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Thi,s invention relates to a nmagnetic sensor exhibiting variation of ah
i np&dance in dependence upon the strength of an external magnetic field
and, in particular, to a nmagnetic sensor for use as a magnetic head and
the |ike. In recent years, devel opnent of snall-sized and
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MAGNETIC SENSOR UTILIZING IMPEDANCE VARIATION OF A
SOFT MAGNETIC ELEMENT IN DEPENDENCE UPON A MAGNETIC

FIELD STRENGTH AND A METHOD OF MANUFACTURING THE SAME

Background of the Invention:

This invention relates to a magnetic sensor
exhibiting variation of an impedance in dependence upon
the strength of an external magnetic field and, in
particular, to a magnetic sensor for use as a magnetic
head and the like.

In recent years, development of small-sized and
high-performance electronic apparatuses has made a rapld
progress. As a reading head for small-sized and large-
capacity hard disks in computer-associated apparatuses, a
conventional magnetic head utilizing the electromagnetic
induction is being replaced by a magnetoresistive head
(MR head) utilizing a magnetoresistance effect. However,
even the MR head is insufficient to meet further increase
in recording density. Under the circumstances, there is
a strong demand for a new magnetic element exhibiting
wide variation in electric characteristics in response to
variation in strength of an external magnetic field.

Besldes, the MR head is insufficlent for use in
measurement and detection of a weak magnetic field, such

as measurement of geomagnetic strength or a brain
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2 magnetic sensor (also referred to as a "magnetic
impedance element") comprising a soft magnetic wire to be
supplied with a high-frequency current. In response to
the variation in strength of the external magnetic field,
the soft magnetic wire exhibits the variation in
resistance and inductance, namely, the variation in
impedance. Thus, the impedance variation is utilized in
detection of magnetic field strength (Japanese Unexamined
Patent Publications Nos. 176930/1994 and 248365/1995,
Proc. of The Institute of Electrical Engineers of Japan,
Vol. E116, No. 1, page 7 (1996)). Such magnetic sensor
exhibits wide variation in impedance in response to the
variation in strength of the external magnetic field and
therefore has a good performance for a magnetic head.
However, the impedance variation rate (i.e., magnetic
field sensitivity) 1n dependence upon the variation in
magnetic field strength is as small as 10%/0Oe.

In order to remove the above-mentioned

disadvantage, proposal has been made of another magnetic
sensor comprising an oscillation circuit formed by a
combination of a transistor and a soft magnetic wire.
With this structure, LC resonance is utilized to improve
sensitivity (Journal of The Magnetics Society of Japan,
Vol. 19, page 469 (1995)). However, this magnetic sensor
not only requires active components but also a plurality

of resistors, capacitors, and diodes. Therefore, the



magnetic field. In view of the above, proposal has been nPde of a
magnetic sensor (also referred to as a "magnetic inpedance el enent”)
conprising a soft magnetic wire to be supplied with a high-frequency
current. In response to the variation in strength of the external magnetic
field, the soft magnetic wire exhibits fhe variation in resistance and
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| npedance variation rate (i.e., magnetic
film in order to realize a small-sized magnetic sensor
(Proc. of The Institute of Electrical Engineers of Japan,
115-A, page 949 (1995)). In this magnetic sensor, an
electric current is directly supplied to the magnetic
film so as to detect impedance variation in dependence
upon the external magnetic field. However, as compared
with those metals, such as Cu, Al, and Ag, generally used
as a conductor line, the amorphous metal magnetic f£ilm
has a large electrical resistance. Accordingly,
efficient excitation can not be carried out and the
impedance variation rate is small.

Furthermore, proposal has been made of a yet
another magnetic sensor or magnetic impedance element
comprising a sputtered permalloy film of a stripe pattern
including a Cu film (Senda et al, The Institute of
Electrical Engineers, Technical Meeting on Magnetics,
MAG-95-126, 91 (1995)). In addition, proposal has been
made of a different magnetic sensor comprising CoSiB
films with uniaxial magnetic anistropy introduced and a
Cu conductor layer interposed therebetween (Morikawa et
al, Journal of The Magnetics Society of Japan, No. 20,
page 553 (1996)). These magnetic sensors exhibit the
impedance variation rate between -50 and +120% with
respect to the external magnetic field varying within a

certain range. However, magnetic field sensitivity is no



field sensitivity) in dependence upon the variation in nmagnetic field
strength is as small as 10% Ce. In order to renove the .
above-nmentioned disadvantage, proposal has been nade of another magnetic
sensor conprising an oscillation circuit formed by a conbination of a
tranmsistor and a soft magnetic wire. Wth this structure, LC resonance is
utilized to inprove sensitivity (Journaﬁ of The Magnetics Society of
Japan, Vol. 19, page 469 (1995)). However, this magnetic sensor not only
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consideration is nade about

In the meanwhile, in the above-mentioned magnetic
sensors using soft magnetic elements, the impedance of
the magnetic sensor is increased in a frequency band on
the order of several tens to several hundreds megahertz
{MBz) under the influence of the skin effect and the
increase in eddy current loss. This means that the
impedance variation in response to the variation in
strength of the external magnetic field is relativ;ly
small.

In the above-mentioned conventional magnetic
sensors, stray capacitance is produced between the
magnetic sensor and other circuit components or conductor
lines present around the magnetic sensor. This results
in unstable operation of the magnetic sensor.

Summary of the Invention:

It 1s a first object of this invention to provide
a magnetic sensor which is hardly disturbed by conductors
and dielectrics existing around the magnetic sensor and
1s therefore stably operable.

It is a second object of this invention to
provide a magnetic sensor which is high in magnetic field
sensitivity, simple in manufacture, and low in cost.

It is a third object of this invention to provide
a magnetic sensor which is not only excellent in magnetic
field sensitivity but also exhibits wide impedance

variation in response to the variation in strength of an



the use of a single layer of an anorphous netal magnetic filmin order to
realize a small-sized magnetic sensor (Proc. of The Institute of

El ectrical Engineers of Japan, 115-A page 949 (1995)). In this magnetic

sensor, an electric current is directly supplied to the magnetic film so
as 1o detect inpedance variation in dependence wupon the external magnetic
field. However, as conpared wth thosenetal s, such as Cu, A, and Ag, :
generally used as a conductor line, the anorphous netal magnetic film has’
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a d.c. electric resistance so that a higher sensitivity
is achieved as compared with that comprising a magnetic
metal layer or wire to be used also as a conductor metal.

It is a fifth object of this invention to provide
a magnetlc sensor which 1s capable of suppressing eddy
current loss so as to improve magnetic characteristics in
a high-frequency band.

It is a sixth object of this invention to provide
a magnetic sensor having a large impedance variation
rate. |

It is a seventh object of this invention to
provide a method of manufacturing each of magnetic
sensors of the types described above.

According to this invention, there is provided a
magnetic sensor for detecting a magnetic fleld strength,
comprising an insulator substrate having flrst and second
surfaces opposite to each other; a soft magnetic element
having first and second ends opposite to each other and
mounted on the first surface of the insulator substrate;
a conductor mounted on the second surface of the
insulator substrate; and an ocutput port coupled to the
first and the second ends of the soft magnetic element
for deriving an impedance of the soft magnetic element

between the first and the second ends, the impedance



made of a different nmagnetic sensor conprising CoSiB films wth uniaxial
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According to this invention, there is also
provided a magnetic sensor comprising an insulator
substrate and a soft magnetic thin film element formed on
the substrate, which further comprises an inner conductor
layer surrounded by the soft magnetic thin film element
through an inner insulator layer. The soft magnetic thin
film element comprises a Co-Nb-Zr thin layer essentially
consisting of 80-87 at% Co, 10-17 at% Nb, and 1-6 at% Zr.

According to this invention, there is also
provided a method of manufacturing a magnetic sensor
comprising the steps of forming a first soft magnetic
film on an insulator substrate; forming a first insulator
film on the first soft magnetic film; forming a conductor
layer on the first insulator film; forming a second
insulator film to cover the conductor layer except both
ends thereof; and forming a second soft magnetic film to
cover the second insulator film so as to form a closed
magnetic loop comprising the first and the second soft
magnetic f£films. Each of the first and the second soft
magnetic films comprises a Co-Nb-Zr thin film essentially
consisting of 80~87 at% Co, 10-17 at% Nb, and 1-6 ats 2zZr.

Hereln, description will be made about the reason
why the above-specified composition is selected. In the
composition of the Co-Nb-Zr thin film, inclusion of more
than 87 at% of Co favorably increases saturation

magnetization but unfavorably increase magnetostriction



the order of several tens to several hundreds nmegahertz —{MHz)—under the
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Is high in magnetic field
magnetic field is reduced. 1In addition, an amorphous
film is difficult to obtain. On the other hand, less
than 80 at% of Co decreases saturation magnetization so
that the impedance variation rate in dependence upon the
vériation in strength of the external magnetic field
becomes small.

Zr has a function of transforming the Co-Nb-Zr
film into an amorphous film and the content of 1 at% or
more 1ls required. The content of more than 6 at% is
unfavorable because magnetostriction is increased to
result in deterioration of soft magnetic characteristics.

As regards Nb, the content of 10~16 at% is most
preferable because zero magnetostriction is achieved.
Less than 10 at% increases positive magnetostriction to
cause deterioration of soft magnetic characteristics,
i.e., deterioration of the impedance variation rate. On
the other hand, more than 16 at% is unfavorable because
saturation magnetization is degraded.

Thus, since the thin film technique is used in
this lnvention, fine process is easy to perform. Like
other thin film magnetic sensors, the magnetic sensor of
this invention is excellent in this respect as compared
with those using a wire material.

According to this invention, the conductor layer

and the magnetic layer are electrically insulated from



sensitivity, sinple in manufacture, and |low in cost. It is athird
object of this invention to provide a magnetic sensor which is not only
excellent in magnetic field sensitivity but also exhibits w de inpedance
variation in response to the variation in strength of an
extarnal magnetic field so that stable gperation is assured. It
Is a fourth object of this invention tod provi de a magnetic sensor which is
capabl e of decreasing a d.c. electric resistance so that a higher I.
sensitivit ' chi,eved as. c ed with that .conprisin magnetic nmeta
! ST RRE et W U shnn the hafi BurzeRt ol

Iayer or mﬁre 0 be us _ is afifth
obj ect of thighd WaIHd OLHLr M 1P1%% 16s in high-frequency band are

excellent.

Brief Description of the Drawing:

Figs. 1A and 1B show equivalent circuits of a
conventional magnetic sensor without any stray
capacitance and with stray capacitance, respectively;

Fig. 2 is a perspective view of a magnetic sensor
according to a first embodiment of this invention;

Fig. 3 shows an equivalent circuit of the
magnetic sensor of Fig. 2;

Fig. 4 is a perspective view of a magnetic sensor
according to a second embodiment of this invention;

Fig. 5 1s a perspective view of a magnetic sensor
according to a third embodiment of thils invention;

Fig. 6 1s a perspective view of a magnetic sensor
according to a fourth embodiment of this invention as a
modification of the magnetic sensor in Fig. 5;

Fig. 7 is a perspective view of a magnetic sensor
according to a fifth embodiment of this invention as
another modification of the magnetic sensor in Fig. 5;

Fig. 8 1s a perspective view of a magnetic sensor
according to a sixth embodiment of this invention as a
modification of the magnetic sensor in Fig. 6;

Fig. 9 is a graph showing the frequency

_dependency of an impedance with respect to various values

of Lo in the equivalent circuit in Fig. 3;



a magnetic sensor which is capable of suppressing eddy current |oss so as

to inprove magnetic characteristics in a high-frequency band. I t
is a sixth object of this invention to provide a nagnetic sensor having a
| arge i npedance variation rate. It is a seventh object of this

i nvention to provide a nethod of manufgcturing each of magnetic sensors

of the types described above. ccording to this invention, there

is provided a nmgnetic sensor for detecting a magnetic field strength,
conprising an insul at substrate having first and con surfaces
opposite to each ot he?;igé ggf {'grr%g%ee’fslpc&etr vr’?ér?’tie“hé’vi r?g"%gf‘?t ignd second
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i nsul at or substrate; a con tor noun e second surftace of the
i nsul ator subghyaheioand an output port coupled to the first and the
second ends of the soft magnetic el enent

Fig. 11 shows the external magnetic field
dependency of an impedance Z, a resistance R, and an
inductance L;

Fig. 12 is a perspective view of a magnetic
sensor according to an eighth embodiment of this
invention;

Fig. 13 1s a perspective view of a magnetic
sensor according to a ninth embodiment of this invention;

Fig. 14 is a sectional view of the magnetic
sensor in Fig. 13;

Fig. 15 1s a sectional view of a part of a
magnetic sensor according to a tenth embodiment of this
invention as a modification of that of Fig. 11;

Fig. 16 shows the frequency dependency of the
impedance of the magnetic sensor of Fig. 10;

Fig. 17 shows the frequency dependency of the
impedance Z, the resistance R, and the 1lnductance L of
the magnetic sensor of Fig. 13;

Fig. 18 is a perspective view of a magnetic
sensor according to a twelfth embodiment of this
invention;

Fig. 19 is a cross sectional view of the magnetic
sensor 1llustrated in Fig. 18;

Fig. 20 1s a longitudinal sectional view of the

magnetic sensor 1llustrated in Fig. 18;



for deriving an inpedance of the soft magnetic el ement between the first

and .t he second ends, the inpedance . 6
changi ng in dependence upon a magnetic field strength applied to the soft
magnetic el enent. According to this invention, there is also

provi ded a magnetic sensor conprising ag insul ator substrate and a soft
magnetic thin filmelenment forned on t 8 substrate, which further .
conprises an inner conductor |ayer surrounded by the soft magnetic thin

filmelenment throughpagsinges, i apdl af 0, | Aupr -21?‘93219{?1%33@%? bﬁe&@i n

filmelenment conprises a Co-Nb-Zr thin ayer 'esserti consi sting of
80-87atom ¢ pebgefbscelbir§- d mAMRELPEE Broddys %th%EGmgbggkgcpercent
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Zr . According to this invention, there is als
sensor illustrated in Fig. 18;

Fig. 22 shows the external magnetic field
dependency of the impedance of the magnetic sensor of
Fig. 18;

Fig. 23 is a sectional view of the magnetic
sensor according to a thirteenth embodiment of this
invention; and

Fig. 24 shows the external magnetic field
dependency of 2z, L, and R of the magnetic sensor of Fig.

23.

Description of the Preferred Embodiments:

Prior to description of preferred embodiments of
this invention, a conventional magnetic sensor will
hereafter be described for a better understanding of this
invention.

Referring to Fig. 1A, the conventional magnetic
sensor using a soft magnetic element such as wire is
represented by an equivalent circuit having two
terminals. The magnetic sensor detects the change in
strength of a magnetic field as the varlation in
impedance of the soft magnetic wire. The impedance is
represented by Z = R + jw L (®w being an angular
frequency of an a.c. current supplied to the soft
magnetic wire). Specifically, values of the resistance R
and the inductance L varies in dependence upon an

external magnetic field. Detailed description will be



provi ded a nmet hod of manufacturing a magnetic sensor conprising the steps
of formng a first soft magnetic filmon an insulator substrate; formng a
first insulator filmon the first soft magnetic film formng a conductor

| ayer on the first insulator film formng ﬁmsﬁsﬂ Hes BegnReplecsior filmto
cover the conductor |ayer except both ?ds t g ﬁﬂ“\ : Erm ng a second
soft magnetic filmto cover the secon nsul |4k : s to forma

cl osed magnetic Ioop conprising the first and e second soft magnetic
films. Each o %@ and the second soft nagnetic filnms conprises a
Co-Nb-Zr thin % n1esseni|ally consi sting of 80-87 atom c percent Co,

10-17 atom c percent $ha 2LINe A 687k 1§r supplied witRr&i N,
description will be nade about t he reégon why t he abgge spegl I ed

conposi tion i Helecdpden 7@ dd¥rer 0RO Halyn@R 10f f&a@aomsNbozﬁueahw film
I nclusion of nore than 87 atom c percent of Co favorably increases
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magnetic field Hex applied to the soft magnetic wire is
equal to zero, the soft magnetic wire 1s excited along an
easy magnetization axis and a magnetization process by
movement of a domain wall is carried out. Accordingly,
when a supply current has a frequency (f) in a frequency
band of several megahertz (MHz) or more, relative
permeability is substantially equal to 1 and the
inductance L has a small value determined by an alr core
by a conductor layer. On the other hand, when the
external magnetic field Hex 1s applied, magnetization is
inclined from an excitation direction and a magnetization
process by rotation of magnetization is carried out.
Accordingly, the relative permeability of the soft
magnetic wire is lncreased and has a maximum value at
Hex = Hk (Hk being an anisotropic magnetic field). 1In
addition, at Hex > Hk, magnetization is fixed in a
direction of the external magnetic fileld Hex, the
relative permeability is reduced again. Therefore, the
inductance L is changed in dependence upon the strength
of the external magnetic field Hex and has a maximum
value around Hex = HK.

On the other hand, the resistance R is
substantially determined by a d.c. resistance of the

conductor when the supply current has a frequency f in a



7 which results in deterioration of soft magnetic characteristics.
Therefore, the inpedance variation rate in response to the variation in
strength of the external magnetic field is reduced. In addition, an
anorphous filmis difficult to obtain. On the other hand, less than 80

atomi c percent of Co decreases saturatig magnetization so that the
| npedance variation rate in dependence gon the variation in strength of
the external magnetic field becones snall. Zr has a function of

f ] wNg- fj j S, Jd J\m a the content of 1
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deterioration of soft magnetic characteristics.
resistance R is increased under the influence of the eddy

current loss and the skin effect. The skin effect is
determined by a skin depth & given by Equation (1):
§ =Y p/(r £fr), (1)

where o , £, and # represents resistivity, frequency,
and permeabllity, respectively. As will be understood
from Equation (1), at such a high frequency f that the
skin effect is not negligible with respect to a film
thickness, the skin depth is reduced and the electric
resistance is increased when the permeability g is
increased in dependence upon the external magnetic field
Hex. Therefore, in a high frequency range requiring
consideration about the skin depth & , the electric
resistance also changes in correspondence to the external
magnetic field Hex.

In the above-mentioned magnetic sensor, the
relative permeability is substantially equal to 1 in a
frequency band on the order of several megahertz (MHz).
Therefore, the change in inductance L in correspondence
to the external magnetic field is small. However, by
utilizing the feature that the relative permeabilility has
a maximum value when the external magnetic field is equal
in strength to the anisotropic magnetic field, the
variation in impedance in dependence upon the variation
in strength of the external magnetic field can be

increased.



As regards Nb, the content of 10-16 atomi c percent i.s nost preferable
because zero nmagnetostriction is achieved. Less than 10 atom c percent
i ncreases positive magnetostriction to cause deterioration of soft

magnetic characteristics, 1i.e., deterioration of the inpedance variation
rate. On the other hand, nore than 16 atom c percent I s unfavorabl e
because saturation magnetization is d aded. Thus, since the

thin filmtechnique is used in this invention, fine process is easy to
perform Like otheriﬁj n filn1nagn%aic sensors, . 1he sensoy of
e §LrE
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external magnetic field as the variation in impedance.
Referring to Fig. 1B, in the conventional
magnetic sensor, stray capacitance C is produced between
the sensor element and other circuit components and
conductor lines therearound. The stray capacitance C
constitutes a factor of unstable operation.
Now, description will proceed to preferred
embodiments of this invention with reference to the

drawing.

First Embodiment

Referring to Fig. 2, a magnetic sensor 31
according to a first embodiment of this invention
comprises an insulator substrate 37, a conductive soft
magnetic wire 33 as a soft magnetic element supported on
an upper surface of the insulator substrate 37, a ground
conductor film 35 formed on a rear surface of the
insulator substrate 37, and a connecting conductor 39
extending from a part of the upper surface of the
insulator substrate 37 to a part of a side surface
thereof to connect one end of the soft magnetic wire 33
and one end of the ground conductor film 35.

