
conf i rmed.

Example 2

In the structure of Fig. 7, each of samples was
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prepared by-stacking on the glass substrate 5 the ground.
layer 7 (Ta; 5nm in thickness), the ferfomagnetic layer 40
(NiFe; 10nm in thickness), the antiferromagnetic layer 50
(RuxBhyMn.; 15nm in thickness) as a pinning layer, and the
protective layer 80 (Ta; 5nm in thickness) in the order
named. Specifically, the samples were prepared by changing
the compositioh ratios of Ru,Rh,Mn, (x, y and z represent
atomfc%) of the antiferromagnetic layers 50. The exchange
coupling magnetic field Hua was derived for each of the
samples. Then, a distribution diagram of the exchange
coupling magnetic field Hua in a ternary diagram of
Ru-Rh-Mn was prepared as shown in Fig. 11.

From the ternary diagram of Ru.Rh,Mn. shown fn
Fig. 11, it is seen that the results were excellent in the
range where 1 =x <30, 1 <y =30, 69=<z =90 and 10 =x+y
<31 (the unit of x, y and z is atomic%) and in the range
where 1 =x =59, 1=y <59, 40<z <58 and 42 <xty <60
(the'unit of x, y and z is atomick%). It is further seen
that, by adding Rh or Ru as a third component to the
two-element composition of Ru-Mn or Rh-Mn, Hua can be
improved and the composition range where Hua is excellent
is increased as compared with the two-element composition.

Further, it was confirmed that, even if at Ieasé one
selected from Rh, Pt, Pd, Au, Ag and Re was used instead
of Rh in the foregoing ternary composition, the results

were excellent similar to those of the ternary composition
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showﬁ in Fig. 11.

Subsequently, a distribution diagram of blocking
temperature Tb in a ternary diagram.of Ru-Rh-Mn was
prepared similar to Fig. 11. The results are shown in Fig.
12. From the ternary diagram of Ru.Rh,Mn. shown in Fig. 12,
it is.seen that very high blocking temperatures Tb (about
160 to 325°C) can be obtained in the range where 1<x <30,
1 =y =30, 69=z <90 and 10 <x+y =31 (the unit of x, y
and z is .atomic%) and in the range where 1=<x <59, | <y
=59, 40=<z <58 and 42 <x+y <60 (the unit of x, y and z is

atomic%). From a reverse viewpoint, the blocking
temperature Tb can be controlled at 160 to 325°C in the
foregoing composition range. Fig. 13 shows the results of
X-ray diffraction of a Ru,.RhsMn;o film, whgfein the peak
of the composition was confirmed.
Exémgle 3

In the structure of Fig. 7, each of samples was
prepared by stacking on the glass substrate 5 the ground
layer 7 (Ta; 5nm in thickness), the ferromagnetic layer 40
(NigiFeis; 10nm in thickness)., the antiferromagnetic layer
50 (Ru.M,Mn.: 15nm in thickness) as a pinning layer., and
the protective layer 80 (Ta; 5nm in thickness) in the order
named. Specifically, the samples were prepared by chaﬁging
the composition ratios of Ru.M,Mn, of the antiferromagnetic
layers 50. The exchange coup!ing magnetic field Hua, the

blocking temperature Tb, the exchange coupling energy Jk
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and the temperature coefficient Tc of the exchange coupling
energy were derived for each of the samplies. The results

are shown in Table 1.

TABLEI1

Sample Pinning Layer Hua Tb Jk Temp. Coef. Tc
No. . m2.m3) (x vy, 2) (0e) °C)  (erg/cm?) (erg/cm? °C)
1-1 (Ru, —-,Mn) (18, 0,82) 100 200 0.08 -5.0 x10-*
1-2 (Ru.Rh,Mn) (5, 5,90) 112 165 0.09 -5.3 x10-*
1-3 (Ru,Rh. Mn) (10, 10, 80) 145 250 0.1 5.1 X10~¢
1-4 (Ru, Rh,Mn) (5,15, 80) 150 210 0.12 -3.0 x10-¢
1-5 (Ru,Rh, Mn) (5,25, 70) 110 170 0.09 ~2.7 X104
1-6 (Ru,Rh,Mn) (15, 7,78) 120 210 0.09 -5.2 x10-*
1-7 (Ru,Rh,Mn) (5, 15, 80) 155 210 0.12 -3.0 x10-%"
1-8 (Ru.Rh,Mn) (20, 5.75) - 110 180 0.09 -2.7 x10-¢
1-9 (Ru, Rh, Mn) (10, 36, 54) 200 240 0.15 -5.6 x10-4
1-10 (Ru,Rh,Mn) (40, 5, 55) 130 250 0.10 -5.9 x10-¢
1-11 (Ru,Rh,Mn)  ( 4,42, 54) 155 300 0.12 -6.1 x10-¢
1-12 (Ru.Rh,Mn) (30, 16, 54) 170 250 0.13 -6.5 x10-¢
1-13 (Ru.Pt.Mn) (5, 5,90) 125 220 0.10 -4.8 >¢10-¢
1-14 (Ru,Pt.Mn) (10, 5, 85) 145 260 0.1 ~-1.0 x10-¢
1-15 (Ru.Pt.Mn) (10, 10, 80) 152 215 0.12 -4.5 X104
1-16 (Ru.Pt.Mn) (15, 5,80) 173 280 0.13 -6.4 x10-*
1-17 (Ru,Pt.NMn) (22, 23, 55) 200 400 0.15 -3.2 x10-¢
1-18 (Ru, Pt,Mn) (15, 31, 54) 230 350 0.18 -3.0 x10-¢
1-19 (Ru,Pd,Mn) (10, 10, 80) 110 215 0.09 -7.0 x10-*
1-20 (Ru, Au,Mn) (15, 5, 80) 105° 190 0.08 -6.6 x10-¢
1-21 (Ru, Ag.Mn) (5, 5,90) 110 180 0.09 -1.0 x10-*
1-22 (Ru,Re,Mn) (12, 7.81) 120 190 0.09 6.3 x10-¢
1-23 (Comp) (-—-,Rh,Mn)  ( 0, 5.95) 50 60 0.03 -

