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(54) Contact vibrator and hearing device using the same

(57) A contact vibrator 1 comprises a vibrator 5 for
converting an electric signal to a mechanical vibration, a
vibration transmitting section 6 for transmitting the me-
chanical vibration from the vibrator 5 to an eardrum 31,
and a plug for transmitting the electric signal to the vibra-
tor 5. The contact vibrator 1 is provided with a position
adjusting means for adjusting a position of the vibration
transmitting section 6 in the longitudinal direction by ad-
justing the distance between the vibrator 5 and the plug
7. An in-the-ear hearing aid 3 comprises such a contact

vibrator 1, a receptacle 12 into which the plug 7 is fitted,
a shell 2 for fixedly securing the receptacle to the inside
thereof, an electric circuit section 23 for providing the
receptacle 12 with a hearing-processed electric signal,
and a microphone 21 for imparting an acoustic signal
converted to an electric signal to the electric circuit sec-
tion 23, wherein, when the plug 7 is fitted into the recep-
tacle 12, both the plug 7 and the receptacle 12 are elec-
trically connected with each other and a tip 11 of the
vibration transmitting section 6 is adapted to come into
contact with the eardrum 31 or an ear ossicle.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a contact vi-
brator for converting an acoustic signal to a mechanical
vibration and directly transmitting the mechanical vibra-
tion to a hearing organ such as an eardrum, and to a
hearing device using the contact vibrator.

2. Description of the Prior Art

[0002] In a conventional air-conduction hearing aid, a
sound captured by a microphone is signal-processed
(e.g., amplification or filter out) depending upon the de-
gree of a user’s carrying power and is output from an
earphone. Since the output is the same physical quantity
as an input, in other words, a sound spread in the air,
feedback is easily generated. On the contrary, in a con-
ventional bone-conduction hearing aid, it is difficult to
generate feedback because the output is a mechanical
vibration. However, since a vibration is imparted to lymph
fluid in an inner ear through the skull and an acoustic
signal is transmitted to the acoustic sense, there is a
drawback in which efficiency is less than the air-conduc-
tion hearing aid which transmits the vibration to the lymph
fluid of the inner ear through a middle ear and this takes
up much space.

[0003] Consequently, itis more efficient if the mechan-
ical vibration of the output is directly imparted to an ear-
drum, not through the skull as seen in the bone-conduc-
tion hearing aid. From this point of view, a hearing aid is
known in which a converter adapted to output the input
acoustic signal in the form of a mechanical vibration is
used and an output end of the converter and the eardrum
are connected at a vibration transmitting section to di-
rectly transmit the vibration to the eardrum (for example,
refer to Patent Document 1).

Patent Document 1: US Patent No. 6137889

[0004] However, in the invention disclosed in Patent
Document 1, the mechanical vibration output end of the
converter is mechanically and directly connected to the
delicate eardrum and as a result, it is necessary to pro-
vide a mechanism which does not impart an excessive
force to the eardrum. Further, in this invention, it is not
easyforausertowearthe hearing aid so thatthe vibration
transmitting section comes in contact with the eardrum
in a proper condition. In such a hearing aid, since it is
necessary to do maintenance such as a battery change,
periodical mounting and demounting is imperative. In
such a case, there is a vexatious complication that the
wearer must ask an expert such as an otorhinolaryngol-
ogist to do the maintenance.
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SUMMARY OF THE INVENTION

[0005] Itis therefore an object of the present invention
to solve the problems seen in the prior art and to provide
for the wearer a contact vibrator which is readily detach-
able and a hearing device using the same.

[0006] In order to attain this object, according to a first
aspect of the present invention, a contact vibrator is pro-
vided, which comprises a vibrator for converting an elec-
tric signal to a mechanical vibration, a vibration transmit-
ting section for transmitting the mechanical vibration from
the vibrator to an eardrum, and a vibrator side mounting
section having an electrode and adapted to transmit the
electric signal to the vibrator.

[0007] According to a second aspect of the present
invention, the contact vibrator of the first aspect is pro-
vided, in which a position adjusting means is provided to
adjust the position of the vibration transmitting section in
the longitudinal direction by adjusting the distance be-
tween the vibrator and the vibrator side mounting section.
[0008] According to a third aspect of the present in-
vention, a hearing device is provided, which comprises
a contact vibrator of the first aspect or the second aspect,
amicrophone for converting an acoustic signalto an elec-
tric signal, an electric circuit section for signal-processing
the electric signal converted by the microphone, a body
side mounting section which has an electrode to be elec-
trically connected to the electric circuit section and on
which the vibrator side mounting section is detachably
mounted and which comes into contact with an electrode
of the vibrator side mounting section to be electrically
connected, and a body section provided with a shell to
which the body side mounting section is secured and
which is made to adapt to the shape of an external ear
canal of a user, wherein, when the vibrator side mounting
section is mounted on the body side mounting section,
a tip of the vibration transmitting section comes into con-
tact with an eardrum or an ear ossicle.