The magnetic sensor 31 is a two-terminal element
having two input terminals (upper right side in the
figure) extracted from the soft magnetic wire 33 and the
ground condutor f£ilm 35, respectively. This two-terminal

element has an equivalent circuit illustrated in Flg. 3.



each other so as to decrease the eddy current |loss. Therefore, _
char,acteristics in high-frequency band are excellent. ~ Brief
Description of the Draw ng: Figs. 1A and 1B show equival ent
circuits of a conventional magnetic sensor w thout any stray capacitance
and.wi th stray capacitance, respectivelx Fig. 2 is a perspective
view of a magnetic sensor according to 4 first enbodi ment of this

i nventi on; Fig. 3 shows an equivalent circuit of the magnetic
sensor of Fig i ve_ vi ew of a _magnetic
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resonant frequency f0 of the equivalent circuit are given

by Equations (2) through (5):

0 2R,

R=—+ 4 2.2 2 2.2 (2
2 w Lo C” + w (R0 c” - 4Loc) + 4

4 2 2. 2

a>L0 w (2L - RO C - w L0 C)

x = * 4. 2.2 2 2.2 (3)
2 @ Lo C” + o (RO c® - 4L0C) + 4

Z =R+ jwX (4)
1 2

f0 = — [ — (5)
2z LOC

In the magnetic sensor having the equivalent
circuit in Fig. 3, the impedance variés in response to
the variation in strength of an external magnetic field
and drastically varies around the resonant frequency f£0.
Thus, the impedance variation around the resonant
frequency £0 is greater than in a frequency band much
lower than the resonant frequency £0.

In the magnetic sensor according to the first
embodiment of this invention, the impedance varies in
response to application of the external magnetic field.
As a consequence, the resonant frequency of the magnetic
sensor varies also. Therefore, by optimizing the
frequency of the electric current supplied to the

magnetic sensor, the variation in external magnetic field



nodi fication of the nmagnetic sensor in Fig. 5; Fig. 7is a
perspective view of a magnetic sensor according to a fifthe I ment of
this invention as another nodification of the Th§hetr.cps r in Fig. 5;
Fig. 8 is a perspective view of a magnetic s_ensolgﬂaﬁ- ﬁ%’[“é‘ a sixth
enbodi ment of this invention as a nodification j e C sensor in
Fig. 6; Fig. 9 is a graph shomﬂﬁg the f ; ndency of an
i npedance with respect to various values of Lo in the equivalent circuit
Lgrgbgétﬁbe vicAR BF Seteghef 85 8cWREY %iﬁ%ﬁcﬁ&kFQQP%fsﬁﬁﬁggéiqgﬂ% I%ﬁgnt of
this inventi&%;other words, magnetic field sensitivity can be

increased.

Furthermore, the first embodiment includes the
ground conductor f£ilm 35 so that occurrence of the stray
capacitance in the prlor art can be suppressed. In
addition, electric field due to the electric current
supplied to the soft magnetic wire 33 concentrates to an
area between the ground conductor £ilm 35 and the
connecting conductor 39 through which the electric
current flows. Therefore, the magnetic sensor is
unsusceptible to disturbance and is therefore stable in
operation as compared@ with the conventional magnetic
sensor which does not have the ground conductor film 35,
Accordingly, detection of the magnetic field can be
stably carried out even when the magnetic sensor is
operated in a frequency band lower than the resonant
frequency in LC.

An example of the magnetic sensor of the first
embodiment is as follows.

By the use of a permalloy wire having a diameter
of 50 £ m and a length of 5mm as the soft magnetic wire
33 and a polyimide film as the insulator substrate 37
having a total thickness of 140mm. The polyimide £ilm
has 35mm-thick Cu foils formed on both surfaces thereof.

One of the Cu foils on the polyimide film was used as the

ground conductor film 35 while the other Cu foill was

partially removed to leave the connecting conductor 39 to



Fig. 11 shows the external magnetic field dependency of an inpedance Z, a
resi stance R, and an inductance L; Fig. 12 is a perspective view
of a magnetic sensor according to an eighth enbodi ment of this invention;
Fig. 13 is a perspective view of a nagnetic sensor according to a ninth
enbqdi nent of this invention; Fig. 14 is a sectional view of the
nmagnetic sensor in Fig. 13; F4§. 15 is a sectional view of a part
of a magnetic sensor according to a tenth enbodi nent of this invention as
a nndificatl of, t 16 sh QWS t he frequency

dependency of h%h°¥ﬁp‘é§ﬁﬁ‘&£g%‘i Y%é%@ﬁ’@t @ éﬁ‘%onaso g groypd
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wire was soldered to the other Cu foll as the connecting
conductor 39.

The magnetic sensor 31 thus obtained was
subjected to measurement of the impedance variation.
Specifically, a high-frequency current of 10MHz was
supplied between the other end of the permalloy wire 33
and the ground conductor f£ilm 35. The external magnetlic
field Hex was applied in a longitudinal direction of the
permalloy wire 33. In this event, the impedance
varlation rate had a maximum value of 38%/0Oe at Hex = 30e
on the basis of a reference value at Hex = 0OQe.

Second Embodiment

Referring to Fig. 4, a magnetic sensor 41
according to a second embodiment comprises an insulator
film 45 as an insulator substrate, a soft magnetic wire
33 as a soft magnetic element attached to one surface of
the insulator £ilm 45, a conductor wire 43 as a ground
conductor attached to the other surface of the insulator
film 45 in parallel to the soft magnetic wire 33, and a
short-circuiting conductor wire 47 as a connecting
conductor connecting one ends of the soft magnetic wire
33 with the ground conductor wire 43. The magnetic
sensor 41 is a two-terminal element having two external
connection terminals at the other ends of the soft
magnetic wire 33 and the ground conductor wire 43,

respectively.



Fig. 18 is a perspective view of a magnetic sensor according to a twelfth

enbadi nent of this invention; Fig. 19 is a cross sectional view
of the magnetic sensor illustrated in Fig. 18; Fig. 20 is a

| ongi tudi nal sectional view of the magnetic sensor illustrated in Fig. 18;
10 - Figs. 21A, 21B, 21C, 21D, 21E, and 21F are views for _
descri bing a manufacturing process of t hé magnetic sensor illustrated in
Fig. 18; Fig. 22 shows the external magnetic field dependency of

' ' n of Fig . 18;
the inpedance of the Eﬁg@ﬁk'ﬁaéﬁeéfﬁ sensorgil, the soft magnetic wire

33, the ground conductor wire 43, the short-circuiting
conductor wire 47, and the insulator film 45 correspond
to the soft magnetic wire 33, the ground conductor f£ilm
35, the insulator 37, and the connecting conductor 39 in
the magnetic sensor 31 of Fig. 2, respectively.
Therefore, the magnetic semsor 41 is also represented by
the equivalent circuit in Fig. 3 and its operation is
substantially similar to that of the first embodiment.

An example of the magnetic sensor 41 of the
second embodiment is as follows.

A permalloy wire having a diameter of 50 # m and
a length of 5mm as the soft magnetic wire 33 and a Cu
wire having a ditameter of 50 £ m and a length of 5mm as
the ground conductor wire 43 were adhered to both
surfaces of a polyimide f£ilm having a thickness of 70 # m
as the insulator film 45, respectively. One ends of the
permalloy wire and the Cu wire were short-circuited by
the short-circuiting conductor wire 47 to obtain the
magnetic sensor 41. The magnetic sensor 41 was then
subjected to measurement of the impedance variation.
Specifically, a high-frequency current of 10 MHz was
supplied between the other ends of the permalloy wire 33
and the Cu wire 43. In addition, an external magnetic
field Hex was applied in the longitudinal direction of
the permalloy wire 33. In this event, the impedance
variation rate had a maximum value of 29%/Oe at Hex =

300e.



Fig. 23 is a sectional view of the nmagnetic sensor according to a

thirteenth enbodi nent of this invention; and Fig. 24 shows the
external magnetic field dependency of Z, L, and R of the nagnetic sensor
of Fig. 23. Description of the Preferred Enbodi nents:

PriQr to description of preferred enbodinents of this invention, a
conventional nagnetic sensor wll heredf er be described for a better
understanding of this invention. Referring to Fig. 1A, the
conventional magnetic ens sing.a sqft netic el ement such as wire is
represented by gn equﬁgéﬁ%hgggi?%ﬁgévﬁag amg?éo termnals. The nagnetic

sensor detects the ch@&e Ha ﬁ%ﬁ%gg; Bfog?;ﬂ?gg??}%‘g‘ggﬁ%gﬁ%’gaffe# Q&]}/ari ation

i
in inpedance of the soft t'mag W re. esent ed by zZ
= R+ jlerr] lnddi8fd la RBIAMEtAT 320402% m and a length of 5mm was used

alone and a high-frequency current of 10 MHz was supplied
between both ends of the single permalloy wire. Then,

an external magnetic field Hex was applied in the
longitudinal direction of the permalloy wire. 1In this
state, the impedance varliation was detected. As a
result, the impedance variation rate at Hex = 300e was no
more than 8%/0e.

Third Embodiment.

Referring to Fig. 5, a magnetic sensor 49
according to a third embodiment is similar to the
magnetic sensor 31 of Fig. 2 except that the soft
magnetic wire 33 1s replaced by a soft magnetic tube 51
with a conductor wire inserted therethrough as a core
wire 53. One end of the core wire 53 is connected to a
connecting conductor 39 by soldering or the like.

As will readily be understood, the magnetic
sensor 49 forms a two-terminal element also represented
by the equivalent circuit in Fig. 3.

An example of the magnetic sensor 49 of the third
embodiment is as follows.

Through a permalloy tube having an outer diameter
of 200 £ m as the soft magnetic tube 51, a Cu wire having
a diameter of 100z m as the core wire 53 was inserted in

a generally coaxial form. A combination of the permalloy



frequency of an a.c. current supplied to the soft mnagnetic wre).
Specgifically, values of the resistance R and the inductance L varies in
dependence upon an external magnetic field. Detailed description will be
11 gi ven bel ow. When the soft magnetic wire is supplied with a
hi gh-frequency current, a magnetic field is forned to circle the soft
magneti c el enent. When the external nab%etic field Hex applied to the soft
magnetic wire is equal to zero, the soft nagnetic wire is excited along an

casy, et ealhgryy ol LB ML ALPBRS B ok TE R 2

frequency (1)ghPe andsREECYire for brevity of description. By the
use of the coaxial soft magnetic wire and a polyimide
film similar to that used in the first embodiment (i.e.,
having a total thickness of 140mm with Cu films formed on
both surfaces thereof), the magnetic sensor 49 in Fig. 5
was manufactured in the manner similar to the first
embodiment. The magnetic sensor 49 thus obtained was
subjected to measurement of the impedance variation.
Specifically, a high-frequency current of 1 MHz was
supplied between one ends of the core wire of the coaxial
soft magnetic wire and a ground conductor f£ilm 35.
Furthermore, an external magnetic field Hex was applied
in the longitudinal direction of the permalloy tube. As
a result, the impedance variation rate had a maximum
value of 21%/0Oe at Hex = 40e.

Fourth Embodiment

Referring to Fig. 6, a magnetic sensor 55
according to a fourth embodiment of this invention is a
modification of the magnetic sensor of Fig. 5. The
ground conductor £ilm 35 and the ground conductor 39 in
the magnetic sensor of Flg. 5 are replaced by a ground
conductor wire 43 and a short-circuiting conductor wire
47, respectively, and a coaxial soft magnetic wire (51,
53) and the ground conductor wire 43 are attached to both
surfaces of an insulator f£ilm 45, respectively, in the

manner similar to the second embodiment (Fig. 4).



band of several negahertz (MHz) or nore, relative perneability is
substantially equal to 1 and the inductance L has a small val ue determ ned
by an air core itself by a conductor itself. On the other
hand, when the external magnetic field Hex is applied, magnetization is
|ncI|ned froman excitation direction aqﬂ,a magneti zati on process by
rotati on of magnetization is carried out" Accordingly, the relative
perneability of the soft nagnetlc wire is increased and has a nmaxi num

value at Hex = Hk (Hgqbelng An iﬂgrﬁgbgegggngghgo%lgie ex{ﬁb addi tion,

at Hex > Hk, mmagnetization | |xed Irection o er nal
megneti c fiel dedin tdibod Bt Y& ra%wﬁale&huea ks ESHYGRE. again. Therefore,

the inductance L is changed in dependence upon the strength of the
external magnetic fielgl Hive aivd 0¥ theNB¥hNYEL ¥kt emagRete Hexre Ha,

On the other hand, the resistance Ris substantially determned by a d.c.

resi stance of 53kacomprising a permalloy tube (51) having an outer
diameter of 200 # m and a Cu wire (53) having a diameter
of 100 x m, together with a Cu wire (43) and a polyimide
film (45) similar to those used in the second embodiment,
the magnetic sensor 55 in Fig. 6 was manufactured. The
magnetic sensor 55 thus obtalned was subjected to
measurement of the impedance variation in dependence upon
the strength of an external magnetic field. Specifi-
cally, a high-frequency current of 1 MHz was supplied
between one ends of the Cu wire 53 of the coaxial soft
magnetic wire and the ground conductor wire 43 and the
external magnetic field Hex was applied in the longi-
tudinal direction of the permalloy tube 51. As a result,
the impedance variation rate had a maximum value of

16%/0e at Hex = 4Qe.

Second Comparative Example

Except that the ground conductor wire 43 was
removed, a magnetic sensor similar to the magnetic sensor
55 of Filg. 6 was prepared as a comparative exaﬁple. An
electric current of 1 MHz was supplied between both ends
of a conductor wire of a coaxial soft magnetic wire of
the comparative example. In this state, the magnetic
field dependency of an impedance was measured. As a
result, the impedance varlation rate had a maximum value

as small as 6%/0e at Hex = 40e.



conductor when the supply current has a frequency f in a

12 _, frequency band of several negahertz (MHz). However, in a frequency
band on the order of 10 MHz or nore, the resistance Ris increased under
the influence of the eddy current |loss and the skin effect. The skin
effect is determned by a skin depth [err] given by Equation (1): [err]
where [err] , f, and [err] represents ﬁgsistivity, frequency, and
perneability, respectively. As will be understood from Equation (1), at

S o O e el a7 STCt 13 10t nenl it e win
resistance is increasgfeaiang Re BGTEIDI LI hXoLEL{E Lénsor 57
according to a fifth embodiment is a modification of the
magnetic sensor of Fig. 5. Specifically, the magnetic
sensor 57 has an insulator layer 59 interposed between a
soft magnetic tube 51 and a core wire 53 forming a
coaxial soft magnetic wire.

An example of the magnetic sensor 57 of the fifth
embodiment is demonstrated as follows.

A Cu wire having a diameter of 0.5mm as the core
wire 53 was coated with a vinyl coating film as the
insulator layer 59. Furthermore, the insulator layer
59 was coated with a permalloy foil having a thickness
of 50 # m as the soft magnetic tube 51 to obtain the
coaxial soft magnetic wire. Then, by the use of a
polyimide film with Cu foils, the magnetic sensor 57 was
manufactured in the manner similar to the first
embodiment. The magnetic sensor 57 thus obtained was
subjected to measurement of the impedance variation in
dependence upon an external magnetic field. Speci-
fically, a high-frequency current of 10 MHz was supplied
between one ends of the core wire 53 of the coaxial soft
magnetic wire and a ground conductor f£ilm 35.
Furthermore, the external magnetic field Hex was applied
in the longitudinal direction of the permalloy tube. As
a result, the impedance variation rate had a maximum

value of 48%/0e at Hex = 3Qe.



I ncreased i n dependence upon the external nmagnetic field Hex. Therefore,
in a high frequency range requiring consideration about the skin depth
[err] , the electric resistance also changes in correspondence to the
external magnetic field Hex. In the above-nmenti oned nmagnetic
sensor, the relative perneability is sggstantially equal to 1in a
frequency band on the order of several gahertz (MHz). Therefore, the .
change in inductance L in correspondence to the external nagnetic field is"

smal | . However, by u%&&hgi%glsgg fegture that the relative perneability
has a maxi num val ue | magnetic field is equal in strength
Bg thg ani sotropic ”HQQQ%EEiBEekg’F%g? gV i@ﬁ%égkiélgéggq¥agﬁg in .
pendence upon the variation” in strength o e external magnetic field
can be increggedrding to a sixth embodiment is a modification of the
fourth (Fig. 6) or the fifth (Fig. 7) embodiment.
Specifically, in the manner similar to Fig. 7, an
insulator layer 59 is Interposed between a soft magnetic
tube 51 and a core wire 53 forming a coaxial soft
magnetic wire in Fig. 6.
An example of the magnetic sensor 61 is
demonstrated below.
By the use of a coaxial soft magnetic wire
similar to that used in the fifth embodiment together
with a Cu wire and a polyimide film similar to those used
in the second embodiment, the magnetic sensor 61 in Fig.
8 was manufactured. The magnetic sensor 61 was then
subjected to measurement of the impedance variation in
dependence upon the strength of an external magnetic
field. Specifically, a high-frequency current of 10 MHz
was supplied between one ends of the core wire 53 of the |
coaxial soft magnetic wire and a ground conductor wire
43. PFurthermore, the external magnetic field He# was
applied in the longitudinal direction of the permalloy
tube. As a result, the impedance variation rate had a
maximum value of 31%/0e at Hex = 30e.

Third Comparative Example

As a third comparative example, the ground
conductor wire 43 in the magnetic sensor 61 of Fig. 8 was

removed to form a magnetic sensor comprising a coaxial



13 Thus, the magnetic sensor using the soft nmagnetic elenent can
detect the variation in strength of the external magnetic field as the
variation in i npedance. Referring to Fig. 1B, in the conventiona
nmagnetic sensor, stray capacitance Cis produced between the sensor

el epent and other circuit conponents ang conductor lines therearound. The
stray capacitance C constitutes a facto? of unstable operation. .

Now, description will proceed to preferred enbodinments of this invention

\ i Ri Mt
with referencgot® hhgneti@W;fe having ﬁgLfﬂﬁ%ﬁa§§9935§§@é5ﬁrrSP“enbodinent

Referring to Fig. 2,7a magnetic sens accordin _
of this invenélestreeBitsest adk | 16 W HasS MiPH1368 BltwBenOBEYG! LY8sSOft

of the magnetic sensor to measure the magnetic field
dependency of an impedance. As a result, the impedance
variation rate had a maximum value as small as 8%/Oe at
Hex = 30e.

As described above, the magnetic sensor according
to each of the first through the sixth embodiments of
this invention has the ground conductor so as to have the
equivalent circuit illustrated in Fig. 3. In this case,
the impedance variation in response to the variation in
strength of the external magnetic field can be enlarged
further by the use of LC resonance. To demonstrate the
above, the value of the inductance L is changed in the
equivalent circuit while the resistance R and the
capacitance C are kept constant at 3Q and 200pF,
respectively. According to Equations (2) through (4),
the impedances Z are calculated and plotted in Fig. 9.

In the foregoing embodiments, permalloy is ‘
selected as a soft magnetic material. Instead, most of
those metal materials generally used as the soft magnetic
material can be used to achieve the similar effect as far
as such material can be formed into a wire, for example,
Co-Fe-Si-Bi.

As described above, the magnetic sensor according
to each of the first through the sixth embodiments of
this invention comprises the soft magnetic wire or the

coaxial soft magnetic wire with the conductor core



magnetic wire 33 as a soft magnetic el ement supported on an upper surface
of the insulator substrate 37, a ground conductor film 35 forned on a rear
surface of the insulator substrate 37, and a connecting conductor 39
extending froma part of the upper surface of the insulator substrate 37
to a part of a side surface thereof to_connect one end of the soft
magnetic wire 33 and one end of the gr36nd conductor film 35. The |
magneti c sensor 31 is a two-term nal elenent having two input termnals '

i ght side nqthe fi tracted fromt ft tic wire 33
na the o ountioekat sherekiPasa g aTomd Wi Ry ABRIRE © ol orent

QZS an equi vali gt G beUihtbbbYSLE N £8riBefiden 3 With this structure,

it is possible to suppress occurrence of the stray
capacitance between the soft magnetic element and
surrounding conductors and to achieve stable operation by
protection against the disturbance. In addition, by
utilizing the capacitance produced from addition of the
insulator and the conductor, the LC resonance frequency
can be freely designed. By utilizing the drastic change
in impedance following the variation of the inductance L
in dependence upon the external magnetic field, the
sensitivity can be remarkably improved from several times
to several tens of times as compared with the
conventional sensors. In addition, the magnetic sensor
of this invention simply comprises the wire material as
the soft magnetic element to which the insulator
including the conductor layer or a combination of the
insulator and the conductor wire is added. Thus, the
number of components is reduced and an expensive
installation such as a sputtering apparatus is not
required so that the magnetic sensor is obtained at a low
cost. Therefore, the magnetic sensor of this invention
is extremely useful for use as a magnetic head and the
like.