1-24 (Comp) (--,Fe.Mn)  ( 0, 50, 50) 100 150 0. 08 -2.6 xX10-¢
1-25 (Comp) (Ru, Rh, Mn) (20, 42, 38) 10 20 0.01 -—=

1-26 (Comp) (Ru. Pt.Mn)  (15. 25. 60) 10 50 0. 01 -—=

Comp:Comparative
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In Table 1, material elements corresponding to
Ru.M,Mn. are represented by (ml, m2, m3). From the results
shown in Table 1, it is seen that the excellent exchange
coupling film can be.provided by using the pinning layer
(antiferromagnetic layer) having the composition within the
range of the present invention.

A sample having a pinning layer of a four-element
composition (Ru;oRhsPtsMnso) was further prepared and
subjected to the characteristic evaluation similar to the
above. The results were Hua=1500e, Tb=260 °C,
Jk=0. 12erg/cm? and Tc= -7 X 10°* erg/cm® °C. |

Further, a relationship between the exchange coupling
energy Jk and the temperature were examined about the sample

1-3 in Tab]e 1. The results are shown in Fig. 14. As a
comparative example, the examination results about a sample
having a pinning layer (antiferromagnetic layer; 15nm’;n
thickness) of Fe-Mn are also shown in the drawing. From the
graph shown in Fig. 14, it is seen that the sample of the
present invention revealed quite a high blocking
temperature Tb (250 °C) as compared with Fe-Mn (Tb=150°C in

case of Fe-Mn). Further, attention is paid to slopes
(temperature coefficients Tc) of the graph of the exchange
coupling energy Jk and the ambient temperature.-The
temperature coefficient Tc represents a thermal stability
relative to the ambient temperature. In case of using FeMn

for the antiferromagnetic layer., the temperature
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coefficient Tc at 80°C to 130 °C was -2.6 X 10~* erg/cm? °C.
On the other hand, in case of the sample 1-3, the
temperature coefficient Tc was -5.1 X 10°* erg/cm? °C.
Accordingly, it is seen that the sample 1-3 is excellent
in thermal stability.“THé temperature coefficients were
derived in the range of 80°C to 130 °C, supposing the
. ambient temperature when the MR head was used in a hard
disk drive.
Example 4
.Samples 2-1 to 2-7 were prepared by changing
atmosphere conditions upon film formation of the pinning
layer (antiferromagnetic layer) of Ru,oRhiocMnso of the
sample 1-3, and influences of the impurity concentrations
upon the characteristics of the magnetic films were’
examined. Samples 2-8 to 2-32 were further prepared by
changing compositions of pinning layers (antiferromagne;;c
layers) and atmosphere conditions upon formation of the
pinning layers, and influences of the impurity
concentrations upon the characteristics of the magnetic

films were examined. The results are shown in Table 2.



TABLE?2

Sample Pinning Layer Oxygen Carbon_ Sulfer Chiorine Tb Jk Temp. Coef. Te
No. (mi.mm3) (x y. 2) Conc (pom) Conc. (ppm) Cong. (opm) Conc. (ppm) ( °C) (erg/cm?) (erg/cm? °C)
2-1 (Ru, Rh, Mn) (10, 10, 80) 40 50 60 70 250 0.1 -5.1 x10-*
2-2 (Ru, Rh, Mn) (10, 10, 80) 120 70 80 120 220 0.10 -4.8 x10-*
2-3 (Ru, Rh, Mn) (10, 10, 80) 600 210 180 200 200 0. 08 -4.5 X104
2-4 (Ru, Rh, Mn) (10, 10, 80) 950 330 220 260 180 0. 08 -3.0 x10-*
2-5 (Ru, Rh,Mn) (10, 10. 80) 2500 360 260 310 170 0.08 -2.8 x10-*
2-6 (Comp) (Ru.Rh,Mn)  (10. 10. 80) 6000 400 320 380 130 0.05 -1.8 X10-*
2-7 (Comp) (Ru,Rh,Mn) (10, 10, 80) 7000 120000 11000 15800 110 0. 02 -1.5 x10-4
2-8 (Comp) (Ru,Rh,Mn) (8, 10,82 900 6500 1400 500 150 0.05 -1.9 x10-*
2-9 (Comp) (Ru,Rh,Mn) ( 8,10, 82) 2000 800 6000 1800 145 0.04 -1.9 x10-*
2-10 (Comp) (Ru,Rh,Mn)  ( 8.10,82) 2100 1900 500 6500 140 0. 04 -1.8 x10-*
2-1 (Ru, Rh, Mn) (8,10, 82) 620 370 a9 560 225 0.18 5.1 x10-¢
2-12 (Ru. Rh,Mn)  ( 8.10, 82) 520 2400 120 390 210 0.16 -4.8 x10-4
2-13 (Ru.Rh,Mn)  ( 8,10, 82 430 260 2100 520 210 0.16 -4.8 x10-4
2-14 (Ru.Rh,Mn)  ( 8,10,82) 490 390 100 2300 210 0.16 -4.8 X104
2-15 (Ru, Rh, Mn) (10, 36, 54) 620 370 100 560 260 0.25 -5.2 x10-*
2-16 (Ru, Rh,Mn) (40, 5,55) 590 380 110 480 250 0. 23 -5.1 x10-*
2-17 (Ru, Rh, Mn) (40, 5, 55) 2300 390 100 500 170 0. 06 -2.5 x10-*
2-18 (Ru,Rh,Mn) (40, 5, 55) 490 2100 100 500 220 0.17 -4.9 X104
2-19 (Ru,Rh,Mn) (40, 5,55) 530 500 2200 500 225 0.18 -4.9 x10-*
2-20 (Ru, Rh, Mn) (40, 5, 55) 490 380 200 2400 220 0.18 -4.9 x10-*
2-21, (Comp) (Ru,Rh,Mn) (40, 5.55) 5500 6000 350 1200 150 0. 04 -1.5 x10-*
2-22 (Comp) (Ru,Rh,Mn) (40, 5.55) 15200 5100 520 670 155 0.04 -1.5-%x10-*

