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DESCRIPTION

HIGH-FREQUENCY CURRENT SUPRESSOR CAPABLE OF
BEING READILY ATTACHED TO CABLE OR THE LIKE AND
EARPHONE SYSTEM USING THE SAME

TECHNICAL FIELD:
The present invention relates to a high-frequency current
suppreéor for suppressing high-frequency conduction noise in a

signal transmission cable used for various electronic information

equipment, such as a terminal equipment for mobile communication,

an audio-visual equipment, or the like, and also to an earphone

system using the high-frequency current suppressor.

BACKGROUND ART:

Conventionally, various signal transmission cables aie
used for transmitting signals between devices or between
components in various electionic information equipment.

On the other hand, in various audio-visual equipment for
enjoying music or movies, an earphone system including a signal
transmission ca_ble.having a connection plug at its end, earphone or
headphone is utilized to enable a user to enjoy music or movies
without worrying about surrounding sound.

Further, an earphone system combining the above-
described earphone or headphone for enjoying music etc. and a
microphone has been used in recent years, for example, in a
terminal equipment for mobile communication, such as a portable

telephone, or the like. This makes hands-free communication
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available, namely makes ‘it unnecessary for a user to hold the
terminal equipment for mobile communication directly in his hand.
-The earphone system including those earphones or

headphones generally comprises a connection plug connected to an

output terminal of a terminal equipment, an earphone or a

headphone and/or a microphone, and a signal cable for connecting
the connection plug with the earphone, or thé like. A cable length
of the signal cable ranges from several tens centimeters to a
hundred and several tens: centimeters. In addition, the cable
length corresponds to order of waw;relength in microwave bahd_ used
for mobile communication. ' .

However, an output from antenna attached to a terminal
equipment for mobile communication, such as a portable telephone,
or the like is easily conducted to the signal cable of the earphone
system due +to electromagnetic coupling. As. a. result,

electromagnetic wave is conducted to a head of the user through the

. signal cable.” This sometimes increases localized SAR .(absorbed

electric power per sp ecific wéighf) value. .

Thus, electromagnetic waves produced from a terminal
equipment for mobile communication or the like cause a problem in
which an influence of the electromagnetic waves to a human body
becomes serious. |

Various researches have been made in recent years as
regards such an influence of the electromagnetic waves to a human
body. It is sure that the influence would become serious problem
more and more from now on in accordance. with further

popularization of the mobile communication equipment. In

. addition, unnecessary high-frequency noise (current) is sometimes
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conducted to a signal cable used for transmitting signals between
devices or between components in various electronic information
equipment. An erroneous operation of electronic information
equipment is thereby caused to occuxr.

It is therefore an object of the presemt invention to
provide a high-frequency current suppressor which is capable of
being readily attached to a signal cable used for transmitting
signals between devices or between components in various
electronic information equipment and which can .prevent the
‘electronic informatiop equipment from erroneous operations by

reduéing unnecessary high-frequency current conducted to the

signal cable.

It is another object of the present invention to provide a
high-frequency current suppressor which is capable of being readily .
attached to an earphone,-a signal cable, or the like, and which can

prevent electromagnetic wave from increasing SAR value in a

. human head by réducing unnecessary high-frequency current

generated in the signal cable due to induction of the

_ electromagnetic wave produced from a terminal eqﬁipment, and the

like, and also to provide an earphone system using the high-

frequency current suppressor.

' DISCLOSURE OF THE INVENTION:

According to an aspect of the present invention, as
described in claim 1, there is provided a high-frequency current
suppressor comprising a flexible member capable of being attached
to a cable.

As described in claim 2, it is preferable that the ﬂexiizle
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member comprises a break, which elongates over all length along
an axial direction of the cable.

As described in claim 3, the high-frequency current
suppressor may comprise at least two layers which consist of a
high-frequency current suppressing layer and at least one outer
layer. As described in claim 4, the outer -layer‘ may be
consisting of either a molded resin or a molded metal, or
combination of the molded iesin and the molded metal.

As described in claim 5, the high-frequency current
suppressor may be cons1stmg of composite magnetlc material which
comprises soft magnetic powder obtained by ﬂattenmg alloy powder
including at least Fe, Si, Al, and binding material.

As described in claim 6, the high-frequency current
suppressor may be consisting of composite magnetic material which
compnses soft magnetlc powder obtained by ﬂattenmg alloy powder
mcludmg' at least Ni, Fe, and binding material.

As described in claim 7, the high-frequency current
suppressor may be consisting of magnetic loss thin film which
comprises a first member consisting of at least any one of F_e, Co, Ni,
or mixtu;re thei'eof and a second member consisting of insulating
material including at least more than one kinds of elements other
than Fe, Co, Ni.

As described in claim 8, an earphone system for use in a
terminal of .mobile communication may be provided with the high-
frequency current suppressor as claimed in any one of the claims 1
through 7.