Seventh Embodiment

Referring to Fig. 10, a magnetlc sensor 63
according to a seventh embodiment of this invention

comprises a dlelectric plate member or a glass substrate



In Fig. 3, a capacitance Cis produced between the ground

conductor film

35 qnd the soft magnetic wire 33. A resistance R a reactance X, an
i npédance Z, and a resonant frequency fO of the equivalent circuit are

given by Equations (2) through (5): [err]
magnetic sensor having the equivalent circuit in Fig. 3,

In the
t he i npedance

varies in response to the variation in28trength of an external magnetic

field

and drastically varies around the resonant frequency fO.

65 as an lnsulator substrate having upper and lower
surfaces along a predetermined direction, and a linear
strip-like soft magnetic thin film 71 as a soft magnetic
element having a preselected width and deposited on a
part of the upper surface of the glass substrate 65 to
extend in the predetermined direction. The soft magnetic
thin film 71 has opposite ends as input and output ends
67 and 69 for supply of an electric current therebetween.
The magnetic sensor 63 is for detecting, as the impedance
variation, the variation in electric current which is
caused when the soft magnetic thin film 71 is applied
with a magnetic field in a direction intersecting the
predetermined direction. In the magnetic sensor 63, the
capacitance is intentionally provided by depositing a
ground conductor £ilm 35 as a conductor on the lower
surface of the glass substrate 65.

The soft magnetic thin £ilm 71 forms a two-
terminal element having the input and the output ends 67
and 69. The two-terminal element has an equivalent
circuit as illustrated in Fig. 3. In Fig. 3, C
represents a capacitance intentionally formed between the
ground conductor film 35 and the soft magnetic thin film
71. The equivalent circuit has a resistance R, a
reactance X, and an impedance Z given by Equations (2)
through (4), respectively, and has a resonant frequency
given by Equation (5), as described in the foregoing.

In the element having the equivalent circuit in

Fig. 3, the impedance of the element varies in response



Thus, the inpedance variation around the resonant frequency fOis greater
than in a frequency band much |ower than the resonant frequency fO.

In the magnetic sensor according to the first enbodinment of this
invention, the inpedance varies in response to application of the external
magretic field. As a consequence, the resonant frequency of the magnetic
sensor varies also. Therefore, by optin?ﬁing the frequency of the electric
current supplied to the nagnetic sensor, the variation in external

magneti c fielg can_be detected as a

15
very large i np%dﬁ%%e?ﬁ’é?’?ﬁ%?'bni? Re-ernal gagnetis, ddelfagndti &5t petad
sensitivity Cﬁ@rgethéec£ﬁgsf§bedance drastically varies around the

resonant frequency. Therefore, by monitoring the
variation of impedance around the resonant frequency,
wider output variation can be obtained as compared with
monitoring at a low frequency range much lower than the
resonant frequency.

The magnetic sensor in this embodiment has the
capacitance C intentionally provided so that the
operation is stable as compared with the conventional
magnetic sensors which does not have the ground conductor
film 35. Accordingly, detection of the magnetic field
can be stably carried out even when the magnetic sensor
1s operated in a frequency band lower than the resonant
frequency in LC resonance of the above-mentioned
conventional magnetlc sensor.

Description will be made about a method of
manufacturing the magnetic sensor 63 in the seventh .
embodiment (Fig. 10) by the use of high-frequency
magnetron sputtering.

At first, the glass substrate 65 having a
thickness of 200 #m, a width of 10mm, and a length of
20mm was prepared. Then, the linear strip-like soft
magnetic thin f£film 71 of Co-Nb-Zr having a thickness of 4
4 m, a width of 4mm, and a length of 14 mm was deposited
on a part of the upper surface of the glass substrate 65
by the sputtering. Subsequently, the ground conductor

film 35 of Cu having a thickness of 1 £ m, a width of



Furthernore, the first enbodiment includes the ground conductor film 35 so

that occurrence of the stray capacitance intheprior—art——can be

suppressed. In addition, electric field due

the.electric current
supplied to the soft nmagnetic wire 33 concentr .tﬁ"@fiﬁéiu@et ween t he
; OU
)

ground conductor film 35 and the connecting c h which the
electric current flows. Therefore, the2fagnet ilaliiil nsuscepti bl e
to disturbance and is therefore stable in operation as conpared with the

conventi onal netic_ sensor i ch_does not have_the ground conductor film
35. Accordi ngl &‘,‘“'déf‘gctai gﬁngf'g{]ﬂg tEReYas 3139 Aeparihed Smpihe carri ed
out even when,the_magnetic sensor | operated .in frequency. band | ower
than the resoft H o ngsagﬁpﬁgiﬁgtcgfass subStgﬂ??Déknﬂeéhﬁ qﬁ%& magneti c
sensor of themghhﬁlicegngﬂggg?%r9f @fsféﬁéfygﬁd by EPMA Eﬁié€¥%o%§e of a

permal | oy wire having
Probe Microanalysis) to have a composition of 83.7 ats
Co, 2.8 ats Zr, and 13.5 at% Nb.
The magnetic sensor 63 was heated at 400°C for 2

hours in a vacuum of 5.0 x 102

Torr or less under a
rotating magnetic field of H = 5000e to relax magnetic
anisotropy having been introduced during deposition of
the fillms. Thereafter, in a vacuum of the same degree
under a static magnetic field of the same level, heat
treatment was carried out to introduce uniaxial magnetic
anisotropy in a widthwise direction of the magnetic
sensor 63.

The magnetic sensor 63 as treated was supplied
with an electric current of 40 MHz and was measured for
the impedance dependent on various external magnetic
field (Hex). The measured data are illustrated in Fig.
11. The impedance variation rate was 188%/7.60e and the
average magnetic field sensitivity was 24.7%/0e. The
maximum magnetic field sensitivity was 65.8%/0Oe at Hex =
70e.

Fourth Comparative Example

As a fourth comparative example, a magnetic
sensor was experimentally prepared which is simllar to
the magnetic sensor of the seventh embodiment (Fig. 10)
except that the ground conductor £ilm 35 1is not formed

under the glass substrate 65. A process of forming the



of 50 g mand a length of 5mm as the soft nag?ELLg‘MLLe__BB—aﬁd~a pol yi m de
filmas the insulator substrate 37 having a total thickness ofd140 [err]m
The 'polyimide film has 35 [err]mthick Cu f0|I$m§mmw§» 63‘ sur f aces
thereof. One of the Cu foils on the polyimde f| |5 the ground
conductor film 35 while the other Cu foié mas ‘ d to | eave
the connecting conductor 39 to

16 be
short circuited to the one Cu foil as the ground conduct or f|In135

Furtherrore. 898, pdafle LIS RELTELLDY Wy @053 U5 Al bl oL O

obtained was (GUPLECISE {Re "FRTLL S At d S WIRCUANGE U20LR! 4R the
similar manner as the manufacture of the example of the
magnetic sensor 31 of the seventh embodiment of Fig. 10.
After forming the soft magnetic thin f£ilm 71, heat
treatment was also carried out in the similar manner.
The soft magnetic thin film 71 was also analyzed to have
a composition of 83.6 at% Co, 2.7 at% Zr, and 13.7 at%
Nb. An electric current of 40 MHz was supplied to the
magnetic sensor of the fourth comparative example and the
external magnetic field dependency of the impedance was
measured. The impedance variation rate was 37%/8.60e and
the average magnetic field sensitivity was 4.3%/0e. The
maximum magnetic field sensitivity was 9.5%/0e at Hex =
700e.

Eighth Embodiment

Referring to Fig. 12, a magnetic sensor 73
according to an eighth embodiment manufactured by
magnetron sputtering is different from that of the
seventh embodiment as will hereafter be described in
detail.

The magnetic sensor 73 of the eighth embodiment
was manufactured as follows. A glass substrate 65 having
a thickness of 200 g m, a width of 10mm, and a length of
20mm was prepared. Then, a lower portion of a linear
strip-like soft magnetic thin film 71 of Co-Nb-Zr having
a thickness of 4 £ m, a width of 4mm, and a length of

l4mm was deposited on a part of the upper surface of the



Specifically, a high-frequency current of 10MHz was suppl I ed between the
other end of the permalloy wire 33 and the g eunu uuHUUbLU[ fitm 35. The
extérnal magnetic field Hex was applied in a lo | echion of t he
permalloy wire 33. In this event, the inpedance &%mﬁie &E

- ]value at
8. 4, a

maxi num val ue of 38% Ce at Hex = 3Ce 0g4t he basi

Hex = 0Ce. Second Enbodi nent Ref

magneti c sensor 41 according to a second enbodi nment conprises an insul at or
film45 as a t gt e, etl CeM#f AmpPid
magnetic el er’rgnt attac ?’% g%e sﬁ??ggé&e heélc%su at%rgﬁﬁ‘l n?)

conduct or wi r%rﬂ%l&%s% fooﬁn% mCOEd\Hf&Qﬁ GE L Bmedad® 4 hl%rf&th?roislﬂofnﬁpe of

t he insul at or IIm45 in paraII to the soft nagnetlc wirte 33, and a
short-circuit lm FHHeHeE Dn W Eénﬁ@ralﬁiﬂec@ﬂﬂﬂ@éll&ﬂeﬁW&'f SIORMRCE i ng

one ends of the soft magnetic wire 33 with the ground conductor wire 43.
The magnetic soft magnetic thin £film 71. Thereafter, on the lower

portion of the soft magnetic thin film 71 over the upper
surface of the Cu film 75, an upper portion of the soft
magnetic thin £ilm 71 of Co-Nb-Zr was deposited to have a
maximum thickness of ¢ £ m, a width of 4mm, and a length
of 14mm. Finally, on the lower surface of the glass
substrate 65, a ground conductor f£ilm 35 of Cu was
deposited which has a thickness of 1 £ m, a width of
10mm, and a length of 20mm.

The soft magnetic thin film 71 was also analyzed
to have a composition of 83.4 at% Co, 3.0 at% Zr, and
13.6 ats Nb.

In the manner similar to the seventh embodiment,
uniaxial magnetic anisotropy was introduced into the
magnetic thin film 71 in a widthwise direction thereof.
Subsequently, the magnetic sensor 73 was supplied with an
electric current of 80 MHz and the impedance variation
rate was measured by application of the external magnetic
field varied. The impedance varlation rate was 85%/8.10e
and the average magnetic field sensitivity was 10.7%/Oe.
The maximum magnetic field sensitivity was 25.1%/0Oe at
Hex = 70e.

Fifth Comparative Example

A magnetic sensor of a fifth comparative example

was experimentally prepared which is similar to the



sensor 41 is a two-termnal elenment having two external connection
termnals at the other ends of the soft nagnetic wire 33 and the ground
conductor wire 43, respectively. 17

In the magnetic sensor 41, the soft magnetic wire 33, the ground conductor
wire 43, the short-circuiting conductordm re 47, and the insulator film45
correspond to the soft magnetic wre 39, the ground conductor film 35,
the insulator 37, and the connecting conductor 39 in the magnhetic sensor

aprhoont oy RRR, o REGRShf: oL ORI RRL (L 18,7 0

substanti al | y eddddgtan Had ithat gebuhBecbh&stt SEPOMH MBS - was not formed
on the lower surface of the glass substrate 65. Thus,
the magnetic sensor of the fifth comparative example
comprises the soft magnetic thin film 71 of Co-Nb-Zr and
the Cu film 75 formed on the upper surface of the glass
substrate 65.

Under the conditlion similar to the eighth
embodiment, heat treatment was carried out to introduce
magnetic anisotropy. Thereafter, an electric current of
80 MHz was supplied. 1In this state, the external
magnetic field (Hex) dependency of the impedance was
measured. As a result, the impedance variation rate was
50%/90e and the average magnetic field sensitivity was
about 6%/0e. The maximum magnetic field sensitivity was
12.3%/0e at Hex = 70e.

Ninth Embodiment

Referring to Figs. 13 and 14, a magnetic sensor
77 according to a ninth embodiment was manufactured by
magnetron sputtering in the manner which will presently
be described. At first, a glass substrate 65 having a
thickness of 200 £ m, a width of 10mm, and a length of
20mm was prepared. Then, a first linear strip-like soft
magnetic thin £ilm 79 of Co-Nb-Zr having a thickness of 4
#m, a width of 4mm, and a length of 14mm was deposited
on a part of the upper surface of the glass substrate 65.
Thereafter, on the first soft magnetic thin £ilm 79, a

first Sio2 film 81 having a thickness of 0.5 xm, a width



An exanpl e of the magnetic sensor 41 of the second enbodinent is as

fol | ows. A permall oy wire having a dianeter of 50 g mand a

| ength of 5mm as the soft magnetic wire 33 armtis Sheliilas Bven Repheedi ng a di anmet er
of 50 [err] mand a length of 5mm as the grouiiiii (el M re 43 were
adhered to both surfaces of a polyim filml ; i{llkness of 70

[err] m as the insulator film 45, respectivel ends of the permalloy .

wire and the Cu wire were short-circuited by t he short-circuiting

conduct or wi r g ng&dotaﬁpéa:iriér%ieh t@}g;l%%nh\gwl %ngEmé&; 88y I%ﬁéﬁ{fy.seé‘sor 41

was then subjec 0 neasur n ance varl a

Speci fical 1y.cg #1074 GUIANGY £Uiichhedl 53 Wi Wasa guaphisd Bghyeen the

other ends of the pernmalloy wire 33 and the Cuwre 43. I'n addition, an

external magngd Ga fdrftch ke MAen IRR BePoisA tbBeohonakt Hdiael sdb) egfimn of
the permalloy wire 33. In this event, the inpedance variation fate had a
mexi mum val uepf 28igKMeioddX on the first 510, film 81 and the Cu

£ilm 75, a second S$10, film 83 having a thickness of 0.5

2
£ m, a width of 3mm, and a length of 18mm was formed.
Furthermore, on the first soft magnetic thin film 79 and

the second Si0, f£ilm 83, a second linear strip-like soft

2
magnetic thin film 85 having a thickness of

4 #m, a width of 4 mm, and a length of 14 mm was formed.
Finally, a ground conductor £ilm 35 of Cu having a
thickness of 1 #m, a width of 10mm, and a length of 20mm
was deposited on the lower surface of the glass substrate
65.

Each of the first and the second soft magnetic
thin f£films 79 and 85 had a composition of 84.1 ats Co,
2.7 a% Zr, and 13.2 at% Nb as analyzed by EPMA.

In the manner similar to the seventh embodiment,
uniaxial magnetic anisotropy was introduced into the
magnetic thin films 79 and 85 in a widthwise direction
thereof. Then, the magnetic sensor 77 was supplied with
an electric current of 120MHz and the impedance was
measured as the external magnetic field Hex of various
strengths is applied. As a result, the impedance
variation rate was 35%/8.00e and the average magnetic.
field sensitivity was 43.8%/0e. At Hex = 70e, a curve

representative of the impedance variation with respect to

the external magnetic fileld Hex exhibited the maximum



300e. 18 First Conparative
Exanpl e For the purpose of conparison, a pernalloy wire having a
di aneter of 50 [err] mand a |l ength of 5mm was used alone and a

hi gh-frequency current of 10 MHz was supplied between both ends of the
single permalloy-wire. Then, an external magnetic field Hex was applied in
the |longitudinal direction of the perw% oy wire. Inthis state, the

i npedance variation was detected. As a result, the inpedance variation

rate at tex - 0RMAS idn ML 308" fBeaance var1dllds HEOUN

Referring to g. magnhetic
205%/0e.

Sixth Comparative Example

A magnetlc sensor of a sixth comparative example
was experimentally prepared which is similar £o the
magnetic sensor 77 of the ninth embodiment {Figs. 13 and
14) except that the ground conductor film 35 was not
formed on the lower surface of the glass substrate 65.

Under the condition similar to the ninth
embodiment, heat treatment was carried out to introduce
magnetic anisotropy. Thereafter, an electric current of
120 MHz was supplied. In this state, the external
magnetic field dependency of the impedance was measured.
As a result, the impedance variation rate was 120%/8.20e
and the average magnetic field sensitivity was about
14.6%/0e. The maximum magnetic field sensitivity was
23%/0e at Hex = 70e.

Tenth Embodiment

Referring to Fig. 15, a magnetic sensor 85
according to a tenth embodiment has a structure similar
to the magnetic sensor 77 of the ninth embodiment (Figs.
15 and 16) except that the first and the second soft
magnetic thin films 79 and 85 are replaced by first and
second soft magnetic layers 87 and 91 each of which has a
stacked structure.

The magnetic sensor 95 was manufactured in the
following manner. At first, a glass substrate 65 having

a thickness of 200 g m, a width of 10mm, and a length of



according to a third enbodinent is simlar to the magnetic sensor 31 of
Fig. 2 except that the soft magnetic wire 33 is replaced by a soft
maghetic tube 51 with a conductor wire inserted therethrough as a core
wire 53. One end of the core wire 53 is connected to a connecting

conductor 39 by soldering or the like. As will readily be

$ : 33 :
under st ood, the nmagnetic sensor 49 forrs a two-term nal el enent al so
represented by the equivalent circuit in Fig. 3. An exanpl e of

the magneti c ARES Wadt D Apd ARy ! hiﬂh@n,eghog: gﬁéﬁ.;ﬁ £ eleg%ﬁfwss rface

Through a permalloy tube having an outer _ r o err] mas the
soft magneti off Wi Yrads @ub¥trAtRa¥sNda sodtanREEL1OftHOR[£L{1d dnas the

core wire 53 was inserted in a generally coaxial form A conbination of

the permal | oyof Co-Nb-Zr having a thickness of 1 #m, a width of 4mm,
and a length of 14mm was deposited. Subsequently, on the
soft magnetic thin film 87a, an AIN film 8%a having a
thickness of 0.1 g m, a width of 4mm, and a length of
18mm was formed. Likewilise, similar soft magnetic thin
films 87b through 874 and similar AIN films 89b and 89c:
were alternately deposited to form the first soft
magnetic layer 87 of a stacked structure with three ALN
films interposed. Thereafter, on the first soft magnetic
layer 87, specifically, on a part of the upper surface of
the topmost soft magnetic thin £ilm 874, an ALN film 81
having a thickness of 0.5 g m, a width of 3mm, and a
length of 18mm was deposited. Subsequently, a Cu f£ilm 75
having a thickness of 1 g m, a width of 2mm, and a length
of 20mm was formed on the AIN £film 81 except both ends
therecf. Then, on the ALN £film 81 and the Cu film 75, an
AlN film 83 having a thickness of 0.5 £ m, a width of
3mm, and a length of 18mm was formed. Then, on the AlN
film 83 and on the first soft magnetic layer 87, namely,
on the uppermost soft magnetic thin £ilm 874, another set
of soft magnetic thin films 91a through 914 of Co-Nb-Zr
and three AIN films 93a through 93¢ are alternately
deposited to form the second soft magnetic layer 91 with
the three AIN films interposed. Finally, a ground
conductor film 35 of Cu having a thickness of 1 ¢t m, a

width of 10mm, and a lengthof 20mm was deposlited on the



19 tube and the Cu wire will hereafter be called a coaxial soft magnetic

wire for brevity of description. By the use—of—the—eoaxtal—soeft nagnetic

wire and a polyimde filmsimlar to that usged J he first embodi nent

(i.e., having a total thickness of 140mm witHh" ﬁET, CntBEREH on  bot h
i:;" o

surfaces thereof), the nmagnetic sensor 49 in F quactured I n
the manner simlar to the first embodifént. T i insor 49 t hus
obtai ned was subjected to neasurenent of the inpedance variation.