IS




TABLE 2 (~continued)

Sample Pinning Layer Oxygen Carbon  Suilfer Chlorine Tb Jk Temp. Coef. Tc
No. (m,m2,md) (x vy, 2 Conc. (ppm) Conc. (ppm) Conc. (ppm) Conc. (ppm) ( °C) (erg/cm?) <(erg/cm? °C)
2-23 (Ru,--.Mn)  (23,°0.7D) 120 390 110 540 210 0.16 -4.6 x10-*
2-24 (Ru, Pt Mn) (10, 38, 52) 560 390 96 570 270 0.26 -5.0 x10-*
2-25 (Ru, Pd, Mn) (11, 39, 50) 530 360 97 580 260 0.25 -5.1 x10-4
2-26 (Ru, Au, Mn) (12, 39, 49) 420 380 89 470 265 0.25 -5, 2 x10-*
2-21 (Ru,—-,Mn) (23, 0,7D) 2100 490 120 630 175 0.07 -3.1 x10~¢
2-28 (Ru, Rh, Mn) (10, 38, 52) 2800 450 105 690 170 0.07 -2.8 x10-¢
2-29 (Ru, Pd,Mn) (11, 39, 50) 2500 390 113 640 165 0.06 -2.1 x10-¢
2-30 (Comp) (Ru,Pt,Mn) ( 4,15,81) 5500 5500 350 1200 135 0.05 -1.7 x10-¢
2-31 (Comp) (Ru,Pd.Mn)  ( 1,19, 80) 5200 5300 120 630 140 0.04 -1.5 x10-*
2-32 (Comp) (Ru,—-,Mn) (21,--,79) 5400 5300 5100 3200 130 0.03 1.1 x10°*

(45




53

From the results shown in Table 2, it is seen that,
as the concentration of oxygen, carbon; su]fur or chlorine
increases, the bloéking temperature Tb, the exchange

_coup!ing energy Jk and the siope of the exchange coupling
energy Jk are deteriorated, respectively. Thus, it is
necessary to set the concentrations of oxygen, carbon,
sulfur and chlorine to be no more than 5, 000 atomic ppm.

Example 5

Samples were prepared by changing conditions, such
as ultimate pressure in the film forming apparatus and
oxygen partial pressure, upon film formation of the pinning
layer (antiferromagnetic layer) of Ru,oRhioMnge of the
sample 1-3, and influences of these pressure conditions
upon the characteristics of the magnetic films were

examined. The results are shown in Table 3.

TABLES3
Sample Ultimate Oxygen Tb Jk Temp. Coef. Tc
No. Pressure Partial (C)  (erg/em®) (erg/cm® °C)
(Torr) Pressure(Torr)
31 4.3 x10-° 2.0 x10-® 250  0.11 -5.1 X104
3-2 6.8 x10-° 1.0 x10-® 260 0.12 -5.3 x10-*
3-3 7.0 x10-'° 7.0 x10-"! 280 0.15 -5.5 x10-*
3-4 1.6 x10°° 1.0 xt10-'¢ 180 0.08 -3.0 x10-¢
3-5 2.5 x10-® 3.0 x10-® 170 0.08 -2.8-x10-
36 (Comp) 7.6 x10°° 3.0 x10°7 150 0.05. -1.6 x10~*
3-7. (Comp) 8.2 x10-° 6.0 x10°7 140 0. 04 -1.5 x10-*
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Frbm the results shown in Table 3, it is seen that,
as the ultimate préssure and the oxygén partial pressure
increase, the blocking tempefature Tb, the exchange
coupling energy Jk and the slope of the, exchange coupling
energy Jk are deteriorated, respectively. Thus, it is
necessary to carry out the film formation under
sufficiently reduced ultimate pressure and oxygen partial
pressure (and water partial pressure), wherein the ultimate
pressure is 1 X 107 Torr or lower and the water and
oxygen partial pressures during film formation are 1X 1077
Torr or lower.

Example 6

Spin valve t}pe magnetoresistance effect elements as
shown in Fig. | were prepared. Each of the element samples
was prepared by stacking, on a_substrafé 5 (AITiC wifh
A120;3), a ground layer 7 (Ta; bnm in thickness), a soft
" magnetic layer 20, a non-magnetic metal layer 30 (Cu; 2. 5nm
in thickness), a ferromagnetic layer 40, a pinning layer
(antiferromagnetic layer) 50 and a protective layer 80 (Ta;
5nm in thickness) in the order named. Specifically, the
samples were pfepared by changing materials and thicknesses
6f the soft magnetic layers 20, the ferromagnetic layers 40
and the pinning layers 50 as shown in Table 4. IA the
sample preparation, the applied magnetic field during film
formation was in a longitudinal direction of the sample.