Besides, “ éarphone system" depicted in the present

-invention includes not only a system having one earphone (for use
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in a single ear) or two earphones (for use in both ears) but also
another system having, what we call, a headphone combining two -
earphones (for use in both ears) and a head band etc..

Ai:cording to another aspect of the present invention, as
described in claim 9, there is provided an earphone system
comprising a connection plug connected to an output t_ér'minal of an
electronic equipment, an .earphone, and a signal cable for
connecting the connection piug with the earphone, wherein a high-
frequency current suppressor consisting of soft niagnetic material

is added at least partially to any one of the connection plug, the

. earphone, and the signal cable. -

As'described in daiﬁ 10, a part or a whole of outer

circumference of the signal cable may be covered bj'r the high-

. frequency current suppressor. . - -

As described in.claim. 11, a .part or a whole of outer
circumference of an outer conductor of the signal cable may be
covered by the high-frequency current suppressor. -

As described in claim’ 12', the high-frequency current
suppressor may be provided near a portion where the signal cable
and the éarphbne are connected 1.;0 each other.

As described in claim 13, the high-frequency current
suppressor may be included inside the earphone.

As described in claim 14, the earphone system may
further comprise a microphone.

As described in claim 15, the high-ffcequency current
suppressor may be included inside the microphone.

As described in claim 16, a housing of the earphone or the

microphone may be formed by the high-frequency -current
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‘SUpPPressor.

- As described in claim 17, the high-frequency current
‘suppressor may be consisting of composite magnetic material which
comprises soft magnetic powder obtained by flatiening alloy powder
including at least Fe, Si, Al, and binding material.

As described in claim 18, the high-frequency current
suppressor may be consisting of composite magnetic material which
comprises soft magnetic powder obtained by flattening alloy powder
including at least Ni, Fe, and binding material.

As described in claim 19, the high-frequency current
suppressor may be consisting of magnetic loss thin film which
comprises a first member consisting of at least any one of Fe, Co, Ni,
or mixture thereof and a second member consisting of insulating
material including at least more than one kinds of elements-other

than Fe, Co, Ni.

BRIEF DESCRIPTION OF THE DRAWINGS:

| Fig. 1 is an explanation vigw for showing a high-
frequency current suppressor according to a first embodiment of the
present invention, (a) is a schematic perspective view showing the
high-frequency current suppressor, (b) is a schematic perspective
view showing a condition in which the high-frequency current
suppressor is attached to a cable; .

Fig. 2 is a schematic perspective view for showing a

high-frequency current suppressor according to a second
embodiment of the present invention;

Fig. 3 is a schematic perspective view for showing a

high-frequency current suppressor according to a third embodiment
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of the present invention;

Fig. 4 is a schematic perspective view for showing a
high-frequency current suppressor according to a fourth
embodiment of the present invention;

Fig. 5 is a view for showing suppressing effects against
high-frequency el'e;ctromagnetic waves in the high-frequency
current suppressor according to the first through the fourth
embodiments of the 'present invention;

Fig. 6 is an explanation view foxi showing an earphone
system according to a fifth embodiment of the presént iﬁvention, (a)
is a.schematic perspective view showing the earphone system, (b) is
an enlarged view showing a high-frequency current suppressor
thereof;

Fig. 7 is an explanation view. for showing an earphone
system according to a sixth embodiment of the preéent invention,
(a) is a schematic perspective view showing the earphone system,
(b) is an enlarged view showing a high-frequency current
suppressor théreof;

Fig. 8 is an explanation view for showing an earphone
system ai:cor('ljin‘g;r to a seventh embodiment of the present invention,
(a) is a schematic perspective view showing the earphone system,
(b) is an enlarged view showing a high-frequengy . current
suppressor thereof; .

Fig. 9 is an explanation view for showing an earphone
system according to an eighth embodiment of the present invention,
(a) is a schematic perspective view. showing the earphone system,
(b) is an enlarged sectional view showing an earphone thereof;

Fig. 10 is an enlarged sectional view  for showing a
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- microphone of an earphone system according to an mninth

. embodiment of the present invention;

Fig. 11 is an enlarged view for showing an earphone of an
earphone system according to a tenth embodiment of the present
invention;

Fig. 12 is an enlarged view for showing a microphone of
an earphone system according to an eleventh embodiment of the
present invention; and

-Fig. 13 i.s a view for showing measuring effects of
suppressing effect against high-frequency electromagnetic v.vaves in -
the earpbhone system using the high-frequency current suppressor
according to the fifth through the ninth embodiments of the present
invention. | '

BEST MODE FOR EMBODYING THE INVENTION:
(First Embodiment) . : ' T

Referring to Figs. 1(a) and 1(b), description is, at first,
made about a .high-fr-equeni:y currenf-suppressor according to a
first embodiment of the present invention.