Speci fically, i.gh-fr ency rrent of .1 Mz WasS, S i t ween one
ends of the c&?ggﬁgﬁgrb %%h8%08§xi as%oﬁ?b?&iﬁ&ﬁic Vﬂtﬂ?% n%géQ ound

conductor fil ggi%ﬁ_érnagﬁretﬂgr gﬁg_g% f?%ggxé.% %‘i@qﬂ?g&iﬁ'ﬂmﬁﬁ‘i&% agpl I ed

in the longitu rection perm ares

i npedance varigald @RA4r at @chpdsat MBX 1 GBI 3 Vil ey Vo 290101 oHeX snagtle.

13.4 ats Nb.

In the manner similar to the seventh embodiment,
unlaxial magnetic anisotropy was introduced into the soft
magnetic layers in a widthwise directions thereocf. Then,
the magnetic sensor 95 was supplied with an electric
current of 120 MHz and the impedance was measured in the
external magnetic field (Hex) with the strength variously
changed. As a result, the impedance variation rate was
212%/8.00e and the average magnetic field sensitivity was
26.5%/0e. The maximum magnetic sensitivity was 128%/0Oe
at Hex = 70e.

Seventh Comparative Example

A magnetic sensor of a seventh comparative
example was experimentally prepared which is similar to
the magnetic sensor 77 of the ninth embodiment (Fig. 15)
except that the ground conductor film 35 is not formed on
the lower surface of the glass substrate 65. Heat
treatment was carried out in the condition similar to
that of the ninth embodiment to introduce magnetic
anisotropy. Thereafter, an electric current of 120 MHz
was supplied. 1In this state, the external magnetic field
dependency of the impedance was measured. As a result,
the impedance variation rate was 83%/8.50e and the

average magnetic field sensitivity was about 9.8%/Ce.



Fourt h Enbodi nent Referring to Fig. 6, a nmagnetic sensor 55
according to a fourth enbodinent of this invention is a nodification of

t he magnetic sensor of Fig. 5. The ground conductor film 35 and the ground
conductor 39 in the nagnetic sensor of Fig. 5 are replaced by a ground
conductor wire 43 and a short-circuiting conductor wire 47, respectively,
and a coaxial soft magnetic wire (51, §) and the ground conductor wire 43 .
are attached to both surfaces of an insulator film45, respectively, in
the manner sjmlar to the secopd odi ment. (Fig. 4).

20 Ko cRarRumoRagREC hahur 1 SRR 1, a8, 22 B3O8 2mbod mrent

S dennnstratﬁgxag ;8glom5.

Eleventh Embodiment

A magnetic sensor according to an eleventh
embodiment 1s similar to the magnetic sensor 77 of the
ninth embodiment (Figs. 13 and 14) except that the soft
magnetic thin films 81 and 83 of Co-Nb-Zr are replaced by
permalloy of 4 g m thickness.

The magnetic sensor was heated at 500°C for 2
hours in a vacuum of 5.0 x 10'_6 Torr or less under a
static magnetic fleld of H = 5000e to introduce uniaxial
magnetic anisotropy in a widthwise directlon thereof.
Thereafter, the magnetic sensor was supplied with an
glectric current of 40 MHz, and the external magnetic
field (Hex) dependency of an impedance, an inductance,
and a resistance was measured. The impedance variation
rate was 72%/400e and the average magnetic field
sensitivity was 18.0%/0e. The maximum magnetic field
sensitivity was 43%/0e at Hex = 2.50e.

Eighth Comparative Example

A magnetic sensor of an eighth comparative
example was experimentally manufactured which is similar
to the magnetic sensor in the eleventh embodiment except
that the ground conductor £ilm (35 in Figs. 13 and 14) is
omitted. Like in the eleventh embodiment, an electric
current of 40 MHz was supplied. In this state, the

magnetic field dependency of the impedance was measured.



By the use of the coaxial soft nmagnetic wire (51, 53) conprising a
permal | oy tube (51) having an outer dianeter of 200 [err] mand a Cu wire
(53) having a dianmeter of 100 [err] m together with a Cu wire (43) and a
polyimde film(45) simlar to those used in the second enbodi ment, the
magneti c sensor 55 in Fig. 6 was manufactured. The nmagnetic sensor 55 thus
obt ai ned was subjected to neasurenent ¥ the i npedance variation in
dependence upon the strength of an external nagnetic field. Specifi-

11y, hi gh- f f '
the éigi‘m- riégfes of TR Lbaxtaf ?edj%@%ﬂ%%%?ﬂﬁ'r'gﬁé PRE §PS0Ad E8nduct or
wre an ' I -
t udi nal di recgll?%n&g% e%ﬂe %%?%?eé%e&jtéu?eiwé&%gtﬁgghw ,Qak? ﬁiebglﬁ'r‘?{)ggglnce

variation Ialg/6ad %ﬁ@%é&'ﬂ@'ﬁ%ﬁﬁé?ﬁ%@% YonldiX 17149%uas 16%/0g Second
npar at i ve Exanpl e ce that the ground condlctor wire 43 was
at Hex = 2.50e.

According to each of the seventh through the
eleventh embodiments of this inventions described above,
in the magnetic sensor using the soft magnetic thin film
to detect, as impedance variation, variation in strength
of the external magnetic field, the ground conductor f£ilm
{(ground electrode) is formed so as to intentionally
provide the capacitance. Therefore, the magnetic sensor
is advantageous in that the operation is stable and that
the drastic change in impedance accompanying LC resonance
in the equivalent circuit in Fig. 3 can be utilized.
Thus, the disadvantages in the above-mentioned
conventional sensors can be readily removed.

The value of the capacitance C in the equivalent
circuit in FPig. 3 can be selected to a specific value in
a design stage. The resistance RO and the inductance L0
illustrated in the figure vary in dependence upon the
external magnetic field.

Specifically, in the equivalent circuit having
the impedance given by Equations (2) through (4), the
inductance L is variously changed with the resistance R
and the capacitance C kept constant at 3Q and 200 pF,
respectively. 1In this state, the impedance is calculated

as plotted in Fig. 16. As already described, in the



renoved, a magnetic sensor simlar to the nagnetic sensor 55 of Fig. 6 was
prepared as a conparative exanple. An electric current of 1 MHz was
suppl i ed between both ends of a conductor wire of a coaxial soft nmagnetic
wire of the conparative exanple. In this state, the magnetic field
dependency of an inpedance was neasured. As a result, the inpedance
variation rate had a maxi numvalue as 3#all as 6% Ce at Hex = 40e.

21 Fi fth Enbodi nment Referring to Fig. 7, a magnetic

ensor 57 accordi to a fifth enbodi t is a di.fication_ of the
iagﬁe{ic sensﬂPQBFQgFg§e§§°§p82i??%%J?éfih?mﬁ ithrughs dhes7 has an

I nsul at or |aygieégnkﬂt8ﬁ88§§ge8€§“§ "“Fis invention, the permeability

of the soft magnetic films is varied under the influence
of the external magnetic field. Therefore, the variation
of the inductance L shown in Fig. 16 is actually caused
by the external magnetic field. For example, it is
assumed that, when an electric current of 70 MHz is
supplied, the permeability 1is increased by application of
the external magnetic field and the inductance L varies
from 20nH to S0nH. 1In this event, the impedance varies
from 12Q to 80Q , exhibiting the variation rate of 600%
or more. Practically, since the electric resistance is
varied under the influence of the skin effect, the
situation 1is not so simple.

Fig. 17 shows the frequency dependency of the
impedance measured in the ninth embodiment, which has a
tendency substantially identical with that illustrated in
Fig. 16. Thus, it will be noted that the impedance
variation following application of the magnetic field to
the magnetic sensor causes the variation of the resonant
frequency of the magnetic sensor. Therefore, by
optimizing the frequency of the electric current
supplied, the variatlon in strength of the external
magnetic field can be detected as a very large impedance
variation rate.

In the ninth and the tenth embodiments, the soft

magnetic thin £1ilm is formed by amorphous Co-Nb-Zr. In



soft magnetic tube 51 and a core wire 53 forn109_37_E$E§%21%i§LL_Tagnetic
wire. An exanpl e of the magnetic sensor

enbodi ment i s denonstrated as foll ows. re having a dianeter

of 0.5mm as the core wre 53 was coated mnth 1@«ﬂn1as t he

i nsul ator |ayer 59. Furthernore, the |ns | at or 41 ated wth a
m

permal l oy foil having a thickness of 5¢ err] gnetlc t ube

51 to obtain the coaxi al soft magnetic wire. Then, by the use of a

pol yi m de fiI Cu fqils e ghet i nso nu tur din

t he manner I%?“ﬁﬁ%?-ﬁ“??ﬁ m&ﬁEOdPﬁﬁﬂ {§mﬁﬁ9 |clg%h '5?‘ hus

obt ai ned mas { e up hal | n
@ﬁ% %:ér%ﬂ%%i 1§”§8 t {ng&ﬂ%ﬂ@%@'ﬁ{@@l Cac?’afr{, B4 f¥d

dependence upon an ext magne eci a

hi gh- {1 eqUency eiidadnt & %Qawzowaehéueal fﬂ’m bgi YRty 06 12N Lt dhe core
wire 53 of the coaxi al magnetic wire and’ a ground conductor film 35.

£from low~resistance electrode metals such as Al, Ag, and
Au can be used. The insulator f£film may be formed by
various compounds excellent in insulation, such as A1203
and 8130 instead of $10, and AlN.

2

Now, description will be made as regards a
magnetic sensor having the soft magnetic element
comprising a Co-Nb-Zr film similar to the ninth and the
tenth embodiments shown in Figs. 13, 14, and 15 but
having no ground conductor film as have been described as
the sixth and the seventh comparative examples. It
should be noted that the magnetic sensor without the
ground conductor film is provided with an improved
magnetic field sensitivity above 15%/0Oe by the use of the
Co-Nb-Zr film of a specific composition essentially |
consisting of 80-87 at% Co, 10-17 at% Nb, and 1-6 ats Zr.

Twelfth Embodiment

This embodiment is similar to the ninth
embodiment of Figs. 13 and 14 but without the ground
conductor film 35 as in the sixth comparative example.

Referring to Figs. 18 through 20, a magnetic
sensor 85 according to a twelfth embodiment of this
invention comprises a glass substrate 65 as an insulator
substrate, and a soft magnetic element formed on the

glass plate 65. The magnetic element is a clad type



Furthernore, the external nmagnetic field Hex was applied in the

| ongitudinal direction of the pernmalloy tube. As a result, the inpedance
variation rate had a maxi mum val ue of 48% Ce at Hex = 30e.

22 Si xt h Enbodi nment Referring to Fig. 8, a magnetic
sensor 61 according to a sixth enbodinﬁgt Is a nodification of the fourth
(Fig. 6) or the fifth (Fig. 7) enbodinent. Specifically, in the manner
simlar to Fig. 7, an insulator layer 59 is interposed between a soft

monet ¢ W05 ot oSl EbEfe iy T TRAR SR 10ky oEengtic wre
soft magnetic element, a soft magnetic layer 99
conmprising a Co-Nb-Zr film having a thickness of lg m,
a Cu £ilm 75 as a core conductor of the soft magnetic
element, having a thickness of 1 g m and formed at a
center portion, an insulator layer 101 comprising

0.5 # m-thick $i0, films 81 and 83 interposed between

2
the soft magnetic layer 99 and the conductor layer 75.

The soft magnétic layer 99 comprises a first soft
magnetic thin film 79 formed on the glass substrate 65,
and a second soft magnetic thin film 85 formed on and
above the first soft magnetic thin £ilm 79. The
insulator layer 101 comprises the Sio2 films 81 and 83 as
first and second insulator f£ilms. The first insulator
film 81 is interposed between the Cu film 75 and the
first soft magnetic thin film 79 while the second
insulator film 83 is interposed between the Cu f£ilm 75
and the second soft magnetic thin film 85. The first and
the second insulator films 81 and 83 are kept in tight
contact with each other at opposite peripheral portions
thereof.

The magnetic sensor 97 of the twelfth embodiment
was manufactured as follows to obtain samples 1 through
10. 1In addition, comparative samples 11 through 15 were.
obtained as a ninth comparative example.

Referring to Figs. 21A through 21F, the magnetic

sensor 97 having the structure illustrated in Figs. 18



denonstrat ed bel ow. By the use of a coaxial soft nmagnetic wire
simlar to that used in the fifth enbodi nent together wth a Cu wire and a
polyimde filmsimlar to those used in the second enbodi nent, the
magnetic sensor 61 in Fig. 8 was manufactured. The magnetic sensor 61 was
thepn subjected to neasurenent of the iq@?dance variation in dependence
upon the strength of an external magneti field. Specifically, a :
hi gh-frequency current of 10 MHz was supplied between one ends of the core
wire 53 of th | gngt' | apd .a_grqun OkW re 43.
Furt her nor e, ?ﬁ%fex %?%%ﬁa%%dﬁg|ct#%%igrﬁgxg%gsgggggl?%gggggféegs
longi tudinal dhiechd 0f Ol1dibifededBIGY  BYDEneARsB bESELLNbLEE LfPSgance
variation rate had %. maxi mum val ue of 31% Ce gt_ﬁbx = g%e. A &9Third
Conpar ative ExgdBdéts of a seifral Windd 62MB3MBLLYE18%8PAR. NbhSeBiouUNd
conductor wire 43 in the magnetic sensor 61 of Fi-g. 8 was

and a Zr pellet, Co-Nb-Zr films of different compositions

were formed. The compositions of the Co-Nb-Zr films
deposited were analyzed by EPMA.

At filrst referring to Fig. 21A, a mask was formed
on the glass substrate 65 having a dimension of 10mm x 20
mm. As illustrated in Fig. 21B, the first soft magnetic
thin film 79 of Co-Nb-Zr having a width of 4mm, a length
of 14mm, and a thickness of 1 £ m was formed by
sputtering. Next referring to Fig. 21C, the first
insulator film 81 of 8102 having a width of 3mm, a length
of lémm, and a thickness of 0.5 ¢ m was formed by RF
magnetron sputtering by the use of a mask. Next
referring to Fig. 21D, on the first insulator £ilm 81,
the Cu film 75 having a width of 2mm, a length of 20mm,
and a thickness of 1 £ m was formed to extend in the
longitudinal direction beyond the both ends of the first
insulator f£ilm 81. Then, as ilustrated in Fig. 21E, the

second insulator £ilm 83 of 810, having a width of 3mm, a

2
length of 16mm, and a thickness of 0.5 £ m was formed to
cover the center portion of the Cu film 75 and to overlap
the first insulator film 81. Thereafter, as illustrated
in Fig. 21F, the second soft magnetic thin film 85 of
Co~Nb-Zr having a width of 4mm, a length of 14mm, and a

thickness of 1 4 m was formed to cover the second



renoved to forma magnetic sensor conprising a coaxia

23 soft magnetic wire having an insulator layer 59. An electric current

of 10 MHz was supplied between both ends of the magnetic sensor to neasure
the magnetic field dependency of an inpedance. As a result, the inpedance
varjation rate had a maxi rum value as sppll as 8% Ce at Hex = 30e.

As descri bed above, the magnetic sensor®*according to each of the first

t hrough the sixth enbodi mnents of this invention has the ground conductor

so as 10 haveyfhga, £Gp1 ¥pd £ O nlld, IdHUShiabedcl BFLey 37 LBsthi s case,

t he i npedance varration 1Th response ron-in rengfh of the

external magnsbhigihes! d £RO Rigfl Y Whsor 97 experimentally
manufactured had a dimension such that the Co-Nb-Zr film
had a length of 14mm and a width of 4mm and that the Cu
film (Cu electrode) had a length of 20mm and a width of
2mm. The magnetlc sensor 97 was subjected to heat
treatment at 400C for 2 hours in a vacuum of 5.0 x 1()-'6
Torr or less and under a rotating magnetic field of H =
5000e to relax magnetic anisotropy having been introduced
during deposition of the films. Thereafter, heat
treatment was carried out 1in a vacuum of the same degree
and a static magnetic field of the same level to
introduce uniaxial magnetic anisotropy in a widthwise
direction of the magnetic sensor 97.

Then, with opposite ends of the Cu film 75 of the
magnetic sensor 97 used as input terminals, an electric
current of 10 MHz was supplied. 1In this state, the
external magnetic field dependency of the impedance was
measured. The impedance variation rate and the result of
analysis of the composition by EPMA are shown in Table 1.
For Sample 1 in Table 1, the external magnetic field
dependency is plotted in Fig. 22. 1In Table 1, Samples 1
through 10 use the compositions of Co-Nb-Zr film of this
invention while Samples 11 through 15 according to the

ninth comparative example use other compositions

different from this invention.



further by the use of LC resonance. To denDnstrare_rﬁ"'—EBGVE_—-é val ue of

the inductance L is changed in the equivalent cirguif. e resistance

R ahd the capacitance C are kept constant at Sfj t LR8P
h i
gl

respectively. According to Equations (2) throug [:dances Z are
calcul ated and plotted in Fig. 9. In t lldfbodi nent s,
permal loy is selected as a soft nagnetlﬁg mat eri al . Instead nost of those
nmetal materials generally used as the soft magnetic material can be used '
to achieve the simlar effect as far a3 iucg material can be fornmed into a
wire, for exanple, Co-Fe-Si-Bi Rs*described above, the magnetic
sensor according to each of the first through the sixth enbodi nents of

this invention 90@% s the SO TAGRILLC i T ¢l PhpbBEncg O dhabnoeld

nmagnetic wre|wt con variation | Field Sen-
Co Nb Zr Rate sitivity
(at%) | (at%) | (at%) (%/0e)

1|84.3 12.6 3.1 107%/6.50e 16.5

2| 83.8 13.5 2.8 103%/6.20e 16.6
3(83.2 13.5 3.3 100%/6.00e 16.7
4 | 86.5 10.5 3.0 130%/8.20e 15.9
Twelfth
Embodi- 5]80.3 13.6 6.1 95%/5.90e 16.1
ment

6| 84.1 13.9 2.0 115%/7.50e 15.3

7] 85.5 12.2 2.3 126%/8.20e 15.4

8| 84.5 13.7 1.8 145%/8.80e 16.5

9] 83.2 11.5 5.3 109%/6.60e 16.5

10 ] 82.2 16.3 1.5 99%/6.20e 16.0

11| 88.6 10.9 0.5 143%/180e 7.9
Ninth 12 | 84.2 9.0 6.8 135%/150e 9.0
Com-
para- 13§ 80.2 18.5 1.3 56%/8.90e 6.3
tive
Example | 14§ 79.2 15.6 5.2 80%/80e 10.0
15 | 87.2 9.2 3.8 138%/160e 8.6

It is noted from Table 1, Samples 1-10 has a
magnetic field sensitivity above 15%/0e comparing with
Comparative Examples 11-15.

Tenth Comparative Example

As a magnetic sensor of a tenth comparative
example, a Co-Nb-Zr film having a thickness of 2 g m, a
length of 4mm, and a thickness of 4mm was formed alone on

the glass substrate 65 having a thickness of lmm in the



24 I nserted therethrough, the ground conducLoL*_aﬂQ_th__FgggIator

I nt erposed therebetween. Wth this structure, it is possible To suppress
occurrence of the stray capacitance between 1hiag pdRgnetic el ement and
surroundi ng conductors and to achi eve stabl e O Y ieafdT ot ect i on

agai nst the disturbance. In addition, b¥3 utiqi" 3 | ci tigance
produced fromaddition of the insulator“and t i\t the: LC
resonance frequency can be freely designed. By utilizing the drastic
change in i ] th | atj i t e '
dependence uggﬁg?ggﬁeéﬁélraﬁyngﬁtégng{%lgi4$el+%§h%eéﬂ§1elﬁrs]¥$’?}v??% égﬁlggh

renar kably | MBRBXAUnbROM SRUChBht L MESnddt SRYPIA IR ot WiTRINES

conpared_mﬁth t conventional sensors. ition, t he magneti c sensor
of this invenjhhghetiBPEYeEQIPI TEESsdNE MAdfe B! WlicMerdS was directly

supplied with an electric current of 10MHz. In this
state, the external magnetic field dependency of the
impedance was measured. As a result, the impedance
variation rate was 30%/70e and the magnetic field
sensitivity was 4.3%/0e. The film had a composition of
83.8 at% Co, 13.3 at% Nb, and 2.9 at% Zr. As compared
with Sample 2 in the twelfth embodiment, the magnetic
sensor of the twelfth embodiment (Fig. 20) having the
core conductor 75 in addition to the soft magnetic layer
39 is obviously superior.