The MR change ratio AR/R, the exchange coupling magnetic
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field Hga and the blocking temperature Tb were derived for
.each of the samples. The results are shown in Table 4. For
resistance measurement, samples of 0.4 x 6 mm were prepared
from the samples.shown in Table 4. Resistances were
measured by the four-terminal method while applying the
external magnetic field to the plane in a direction
perpendicular to the current, changing from -300 to 3000e.
The MR change ratios AR/R were derived from the measuredl
resistances. The MR change ratio AR/R was calculated
from the following equation:

AR/R = ( Pmax= Psae) X 100 /psar (%)

wherein the maximum resistivity is pm.x and the

minimum resistivity is psa:.



TABLE4

Soft Magnetic Ferromagnetic Pinning

(200

Sample Layer Layer Layer MR ‘Hua T
(Thickness  (Thickness (Thickness - %) (Oe) C)
(A) ) (A)) (A) )
4-1 NiFe Co Ru. oRh, olin 5.5 480 250
(10) (20) (100)
4-2 (NiFe) 45C0,5/Co Co RusRh, shn 6.1 500 200
(50/8) 30 (90
4-3 (NiFe) 55C010/Co Co Ru, sRh;Mn 6.0 420 210
(50/6) (30) (110
4-4 NiFe (NiFe) 30Co70 RusPt,sMn 5.1 540 255
(70) 30 (120}
4-5 NiFe (NIFe) 30C070 Ru, oPt, oMﬂ 59 510 210
(710) (25) R [1)]
4-6 NiFe (NiFe) 50Cos0 Ru, oPd, oM 6.0 410 240
€{)), (30) (100
4-7 NiFe (NiFe) s0Cos0 Ru, oAu, oMin 5.7 530 200
(10) 30) a1 :
4-8 NiFe (NiFe) 50Cos0 Ru, 0Ag1oMn 5.1 410 180
(70 @25 azm; '
4-9 NiFe (NiFe) 56C0s0 RUI.ORSI oMn 58 460 205
am 30) (120
4-10 (Comp) NiFe NiFe FesoMns, 2.5 400 145
: (10) (30) (100 . .
4-11 (Comp) NiFe Co NisoMnso 2.9 600 250
(10 (20)

From the results shown in Table 4,

it is seen that

the samples of the present invention revealed the excellent

MR change ratios, exchange coupling magnetic fields Hua and

blocking temperatures Tb.

In a sample 4-10 (comparative

example), since the pinning layer was made of FeMn, the

blocking temperature Tb was 145 °C which is low and not

preferable. Further,

although not shown in Table 4,

there

was also a problem in corrosion resistance. A sample 4-11
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(comparative example) revealed good values of the exchange
coupling magnetic field Hua and the blocking temperature
Tb. However, -since the pinning layer was made of NiMn, the
heat treatment was required for a long time at high
temperature for generating the exchange coupling magnetic
field Hua. Thus, due to diffusion of Ni and.Cu. the MR
~change ratio was reduced to 2.9% which is low and not
preferable.
Example T

Samples were prepared for evaluating corrosion
resistances. Specifically, the samples were prepared by
directly forming, on glass substrates of 10 X 20mm,
antiferromagnetic films having 100 to 150 A in thickness
and having compositions shown in Table 5. respectively. For
each of the samples shown in Table 5, natural potential
measurement (anticorrosion anodic polarization test) was
carried out, wherein Ag/AgCl was used as reference
electrodes and a solution obtained by adding 1m mo! NaCl

into a boric acid buffer solution was used. The results are

shown in Table b.
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TABLES
Sample Antiferromagnetic Thickness Natural
No. Layer Material (A) Potential
(mV)
51 Ru, slin 130 -150
5-2 Ru.6Rh, oMn 120 -120
5"3 RUsRhl sMn 100 “90
5-4 RusPt sMn 120 -50
5-5 Ru, 0Pt oMn 100 -70
5"6 Ru, OPdI oMn 120 -100
5-1 Ru, oAu, oMn 120 -40
5-8 Ru.0Agi oMn 120 -60
5-9 Ru;oRe, oMn 120 -100
5-10 (Comp) NiFe 100 -150
5-11 (Comp) Fe 100 -260
5-12 (Comp) FeMn 150 -700
5-13 (Comp) Co 100 -130

. From the results shown in Table 5, it is seen that
the samples of the present invention revealed the natural
potentials of -150 to -40mV, and thus the excellent
corrosion resistances.

In general, noble metal reveals a positive natural
potential and is excellent in corrosion resistance. On the
other hand, even Permalloy, which is said to be relatively
good in corrosion resistance, reveals about -150mV. A
comparative example of FeMn reveals a large negative value
of about -700mV. In Table 5, the corrosion resistance
increases as approaching to (mV. ‘

Example 8
An anisotropy magnetoresistance effect (AMR) type

magnetoresistance effect type head as shown in Fig. 15 was
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prepared in the following manner:

First, a laminate substrate was prepared by forming
a magnetic layer as a lower shield and an AIan'gap film in
turn on an AITiC substrate_ﬁjwith an Al,0; ground film
formed on the surface thereof. Then, on the laminate
substrate, NiFeRh (17nm in thickness) as a soft magnetic
| layer 20 for applying a lateral bias to the MR element, Ta
(10nm in thickness) as a non-magnetic metal layer
(non—magnetic.separation layer) 30, NiFe (25nm in
thickness) as a ferromagnetic layer (magnetoresistance
effect layer) 40, and Ta (5nm in thickness) as a protective
layer 80 were stacked in the order named using the film
formjng technique, Such as the magnetron sputtering.