" In Fig. 1(a), a high-frequency current suppressor 101 is
essentially consisting of a composite magnetic material which
comprises soft magnetic powder obtained by flattening alloy powder
including Fe, Si, Al, and a binding material. The composite
magnetic material is subjected to press molding to have a
cylindrical shape having a size of 1.5 mm in inner diameter, 2.65
mm in outer diameter, and 10.0 mm in length. The composite
magnetic material has a break 113 which elongates lengih direction

of the cylindrical shape in a part thereof. The composite magnetic

" material is thereby formed to have flexibility.
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On the other hand, Fig. 1(b) shows a condition in which
the high-frequency current suppressor 101 consisting of this
composite magnetic material is attached Ito a signal cable 112
having a size of approximately 1.5 mm in outer diameter. The
high-frequency current suppressor 101 has flexibility, as mentioned
above. Let the break 118 of the high-frequency current suppressor
101 be opened by a hand or fingers to be attached to the signal cable
112 and release the high-ffequehcy current suppressor 101 from the
hand or fingers. Accordingly, the high-frequency current
suppressor 101 is adhered and fixed to the signal cable 112.

In - the interim, suppressing effects against high-

frequency current was investigated as regards the high-frequency

current suppressor 101 according to this embodiment, after the
high-frequency current suppressor 101 was fixed to the signal cable
112. As a result, a suppressing effect of -17dB is obtained at such
a frequency band of 900 MHz as used for mobile communication
while gnother suppressing effect of -27dB is obtained at.such.a
frequency band of 1.9 GHz as also used therefor.

In the first embodi.mel'lt, the high-frequency current
suppressor 101 is consisting of the composite magnetic material
which comprises soft magnetic powder obtained by flattening alloy
powder including Fe, Si, and Al, aﬁd a binding material. However,
the alloy powde? is nbt required to include all of Fe,. Si, and Al.
The alloy powder is required to include at least any one of Fe, Si,
Al -

(Second Embodilﬁent)
Next,' referring to Fig. 2, description will proceed to a

high-frequency current - suppressor .according. to a second
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- embodiment of the present invention. "~ -

In Fig. 2, a high-frequency current suppressor 102

- comprises two layers which consist of a high-frequency current

suppressing layer 121 and a resin outer layer 122, The high-
frequency current suppressing layer 121 is essentially consisting of
a composite magnetic material to have flexibility, similar to that of
the first embodiment. An outer circumlfexl:ence of the high-

frequency current suppressing. layer 121 is covered by the resin

- outer layer 122 consisting of molded resin having a thickness of

approximately 0.5 mm to have flexibility. .

Also in the_ high-frequency current suppressor 102,
similarly to the first embodiment, both the high-frequency current
suppressing layer 121 and the resin outer layer 122 have flexibility.
Let the break 123 of the high-frequency current suppressor-'1;0-2"be
opened by a hand or fingers to be attached to the signal+“cable

112(See Fig. 1) and release the high-frequency current suppressor

- 102 from the hand 61: fingers. ' Accordingly, the high-frequency

current suppressor 102 is adhered and fixed to the signal cable

- 112(See Fig. 1).

Further, suppressing effects against high-frequency -

current was . investigated as regards the high-frequency current
suppressor 102, after being fixed to the signal cable 112(See Fig. 1).

As a result, a suppressing effect of -iSdB is obtained at such a
frequency band of 900 MHz as used for nlu')bile communication while

another suppressing effect of -29dB is obtained at such a frequency

band of 1.9 GHz as also used therefor.

(Third Embodiment) '

Continuously, referring to Fig. 3, description proceeds to
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a  high-frequency current suppressor according to a third
embodiment of the present invention.
In Fig. 8, a high-frequency current suppressor 103

comprises two layers which consist of a high-frequency current

suppressing layer 131 and an aluminum outer layer 132. - The -

high-frequency current suppressing layer 131 is . essentially
consisting of a composite magnetic material to have flexibility,
similar to that of the first embodiment. An outer circumference of
the -high-;frequency current suppressing layer 131 is covered by the
aluminum outer layer 1832 consisting of molded alﬁnﬁnﬁm having a
thickness of -approximately 0.3 mm to have flexibility.

Also in the high-frequency current suppressor 103,

. similaxrly to the second embodiment, both the high-frequency

. current suppressing layer 131 and the aluminum outer layer 132

have flexibility. Let the break 133 of the high-frequency current

suppressor 108 be opened by a hand or fingers to be attached to the -

signal cable 112(See Fig. 1) and release the high-frequency current
suppressor 103 from thé hand or fingers. chordingly, the high-
frequency current suppressor 103 is adhered and fixed to the signal
cable 112(See Fig. 1).

Further, suppressing effects against high-frequency

current was investigated as regards the high-frequency current

- suppressoi 103, a_fter being fixed to the signal cable 112(See Fig. 1).

As a result, a suppressing effect of -17dB is obtained at such a
frequency band of 900 MHz as used for mobile communication while
another suppressing effect of -32dB is obtained at such a frequency
band of 1.9 GHz as also used therefor.