Eleventh Comparative Example

As an eleventh comparative example, a magnetic
sensor was prepared which is similar to the magnetic
sensor of the twelfth embodiment (Figs. 18 through 20)
except that the insulator layer 101 comprising the Sio2
film is removed. Thus, the soft magnetic element
comprises the glass substrate 65, the Cu film 75, and the
Co-Nb-Zr film as the soft magnetic layer 99. 1In the
manner similar to the twelfth embodiment, magnetic heat
treatment was carried out. In the manner simllar to the
twelfth embodiment, the soft magnetic element is supplled
with an electric current of 10MHz. In this state, the
external magnetic field dependency of the impedance was
measured. As a result, the impedance variation rate was

50%/70e and the magnetic field sensitivity was 6%/0Oe.



the soft magnetic elenent to which the insulator including the conductor
| ayer or a conbination of the insulator and the C | | s added.
Thus, the nunber of conponents is reduced andmgkn&xh ' instal l ation
such as a sputtering apparatus is not required]mpnikes 9

is obtained at a low cost. Therefore, t'ge magnHw,#('

I nvention is extrenely useful for use é a mg i |
Sevent h Enbodi nent Referring to Fig. 10, a nagnetic sensor 63

according to arnseg"%‘cf‘-tﬁb-ez@‘}‘iﬁ%‘?@tgdo& EBhSokTYE0h OF 855 PA{$ %S 2 fg,egzgctri ¢

pl ate nenber or ass substra
ats Nb, and 2.9 at% Zr. As compared with Sample 3 in the

twelfth embodiment, the magnetic sensor of the twelfth
embodiment (Figs. 18 through 20) having the insulator
layer between the soft magnetic layer and the conductor
layer is obviously superior.

Twelfth Comparative Example

As a twelfth comparative example, a magnetic
sensor similar to the magnetic sensor 97 of the twelfth
embodiment (Figs. 18 through 20) except that the soft
magnetic layer 99 is formed by permalloy instead of
Co-Nb-Zr was prepared. The magnetic sensor was evaluated
for magnetic impedance characteristics. In the manner
similar to the twelfth embodiment, an electric current of
10MHz was supplied. In this state, the external magnetic
field dependency of the impedance was measured. As a
result, the impedance variation rate was 45%/90e and the
magnetic field sensitivity was 5%/Ce.

Thirteenth Embodiment

This embodiment is similar to the tenth
embodiment of Fig. 15 but without the ground conductor
film 35 as in the sixth comparative example.

Referring to Fig. 23, a magnetic sensor 109
according to a thirteenth embodiment is similar to that
of the twelfth embodiment (Figs. 18 through 20) except
that the first and the second soft magnetic thin films
79 and 85 each of which comprises a single layer of the

Co-Nb~-Zr film are replaced by first and second soft



65 as an insul ator substrate having upper aQQTL%EEL__§QLLaQes_aIong a
predeterm ned direction, and a linear strip-Tike soft magnetic thin film
71 as a soft magnetic element having a presgegl.atiyneikphed deposited on
a part of the upper surface of the glass subs fy'~ i Illext eénd in the
predeterm ned direction. The soft magnetd';c tqi. f ‘Mﬁﬂ“ﬂﬁm; ogposi te ends
as input and output ends 67 and 69 for Suppl y 'H tTic current

t her ebetween. The nagnetic sensor 63 is for detecting, as the inpedance
variation, th [4a ] ' l,8Gt L. r kChHyn | sed he soft
magnetic thi nq‘?al/siat{rr‘%t?litld ?’gshi}a{%pﬁeilg a‘\&/lvlﬁt %HZ %Sﬁ%?c%‘#‘éﬁldﬁ?ﬁ % Wriec (lion

i ntersecting tdigydngdetermned direction. In the magnetic sensor 63, the
capacitance is 1ntentionally provided by depositing a ground conductor
film35 as a conduct orapniti@tlrawes 1aukigce20f the gilase sybstrate 65.

The soft magnetic thin film71 forms a two- termnal elenment having the

i nput and the magriudicendt ey’ 103 comprises four soft magnetic thin

films 87a through 87d of Co-Nb-Zr each having a thickness
of 0.25 gz m with three insulator films 8%a through 89c¢
each having a thickness of 0.1 £ m interposed. Likewise,
the second soft magnetic layer 107 comprises four soft
magnetic thin films 91a through 914 of Co-Nb~Zr each
having a thickness of 0.25 g m with three insulator films
93a through 93¢ each having a thickness of 0.1 um
interposed. A combilnation of the first and the second
soft magnetic layers 103 and 107 forms the magnetic
sensor or magnetic Ilmpedance element 109.

In the manner similar to the twelfth embodiment,
magnetic heat treatment was carried out. An electric
current of 40 MHz was supplied to the Cu £ilm 75. 1In
this state, the external magnetic field dependency of
each of an impedance, an inductance, and an reslstance
was measured. As a result, the impedance, the
inductance, and the resistance exhibit the variation as
illustrated in Fig. 24. In this case, the impedance
variation rate was 12%/80e and the magnetic field
sensitivity was 15%/0e. Each of the soft magnetic thin
film had a composition of 84 ats Co, 12.8 at% Nb, and 3.2
at% Zr. As compared with a thirteenth comparative
example which will be described in the following, this

magnetic sensor is excellent in characteritiecs in a high



and 69. The two-term nal element has an equivalent «circuit as illustrated
in Fig. 3. In Fig. 3, C represents a capacitance intentionally forned

bet ween the ground conductor film 35 and the soft nagnetic thin film 71.
The equivalent circuit has a resistance R, a reactance X, and an inpedance
Z given by Equations (2) through (4), respectively, and has a resonant
frequency given by Equation (5), as det®ribed in the f or egoi ng.

In the el ement having the equivalent circuit in Fig. 3, the inpedance of
the elenent varies in resgonse 26 to
the variati onfFRIRKREY nEA"HRgnetic field. It is noted here that the

hgﬁf?gp?ﬁgd[ﬁztlcalIyTKf££g§héH()gg%ggyiivkpigg%gaefrequency. Therefore, by

The magnetlc sensor of Comparative Sample 11 in
Table 1 was supplied with an electric current of 40MHz,
in the manner similar to the thirteenth embodiment. In
this state, the external magnetic field dependency of the
impedance was measured. As a result, the impedance
variation rate was 80%/80e and the magnetic field
sensitivity was 10%/0Ce.

Fourteenth Embodiment

A magnetic sensor according to a fourteenth
embodiment is similar to the magnetic sensor 97 in the
twelfth embodiment (Figs. 18 through 20) except that

813N4

of Sioz. In the manner similar to the twelfth

embodiment, magnetic heat treatment was carried out. 1In

films were used as the insulator layer 101 instead

the state where an electric current of 10 MHz was
supplied, the impedance variation rate was measured at
various strengths of the external magnetic field. As a
result, the impedance variation rate was 110%/6.50e and
the magnetic field sensitivity was 16.9%/Oe.

Fifteenth Embodiment

A magnetic sensor according to a fifteenth
embodiment is similar to the magnetic sensor 97 in the
twelfth embodiment (Figs. 18 through 29) except that

A1203 films were used as the insulator layer 101 instead

of Sioz. In the maﬁner gimilar to the twelfth

embodiment, magnetic heat treatment was carried out. 1In



variation of inpedance around the resonant frequency, w der output
variation can be obtained as conpared with nonitoring at a | ow frequency
range much |ower than the resonant frequency. The magnetic sensor
in this enbodi nrent has the capacitance Cintentionally provided so that
the operation is stable as conpared with the conventional nmagnetic
sensors which does not have the ground'%%nductor film35. Accordingly,
detection of the magnetic field can be stably carried out even when the

ti ' d i f
T ouency t n tlte LRI A ElepbiatrBREr eIt cove A monet o
sensor. ri ' i d.l [
The: magnet i ¢ TRRAEES Td Thodddncl® Pa348. 300 kabe Fn0cHe frurdnt a0 L1 00

hi gh-frequenqy, » {RENEIUhFHY (¥ tBG external mAgnbtisteiéle. 9lLssa

substrate 65 having a
result, the impedance variation rate was 113%/6.70e and

the magnetic field sensitivity was 16.9%/0Oe.

Sixteenth Embodiment

A magnetic sensor according to a sixteenth
embodiment is similar to the magnetic sensor 97 in the
twelfth embodiment (Figs. 18 through 20) except that the
insulator layer 101 of 8102 is replaced by AlN films. In
the manner similar to the twelfth embodiment, magnetic
heat treatment was carried out. 1In the state where an
electric current of 10 MHz was supplied, the impedance
variation rate was measured at various strengths of the
external magnetic field. As a result, the impedance
variation rate was 103%/6.30e and the magnetic field
sensitivity was 16.3%/0e.

As described above, according to each of the
twelfth through the sixteenth embodiments of this
invention, the magnetic thin film of Co-Nb-Zr amorphous
metal including the conductor metal layer is used as the
soft magnetic element in the magnetic sensor. with this
structure, as compared with the conventlional sensor which
uses the magnetic metal layer or the magnetic metal wire
also as the conductor metal, the d.c. electric resistance
is reduced so that a higher sensitivity is achleved.

In addition, in each of the twelfth through the

sixteenth embodiments of this invention, the glass



t hickness of 200 g m a width of 10mm and a length of 20mm was prepar ed.
Then, the linear strip-like soft magnetic thin film71 of Co-Nb-Zr having
a thickness of 4 [err] m a width of 4mm and a Il ength of 14 mm was
deposited on a part of the upper surface of the glass substrate 65 by the
sputtering. Subsequently, the ground conductor film35 of Cu having a
thickness of 1 [err] m a width of 48 27

10mm and a length of 20mm was al so deposited on the |ower surface of the
(e ectron ProBENita ORRASeS) 1a8eRate ntorpetd TR I Son e
LI o e R R T
magnetic thin film. Therefore, the d.c. current for
application of the external magnetic field does not flow
through the amorphous metal magnetic thin film. It is
therefore possible to reduce the eddy current loss and to
improve the magnetic characteristics in a high frequency
band as compared with the structure having no insulator
layer.

In the twelfth through the sixteenth embodiments
of this invention, the Co-Nb-Zr layer does not have a
single-layer structure but has a stacked structure with
the glass ceramic layers interposed. It is therefore
possible to cope with a still higher frequency band.

In the twelfth through the sixteenth embodiments
of this invention, by selecting the appropriate
composition of the amorphous Co-Nb-Zr magnetic metal
layer, the magnetic sensor achieves the impedance
variation rate greater than that obtained by the
conventional sensors using the permalloy thin f£film or the

Co~8i-B thin film.



hours in a vacuumof 5.0 x 10[err] Torr or less under a rotating nagnetic

field of H=
during deposi
under a stati
carried out t
direction of

500Ce to relax magnetic anisotropy havi ng Theeierai BLARSHEE
tion of the films. Thereafter, in a vacuum

c magnetic field of the sane Ievel heat J%
0 introduce uni axi al magnetic anlsotropy [

Wi

the magnetic sensor 63. 49 The magneti c sensor 63 as

treated was supplied with an electric current of 40 MHz and was neasured

for the inpe

measured data are illustrated in Fig.

188% 7. 60e an
maxi num nmagne

Fourth Conparative EX3mPl & magnetic £8n8okOKGENaSOIPRIRS ¥ mbdBE @

magnet i c

dance dependent on various external magnetic field (Hex).
11. The inpedance variation rate was

qmt}ﬁ? ﬁa:gﬁ'rz;kgﬁpmi%net|c field sensitivity was 24. 7% Ce. The
trctie S

ensitivity was 65.8% Qe at Hex = 70e.

field strength, comprising:

an insulator substrate having first and second
surfaces opposite to each other;

a soft magnetic element having first and second
ends opposite to each other and mounted on said first
surface of saild insulator substrate;

a conductor mounted on saild second surface of
said insulator substrate; and

an output port coupled to said first and said
second ends of said soft magnetic element for deriving an
impedance of sald soft magnetic element between said
first and said second ends, sald impedance changing in
dependence upon a magnetic field strength applied to saild
soft magnetic element.

2. A magnetic sensor as claimed in claim 1,
wherein sald soft magnetic element 1s a soft magnetic
wire and said conductor is a ground conductor to be
grounded, saild magnetic sensor further comprising a short
circulting conductor connecting said first end of said
soft magnetic wire with said ground conductor, said
output port being coupled to saild short circuiting
conductor and said second end of said soft magnetic wire.

3. A magnetic sensor as claimed in claim 2,
whereln saild soft magnetic wire ls a coaxial soft

magnetic wire comprising an outer soft magnetic portion

megneic e com
A

The



sensor was experinmentally prepared which is siml t he magneti c sensor
of the seventh enbodi nent (Fig. 10) except that ?E;LSFEGHH‘COﬂducLQr film
35 is not forned under the glass substrate 65. A nmqgggaéof forn1ng t he
28 soft magnetic thin film71 of Co-Nb-Zr on the

gl ass substrate 65 was carried out in tg? simlar j
manuf acture of the exanple of the nagnetic sensor "S'FAGIEREEE HeHENt h
enbodi ment of Fig. 10. After formng the soft nagnetic thln ’ 71, heat

I
thin 1iim 71 RRE Arogomed sondurboharsse MadlofBi \iarestic Al algel! €
per cent €0, 2 ohelilet YSLECRLIFL. caledrhd 6 O fa AR cdiuchBze! ectric

current of 40 Was sup
layer.

4. A magnetic sensor as claimed in claim 3,
wherein sald soft magnetic element further comprises an
insulator layer interposed between said external soft
magnetic portion and said internal conductor wire of said
coaxial soft magnetic wire.

5. A magnetic sensor as claimed in claim 2,
wherein said ground conductor comprises a conductor f£ilm
formed on said second surface of saild insulator
substrate.

6. A magnetic sensor as claimed in claim 2,
wherein said ground conductor comprises a conductor wire
attached to said second surface of sald insulator
substrate.

7. A magnetic sensor as claimed in claim 1,
wherein said soft magnetic element substantially
comprises a soft magnetic thin film.

8. A magnetic sensor as claimed in claim 7,
wherein said conductor is a ground conductor to be
grounded and comprising Cu, Ag, Au, Al, or an alloy
containing at least one of Cu, Ag, Au, and Ai.

9. A magnetic sensor as claimed in claim 1,
wherein said soft magnetic element comprises an inner
conductor layer extending in a longitudinal direction of
said soft magnetic element, an insulator layer

surrounding an outer periphery of said inner conductor

\
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magneti c sensor of the fourth conparative exanple and t xternal o
magnetic field dependency of the inpedance was ur ed. _Thee '

variation rate was 37% 8. 60e and the average magnetys S¥iFieleg
was 4.3% Ce. The maximum nmagnetic field sensitivity {REHOR
700e. Ei ght h Enbodi nent Referring tq\eiy
sensor 73 according to an eighth embod?hent manuf act ured by nmagnetron
sputtering is different fromthat of the seventh enbodi nent aS\MII
hereafter be descri bed eti,c sen 73 of the

ei ght h enbodi MB¥E*" m&gdnﬁnﬁ?gttﬂ?%ﬁF%&Ff&ﬂ#%wé?iW\%§1§£§n§Uﬁ ate 65 haV|ng
o U ckness o4 209.(ser] e WOk i JOMRA AL 2 A0 beor 20

prepared. Then OWEr I 'hear Ke so magn tlc th|n

rgkglzlo?f Coghio- K&,hQKL”HI,aOEhAEk§T¥S&(goﬁiifﬂfﬂg'EtiiéﬁthQanoénnl and a

Cu, Ag, Au, and Al, said insulator layer comprising at

least one of Sioz, si N and AlIN.

34+

10. A magnetic sensor as claimed in claim 1,
wherein said soft magnetic element comprises an inner
conductor layer and a stacked structure around said inner
conductor layer, said stacked structure comprising a
plurality of soft magnetic thin films stacked with
insulator layers interposed, said inner conductor layer
being made of at least one selected from a group of Cu,
Ag, Au, Al, and alloys thereof, each of sald lnsulator
layers being made of at least one of 8102, 813N4, and
AlN.

11. A magnetic sensor comprising an insulator
substrate and a soft magnetic thin film element formed on
said substrate, which further comprises an inner
conductor layer surrounded by said soft magnetic thin
£ilm element through an inner insulator layer, said soft
magnetic thin film element comprising a Co-Nb-Zr thin
layer essentially consisting of 80-87 at% Co, 10-17 at%
Nb, and 1-6 at% Zzr.

12. A magnetic sensor as claimed in claim 11,
wherein said inner conductor layer is of at least one of
Cu, Ag, and Al, said inner insulator layer being of at

Si,N Al,O and AlLN.

least one of 8102, 3N4 - 203

[
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14nmm was deposited on a part of the upper surface of the

29 gl ass substrate 65. Subsequently, a Cu film 75 having a
1 [err] m a width of 2mm and a | ength of 20mnTmmﬁwﬁHmeﬂ

W

line of the lower portion of the soft magnetic t
on the lower portion of the soft magn # c thin f
surface of the Cu film75, an upper portfon of the

t hi
Répheat

ckness of
center

heffeaft er,

per
thin film.

71 of Co-Nb-Zr was deposited to have a naxi mumthickness of 4 [err] m a

wi dth of 4 d I th I
gl ass sgbsr,ntnr a?g 62, groun’gg%%%%ct n%%q 83?15%&%3 QWEEJ' gﬁgg?
has a thicknegg.obid L8148l st amgl_ﬁxfgttlco‘cthijrp@nlnfi'é(ieﬂ\eh%ngBBPQ&sggnH‘

plurality of said Co-Nb-Zr thin layers successively

stacked with insulator layers interposed.

e of the
fed which

14. A magnetic sensor as claimed in claim 13,

wherein each of saild interposed insulator layers is of at

lecast one of Sioz, Si3 4 A1203, and AlN.

15. A method of manufacturing a magnetic sensor

comprising the steps of:

forming a first soft magnetic f£ilm on an

insulator substrate;

forming a first insulator film on sald first soft

magnetic £ilm;

forming a conductor layer on said first insulator

£ilm;

forming a second insulator film to cover said

conductor layer except both ends thereof; and

forming a second soft magnetic film to cover said

second insulator film so as to form a closed magnetic

loop comprising said first and said second soft magnetic

films;

each of said first and said second soft magnetic

films comprising a Co-Nb-Zr thin film essentially

consisting of 80-87 ats Co, 10-17 at% Nb, and 1-6 at% Zr.

16. A method of manufacturing a magnetic sensor

as claimed in claim 15, wherein each of said first and

sald second insulator films is of at least one of 8102,

Al2

-_

RO O

Si3N4,

03, and Al1N, said conductor layer being of at



The soft magnetic thin film71 was al so anal yzedWi on of
83.4a atom c percent Co, 3.0 atomc percent Zr, and 13.6 ato Caddg' cent
Nb. ~ I'n the manner similar to the seventh @m@ﬂdﬂﬁﬁ _ axij.al
nmagnetic ani sotropy was introduced into the nmagneti . m

wi dt hwi se direction thereof. Subsequently, the rragr\ L) vvg
supplied with an electric current of 883VHz and the edance vari at’'i on
rate was neasured by application of the external magnetic field varied.
The i npedance ar| ation rate and the average magnetic field
sensitivity waEafd fa #um"1 Btlcfleld sensitivity was
25.1% Ce at Hex = 70 F|f

magneti c sensor of a |fth 08' giggtl m%&% %;\%%E%%r%rf%ﬁaﬁﬁl&?%epared

which is simlar $1Q4RY 1n claim 15, wherein each of saild soft

magnetic films comprises a plurality of Co-Nb-Zr thin
films successively stacked with a plurality of insulator
films interposed.

18. A method of manufacturing a magnetic sensor
as claimed in claim 17, wherein each of said first
through said third insulator films is of at least one of
8102, Si3N4, A1203, and AlN, said conductor layer being

of at least one of Cu, Ag, Al, and Au.