Then, after adhering a photoresist on the protective
layer 80, a pattern for protecting a central active regign
W1 essentially corresponding to a track width was formed.
Subsequently, end pa#sive regions W2 and W3 not masked were
etched by the reverse sputtering method or the ion-milling
method. During this etching process, the protective layer
80 and a small portion of the ferromagnetic layer
(magnetoresistance effect layer) 40 were removed.
Thereafter, Ru,sRhsMnso as a pinning layer
(antiferromagnetic layer) 50 and electrode layers 100.were
formed. After formation of the pinning layer
(antiferromagnetic layer) 50 and the electrode layers 100,

the resist film was removed through the |ift-off process so
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that the anisotropy magnetoresistance effect (AMR) type
magnetoresistance effect type head was prepared as shown in
Fig. 15. Although not shown in Fig. 1b, an upper shield
layer and a lower shield layer were formed via an Al,0; gap
film, and an inductive head portion was further formed on
the upper shield layer.

Example 9

As a modification 6f the foregoing example 8, an
anisotropy magnetoresistance effect (AMR) type
magnetoresistance effect type head as shown in Fig. 16 was
prepared in the following manner:

First, on an AlITiC substrate 5 with an Al.0; ground
film formed on the surface thereof, NiFeRh (17nm in
thicknesé)'as a soft magnetic layer 20 for applying a
lateral bias to the MR element, Ta (10nm in thickness) as a
non-magnetic metal layer (non-magnetic separation layer)
30, NiFe (25nm in thickness) as a ferromagnetic layer
(magnetoresistance effect layer) 40, RuisRhsMnso (20nm in
thickness) as a pinning layer (antiferromagnetic layer) 50,
and Ta (bnm in thickness) as a protective layer 80 were
stacked in the order named using the film forming
technique, such as the magnetron sputtering.

Then, after adhering a photoresist on the protect}ve
layer 80. a pattern for protecting a central active region
W1 essentially correspondihg to a track width was formed.

Subsequently, end passive regions W2 and W3 not masked were
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etched by the reverse sputtering method or the ion-milling
method. At this time, an abut junction.structure was
formed. After formation of electrode layers 100 on the
etched end portions, the resist film was removed through
the lift-off process so that the anisotropy
magnetoresistance effect (AMR) type magnetoresistance
effect type head was prepared as shown in Fig. 16. Although
not shown in Fig. 16, an upper shield layer and a lower
shield layer were formed via an Al.0; gap film, and an
inductive head portion was further formed on the upper
shield layer.

Example 10

A spin valve. (SV) type magnetoresistance effect type
head was prepared as shown in Fig. 6.

First, a spin valve type magnetoresistance effect
element was prepared. Specifically, the element sample was
prepared by stacking, on a substrate 5 (AITiC with'A|203),
a ground layer 7 (Ta; 5nm in thickness), a soft magnetic
layer 20 (NiFe; Tnm in thickness), a non-magnetic metal
layer 30 (Cu; 2.5nm in thickness), a ferromagnetic layer 40
(Co; 3nm in thickness), a pinning layer (antiferromagnetic
layer) 50 (RuioRh,oMnso; 10nm in thickness) and a
protective layer 80 (Ta; Hnm in thickness) in the Arder
named. In this element sample, an upper shield layer and a
lower shield layer were formed via an Al.0; gap film.

In this element sample, an inductive head portion as
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shown in Fig. 6 was formed. Specifically, NiFe was formed
to have a thickness of {0nm as |inking soft magnetic layers
5h20. énd then, RusRh,sMn,, was formed on the linkiﬁg soft
magnetic layers 520 to have a thickness of 10Qnm as
antiferromagnetic layers 800. Thereafter, electrode
portions 100 made of Ta were further formed on the
antiferromagnetic layers 800 so that the spin valve (SV)
type magnetoresistance effect type head was prepared as
shown in Fig. 6. Subsequently, in vacuum of 10~7 Torr, the
head was cooled from 200°C while applying a magnetic field
of 2000e in an in-plane direction perpendicular to a
measurement current direction, so as to induce the pinning
effeét for the ferromagnetic layer. A track width of the
magnetoresistance effect tyﬁe head was set fo 2 yum, while
a height of the MR element was set to 1 um and a sense
current was set to 4mA. A relationship between the applied
magnetic field and the output voltage was examined using the
magnetoresistance effect type head. The results are shown
in Fig. 17. Although the graph of Fig. 17 was obtained
using the head having no upper and Iower.shield layers, it
was confirmed that the relationship had excellent linearity
and formed a transfer curve with no Barkhausen noise at
high butput
Example 11
Fig. 18 shows an example in which the

magnetoresistance effect element of the present invention
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is applied to a yoke-type MR head. In this example, a
cutout is formed at a portion of yokes 600, 600, and a
magnetoresistance effect element 200 is formed therebetween
via a thin insulation film 400. The magnetoresistance
effect ¢ lement 200 is provided with electrodes (not shown)
for feeding a current in a direction parallel to or

perpendicular to a magnetic path formed by the yokes 600,
600.