As described above, the outer layer 122 is consisting of
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molded resin in the second embodiment while the outer layer 132 is

- consisting of molded metal (aluminum) in the third embodiment.

- However, the outer layer can be consisting of combination of both

resin and metal.
(Fourth Embodiment)

Further, referring to Fig. 4, description proceeds to a

- high-frequency current suppressor according to a fourth

embodiment of the present inyention'.

In Fig. 4, a high-frequency current suppressor 104 has
three-layers structure which comprises a high-frequency current
suppressing layer 141, a polyimide base material 142 and a résin
outer layer 144. The high-frequency current suppressin\g layer

141 Itxas flexibility and is consisting of magnetic loss thin film

- (granular magnetic thin film)' composed of Fe,;Al;,0,,. :». The.

polyimide base material 142 has a thickness of approximately 0.2
mm to have flexibility. The resin outer layer 144 is consisting of
molded resin having a thickness of approximately 0.5 mm to have

flexibility. In order to fabricate these three-layers siructure, at

- first, thq 'high-frgquency current. suppressing layer 141 is formed on

a surface of the polyi_inide base material 142 by sputtering to have a )

- film thickness of 1.5 #m. Thereby, the high-frequency current _

suppressing lé.yer 141 and the polyimide base material 142 are
formed to have a cylindrical shape h‘av.ing approximately 1.5 mm in
inner diameter, and approximately 10.0 mxﬁ-in length. An outer
circumference of the high-frequency current suppressing layer 141
is then covered by the resin outer layer 144 consisting of molded
resin having a thickness of approximately 0.5 mm to have

flexibility.
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Also in the high-frequency current suppressor 104,
similarly to the second and the third embodiments, all of the high-
frequency current suppressing layer 141, the polyimide base
material 142 and the resin outer layer 144 have flexibility. Let
the break 143 of the high-frequency current suppressor 104 be
opened by a hand or fingers to be attached to the signal cable
112(See Fig. 1) and release the high-frequency current suppressor
104 from the hand or fingers. Accordingly, the high-frequency
current suppressor 104 is adhered and fixed to the signal cable
112(See Fig. 1). '

Further, suppressing effects afgainst- high-frequency

. current was investigated as regards the high-frequency current

suppressor 104, after being fixed to the signal cable 112(See Fig. 1).

.As a result, a suppres'sing.eﬁ‘ect of -23dB is obtained at such a

- frequent;.y band of 900 MHz as used for-mobile communication while

another suppressing effect of -35dB is obtained at such a frequency
band of 1.9 GHz as also used therefor.

Herein, Fig. 5 shows suppressing effects against high-
frequency electromagnetic waves in the high-freduency current
suppressors according to the first through the fourth embodiments.

In Fig. 5, EXAMPLE 1 shows measuring effects of

' transmission characteristics by a network analyzer between two

ports. . In these measuring, the high-frequency current
suppressors 101, 102 and 103 according to the first through the
third embodiments are attached to be fixed to a central portion in
-the length direction of the cable having 1.5 mm in outer diameter
and 300 mm in length. Then, both ends of the cable are connected

‘to the network analyzer, as the above-mentioned two ports. -
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'On the other hand, EXAMPLE 2 shows measuring effect
of transmission characteristics by a network analyzer between two
ports. In this measuring, the high-frequency current suppressor
104 according to the fourth embodiment is attached to be fixed to
the central portion of the cable, and then both ends of the cable are
connécted to the network analyzer, similarly to the EXAMPLE 1.

As will be understood from Fig. 5, according to EXAMPLE
1 and EXAMPLE 2, suppressing effects between 25dB and 35dB can
be obtained at quasi-microwave band in any high-frequency current
suppressors 101, 102, 103 and 104. |

"Besides, = other than the high-frequehcy current

.suppressors 101, 102, 103 and 104, alternative high-frequency

current suppressors can be designed by changing material
cpm‘position or size thereof. Accordingly, desirable sﬁppre‘ssing
characteristics can be obtained by adapiing the material
composition or the size of the high-frequency current suppressors to
a cable. ' |

Further, other than the high-frequency -current

- suppressors according to the above-mentioned first through fourth

-embodiments, it will now be réad:ily possible to put this invention
into effect in various other manners. For example, a break 1183,
123, 133 or 143 was formed to be a substantially straight line
parallel to an axis of the cylindrical shape of the high-frequency
current suppressors. The break can be formed to have an angle to
the axis of the cylindrical shape. In addition, the break can be
formed as a curve. Alternatively, the break can be composed of
two edges interfitted to each other when the break is closed. In

addition, shapes of the high-frequency current suppressors are not
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limited to the cylindrical shape. The high-frequency current
.suppressors can be formed to have a rectangular shape. Further, a
member for preventing the cable from slipping or an adhesive layer
can be provided at inner side of the cylindrical or the rectangular
tube.