-
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30 magneti c sensor 73 of the eighth enbodinment (Fig. 12) except that the
ground conductor film 35 was not fornmed on the |ower surface of the gl ass
substrate 65. Thus, the magnetic sensor of the fifth conparative exanple
conprises the soft magnetic thin film71 of Co-Nb-Zr and the Cu film75
formed on the upper surface of the glassc.,substrate 65. Under the

condition simlar to the eight enbodiﬁ%%t, heat treatnment was carried out
to i ntroduce nagneti c=aH © MSCleesr | an electric current of 80
MHz was supplied. Int .émﬁﬁé 2! %1 : Hex)
dependency of the inpe fia ENS g g dance
variation rate was 50 éﬁpsmg p:tofarcymilly Al (] [tjvity was
about 6% Ce. The maxi mum nagneti c eId senS|'

A magnetic sensor (31) comprises an insulator
substrate (37) having first and second surfaces opposite
to each other, a soft magnetic element having first and
second ends opposlite to each other and mounted on the
first surface of thé insulator substrate, and a conductor
mounted on the second surface of the insulator substrate,
and an output port coupled to the first and the second
ends of the soft magnetic element for deriving an
impedance of the soft magnetic element between the first
and the second ends. The impedance changes in dependence
upon a magnetic field strength applied to the soft
magnetic element. In the magnetic sensor (31), the soft
magnetic element 1s a soft magnetic wire (33). The
conducteor is a ground conductor (35) to be grounded. The
magnetic sensor may further comprise a short-circuiting
conductor (39) connecting the first end of the soft
magnetic wire with the ground conductor while the output
port is coupled to the short-circuiting conductor and the
second end of the soft magnetic wire. The soft magnetic

element may comprise a soft magnetic thin £ilm.

(Figure No. 2)



12. 3% Ce at Hex = 70e. Ni nt h Enbodi nent Referring to
Figs. 13 and 14, a magnetic sensor 77 according to a ninth enbodi nent was
manltf actured by magnetron sputtering in the manner which will presently

be described. At first, a glass substrate 65 having a thickness of 200 g
m a width of 10mm and a length of 20mm was prepared. Then, a first

| inear strip-like soft nmagnetic thin film79 of Co-Nb-Zr having a
thickness of 4 [err] m a width of 4nm and a I ength of 14nm was deposited
on a part of the upper surface of the glass substrate 65. Thereafter, on
the first soft magnetic thin film79, a first SiJerr] film81 having a

thickness of 0.5 [err] m a width 31
O
R
L
O__
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of 3mm and a length of 18mm was forned. Subsequently, a Cu film 75 having
a thickness of 1 [err] m a wdth of 2nmm and a | ength of 20nm was
depésited on the first SiA2 film 81. Furthernore, on the first SIQ2 film
81 and the Cu film75, a second SiJerr] film83 having a thickness of 0.5
[ert] m a width of 3im and a |length of,18nmwas forned. Furthernore, on
the first soft nmagnetic thin filn1791mu? the second SiJerr] film83, a
second linear strip-like soft magnetic thin film85 having a thickness of
4 [err] m awdth of 4 mm and a length of 14 mmwas forned. Finally, a
ground conductor film35 of Cu having a thickness of 1 [err] m a width of
10mm and a |l ength of 20nm was deposited on the |ower surface of the glass
substrate 65. Each of the first and the second soft magnetic

thin filnms 79 and 85 had a conposition of 84.1 atqmic percent Co, 2.7
atmc percent Zr, and 13.2 atom c percent Nb as afal yzed by EPNA.

In the manner simlar to the seventh enbodi nent,

33

Ro/2 Lo/2 Ro/2 Lo/2
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uni axi al magnetic anisotropy was introduced into the magnetic thin filns
79 and 85 in a wdthwi se direction thereof. Then, the nagnetic sensor 77
was supplied with an electric current of 120MHz and the i npedance was
measured as the external magnetic field Hex of various strengths is
applied. As a result, the inpedance varé ation rate was 35% 8. 00e and the
average magnetic field sensitivity was 43.8% Ce. At Hex - 70e, a curve
representative of the inpedance variation with respect to the external
magnetic field Hex exhibited the maxi num

32 gradient with the maxi mum i npedance variation rate of 205% Ce.

Si xth Conparati ve Exanpl e 41




A magnetic sensor of a sixth conparative exanple was experinentally
prepared which is simlar to the nagnetic sensor 77 of the ninth
enbodi nent (Figs. 13 and 14) except that the ground conductor film 35 was

not formed on the | ower surface of the glass substrate 65. Under
the_ condition simlar to the ninth enbgdinent, heat treatnment was carried
out to introduce nmagnetic anisotropy. ereafter, an electric current of

120 MHz was supplied. In this state, the external nagnetic field
dependency of the inpedance was neasured. As a result, the inpedance
variation rate was 120% 8. 20e and the average nmagnetic field sensitivity
was about 14.6% Ce. The maxi mnum nagnetic field sensRy vity was 23% Ce at
Hex = 70e. Tent h Enbodi nent Referryng to Fig. 15, a
magneti c sensor 95 according to a tenth enbodi ne has a structure simlar
to the magnetic sensor 77 of the ninth enbodine (Figs.




15 and 16) except that the first and the second soft magnetic thin filns
79 and 85 are replaced by first and second soft nagnetic |ayers 87 and 91
each of which has a stacked structure. The magnetic sensor 95 was
manuf actured in the followng nmanner. At first, a glass substrate 65
having a thickness of 200 [err] m a\Méhh of 10mm and a |l ength of

33 20mm was prepared. Then, on a part of the upper surface of the glass
substrate 65, a soft magetic thin film87a of Co-Nb-Zr having a thickness
of 1 [err] m a wdth of 4nm and a length of 14mm was deposited.
Subsequently, on the soft nmagnetic thin filma87a, an ALN fil m 89a having a
thickness of 0.1 g m a width of 4mm and a | ength of




18mm was forned. Likew se, simlar soft magnetic thin filnms 87b through
87d and simlar AINfilns 89b and 89¢c were alternately deposited to form
the“first soft magnetic |ayer 87 of a stacked structure with three AIN
films interposed. Thereafter, on the first soft magnetic |ayer 87,
specifically, on a part of the upper surface of the topnost soft magnetic
thin film87d, an AN film81 having athickness of 0.5 [err] m a wdth
of 3mm and a Ilength of 18nm was deposited. Subsequently, a Cu film75
having a thickness of 1 [err] m a width of 2nm and a length of 20nm was
formed on the AIN film 81 except both ends thereof. Then, on the AINfilm
81 and the Cu film75, an AINfilm83 having a thickness of 0.5 [err] m a
width of 3mm and a I ength of 18nm was formed. Then, on the AIN film 83
and on the first soft magnetic |ayer 87, nanely, on the uppernost soft
magnetic thin film87d, another set of soft magnetic thin filnms 9la

t hrough 91d of Co-Nb-Zr and three AIN filnms 93a through 93c are
alternately

——L=5(nH)
—— =L =10(nH) ——— = 20{nH)
----- L=50 {nH) —-—-1=80(nH)
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deposited to formthe second soft nagnetic layer 91 with the three AIN
films interposed. Finally, a ground conductor film35 of Cu having a
thitkness of 1 [err] m a wdth of 10mm and a | engt hof 20mm was deposited
on the 34 | ower surface of the gl ass
substrate 65. Each of the soft nagneti ?thi n filns 87a through 87d and 9la
t hrough 91d had a conposition of 83.5 domc percent Co, 3.1 atom oc
percent Zr, and 13.4 atomc percent Nb . In the manner simlar
to the seventh enbodi nent, uniaxial magnetic ani sotropy was introduced
into the soft nmagnetic layers in a wdthw se directions thereof. Then,

the magnetic sensor 95 was supplied with an electric current of 120 MHz
and the i npedance was neasured in the

63 69
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external magnetic field (Hex) with the strength variously changed. As a
result, the inpedance variation rate was 212% 8. 00e and t he average
maghetic field sensitivity was 26.5% Oe. The nmaxi num maghetic sensitivity
was 128% Ce at Hex = 70e. Sevent h Conparati ve Exanpl e A
magneti c sensor of a seventh conparativ exanpl e was experinental |y
prepared which is simlar to the magnettc sensor 77 of the ninth

enbodi ment (Fig. 15) except that the ground conductor film 35 is not
formed on the |lower surface of the glass substrate 65. Heat treatnment was

carried out in the condition simlar to that of the ninth enbodi nent to

i ntroduce nmagnetic anisotropy. Thereafter, an electric current of 120 MHz
was supplied. In this state, the external magnetic field dependency of the
i npedance was neasured. As a result, the inpedance variation rate was

83% 8.50e and the average magnetic field sensitivity was about 9.8% Ce.
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35 The maxi num magnetic field sensitivity was 22.5% Ce at Hex = 70e.

El event h Enbodi nent A magnetic sensor according to an el eventh
enbddiment is simlar to the nmagnetic sensor 77 of the ninth enbodi nent
(Figs. 13 and 14) except that the soft magnetic thin filnms 81 and 83 of
Co- Nb-Zr are replaced by permalloy of 4 [err] mthickness. The
magheti c sensor was heated at 500[err]C¥or 2 hours in a vacuumof 5.0 x
10[err] Torr or less under a static magnetic field of H = 5000e to

i ntroduce uni axial nmagnetic anisotropy in a wi dthwi se direction thereof.
Thereafter, the magnetic sensor was supplied with an
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electric current of 40 MHz, and the external magnetic field (Hex)
dependency of an inpedance, an inductance, and a resistance was neasured.
The*i npedance variation rate was 72% 400e and the average nagnetic field
sensitivity was 18.0% Ce. The maxi num nagnetic field sensitivity was
43% Ce at Hex = 2. 50e. Ei ghth npar ati ve Exanpl e A
magneti c sensor of an eighth conparativ exanplf§ was experinental ly

manuf actured which is simlar to the magnetic sensog in the el eventh
enbodi nent except that the ground conductor,ﬂ(ln1( n Fi-gs. 13 and 14)
iIs omtted. Like in the eleventh enbodi nent,” an elfectric ,current of 40
MHz was supplied. In this state, the nmagnetic fiefd depepdency of the

i npedance was neasur ed. V4
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As a result, the inpedance variation rate was 35% 4. 10e and the average
magnetic field sensitivity was about 8.5 % OCe. The maxi num nagnetic field

sensitivity was 16% Ce at Hex = 2.50e. Accordi.ng to each of the
seventh through the eleventh enbodi nents of this inventions described
above, in the magnetic sensor using thgqsoft magnetic thin film to

detect, as inpedance variation, variation in strength of the external
magnetic field, the ground conductor film (ground electrode) is forned so
as to intentionally provide the capacitance. Therefore, the magnetic
sensor is advantageous in that the operation is stable and that the
drastic change in inpedance acconpanying LC resonance in the equivalent
circuit in Fig. 3 can be utilized. Thus, the disadvantages in the
above-nentioned conventional sensors can be readily renoved. The
val ue of the capacitance C in the equival ent
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circuit in Fig. 3 can be selected to a specific value in a design stage.
The resistance R err] and the inductance L[err] illustrated in the figure
vary i n dependence upon the external magnetic field.

Specifically, in the equivalent circuit having the inpedance given by
Equations (2) through (4), the inductaﬁae L is variously changed with the
resi stance R and the capacitance C kept~©constant at 3[err] and 200 pF,
respectively. In this state, the inpedance is calculated as plotted in
Fig. 16. As already described, in the 37
magneti c sensor of each of the seventh through the eleventh enbodi nents of
this invention, the perneability of the soft magnetic filnms is varied
under the influence
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of the external magnetic field. Therefore, the variation of the inductance
L shown in Fig. 16 is actually caused by the external magnetic field. For
exafple, it is assumed that, when an electric current of 70 MHz is
supplied, the perneability is increased by application of the external
magnetic field and the inductance L varigs from 20nH to 50nH. In this
event, the inpedance varies fron112[err? to 80[err] , exhibiting the :
variation rate of 600% or nore. Practically, since the electric resistance
is varied under the influence of the skin effect, the situation is not so

si npl e. Fig. 17 shows the frequency dependency of the inpedance
nmeasured in the ninth enbodi nent, which has a tendency substantially
identical with that illustrated in Fig. 16. Thus, it will be noted that

t he i npedance variation follow ng application of the nagnetic field to
t he magnetic sensor causes the variation of the resonant frequency of the
magneti c sensor. Therefore, by
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optim zing the frequency of the electric current supplied, the variation
in strength of the external nmagnetic field can be detected as a very |arge
i npedance variation rate. In the ninth and the tenth enbodi nents,
the soft magnetic thin filmis formed by anorphous Co-No-Zr. In

38 J the eleventh enbodi nent, permalloy,i,s used. However, any materi al

excellent in soft magnetic effect can b(14used I nst ead. pl ace of the Cu
film any material selected fromlowresistanceQdl ectrofde netals such as
A, Ag, and Au can be used. The insulator filmmy fo d by wvarious
compounds excellent in insulation, such as Al r7$ rrj nd
SiJerr]O[err], instead of SidJerr] and Al N i
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Now, description will be made as regards a nagnetic sensor having the soft
magnetic elenent conprising a Co-Nb-Zr filmsimlar to the ninth and the
tenth enbodi nrents shown in Figs. 13, 14, and 15 but having no ground
conductor filmas have been described as the sixth and the seventh
conparative exanples. It should be not? that the nmagnetic sensor w thout
t he™ ground conductor filmis provided th an inproved magnetic field
sensitivity above 15% Ce by the use of the Co-Nb-Zr filmof a specific
conposition essentially consisting of 80-87, atom c percent Co, 10-17
atom c percent Nb, and 1-6 atom c percent Zr. Twel ft h Enbodi nment
This enbodinent is simlar to the ninth enbodinent of Figs. 13 and 14 but
wi t hout the ground conductor film35 as in the sixth conparative exanpl e.
Referring to Figs. 18 through 20, a magnetic sensor 85 according to a
twel fth enbodi ment of this invention conprises a glass substrate 65 as an
i nsul at or
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substrate, and a soft magnetic elenent fornmed on the glass plate 65. The
magnetic elenent is a clad type 39
structure and conprises, as an outer clad |ayer of the soft magnetic

el ement, a soft magnetic layer 99 conmprising a Co-Nb-Zr filmhaving a
thickness of 1 [err] m a Cu film75 gd core conductor of the soft
maghetic elenent, having a thickness of°1 [err] mand fornmed at a center
portion, an insulator layer 101 conprising 0.5 [err] mthick SiJerr]
films 81 and 83 interposed between the soft magnetic layer 99 and the
conductor | ayer 75. The soft magnetic |ayer 99 conprises a first
soft magnetic thin film79 formed on the glass substrate 65, and a second
soft magnetic thin film85 fornmed on and
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above the first soft magnetic thin film79. The insulator |ayer 101
conprises the Si2 filnms 81 and 83 as first and second insulator fil ms.
Thesfirst insulator film81 is interposed between the Cu film75 and the
first soft magnetic thin film79 while the second insulator film83is

i nterposed between the Cu film75 and ﬁ?e second soft magnetic thin film
85. The first and the second insulator filns 81 and 83 are kept in tight
contact with each other at opposite peripheral portions thereof.

The magnetic sensor 97 of the twel fth enbodi rent was manufactured as
follows to obtain sanples 1 through 10. |In addition, conparative sanples
11 through 15 were obtained as a ninth conparative exanple.

Referring to Figs. 21A through 21F, the nagnetic sensor 97 having the
structure illustrated in Figs. 18

0'6,"""[IIII'IIIIITI[‘]I"lif‘[x‘[l((.60
f= I0MHz
05 -:50
~ 04 40 ~
S ) T
. c
N.. A —
@ 03 .‘,30 -
0.2 20
o‘l Laaabra s da s ey v ala vy alagerlast lo

O 0 20 30 40 50 60 7O
Hex (Oe)

FIG. 22



40 t hrough 20 was manufactured on the gl ass substrate 65 having a

t hi ckness of 1nm By the use of Co-Nb-Zr alloy targets of a several kinds
of €onpositions, an Nb pellet, and a Zr pellet, Co-Nb-Zr filnms of

di fferent conpositions were forned. The conpositions of the Co-Nb-Zr filns
deposited were anal yzed by EPMA 1 At first referring to Fig. 21A a
mask was fornmed on the glass substrate %5 havi ng a di nensi on of 10nm x 20
mm As illustrated in Fig. 21B, the first soft magnetic thin film79 of
Co- Nb-Zr having a width of 4mm a length of 14mm and a thickness of 1
[err] mwas formed by sputtering. Next referring to Fig. 21C, the first
insulator film81 of SiJerr] having a wwdth of 3$m a length of 16mm and
a thickness of 0.5 g mwas fornmed by RF magnetron sputtering by the use of
a mask. Next
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referring to Fig. 21D, on the first insulator film81, the Cu film75
having a wwdth of 2mm a length of 20mm and a thickness of 1 g mwas
forsred to extend in the |Ilongitudinal direction beyond the both ends of the
first insulator film8l. Then, as ilustrated in Fig. 21E,

insulator film83 of SiA2 having a wdth of 3mm a Ilength of 16mm and a

thi'ckness of 0.5 [err] mwas forned to over the center

film75 and to overlap the first insulator film®81l. Thereafter,

t he

second

portion of the Cu

as

illustrated in Fig. 21F, the second soft magnetic thin film 85 of

Co- Nb-Zr having a width of 4mm a length of 14nm and a
[err] mwas forned to cover the second
insualtor film83. Thus, the nagnetic sensor 97 was

t hi ckness of 1
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obt ai ned. The magnetic sensor 97 experinentally

di mensi on such that the Co-Nb-Zr film had a Iengtﬁﬁﬁﬁﬁ ] dt h of
4mm and that the Cu film (Cu electrode) had a | ergt taiwidth
of 2mm The magnetic sensor 97 was subjected to Lt

400[ err]C for 2 hours in a vacuumof 5.0 x 10[err] ng under
a rotating magnetic field of H= 5000e t®l rel ax py havi ng
been introduced during deposition of the filmns. ereafter, heat

treatment was carried out in a vacuum of the sanme degree—and a _static
magnetic fiel d J@yathe ayhm |snfsl magneitder ébééeféﬁf“aﬁpaﬁrﬁﬁgnéﬁﬁé an| sot r opy
in a wdthwi se direction of the nmagnetic sensor wth

opposi te ends c#n%Q*?QQFf¥QXﬁIZSS@ﬁdtHéneﬁhgﬁéﬁpEtgén§5?e§7cB?@HiéénFnput

termnals, an electric _ current of n this stae t he

1
ext er nal magnetquo A% d‘ude%d&?cf“ f‘l{YH& Fﬁﬁéﬁgﬁgggwﬁ% EF@%UPQ

| npedance vari actu',or}, r'atA%'ana%dt I}S. resylt s8kuiator layer comprising at

least one of Sioz, Si3N and AlN.

10. A magnetic sensor as claimed in claim 1,
wherein said soft magnetic element comprises an inner
conductor layer and a stacked structure around said inner
conductor layer, said stacked structure comprising a
plurality of soft magnetic thin films stacked with
insulator layers interposed, said inner conductor layer
being made of at least one selected from a group of Cu,
Ag, Au, Al, and alloys thereof, each of said insulator
layers being made of at least one of Sioz, Si3N4 and

AlN.
ll.—A-magnetic -sensor comprising an -insulator —

sald substrate, which further comprises an inne
conduct.or layer surrounded by said soft magnetic thin
film element through an inner insulator layer, sald soft
magnetic thin film element comprising a Co-Nb-Zr thin
layer essentially consistirng of 80-87 atomic percent Co,
10-17 atomic percent Nb, gnad 1-6 atomic percent 2Zr.

12. A magnetic sensor as claimed in claim 11,
wherein said inner conductor layer is of at least one of

and Al, said inner insulator layer being of at

AFe 3 A 45 -
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anal ysi s ' of t he conposition by EPMA are shown in T4] mte 1 in
Table 1, the -external magnetic field dependency i sﬁg&éﬁm k geip2. In
Table 1, Sanples 1 through 10 use the conpositiong ¢f Co-No- Zr f| m of

this invention while Sanples 11 through 15 accordiing gytgfga
conparati ve exanpl e use other conpositi or]js differgnf fromt h| s | n gnti on.