Example 12 -

Fig. 19 shows an example in which the
magnetoresistance effecf element of the present invention
is applied to a flux guide type MR head. In this example, a
magnetoresistance effect element 200 is magnetically
coupled to flux guide layers 700 and 710 of high
resistivity and high permeability. The flux guide Iayg£§
700 and 710 indirecfly conduct a signal magnetic field to
the magnetoresistance effect element 200. Further, via a
non-magnetic insulation layer 400, a flux back guide layer
600 (escape path for magnetic flux passing the
magnetoresistance effect element 200) is formed. Flux back
guide layers 600 may be provided at both sides the
magnetoresistance effect element 200 via the non-magnetic
insulation layer 400. A feature of this head reside; in
that a magnetic field detecting portion thereof can
approximate a recording medium in a nearly abutting fashion

so that the high output can be obtained.
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As appreciated from the foregoing results, according
to the preferred embodiments of the present invention,
since the pinning layer (anfiferromagnetic layer) has a
composition of Ru-Mn or Ru-M-Mn where M represents at least
one selected from Rh, Pt, Pd, Au, Ag and Re, and the
impurity concentrations of the pinning layer are regulated,
there can be provided the magnetoresistance effecf element
having the magnetic multilayered film which is excellent in
corrosion resistance, thermal stability and magnetic field
sensitivity and has a Iafge MR change ratio, as well as the
magnetoresistance device, such as a magnetoresistance
effect type head or the like, using such a

magnetoresistance effect element.
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war s coe s [IININAIONEOON

1. A magnetoresistance device comprising a
magnetoresistance effect element, conductive films and
electrode portions, wherein said conductive films are
conddctively connected to said magnetoresistance effect
element through said electrode portions, and said
magnetoresistance effect element comprises a magnetic
multilayered film including a non-magnetic metal layer, a
ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the othér surface of said non-magnetic metal layer, and a
pinning layer which is formed on a surface of said
ferromagnetic layer remote from a surface thereof abutting
said non-magnetic metal layer so as to pin a direction of
magneiization of said ferromagnetic layer, and wherein said
pinning layer is made of Ru.M,Mn, where M represents at
feast one selected from Rh, Pt, Pd, Au, Ag and Re, 1<

x <30, 1Sy =30, 695z <90, 10Sxty <31, and the unit

of x, y and z is atomick.

2. The magnetoresistance device according to claim 1,
wherein said pinning layer has an oxygen concentratian of
no more than 5, 000 atomic ppm, a carboﬁ concentration of no
more than 5, 000 atomic ppm, a sulfur concentration of no

more than 5, 000 atomic ppm, and a chlorine concentration of
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no more than 5,000 atomic ppm. ”ll"llmIHIII""IHIHIn
. . * c L M S *

3. The magnetoresistance device according to claim 2,
wherein said pinning layer is made of Ru,Rh,Mn. where 1 =x
<30, 1 =y =30, 69=z =90, 10=x+y =31, and the unit

of x, vy and z is atomic¥.

4. The magnetoresistance device according to claim 2,
wherein said pinning layer is made of Ru Pt,Mn, where
1 =x =30, 1 =y =30, 69=<z =90, 10=x+y <31, and the

unit of x, vy and z is atomic}.

5. The magnetoresistance device according to claim 2,
wheréin said pinning layer is made of Ru.M,Mn. where M
. represents at least one selected from Rh, Pt, Pd, Au, Ag
and Re, 1 =x <24, 1 sy =24, 75z =85, 15éxﬂr§£a

and the unit of x, y and z is atomick.

6. The magnetoresistance device according to claim 2,
wherein a blocking temperature of said pinning layer is

160 °C or higher.

1. The magnetoresistance device according to claim 2,
wherein an exchange coupling energy between said pinning
layer and said ferromagnetic layer is 0.06 erg/cm? or

greater.
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8. The magnetoresistance device accoraing to claim 2,
wherein, in a relationship of temperature-exchange céupling
energy between said pinning layer and said ferromagnetic
layer, a temperature coefficient in the range of 80 to

130 °C is -2 X107* to -8X10"* erg/cm?

9. The magnetoresistance device according to claim 2,
wherein said magnetic multilayered film is a spin valve

type film revealing a giant magnetoresistance effect.

10. | The magnetoresistance device according to claim 9,
wherein said soft magnetic layer comprises, from a side of
said non—magnetic metal layer, a first soft magnetic layer
and a second soft magnetic layer, wherein said first soft
magnetic layer is made of Co or an alloy containing Co no
less than 80 weight%, and said second soft magnetic layer
is made of (Ni.Fei-«),Coi., where 0.7 =x <0.9, 0.5y =

0. 8, and the unit of x and y is weight¥%, and wherein said

non-magnetic metal. layer is made of a material including at

least one selected from Au, Ag and Cu.

1. The magnetoresistance device according to claim 2,
wherein said magnetic multilayered film reveals an

énisotropy magnetoresistance effect.
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12. The magnetoresistance device according to claim 11,
wherein said soft magnetic layer is made éf an NiFe alloy
and at least one selected from Rh, Cr, Ta, Nb, Zr and Hf
and works as a lateral bias layer, and wherein said
non-magnetic metal layer is made of Ta, Ti, Al.0s; or Si0;

and works as a non-magnetic separation layer.

13. A magnetoresistance device comprising a
magnetoresistance effect element, conductive films and
electrode portions, wherein said conductive films are
condﬁctively connected to said magnetoresistance effect
element through said electrode portions, and said
magnetoresistance effect element comprises a magnetic
multilayered film includipg a non-magnetic metal layer, a
ferromagnetic layer %ormed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the other surface of said non-magnetic metal layer, and a
pinning layer which is formed on a surface of said
ferromagnetic layer remote from a surface thereof abutting
said non-magnetic metal layer so as to pin a direction of
magnetization of said ferromagnetic Iayér. and wherein said
pinning layer is made of Ru.M,Mn. where M represents at
least one selected from Rh, Pt, Pd, Au, Ag and Re, 1=x §--59.

1<y =59, 40=<z <58, 42=<x+y =60, and the unit of x, y

and z is atomick.
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14. The magnetoresistance device according to claim 13,
wherein said pinning layer has an oxygen concentration of
no more than 5, 000 atomic ppm, a carbon concentration of no
more than 5, 000 atomic ppm, a sulfur concentration of no
more than 5, 000 atomic ppm, and a chiorine concentration of

no more than 5, 000 atomic ppm.