As described - above, according to the first through the
fourth embodiments of the present invention, the high-frequency
current suppressors 101, 102, 103 or 104 comprises a flexible
member capabie of being attached to a cable. Furthe;rmore, the
flexible member éomprises a break which elongates over all length
along an axial direction of the cable. The high-frequency cuﬁent
suppressors 101, 102, 103 or 104 can therefore be readily attached

and fixed to a signal cable used for an earphone, a microphone, and

- the other electronic equipments. Excellent suppressing effects

can be obtained at: quasi-microwave:band in any high-frequency -
current suppressors 101, 102, 103 and 104. Accordingly, it .is
possible to provide a higﬂ-frequency current suppressor which can
suppress unnecessary high-frequency current sufficiently' and
which is thereby effective to solve various EMI (electromagnetic
interference) problems. It is also possible to prevent
electromagnetic waves from increasing SAR value in a human head
by applying the high-frequency current suppressoxr 101, 102, 103 or
104 to eaxphone, headphone or a signal cable connecting those to a
terminal equipment for mobile communication.

Next, referring to drawings, description will proceed to an
earphone system according to a fifth through an eleventh
embodiments of _the present invention.

(Fifth Embodiment)
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Referring to Figs. 6(a) and 6(b), description is, at first,
made about an earphone system according to-a fifth embodiment of
the present invention.

- As illustrated in Fig. 6(a), an earphone system 201
comprises an earphone 211, a microphone 212, a connection plug

218, and a signal cable 214 for connecting the earphone 211 and the

~microphone 212 as well as the microphone 212 and the connection

plug 213. The sigﬁal_ cable 214 comprises unillustrated an inner
conductor, an outer conductor and insulation coating'over those
inner conductor and outer conductor. Furthér, as illustrated in
Fig. 6(b), the signal cable 214 is overlaid by a cable housing 216
over all of the length thereof. Further, the earphone system 201
comprises a high-frequency current suppressor 215 attached to the
signal cable 214 at a position near the earphone 211 with covering
an external circumuferencial surface 216a of the cable housing 216
at the position.

. The high-frequency current suppressor 215 is formed to

~ have a hollow cylindrical shape having a size of 1.556 mm in inner

diameter, 2.20 mm in outer diameter, and 10.0 mm in length, as
illustrated in Fig. 6(b). As illustrated in Figs. 6(a) and 6(b), the
hilgh-frequency current suppressor 215 is fixed to the signal cable
214 .at the position near the earphone 211 with an internal
circumference thereof being adhered to an external circumferencial
surface 216a of the cable housing 216.

Herein, the high-frequency current suppressor 215 is
consisting of composite magnetic material which comprises soft
magnetic powder obtained by flattening alloy powder including Fe,
Si, Al, and binding material. The high-frequency current
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suppressoi; 215 is formed by press molding to have the above-
mentioned hollow cylindrical shape and the size.
(Sixth Embodiment)

Referring to Figs. 7(a) and 7(b), description will proceed
to an earphone system. according to a sixth gnibodiment_ of the
present invention. The earphone -system according to the sixth
embodiment has a structure basically similar to that of the fifth
embodiment illustrated in Figs. 6(a) and 6(b). Similar portions
are-therefoi%e designated by like reference numerals and detailed
description thereof is omitted accordingly.

As illustrated in -Fig. 7(a), an earphone system 202
comprises a high frequency curfent_éuppressor 225 attached to an
end of the earphone 211 in series. The high-frequency current
suppressor 225 is formed to have a hollow taper shape having a size -
of 1.6 mm in inner. diameter, 3.30 mm in outer diameter of the

uppest portions, 2.0 mm in outer diameter of the lowest portions,

-and 5.5 inm in length of the taper portion, as illustrated in Fig. 7(b).
. As illustrated in Figs. 7(a) and 7(b), the high-frequency current

suppressor 225 is fixed to the end of the earphone'211 in series with
an internal circumference thereof being adhered to an external
circumferencial surface 216a of the cable housing 216 6f the signal
cable 214.

Besides, the high-frequency current suppressor 225 is
consisting of composite magneﬁc material which comprises soft
magnetic powder obtained by flattening alloy powder including Fe,.
Si, Al; and binding material, similarly to the high-frequency
current suppressor 215 according to the fifth embodiment. The

- high-frequency current suppressor 225 is formed by press molding
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- to have the above-mentioned hollow taper shape and the size.

(Seventh Embodiment)

Continuously, referring to Figs. 8(a) and 8(b), description
will proceed to an earphone sysiem according to a seventh
embodiment of the present invention. The earphone system
according to the seventh embodiment has a structure basically
similar to that of the fifth embodiment illustrated in Figs. 6(a) and

6(b). Similar portions are therefore designated by like reference

‘numerals and detailed description thereof is omitted accordingly.