.\

42 Table 1 Sanpl e Compostttion

| npedance Magneti c | npedance Magneti c No. Co Nb

Zr Variation Field_Sen- ___ Variation Fle d, Sen-, ) atomi c

per cent atom ¢ perce " SITT VT '

(% Ce) at o, C t 0 650e

16. 5 Ui Wi gort magnglic] §g€6§§bg elejrty _ednfrises s
plurality of said Co-Nb-Zr thin layers successively
stacked with insulator layers interposed.

14. A magne€tic sensor as claimed in claim 13,

wherein ea of said interposed insulator layers is of at

it A R 2o 37 oneTEENE
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3 83.2 13.5 3.3 100% 6. 0Ce 16.7 D 3.0
130% 8. 20e 15.9 Twelfth Enbodi - 5 80.3 1§&LACEWI@ SHE ’? 90e
16.1 nent 6 84.1 13.9 2.0 115%|7.

7 855 12.2 2.3 126% 8. 20e 15. 4 88@8Té99913 7 1.8
145% 8. 8Ce 16.5 9 83.2 11.5 5.13 109% 6. 60e 16.5

10 82.2 16.3 1. 5 99% 6. 20e 16.0 11 88.6 10}9

0.5 143% 18Ce Ni nth 12 84.2 9.0 -150e

9.0 Com par 0 9 tive
Exanple 14 7'%""2"9“'1% ’é‘? apepdénch pebpda maghidticiftela strenfed LIVE
9.2 3.8 &brt tic kiem@npoted from Table 1, Sanples
1-10 has a mm t| C f| eI dhesen%— t |m\7l| tn;/a agovee15(% OCe conparing with

Conpar ative Exanples ldeddrding to thikeAhRek®ABA!athéeeEXamaleo As

a hagnetic sensor of a tenth conparative
provided a magnetic sensor comprising an insulator

substrate and a soft magnetic thin film element formed on
the substrate, which further comprises an inner conductor
layer surrounded by the soft magnetic thin film element
through an inner insulator layer. The soft magnetic thin
film element comprises a Co-Nb-Zr thin layer essentially

atomic percent atomic percent atomic percent
consisting of 80—8%;&%% Co, 10-17xae% Nb, and 1—6K?%%-Zr.

According to this invention, there is also

provided a method of manufacturing a magnetic sensor
comprising the steps of forming a first soft magnetic
film on an insulator substrate; forming a first insulator
film on the first soft magnetic film; forming a conductor
layer on the first insulator film; forming a second
insulator film to cover the conductor layer except both
ends thereof; and forming a second soft magnetic film to
cover the second insulator f£ilm so as to form a closed
magnetic loop comprising the first and the second soft
magnetic films. Each of the first and the second soft
magnetic f£ilms comprises a Co-Nb-2r thin film essentially

atomic percent atomic percent atomic percent
consisting of 80-87Na$$ Co, 10—1%<a%% Nb, and 1- S&gt% Zr.

Herein, description will be made about the reason
why the above-specified composition is selected. 1In the
composition of the Co-Nb-Zr thin £ilm, inclusion of more
atomic percent

than 87,-at% of Co favorably increases saturation

magnetization but unfavorably increase magnetostriction

4 }:’}-«934-4—3/8
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exanple, a Co-Nb-Zr film having a thickness of 2 [ertd—t—a——-enrgih—o
and a thickness of 4nmwas formed al one on the gIasRﬁE@@GﬁMﬁN@ B
t hi tkness of 1mmin the
enbodi nent .
treatment was carried out within a magnegtic field.
el ement was directly supplied with an electric cur i

In the manner simlar to the twelfth e

state, the external magnetic field dependency of the inpedance was
neasured. As awﬁﬁé%”éesﬁi@%'IH“HEHE%ioﬂﬁﬂﬂo%IbQHSBQE’“E%EE@Q%W?ee“Hﬁd“the

-magnetic field

sensitivity was 4.3% Oe. The filmhad a conposition of

183.°8 atoni ¢ peflterdctéridtics at ierdforegnthbb impedadce ehoubcipRr eave Zr.
As compared with Sanple 2 in the twelfth enbodi nent, the magnetic

‘&

in response to the variation in strength of the external
magnetic field is reduced. 1In addition, an amorphous
film is difficult to obtain. On the other hand, less
atomic percent.
than 80,-at% of Co decreases saturation magnetization so
that the impedance variation rate in dependence upon the
variation in strength of the external magnetic field
becomes small.
Zr has a functilon of transforming the Co-Nb-Zr

.atomic percent
film into an amorphous film and the content of 1at% or

atomic percent
more is required. The content of more than 6 ats- 1is
unfavorable because magnetostriction is increased to
result in deterioration of soft magnetic characteristics.
_atomic percent

As regards Nb, the content of lo-quatx-is most

preferable because zero magnetostriction is achieved.

atomic percent
Less than 10\ -at% increases positive magnetostriction to
cause deterioration of soft magneitic characteristics,
i.e., deterioration of the impedance variation rate. On
atomi

the other hand, more than 1§¢atk is unfavorable because
saturation magnetization is degraded.

Thus, since the thin film technique is used in
this invention, fine process is easy to perform. Like
other thin £film magnetic sensors, the magnetic sensor of
this invention is excellent in this respect as compared
with those using a wire material.

According to this invention, the conductor layer

and the magnetic layer are electrically insulated from



r 75 in

sensor of the twelfth enbodinent (Fig. 20) having fhe-—eotre—conduect
addition to the soft magnetic layer 99 is obvi ouslRERUMEMERT SHEET
El évent'h Conparative Exanpl e As an el event hjtonparative éxgnple, a

magnetic sensor was prepared which is simlar to the ?ﬁﬁj sensor of
t i Ule PP s
et

the twel fth embodi ment (Figs. 18 through,20) except | gt or
| ayer 101 conprising the Si2 filmis renoved. Thus] nagtic

el enent conprises the glass substrate 65, the Cu #ilm 75, and the

- Co- Nb- zr fiIn1§%vggebégg&.nagnetic | ayer 99. In th TEmmer—simitar-to the
twel fth enbodi rent, nagnetic heat treatnment was carried out. In the manner

simlar to the twelftyneabeHengstt hd¥nsfd wibehald GupTRid Withsappl i ed

~with an electric current of 10MHz. In this state, the external magnetic

- fiel d dependensyghf£rBguenpgdenceents a Meaputyt MAela rigs fdrmedheo npedance

~vafiation rate was 50% 70e and the magnetic field sensitivity was 6% Ce.

: circle the soft magnetic element. When the external

magnetic field Hex applied to the soft magnetic wire is
equal to zero, the soft magnetic wire is excited along an
easy magnetization axls and a magnetization process by
movement of a domain wall 1s carried out. Accordingly,
when a supply current has a frequency (f) in a frequency
band of several megahertz (MHz) or more, relative
permeability is substantially equal to 1 and the
inductance L has a small value determined by-an-air.core
by a conductor Iﬁ%&&%ﬁ On the other hand, when the
external magnetic field Hex is applied, magnetization is
inclined from an excitation direction and a magnetization
process by rotation of magnetization 1s carried out.
Accordingly, the relative permeability of the soft
magnetic wire is increased and has a maximum value at
Hex = Hk (Hk being an anisotropic magnetic field). 1In
addition, at Hex > Hk, magnetization is fixed in a
direction of the external magnetic field Hex, the
relative permeability is reduced again. Therefore, the
inductance L is changed in dependence upon the sirength
of the external magnetic field Hex and has a maximum
value around Hex = Hk.

On the other hand, the resistance R is
substantially determined by a d.c. resistance of the

conductor when the supply current has a frequency f in a



44 The Co-Nb-Zr filmhad a conposition of 83.3 g ] 13.8
ic Nb, and 2.9 atom c percent Zr. As g gﬁ@ ﬁﬁ@ﬂ&ﬁﬁ@g e 3in

atom c percent

the twelfth enbodiment, the nagnetic sensor of the tfwelfth enbod nt
(Figs. 18 through 20) having the insulator |ayer tetmeq@(ﬁgpﬁggft gnetic

| ayer and the

conductor layer is obvious superi qr. Twelffth

Conpar ati ve Exanpl e As a twel fttr conpar atji ve—exanpte—a netic
sensor simlar to the magnetic sensor 97 of the twgl fth enbodi menti (Fi gs.

18 t hrough 20)
per mal | oy i nst

G AENGLE B0 op S hBVETE TRTRIIET e

evaluated  forp mgngli God JREI3HLmet 1Y 29640 §Eh§§t1bﬂt§h8aﬂaﬂger

increased.

Furthermore, the first embodiment includes the
ground conductor film 35 so that occurrence of the stray
capacitance in the prior art can be suppressed. 1In
addition, electric fileld due to the electric current
supplied to the soft magnetic wire 33 concentrates to an
area between the ground conductor £ilm 35 and the
connecting conductor 39 through which the electric
current flows. Therefore, the magnetic sensor is
unsusceptible to disturbanée and is therefore stable in
operation as compared with the conventional magnetic
sensor which does not have the ground conductor film 35.
Accordingly, detection of the magnetic field can be
stably carried out even when the magnetic sensor is
operated in a frequency band lower than the resonant
frequency in LC.

An example of the magnetic sensor of the first
embodiment is as follows.

By the use of a permalloy wire having a diameter
of 50 2z m and a length of 5mm as the soft magnetic wire
33 and a polyimide £1ilm as the insulator substrate 37

Hm

having a total thickness of 140mqk

A,
has 3§§m-thick Cu foils formed on both surfaces thereof.

The polyimide f£film

One of the Cu foils on the polyimide film was used as the
ground conductor f£ilm 35 while the other Cu foil was

partially removed to leave the connecting conductor 39 to



simlar to the twelfth enbodi ment, an electricf{f;
supplled In this state, the external magnetic Rﬁ7~ =yars
i npedance was neasured. As a result, the inp@d{hce varlat|o<
459% 90e and the magnetic field sensitivity wds 5% @QCT 999
Thi rteent h Enbodi nent This enbogli ment}] iis simlar to
enbodi nent of Fig. 15 but wi thout the grdund cgnducCtor film35fas in the
si xth conparative exanpl e. Referrlng to Fig. 23, .a wev etic

sensor 109 r di thir xS r hat of

the twelfth enbg@?’ﬁ'en%‘%ﬁgls “91"8’1 tﬁé@ 8)5 gi flepofgé?g 38 f’ Fst and

thé second soft e C nprises a

single | ayer ofléqg¥]§4é?%é¥2ég g&Fg%r%gﬂgggaggy Frrs é %oggcond soft
. magnetic thin £1i1lm 71 was analyzed by EPMA (Electron

atomic percent
Probe Microanalysis) to have a composition of 83.7, at%

atomic percent atomic percent
Co, ZLq&a%%-Zr, and 13.q<a%%-Nb.

The magnetlic sensor 63 was heated at 400°C for 2

=5 Porr or less under a

hours in a vacuum of 5.0 x 10
rotating magnetic field of H = 5000e to relax magnetic
anisotropy having been introduced during deposition of
the films. Thereafter, in a vacuum of the same degree
under a static magnetic field of the same level, heat
treatment was carried out to introduce uniaxial magnetic
anisotropy in a widthwisé direction of the magnetic
sensor 63.

The magnetic sensor 63 as treated was supplied
with an electric current of 40 MHz and was measured for
the impedance dependent on various external magnetic
field (Hex). The measured data are illustrated in Fig.
11. The impedance variation rate was 188%/7.60e and the
average magnetic field sensitivity was 24.7%/0e. The
maximum magnetic field sensitivity was 65.8%/0e at Hex =
70e.

Fourth Comparative Example

As a fourth comparative example, a magnetic
sensor was experimentally prepared which is similar to
the magnetic sensor of the seventh embodiment (Fig. 10)
except that the ground conductor film 35 is not formed

under the glass substrate 65. A process of forming the



45 magnetic | ayers 103 and 107 each of which ha
As illustrated in Fig. 23, the first soft magnet i
four soft magnetic thin films 87a through 87d of
t hi ckness of 0.25 [err] mwth three insulator fi
each having a thickness of 0.1 [err] mipg erposed j
soft magnetic |ayer 107 conprises four soO magnetic thin filnms 91
t hrough 91d of Co- Nb-Zr each havi ng a thlckness o 8=25—g—m-w-t-h-thr ee

nsul ator {11 Mg, 9380k 05 PUOBY 930 £ My DaYE b A A KPR lurbek [e1T]

I nt er posed. A 2onBi nation of f TSt and the secon sof t ghetic

| ayers 103 ands&9¥a£eraf EH& QYQBEtéﬁbstfiiEﬂﬁs WadRE8lied iomRedangse
el emrent 1009. hemanner simlar to the twel fth enbodi nent,

nmagneti ¢ heat hlﬁﬂlﬂ?nhaﬂﬁércé§rtﬁg fadu AL @f ithe example of the

magnetic sensor 31 of the seventh embodiment of Fig. 10.
After forming the soft magnetic thin film 71, heat
treatment was also carried out in the similar manner.
The soft magnetic thin film 71 was also analyzed to have
atomic percent  atomic percent atomic percent
a composition of 83.6&a%% Co, 2.3(&%% Zr, and 13.%(at%-
Nb. An electric current of 40 MHz was supplied to the
magnetic sensor of the fourth comparative example and the
external magnetilc field dependency of the impedance was
measured. The impedance variation rate was 37%/8.60e and
the average magnetic field sensitivity was 4.3%/0Ce. The
maximum magnetic field sensitivity was 9.5%/0Oe at Hex =

700e.

Eighth Embodiment

Referring to Fig. 12, a magnetic sensor 73
according to an eighth embodiment manufactured by
magnetron sputtering is different from that of the
seventh embodiment as will hereafter be described in
detail.

The magnetic sensor 73 of the eighth embodiment
was manufactured as follows. A glass substrate 65 having
a thickness of 200 gz m, a width of 10mm, and a length of
20mm was prepared. Then, a lower portion of a linear
strip-like soft magnetic thin film 71 of Co-Nb-Zr having
a thickness of 4 zm, a width of 4mm, and a length of

14mm was deposited on a part of the upper surface of the



current of 40 Mz was supplied to the Cu film 75. |RAPLACEMENT  SHEET It he
external magnetic field dependency of each of an ifmpedance, an

i nductance, and an resistance was nmeasured. As 3 fesubts~f ol dance,
the inductance, and the resistance exhibit the va iaﬁléﬁ:hs i§ lustrated
in Fig. 24. In this case, the inpedance ,qvariatign e and
the magnetic field sensitivity was 15@%%b. Each jof the soft magnegtic thin
filmhad a conposition of 84 atomi c percent Co, 1Z2-8atom ¢ percent Nb,

and 3.2 ALOM gy gL CeRbsLhat f566 0MMAILMLIG,! I Khiegnth 98TRAVARGYVE

exanpl e which be descri | e tollowng, this nmagnetic sensor is

excel lent in cpgiarhesbt68S1ip @, 'd Wrdth of 2mm, and a length of 20mm 46
frequency range.

was formed on a center line of the lower portion of the

»

soft magnetic thin film 71. Thereafter, on the lower
portion of the soft magnetic thin film 71 over the upper
surface of the Cu film 75, an upper portion of the soft
magnetic thin £ilm 71 of Co-Nb-2r was deposited to have a
maximum thickness of 4 £ m, a width of 4mm, and a length
of 14mm. Finally, on the lower surface of the glass
substrate 65, a ground conductor f£ilm 35 of Cu was
deposited which has a thickness of 1 #m, a width of
10mm, and a length of 20mm.

The soft magnetic thin film 71 was also analyzed

' atomicpercent  atomic percent
to have a composition of 83.4,at% Co, 3.0pnat% Zr, and

atomic percent
13.6,-at% Nb.

In the manner similar to the seventh embodiment,
uniaxial magnetic anisotropy was introduced into the
magnetic thin film 71 in a widthwise direction thereof.
Subsequently, the magnetic sensor 73 was supplied with an
electric current of 80 MHz and the impedance variation
rate was measured by application of the external magnetic
field varied. The impedance variation rate was 85%/8.10e
and the average magnetic field sensitivity was 10.7%/Oe.
The maximum magnetic field sensitivity was 25.1%/0Oe at

Hex = 70e.

Fifth Comparative Example

A magnetic sensor of a fifth comparative example

was experimentally prepared which 1s similar to the



Thirteenth Conparative Exanple The nagne&ﬂéﬁ$g3§@ﬂqg5 o parati ve
Sanple 11 in Table 1 was supplied with an electrjcjcurrent of 4QMyz, in
the manner simlar to the thirteenth enbodi nent. |ni t{gsJtEee, [t he
external magnetic field dependency of the inpedahce was neasured. |As a
result, the inpedance variation rate 80% 80ej ard—ttre~magnetic {fi el d
sensitivity was 10% Ce. Fourte h Enbod} nent A _rragneti c
sensor according to a fourteenth enbodinent is simlar to the magnetic

sensor 97 in th twel ft di te ((Ei 8 h h

g [qerr] i\l[ elrr] 95 13 égeo‘hi‘r;f%ef i(lr?lé“%sg 5 f{’g’;‘/‘ggglo@’ﬁgéggﬁhiﬁf %
igerr]. n the i1 t I h di i

Croatnent s St i e, HaY 4 4 drsckalls, bl BTHDCH TERELn TBE S DO

Mz was  suppldgd., tl*é%rgglrﬁoe&?mﬁ/wsa}%seigega ¥astHBAgYESE 8lo,VALLRUS

strengths of the exter magnetic fie

8l1. Furthermore, on the first Sio2 £film 81 and the Cu

film 75, a second 8102 £film 83 having a thickness of 0.5

gz m, a width of 3mm, and a length of 18mm was formed.
Furthermore, on the first soft magnetic thin film 79 and
the second 8102 film 83, a second linear strip-like soft
magnetic thin £ilm 85 having a thickness of
4 £ m, a width of 4 mm, and a length of 14 mm was formed.
Finally, a ground conductor film 35 of Cu having a
thickness of 1 ¢ m, a width of 10mm, and a length of 20mm
was deposited on the lower surface of the glass substrate
65.
Each of the first and the second soft magnetic

atomic percent
thin £ilms 79 and 85 had a composition of 84.1N§%%-C0,

atomic percent atomic percent
2.7-2% 2r, and 13.2Natz.Nb as analyzed by EPMA.

LN

In the manner similar to the seventh embodiment,
uniaxial magnetic anisotropy was introduced into the
magnetic thin films 79 and 85 in a widthwise direction
thereof. Then, the magnetic sensor 77 was supplied with
an electric current of 120MHz and the impedance was
measured as the external magnetic field Hex of various
strengths is applied. As a result, the impedance
variation rate was 35%/8.00e and the average magnetic
field sensitivity was 43.8%/0e. At Hex = 70e, a curve

representative of the impedance variation with respect to

the external magnetic field Hex exhibited the maximum



result, the inpedance variation rate was 110966.i&?LﬁGEMEN@fﬁgﬁﬁ!tic field
sensitivity was 16. 9% Ce. Fifteenth Enbbd.nent ! magneti c

sensor according to a fifteenth enbodinent is sjn ghetic
sensor 97 in the twelfth enbodi nent (Figs. 18 thr exce t {t hat
of

Alferr]Jerr] filnms were used as the insglator ay

SiJerr]. In the manner simlar to the %el ft h enbodi nent, magnéti c heat
treatnent was carried out. In a7 t he
state where an.el ectr t Iled e ance
variation ratelﬁagrnﬁggﬁg §f t@%f%%us ‘ﬁgﬁg P thgaégtggggﬁgnagnetlc
field. As a rsayumawsf,m@ﬁmcgim'ﬁa %Mg@, % Lhi’64a708:300n
.atomic percent  atomic percent
91d had a composition of 83.5.-at% Co, 3.1 ,.a%% Zr, and
.atomic percent

13.4, -at% Nb.

In the manner similar to the seventh embodiment,
uniaxial magnetic anisotropy was introduced into the soft
magnetic layers in a widthwise directions thereof. Then,
the magnetic sensor 95 was suppllied with an electric
current of 120 MHz and the impedance was measured in the
external magnetic field (Hex) with the strength variously
changed. As a result, the impedance variation rate was
212%/8.00e and the average magnetic fleld sensitivity was
26.5%/0e. The maximum magnetic sensitivity was 128%/Oe
at Hex = 70e.