15. - The magnetoresistance device according to claim 14,
wherein said pinning layer is made of Ru,Rh,Mn, where
I =x =59, 1 =y =59, 40z <58, 42<x+y <60, and the

unit of x, y and z is atomick.

16. The magnetoresistance device according to claim 14,
wherein said pinning layer is made of Ru.Pt,Mn. where
1 =x =59, | =y <59, 40=<z <58, 42<xty <60, and the

unit of x, y and z is atomic¥.

17. The magnetoresistance device according to claim 14,
wherein said pinning layer is made of Ru.M,Mn, where M
represents at least one selected from Rh, Pt, Pd, Au, Ag
and Re, 1 =x <54, 1 <y <54, 45<z <54, 46=x+y =5b,

and the unit of x, y and z is atomich.

18. The magnetoresistance device according to claim 14,
wherein a blocking temperature of said pinning layer is

160 °C or higher.
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19. The magnetoresistance device according to claim 14,
wherein an exchange coupling energy between said pinning
fayer and said ferromagnetic layer is 0.06 erg/cm? or

greater.

20. The magnetoresistance device according to claim 14,
wherein, in a relationship of temperature-exchange coupling
energy between said pinning layer and said ferromagnetic
layer, a temperature coefficient in the range of 80 to

130 °C is -2%10* to -8X10~* erg/cm?.

21. The magnetoresistance device according to claim 14,
wherein said magnetic multilayered film is a spin valve

type film revealing a giant magnetoresistance effect.

22. The magnetoresistance device according to claim 21,
wherein said soft magnetichlayer comprises, from a side of
“said non-magnetic metal layer, a first soft magnetic layer
and a second soft magnetic layer, wherein said first soft
magnetic layer is made of Co or an alloy containing Co no
less than 80 weight%, and said second soft magnetic layer
is made of (Ni.Fe,-.),Coi-, where 0.7 =x =<0.9, 0.5$y =
0.8. and the unit of x and y is weight%. and ﬁherein said
non-magnetic metal layer is made of a material including at

least one selected from Au, Ag and Cu.
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23. The magnetoresistance device according to claim 14,

wherein said magnetic multilayered film reveals an

anisotropy magnetoresistance effect.

24. The magnetoresistance device according to claim 23,
wherein said soft magnetic layer is made of an NiFe alloy
and at least one selected from Rh, Cr, Ta, Nb, Zr and Hf
and works as a lateral bias layer, and wherein said
non-magnetic metal layer is made of Ta, Ti, Al.0; or Si0;

and works as a non-magnetic separation layer.

25. A magnetoresistance device comprising a
magnetoresistance effect element, conductive films and
electrode portions, wherein said conductiye films are
conductively connected to said magnetoresistance effect
element through said electrode portions, and said
_magnetoresistance effect element comprises a magnetic
multilayered film including a non-magnetic metal layer, a
ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the other surface of said non-magnetic metal layer, and a
pinning layer which is formed on a surface of‘said
ferromagnetic layer remote from a surface thereof abutting

said non-magnetic metal layer so as to pin a direction of

magnetization of said ferromagnetic layer, and wherein said
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pinning layer is made of RuiMnico-« where 15=<x <30, and

the unit of x is_atomic%.

26. The magnetoresistance device according to claim 25,
wherein said pinning layer has an oxygen concentration of
no more than 5, 000 atomic ppm. a carbon concentration of no
more than b, 000 atomic ppm, a sulfur concentration of no
more than 5, 000 atomic ppm, and a chlorine concentration of

no more than 5, 000 atomic ppm.

21. The magnetoresistance device according to claim 286,
wherein said pinning layer is made of Ru.Mn,oo-x where

18<x <27, and the unit of x is atomic¥.

28. The magnetoresistance device according to claim 26,

wherein a blocking temperature of said pinning layer is

160 °C or higher.

29. The magnetoresistance device according to claim 26,
wherein an exchange coupling energy between said pinning
layer and said ferromagnetic layer is 0.06 erg/cm? or

greater.

30. The magnetoresistance device according to claim 26.
wherein, in a relationship of temperature-exchange coupling

energy between said pinning layer and said ferromagnetic
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| layer, a temperature coefficient in the range of 80 to

130 °C is -2%X107* to -8X10~* erg/cm?.

31. The magnetoresistance device according to claim 26,
wherein said magnetic multilayered film is a spin valve

type film revealing a giant magnetoresistance effect.

32. The magnetoresistance device according to claim 31,
wherein said soft magnetic layer comprises, from a side of
said non-magnetic metal layer, a first soft magnetic layer
and & second soft magnetic layer, wherein said first soft
magnetic layer is made of Co or an alloy containing Co no
less than 80 weight%, and said second soft magnetic layer
is made of (Ni.Fe,-.),Coi-, where 0.7 =x =£0.9. 0.5y =<
0.8, and the unit of x and y is weight%, and wherein sijd

non-magnetic metal layer is made of a material including at

least one selected from Au, Ag and Cu.

33. The magnetoresistance device according to claim 26,
wherein said magnetic multilayered film reveals an

anisotropy magnetoresistance effect.

34. The magnetoresistance device according to claim 33,
wherein said soft magnetic layer is made of an NiFe alloy
‘and at least one selected from Rh, Cr, Ta, Nb, Zr and Hf

-and works as a lateral bias layer, and wherein said
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non-magnetic metal layer is made of Ta, Ti, Al.0s; or Si0;

and works as a non-magnetic separation layer.