As illustrated in Fig. 8(a), an earphone system 203

according to the seventh embodiment comprises a high-frequency

.current suppressor 235 attached to the signal cable 234 at-a

position near the earphone 211, similarly to that of the above-
mentioned fifth embodiment. The signal cable 234 is, what we call,
a coaxial cable. The signal cable 2384 comprises unillustrated an
inner conductor, an outer conductor, an insulation coating layer for

insulating the inner conductor from the outer conductor, and an

insulation cable housing for coating the outer -conductor

substantially all over the length thereof [only the insulation cable
housing is shown by a reference numerai 234d iﬁ Fig. 8(b)]. In this
earphone system 208 according to the seventh embodiment, the
signal cable 234 includes a portion lacking of the insulation cable
housing 234d near the earphone 211, as illustrated in Figs. 8(a) and
8(b). The high-frequency current suppressor 235 is formed on an
exposed surface of the outer conductor in this portion. -

Herein, the high-frequency current suppressor 235 is
consisting of magnetic 1_oss thin film (granular magnetic thin film)

composed of Fe,Al,;0,;. The high-frequency current suppressox
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235 is formed to hé‘r:e alength of 5.5 mm and.a film thickness of 1.5

L m on a surface of the outer conductor 234b.

~ (BEighth Embodiment)

Further, referring to Figs. 9(a) and 9(b), description will
proceed to an earphone system according to a eighth embodiment of
the present invention. As illustrated in Fig. 9(a), tﬁe earphone
system 204 according to .the eighth embodiment comprises an
earphone 241, a microphone 242, a connection plug 213, and a
signal cable 244 for connecting the earphone 241 and ‘the
microphone 242 as well as the microphone 242 and the connection
plug 213. - As illustrated in Fig. 9(b), the earphone 241 comprises a
speaker portion 248. Similarly to the signal cable 234 of the
above-mgntioned seventh embodiment, the signal cable 244

comprises unillustrated an inner conductor, an outer conductor, an

- insulation coating layer for insulating the inner conductor from the

-outer conductor, and an insulation cable housing for coating the
outer t:o.nductor substantially all over the length thereof [only the
outer conductor 244b and the insulation cable housing 244d are
shown in Fig. 9(b)]. Within the earphone 241, the inner conductor
and the outer conductor 244b are connected to the speaker portion

248, respectively.

In this earphone system 204 according to the eighth
embodiment, as illustrated in Fig. 9(a), no high-frequency current
suppressor is attached to a portion near the earphone 241 or an end
of the earphone 241. As illustrated in Fig. 9(b), a high-frequency
current suppressor 245 is formed on a surface of the outer
conductor 244b, in other words, between the outer condﬁctor 244b

and the insulation cable housing 244d.
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Further, the high-frequency ‘current suppressor 245 ‘is
consisting of magnetic loss thin film (granular magnetic thin film)
composed of Fe,;;Al,;0,,. The high-frequency current suppressor
245 is formed to have a length of 4.2 mm and a film thickness of 1.9
s m on the surface of the outer conductor 244b.

(Ninth Embodiment)

Further, referring to Fig. 10, description will proceed to
an earphone system according to an ninth embodiment of the
present invention. -

The earphone system 205 according to the ninth

embodiment has a basié structure similar to that of the éighth

embodiment illustrated in Fig. 9(a). Illustration of the basic
structure_ is omitted, but reference numerals of only different
portions are designated by parentheses in Fig. 9(a). - Namely, as
illustrated in Fig. 9(a), the earphone system 205 according to the
ninth embodiment comprises an earphone 241, a microphone 252,a
connection plug 213, and a signal cable 244 for cqnnecting-the
earphone 241.and the micl_"ophone 252 as.well as the microphone
252 and the conne’cti(.m. plug 213. . As illustrated in Fig. 10, the
microphone 252 comprises a microphone portion 259. Within the
microphone 252, the inner conductor and the outer conductor 244b
are connected to the microphone portion 259, respectively.-

In this eall"phone system 205 according to the ninth

embodiment, as illustrated in Fig. 9(a), no high-frequency current

.suppressor is attached to a portion near the earphone 241 or an end

of the earphone 241. As illustrated in Fig. 10, a high-frequency
current suppressor 255 is formed on a surface of the outer

conductor 244b, in other words, between the outer conductor 244b
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-and the insulatioi‘l';éble housing 244@.

.. Further, the high-frequency current suppressor 255 is
consisting of magnetic loss thin film (granular magnetic thix_l film)
composed of Fe,;;Al;;0,,. The high-frequency current suppressor
255 is formed to have a length of 4.2 mm and a film thickness of 1.9
/. m on the surface of the outer conductor 244b.