Seventh Comparative Example

A magnetic sensor of a seventh comparative
example was experimentally prepared which is similar to
the magnetic sensor 77 of the ninth embodiment (Fig. 15)
except that the ground conductor £film 35 is not formed on
the lower surface of the glass substrate 65. Heat
treatment was carried out in the condition similar to
that of the ninth embodiment to introduce magnetic
anisotropy. Thereafter, an electric current of 120 MHz
was supplied. In this state, the external magnetic field
dependency of the impedance was measured. As a result,
the impedance variation rate was 83%/8.50e and the

average magnetic field sensitivity was about 9.8%/Oe.



the magnetic field sensitivity was 16. 9% Ce. 'RBPLA@EyﬁﬁﬁhSqEFF*odlnent

A magnetic sensor according to a sixteenth enbodi ment—ts—st+m [0 t he
magnetic sensor 97 in the twelfth enbodi ment (Filgg. %g*ég 20 except
that the insulator layer 101 of SiO2 is replaced Ry I n{ the
manner simlar to the twelfth enbodi ment,,_nagnetiic hpat treat meht] was

carried out. In the state where an e|eC9PIC current of 10 MHz was
supplied, the inpedance variation rate was neasuretd-at—vaf+eus—str engt hs

s, 1035 b. 300 380 AT R EEEAABRE §§#'g5%léﬂiyé RETE T e

As described auer 130 Ulageh?, $A°Roll hinol HEI 4ol Talglhg i Xt ont

enbodi nent s of nvent magnet | m of

anmor phous netahsk@@budlaa b&acgoaéuea@rcaﬁffdm faﬁy s ase il eOf t
magnetic el enent in the nmagnetic sensor.

from low-resistance_electrode metals such as Al, Ag, and

Au can be used. The insulator film may be formed by
various compounds excellent in insulation, such as A1203
4’ instead of SiO2 and AlN.

Now, description will be made as regards a

and 3130

magnetic sensor having the soft magnetic element
comprising a Co-Nb-Zr film similar to the ninth and the
tenth embodiments shown in Figs. 13, 14, and 15 but
having no ground conductor f£ilm as have been described as
the sixth and the seventh comparative examples. It
should be noted that the magnetic sensor without the
ground conductor film is provided with an improved
magnetic field sensitivity above 15%/0Oe by the use of the
Co-Nb-Zr fllm of a specific composition essentially

atomic percent atomic percent atomic percent
consisting of 80—82Na%$ Co, 10-17-at% Nb, and 1-6-at% ZIr.

Twelfth Embodiment

This embodiment is similar to the ninth
embodiment of Figs. 13 and 14 but without the ground
conductor film 35 as in the sixth comparative example.

Referring to Figs. 18 through 20, a magnetic
sensor 85 according to a twelfth embodiment of this
invention comprises a glass substrate 65 as an insulator
substrate, and a soft magnetic element formed on the

glass plate 65. The magnetic element is a clad type



structure, as conpared with the conventional sensor which uses the
magnetic metal |ayer or the nagnetic netal wire als{ ¥A G ?ﬁ§%;
netal, the d.c. electric resistance is reduced so tkat G jsid
sensitivity is achieved. In addition, in eaghjof the twelftih
t hrough the sixteenth enbodi ments of thig_inventionj I hef&ggsiog
48 ceram c insulator layer is interposedbetween the; conductor t al
| ayer and the Co- Nb-Zr anorphous netal nmagnetic thin frTm Therefote] the
d.c. current for application of the ex ngl magnetic_field does not {fl ow
t hrough t he anorphous netal nagnetic thi & It is therefore posSi bl e
to reduce the eddy current loss and to inprove the magnetic
characteristics inggnbigh frequefgbesition Impedance | Magnetic
. No. o Nb T 7r Variation Field Sen-
atomic percent atomic per Rate sitivity
: __r__a_gun (%/0e)
-atomic percent.
1}84.3 12.6 3.1 107%/6.50e 16.5
2] 83.8 13.5 2.8 103%/6.20e 16.6
3183.2 13.5 3.3 100%/6.00e 16.7
4| 86.5 10.5 3.0 130%/8.20e 15.9
Twelfth
Embodi- 51 80.3 13.6 6.1 95%/5.90e 16.1
ment
6| 84.1 13.9 2.0 115%/7.50e 15.3
7 { 85.5 12.2 2.3 126%/8.20e 15.4
81 84.5 13.7 1.8 145%/8.80e 16.5
9183.2 11.5 5.3 109%/6.60e 16.5
10 | 82.2 16.3 1.5 99%/6.20e 16.0
11} 88.6 10.9 0.5 143%/180e 7.9
Ninth 12 | 84.2 9.0 6.8 135%/150e 9.0
Com-
para- 13 | 80.2 18.5 1.3 56%/8.90e 6.3
tive
Example | 14 | 79.2 15.6 5.2 80%/80e 10.0
15 | 87.2 9.2 3.8 138%/160e 8.6
It is noted from Table 1, Samples 1-10 has a

magnetic field sensitivity above 15%/0e comparing with

Comparative Examples 11-15.

Tenth Comparative Example

As a magnetic sensor of a tenth comparative

example, a Co-Nb-Zr film having a thickness of 2 g m, a

length of 4mm,

and a thickness of 4mm was formed alone on

the glass substrate 65 having a thickness of lmm in the




band as conpared with the structure having no insulator |ayer. . In
the twel fth through the sixteenth enbodi nents of this j @yEEEET t he
l’\’\t}_ o)

Co-Nb-Zr | ayer does not have a single-layer structucEut-—has st acked
structure with the glass ceramc |layers interpgsed. It is therefpre
possible to cope with a still higher fregyency hand. 18 GCT®9% 1h the

twel fth through the sixteenth enbodi nents™ of t

194 invention, by selecting
the appropriate conposition of the anorphous

f _ -Nb-Zr magnetic ngtal
| ayer, the mgg%ggﬁéegg\gaaiﬁﬁhﬁve% hé RS

@tf]%eg__r er
than that obtaines ! conventional sensors using the permall oy tq%n
filmor the CgmBoaBmeht) thkMheat treatment was carried out within a

magnetic field. The soft magnetic element was directly

supplied with an electric current of 10MHz. In this
state, the external magnetic field dependency of the
impedance was measured. As a result, the impedance
variation rate was 30%/70e and the magnetic field

sensitivity was 4.3%/0e. The film had a composition of

.atomic percent atomic percent atomic percent
83.q~aL$-Co, 13.3xa%% Nb, and 2.9,a%% 2r. As compared

with Sample 2 in the twelfth embodiment, the magnetic
sensor of the twelfth embodiment (Fig. 20) having the
core conductor 75 in addition to the soft magnetic layer
99 is obviously superior.

Eleventh Comparative Example

As an eleventh comparative example, a magnetic
sensor was prepared which is similar to the magnetic
sensor of the twelfth embodiment (Figs. 18 through 20)
except that the insulator layer 101 comprising the Sio2
film is removed. Thus, the soft magnetic element
comprises the glass substrate 65, the Cu film 75, and the
Co-Nb~Zr film as the soft magnetic layer 99. 1In the
manner similar to the twelfth embodiment, magnetic heat
treatment was carried out. 1In the manner similar to the
twelfth embodiment, the soft magnetic element 1s supplied
with an electric current of 10MHz. In this state, the
external magnetic field depenéency of the impedance was
measured. As a result, the impedance variation rate was

50%/70e and the magnetic field sensitivity was 6%/Oe.



49 WHAT IS CLAIMED | S: 1. A nagneti ¢ 1 r—getegti ng a
magnetic field strength, conprising: agﬁﬁﬂgﬁﬁﬁﬂ /1 @EEFate
having first and second surfaces opposite to ea¢hjother; a soft
magnhetic el enment having first and second ends oppsiigqc){@@h otther and
mounted on said first surface of said iqﬁylatorﬁsts rate; "and a
ground conduct or nounted on said second surface } to+Ast

substrate; - and wherein said ground conducfor is g9 sai d
first d dse.0f ' f | DE &&T0, al f
| rst end  socqpgd %;gzé?g-nztrsg'ﬁmsgxah '%g:‘g%ﬂ:g%ﬂgﬁg&s Kk d&;‘?.%e °

sai d soft rragngbmﬁ-,% : _ _
thereof chang N ,eraeﬂad@rl@ga%oar@ NRENEbhEales! Wich rSO e aPPIA 6chd O
said soft mafnetic el ement.

twelfth embodiment, the magnetic sensor of the twelfth

embodiment (Figs. 18 through 20) having the insulator
layer between the soft magnetic layer and the conductor
layer is obviously superior.

Twelfth Comparative Example

As a twelfth comparative example, a magnetic
sensor similar to the magnetic sensor 97 of the twelfth
embodiment (Figs. 18 through 20) except that the soft
magnetic layer 99 1is formed by permalloy instead of
Co-Nb-Z2r was prepared. The magnetic sensor was evaluated
for magnetic impedance characteristics. In the manner
similar to the twelfth embodiment, an electric current of
10MHz was supplied. In this state, the external magnetic
field dependency of the impedance was measured. As a
result, the impedance variation rate was 45%/%0e and the
magnetic field sensitivity was 5%/Ce.

Thirteenth Embodiment

This embodiment is similar to the tenth
embodiment of Fig. 15 but without the ground conductor
film 35 as in the sixth comparative example.

Referring to Fig. 23, a magnetic sensor 109
according to a thirteenth embodiment 1s similar to that
of the twelfth embodiment (Figs. 18 through 20) except
that the first and the second soft magnetic thin films
79 and 85 each of which comprises a single layer of the

Co-Nb-Zr film are replaced by first and second soft



HLACEMENE SHEEfRgnet i c

ctjor—Ts—a grourmyg ¢conduct or

gpprgiéaggggﬁpnué1etic wre

eiing..coupled. talspid short

2. A magnetic sensor as clainmed in claima1,
elenment is a soft magnetic wre and said cond
to'be ‘grounded, said nmagnetic sensor further
circuiting conductor connecting said first end
wi th said ground conductor, said output port
circuiting conductor and said second said soft nagnetlc Wre 3. A
magnetic sensor as claimed in claim2, wherei Cwreis

: : L < ' : t
and an nner oo \AaVE B drB na B cPACts F (P RAHR R ohtATRSd r e
bei ng connect ecgélq‘cs"qir_%_ground conduct or

As illustrated in Fig. 23, the first soft
magnetic layer 103 comprises four sof£ magnetic thin
films 87a through 874 of Co-Nb-2r each having a thickness
of 0.25 £ m with three insulator films 89a through 89c
each having a thickness of 0.1 £z m interposed. Likewise,
the second soft magnetic layer 107 comprises four soft
magnetic thin films 91a through 914 of Co-Nb-Zr each
having a thickness of 0.25 uz m with three insulator films
93a through 93c each having a thickness of 0.1 am
interposed. A combination of the first and the second
soft magnetic layers 103 and 107 forms the magnetic
sensor or magnetic impedance element 109.

In the manner similar to the twelfth embodiment,
magnetic heat treatment was carried out. An electric
current of 40 MHz was supplied to the Cu film 75. 1In
this state, the external magnetic field dependency of
each of an impedance, an inductance, and an resistance
was measured. As a result, the impedance, the
inductance, and the resistance exhibit the variation as
illustrated in Fig. 24. In this case, the impedance
variation rate was 12%/80e and the magnetic field
sensitivity was 15%/0Oe. Each of the soft magnetic thin

atomic percent  atomic percent,
£ilm had a composition of 84«&&%-00, 12.8&a%% Nb, and 3.2

atomic percent
oat% Zr. As compared with a thirteenth comparative
example which will be described in the following, this

magnetic sensor is excellent in characteritics in a high



| ayer. 4. "‘IrﬁagﬁeLLc‘aggggi_as claimed In one of claims 1 to 3,

wherein said soft Yei| i of enent further conprises- ul at or | ayer

i nt er posed bet ween Sl Hg‘ﬁ' [‘gmf magneti c por R@L@W ' % r nal
co magnetic wire.j§ : [

conductor wire of said ¢

: g round compdiict or
conprises a conductor film formed on salg second 'urfa égaﬁTéﬂhd nsul at or
substrat e. 6. A magnetic sensor as clai e of cla 2to
5, wherein said ground conductor conprises a condfictor wire atfached to
said second surface of said insulator substrate. — Z....A_nagretic

sensor as cl ai Rg@Rr FClc3iaPukp r9herein said soft magnetic el ement
substantially conprises a soft magnetic thin film 8. A nmmgnetic

sensor as clainmed in cliai MA7magnetic sensor for detecting a magnetic

sensor as clainmed in one qf clalns*z to wher ei

field strength, comprising:

an insulator substrate having first and second
surfaces opposite to each other;

2 soft magnetic element having first and second
ends opposite to each other and mounted on said first

surface of said insulator substrate; and

Jdround
aaconductor mounted on sald second surface of
said insulator substrate;-and-
wherein said ground conductor is end
Kan—eu%guaupesa-coupled to said first'andpswgdk

-second—ends of sald soft magnetic element-ée*—ée*év&ag an

impedance of sald soft magnetic element between said

thereof changes
first and said second ends,_said_impadanceﬁchanging%}n

dependence upon a magnetic field strength applied to said
soft magnetic element.
2. A magnetic sensor as claimed in claim 1,

wherein saild soft magnetic element is a soft magnetic

grounded, said magnetic sensor further comprising a short

circuiting conductor connecting said first end of said

soft magnetic wire with said ground conductor,—said-

3. A magnetic sensor as claimed in claim 2,
wherein said soft magnetic wire 1s a coaxial soft

magnetic wire comprising an outer soft magnetic portion



wher ei n said conduct or und conductor to be grounded and conpri sing
Cu, Ag, Au, 'AL,/GP—aﬁ’érraa’gpgntaln|ng at |east one;of- and Al .
9. A magnetic \\w \!ﬁd inclaimi1, wher¢l: 9 ol

el ement corrprlm m nduct or | ayer ext endi g in a |longitjudi nal

di rection of sef t* magnetlc el enent,__an i nsufagor{Bayr 99suryr
an outer periphery of said inner conducté | ayer, and
magnetic thin filmcovering said insulator |ayerj saird Tnner-tondyctor
| ayer conprisin

Cu, ,Aq, Au, | i
Cu, Ag, Au, an ,ansaﬁ'%%rngﬁ’ln 8F°F’a€fgfgc8ﬁ%}$§$ﬁgb§%{]&%@h@

conductor wire being connected to said ground conductor

. layer.
one of claims 1 to
4. A magnetic sensor as claimed inﬂgéaém.B,

wherein sald soft magnetic element further comprises an
insulator layer interposed between said external soft
magnetic portion and said internal conductor wire of said
coaxial soft magnetic wire.

one of claims 2 to 4,
5. A magnetic sensor as claimed in,.

wherein saild ground conductor comprises a conductor £ilm
formed on said second surface of said insulator
substrate.

one of claims 2 to 5
6. A magnetic sensor as claimed 1q&eéaém~2,

wherein said ground conductor comprises a conductor wire
attached to saild second surface of sald insulator
substrate.

7. A magnetic sensor as claimed in claim 1,
wherein said soft magnetic element substantially
comprises a soft magnetic thin film.

8. A magnetic sensor as claimed in claim 7,
wherein salid conductor is a ground conductor to be
grounded and comprising Cu, Ag, Au, Al, or an alloy
containing at least one of Cu, Ag, Au, and Al.

9. A magnetic sensor as claimed in claim 1,
wherein said soft magnetic element comprises an inner
conductor layer extending in a longitudinal direction of
said soft magnetic element, an insulator layer

surrounding an outer periphery of said inner conductor



| REPLACEVEI\JT SHEET |

| east_one of Si(err], Si[es , A-Fregh tic
sensor__a__ﬁ_T“:q e LFHI”] ™ t magnet é&enent cpnpri ses
an mn#__';‘j_-‘ ﬂ ﬁmumf re agoyn (1‘§ Gl 19%9er

conduct' eueis e N ackee== ure corrpr| si ng plural ity of soft
magneti c thin“filme stacked wi t h insul at | ayers nterposed sai d ijnner
conductor |ayer being made of at | east sel ect etfroma—group-ofiCu,

Ag, Au, Al, and alloys thereof, each of said insulator |ayers belng made

of at |east one, of Si rrl NLerr n A
magneti c sensorl%% (%ﬂém#eﬁﬁi 45%3 ¢ kh gt?égélgﬁgegiggft nagnetlc thin
fi’l m el ement fo{ﬂ%a@or ngg}gey . rdat_,L ne‘ﬁh BRdﬁB%E%a? PPELRES1 &fng Nner

conductor | ayer surround t magnetic t | m el ement ™t hr ough

an I nner_insul atol A&yefy, Sﬂd&Pfén aﬁ&%@ebbﬁdaﬁh'ﬂnfg' L €LEFENERE0FR | Si NG
a’'Co-Nb-Zr thin essent’ially consisting of 80-87 atom c percent Co,

10-17 atomc pr@,erEg,Nbau,a%dl -0 als@iac ipgheaRbrZlayer comprising at

20 SigNy.

10. A magnetic sensor as claimed in claim 1,

least one of SiO and AlN.

wherein said soft magnetic element comprises an inner
conductor layer and a stacked structure around said inner
conductor layer, said stacked structure comprising a
plurality of soft magnetic thin f£ilms stacked with
insulator layers interposed, said inner conductor layer
being made of at least one selected from a group of Cu,
Ag, Au, Al, and alloys thereof, each of said insulator
layers being made of at least one of Sioz, Si3N4, and
AlN.

11. A magnetic sensor comprising an insulator
substrate and a soft magnetic thin film element formed on
said substrate, which further comprises an inner
conductor layer surrounded by said soft magnetic thin

film element through an inner insulator layer, said soft

magnetic thin film element comprising a Co-Nb-Zr thin

Atomic percent, atamic_percent
layer essentially consisting of 80-87,at% Co, 10-17,at%

-atamic percent,
Nk, and l—GNaL& Zr.

12. A magnetic sensor as claimed in claim 11,
wherein said inner conductor layer is of at least one of
Cu, Ag, and Al, said inner insulator layer being of at

Si N Al,0,, and AlN.

least one of 8102, aNg» 203



12. A magnetic sensor_as—etaimed in claim1l, wWR BdF) gHng
conductor |ayer is of at W ehd, and lER%ﬁELIIﬁ?C1 t:
| ayer being of at I eaHma

and Al N \‘% Sl e”im@éjn“@%é”s

as clainmed in claim12, V\/nereln sai d so%% magnet|ct Ln.filmelenegn
conprises a plurality of said Co-Nb-Zr |n Iayers successively st
with insulator |ayers interposed.

g:{aa;tmad " Iclagistm éﬁé o] erg\err?ﬁggﬂ{: g’i‘%ﬁerrf %r?&tﬁﬁy a?e,rAISNI.S

wherein said soft magnetic thin film element comprises a

i plurality of said Co-Nb-Zr thin layers successively
stacked with insulator layers interposed.
14. A magnetic sensor as claimed in claim 13,
wherein each of said interposed insulator layers is of at

least one of Sioz, Si3N4, A1203, and AlN.
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comprising the steps of:

forming a first soft magnetic film on an
insulator substrate;

forming a first insulator film on saig/ first soft
magnetic film;

forming a conductor layer on said first insulator
£film;

forming a second insulator/film to cover said
conductor layer except both endg thereof; and

forming a second sofy/ magnetic film to cover said
second insulator film so a6 to form a closed magnetic
loop comprising said fjfst and said second soft magnetic
films;

each of sdid first and said second soft magnetic
films comprisirg a Co-Nb-Zr thin film essentially
consisting #f 80-87 at% Co, 10-17 at% Nb, and 1-6 at% Zr.

Y6. A method of manufacturing a magnetic sensor
as clgimed in claim 15, wherein each of said first and

sa¥d second insulator films is of at least one of 8102,
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as claimed in claim 15, wherein each of said s0ft
magnetic films comprises a plurality of Co-Nb-Zr thin
films successively stacked with a urality of insulator
films interpﬁsed.

18. A method manufacturing a magnetic sensor
as claimed in claim 17, wherein each of said first

through sa third insulator films is of at least one of

510 13N4, Alz 3¢ and AlN, said conductor layer being