35. A magnetoresistance effect element comprising a
magnetic multilayered film including a non-magnetic metal
layer, a ferromagnetic laye} formed on one surface of the
non-magnetic metél layer, a soft magnetic layer formed on
the other surface of said non;magnetic metal layer, and a
pinning layer which is formed on a surface of said
ferromagnetic layer remote from a surface thereof abutting
said non-magnetic metal layer so as to pin a direction of
magnetization of said ferromagnetic layer, wherein said
pinning layer is made of Ru.M,Mn. where M represents at
least one selected from Rh, Pt, Pd, Au, Ag and Re, 1=x =30,
1<y =<30. 69=<z <90, 10=<x+y <31, and the unit of x, y

and z is atomicH.

36. The magnetoresistance effect element according to
claim 35, wherein said pinning layer has an oxygen
concentration of no more than 5,000 atomic ppm, a carbon
concentration of no more than 5,000 atomic ppm, a sulfur
concentration of no more than 5,000 atomic ppm, and a

chlorine concentration of no more than 5, 000 atomic ppm.

31. The magnetoresistance effect element according to

claim 36, wherein said pinning layer is made of Ru.Rh,Mn,
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where 1 <x =<30. | <y <30, 69=<z <90, 10=<x+y <31, and

the unit of x, y and z is atomich.

38. . The magnetoresistance effect element according to
claim 36, wherein said pinning layer is made of Ru,Pt,Mn,
where 1 <x =30, 1 <y <30, 69<z =90, 10<x+y <31, and

the unit of x, y and z is atomick.

39. | A magnetoresistance effect element comprising a
magnetic multilayered film including a non-magnetic metal
layer, a ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer formed on
the other surface of said non-magnetic metal layer, and a
pinning layer which is formed on a surface of said
ferromagnetic layer remote from a surface thereof abutting
said non-magnetic metal layer so as to pin a direction of
magnetization of said ferromagnetic layer, wherein said
pinning layer is made of Ru,M,Mn., where M represents at
least one selected from Rh, Pt, Pd; Au, Ag and Re, 1=x =

9, 1| =y b9, 40=z =£5H8, 42=<x+y =60, and the unit of

X, Yy and z is atomick.

40. The magnetoresistance effect element according to |
claim 39, wherein said pinning layer has an oxygen
concentration of no more than 5,000 atomic ppm, a carbon

concentration of no more than 5, 000 atomic ppm, a sulfur
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concentration of no more than 5,000 atomic ppm. and a

chlorine concentration of no more than 5, 000 atomic ppm.

41. The magnetoresistance effect element according to
claim 40, wherein said pinning layer is made of Ru.Rh,Mn,
where 1 <x <59, 1 <y <59, 40<z <58, 42=<x+y <60, and

the unit of x, vy and z is atomick.

42. The magnetoresistance_effect element according to
claim 40, wherein said pinning layer is made of Ru.Pt,Mn,
where 1 =<x =59, 1 =y =<5h9, 40=z =58, 42=<x+ty =60, and

the unit of x, y and z is atomic¥.

43. The magnetoresistance effect element according to
claim 40, wherein said pinning layer is made of Ru.M,Mn,
where M represents at least one selected from Rh, Pt..;é.
Au, Ag and Re, 1=x b4, | =y =5H4, 45=5z =H4, 46=x+y <

55, and the unit of x, y and z is atomick.

44. A magnetoresistance effect element comprising a
magnetic multilayered film including a non-magnetic metal
layer, a ferromagnetic layer formed on one surface of the
non-magnetic metal layer, a soft magnetic layer forméd on
the other surface of said non-magnetic metal layer..and a
pinning layer which is formed on a surface of said

ferromagnetic layer remote from a surface thereof abutting
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said non-magnetic metal layer so as to pin a direction of
magnetization of said ferromagnetic layer, wherein said
pinning layer is made of Ru.Mnioo-. where 15<x <30, and

the unit of x is atomick.

45, The magnetoresistance effect element according to
claim 44, wherein said pinning layer has an oxygen
concentration of no more than 5,000 atomic ppm, a carbon
concentration of no more than 5,000 atomic ppm, a sulfur
concentration of no more than 5,000 atomic ppm, and a

chlorine concentration of no more than 5, 000 atomic ppm.

46. The magnetoresistance effect element according to
claim 45, wherein said pinning layer is made of Ru.Mn;oo-x

where 18<x =<27. and the unit of x is atomick.

—_—
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ABSTRACT OF THE D{SCLOSURE

In a magnetoresistance effect element, a pinning
layer (antiferromagnetic layer) has a composition of Ru-Mn
or Ru-M-Mn where M represents at least one seledtéd from
Rh, Pt, Pd, Au, Ag and Re, and impurity concentrations of
the pinning layer are regulated. Accordingly, there can be
prov{ded the magnetoresistanﬁe effect element having a
magnetic multilayered film which is excellent in corrosion
resistance, thermal stability and magnetic field
sensitivity and has a large MR change ratio, as well as a
magnetoresistance device, such as a magnetoresistance
effect type head or the like, using such a

magnetoresistance effect element.

Figure : None
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ABSTRACT

' MAGNETORESISTANCE EFFECT ELEMENT AND MAGNETORESISTANCE DEVICE

In a magnetoresistance effect element, a pinning
layer (antiferromagnetic layer) has a composition of Ru-Mn
or Ru-M-Mn where M represents at least one selected from

- Bh, Pt, Pd, Au; Ag and Re, and impurity concentrations of
the pinning layer are regulated. Accordingly, there can be
provided the magnetoresistance effect element having a
magnetic multilayered film which is excellent in corrosion
resistance, thermal stability and magnetic field
sensitivity and has a large MR change ratio, as well as a
magnetoresistance device, such.as a magnetoresistance
effect type head or the like, using such a

magnetoresistance effect element.
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