(Tenth Embodiment)

Further, referring to Fig. 11, description will proceed to
anlearphone system according to a tenth embodiment of the present
invention. |

_ The earphone system 206 according to the tenth
embodiment has a basic structure similar to the earphone system

204 of the eighth embodiment illustrated in Fig. 9(a). - Illustration

- of the basic structure is omit-ted,_ but. reference numerals of only

different portions are designated by parentheses in Fig. 9(a).
Namely, as illustrated in Fig. 9(a), the earphone system 206
according to the tenth embodiment comprises an earphone 261, a
inicrophone 212, a connection plug 218, and a signal cable 244 for
connecting the earphone 261 and the microphone 212 as well as the
microphone 212 and the connection plug 213. ,

In this earphone system 206 according to the tenth
embodiment, as illustrated in Fig. 9(a), no high-frequency current
suppressor is attached to a portion near thé earphone 261 or an end
of the earphone 261. As illustrated in Fig. 11, a high-frequency
current suppressor itself is used as a molded resin conétructing a
case of the earphone 261.

Herein, the high-frequency current suppressor 265 is

consisting of a resin including composite magnetic material which
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- comprises soft magnetic powder obtained by ﬂatteniiig alloy powder

including Fe, Si, Al, and binding material. The high-frequency
current suppressor 265 is formed by press molding to have a
-structure illustrated in Fig. 11.

(Eleventh Embodiment)

Further, referring to Fig. 12, description will proceed to
an earphone system according to an eleventh embodiment of the
present i_nvention..

The earphone system 207 according to the eleventh .
embodiment has a basic structure similar to the earphone system
204 of the eighth e:lnbodiment illustrai:ed in Fig. 9(a). Illustration
of the basic structure is omitted, but reference numerals of only

different portions are designated by parentheses-in Fig. 9(a).

- Namely, as illustrated in Fig. 9(a), the earphone system 207

according to the eleventh embodiment éombrises an earphone 241, -

a microphone 272, a connection plug 213, and a signal cable 244 for

- connecting the earphone 241 and the micrbphone 272 as well as the

.micrbphoné 272 and the connection plug 213.

In this earphone system 207 according to the eleventh

. e,mbodiment, as illustrated in Fig. 9(a), no high-frequency current

- suppressor is attached to a portion near the earphone 241 or an end

of the earphone 241. As illustrated in Fig. 12, a high-frequency -
current suppressor itself is used as a molded resin constructing a
case of the microphone 272. .

. Herein, the high-frequency current suppressor 275 is

consisting of a resin including composite magnetic material which

. comprises soft magnetic powder obtained by flattening alloy powder

including Fe, Si, Al, and binding material. . The high-frequency
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current suppress{g); 275 -is formed by pre:':s's:. molding to have a
structure illustrated in Fig. 12.

Hereinunder, description will proceed to operations and
effects of the earphone system according to the fifth through the
eleventh embodiments of the present invention. Fig. 13 shows
measuring effects of suppressing effect against high-frequency
electromagnetic waves in the earphone system using the high-
frequency current suppressor according to the fifth through the
eleventh embodiments.

In the measurement, at first, a tube having 2.5 mm in
diameter and 15 mm in length, which -'Has in its central a through

hole having 0.5 mm in diameter is prepared. Next, a copper wire

" having 0.5 mm in diameter and 300 mm in length is penetrated

through the through hole. The composite magnetic material is
then attached to a central portion of the copper wire in the length
direction thereof to obtain a primary line iﬁcluding a primary

high-frequency current suppressor (depicted as “ composite

" magnetic material” in Fig. 13). On the other hand, a granular

magnetic thin film used in the seventh and the eighth embodiments
is formed by sputtering on a external circumference of the above-
mentioned copper line to have a length of 15 mm to obtain a
secondary line including a secondary high-frequency current
suppressor (depicted as - “granular magnetic thin film" in Fig. 13).
Both ends of the primary line including the primary high-frequency
current suppressor are connected to a network analyzer to
investigate transmission characteristics between two ports. Also
both ends of the secondary line including the secondary high-

frequency current suppressor are connected to the network



10

15

20

25

WO 01/80616 - PCT/IP01/03271

24

- analyzer to investigate transmission characteristics between two

ports.

As a result, suppressing effects between 20dB and 35dB

- can be obtained at quasi-microwave band in any of the primary and

the secondary high-frgquency current suppressors. Besides, other
than the high-frequency current suppre’ssor.s depicted in the aboxlre
embodiments, larger suppressing effects can be obtained by
changing material composition or gize thereof.

As described above, according to the earphone system of
the fifth through the eleventh embodime'pts of the present

invention, a high-frequency current suppressor is added to an

earphone or a microphone itself, alternatively, to a part of a signal
- cable for connecting the earphone or the microphone into a terminal

‘equipment for mobile communication. High-frequency current

generated in a signal cable by electromagnetic waves produced from

the terminal equipment can be reduced. Therefore, it becomes

possible to provide an earphone sysitem which is able to prevent an

-increase of SAR value in a human head by the electromagnetic

waves.
While this invention has thus far been described in
specific conjunction with only several emb.odiments thereof, it will
now be readily possible for one skilled in the art to put this -
invention into effect in various other manners. For example, in
the above embodiments, an earphone system of the present
invention was described as regards such an earphone system as
used for a portable telephone. However, the earphone system of
the present invention is not limited to such a use. The earphone

system of the present invention can be applied to various electronic
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equipments for enj'dying music or movies, in which an earphone or a

headphone is generally used.

INDUSTRIAL APPLICABILITY:

As described above, according to an aspect of the present
inventidn, a high-frequency current suppressor can. be readily
attached and fixed to an earphone, a microphone, or a signal cable
used for the other electronic equlipments. Therefore, unnecessary
high-frequency current can be reduced sufficiently. Accorxdingly,
the present inventioxg is effective enough to solve various EMI
problems.

Further, according to another aspect of the present
invention, high-frequency current generated by. electromagnetic
induction can  be reduced by adding a high-frequency current
suppressor to at least, an earphone, a headphone or a microphone

itself, alternatively, a part of a signal cable for connecting those.

Accordingly, the present invention is very effective to the increase ’

of SAR value in a human head by the electromagnetic waves that

has been seriously a problem in recent years.
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1. A high-frequency current suppressor comprising a flexible

member capable of being attached to a cable.

2. A high-frequency current suppressor as claimed in claim 1,
wherein said flexible member comprises a break which elongates

over all length along an axial direction .of said cable. -

8. A high-frequency current suppressor as claimed in claim 1,
wherein said high-frequency current suppressor comprises at least
two layers which consist of a high-frequency current suppressing

layer and at least one outer layer.

4. A high-frequency current suppressor as claimed in claim 3,

 wherein said outer layer is consisting of either a molded resin or a

molded metal, or coxi_lbination of said molded resin and said molded

metal.

5. A high-frequency current suppressor as claimed in any one of
claims 1 through 4, wherein said high-frequency current suppressor
is consisting of composite magnetic material which comprises soft
magnetic powder obtained by flattening alloy powder including at
least Fe, Si, Al, and binding material.

6. A high-frequency current suppressor as claimed in any one of

claims 1 through 4, wherein said high-frequency current suppressor
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is consisting of composite magnetic material which comprises soft
magnetic powder obtained by flattening ailoy powder including at

least Ni, Fe, and binding material.

. 7. A high-frequency current suppressor as claimed in any one of

claims 1 through 4, wherein said high-frequency current suppressor
is consisting of magnetic loss thin film which comprises a ﬂrst
member consisting of at least any one of Fe, ‘Co, Ni, or mixture
thereof and a second member consisting ' of insulating material

including at least more than one kinds of elements other than said

Fe, Co, Ni.

8. An earphone system for use in a terminal of mobile
communication, wherein said earphone system is provided with o
said high-_frequéncy current suppressor as claimed in any one of

claims 1 through 7.

9. An ecarphone system comprising a connection plug connected to
an output terminal of an electronic equipment, an earph'one_, and a
signal cable for connecting said connection plug with said earphone,

wherein a high-frequency current suppressor consisting of soft

. magnetic material is added at least partially to any oné of said

connection plug, said earphone, and said signal cable.

10. An earphone system as claimed in claim 9, wherein a part or a
whole of outer circumference of said signal cable is covered by said

high-frequency current suppressor. .
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11. An earphone system as claimed in claim 9 or 10, wherein a

part or a whole of outer circumference of an outer conductor of said

- signal cable is covered by said high-frequency current suppressor.

12. An earphone system as claimed in any one of claims 9 through
11, wherein said high-frequency current suppressor is provided

near a portion where said signal cable and said earphone are

- connected to each other.

18. An earphone system as claimed in any one of claims 9 through
12, wherein said high-frequency current suppressor is included

inside said earphone.

14. An earphone system as claimed in any one of claims 9 through

13, wherein said earphone system further comprises a microphone.

15. An earphone system as claimed in claim 14, wherein said
high-frequency current suppressor is included inside said

microphone.

16. An earphone system as claimed in any one of claims 9 through
15, wherein a housing of said earphone or said microphone is

formed by said high-frequency current suppressor.

17. An earphone system as claimed in any one of claims 9 through '
16, wherein said high-frequency current suppressor is consisting of
composite magnetic material which comprises soft magnetic powder

obtained by flattening alloy powder including at least Fe, Si, Al,
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and binding material.

18. An earphone system as claimed in any one of claims 9 through
18, wherein said high-frequency current suppressor is consisting of
coplposite magnetic mgterial which coinprises soft magnetic powder
obtained by ﬂattenin'g alloy powder including at least Ni, Fe, and
binding material.

19. An earﬁhone system as clajmed in any one of claims 9 through
16, wherein said high-frequency current suppressg')r is consisting of
magnetic loss thin film which comprises a first member consisting
of at least any one of Fe, Co, Ni, or mixture thereof and a second
member consisting of insulating material including‘. at least more

than one kinds of elements other than said Fe, Co, Ni.