[0009] According to a fourth aspect of the present in-
vention, the hearing device of the third aspect is provided,
in which the body side mounting section is a receptacle
and the vibrator side mounting section is a plug.

[0010] According to a fifth aspect of the present inven-
tion, the hearing device of the third aspect is provided,
in which the body side mounting section is provided with
a magnet while the vibrator side mounting section is pro-
vided with a magnetic body and is connected to the body
side mounting section by means of magnetic force.
[0011] According to a sixth aspect of the present in-
vention, the hearing device of the third aspect is provided,
in which the body side mounting section is a rail section
provided with an electrode on a plate shape magnet and
the vibrator side mounting section is provided with an
electrode made of a magnetic body, wherein the rail sec-
tion and the vibrator side mounting section are provided
to cause mutual electrodes to come into close contact
with each other by means of magnetic force, and the
vibrator side mounting section is slidably mounted on the
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body side mounting section.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings.

Fig. 1 is a front view of an in-the-ear hearing aid to
which a first embodiment of a hearing device accord-
ing to the present invention is applied;

Fig. 2 is a cross-sectional view taken along line A-A
of Fig. 1;

Fig. 3 is a partially exploded cross-sectional view of
the in-the-ear hearing aid;

Fig. 4 is an enlarged cross-sectional view of a posi-
tion adjusting means;

Fig. 5is an explanatory view of the in-the-ear hearing
aid (shell) at the stage of fitting;

Fig. 6is an explanatory view of the in-the-ear hearing
aid (contact vibrator) at the stage of fitting;

Fig. 7 is a cross-sectional view of the in-the-ear hear-
ing aid fitted in place;

Fig. 8 is a conceptual illustration of the in-the-ear
hearing aid fitted in place;

Fig. 9 is a conceptual illustration of a behind-the-ear
hearing aid fitted in place to which the present inven-
tion is applied;

Fig. 10 is a side view of a second embodiment of a
contact vibrator according to the present invention;
Fig. 11is an enlarged cross-sectional view of another
embodiment of the position adjusting means;

Fig. 12 is a third embodiment of the contact vibrator
according to the present invention, in which (a) is a
plan view, (b) is a side view of a partial cross-section,
and (c) is a rear view;

Fig. 13 is a side view of a partial cross-section of an
in-the-ear hearing aid to which a second embodi-
ment of the hearing device according to the present
invention is applied;

Fig. 14 is an enlarged cross-sectional view taken
along a line B-B of Fig. 13;

Fig. 15is an explanatory view of the in-the-ear hear-
ing aid at the stage of fitting to which the second
embodiment of the hearing device according to the
present invention is applied; and

Fig. 16 is a side view of a partial cross-section of the
in-the-ear hearing aid fitted in place.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0013] A preferred embodiment of the present inven-
tion will now be described with reference to the accom-
panying drawings. Fig. 1 is a front view of an in-the-ear
hearing aid to which a first embodiment of a hearing de-
vice according to the present invention is applied. Fig. 2
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is a cross-sectional view taken along line A-A of Fig. 1.
Fig. 3 is a partially exploded cross-sectional view of the
in-the-ear hearing aid. Fig. 4 is an enlarged cross-sec-
tional view of a position adjusting means. Figs. 5 and 6
are explanatory views of the in-the-ear hearing aid in the
process of fitting. Fig. 7 is a cross-sectional view of the
in-the-ear hearing aid fitted in place and Fig. 8 is a con-
ceptual illustration of the in-the-ear hearing aid fitted in
place.

[0014] A first embodiment of a hearing device accord-
ing to the present invention is shown in Figs. 1 though 3.
An in-the-ear hearing aid 3 is composed of a contact
vibrator 1 for converting an electric signal to a mechanical
signal and transmitting the mechanical signal to an ear-
drum, a shell 2 for housing the contact vibrator 1 and
other components, and the like. The contact vibrator 1 is
composed of a vibrator 5 for converting an electric signal
to a mechanical vibration, a vibration transmitting section
6 for transmitting the mechanical vibration generated by
the vibrator 5 to the eardrum, a plug 7 for transmitting
the electric signal to the vibrator 5, and the like.

[0015] A multilayer piezoelectric element (for example,
made by NEC TOKIN Corporation) is used as the contact
vibrator 5, but an electromechanical converter such as a
conductivity type and a magneto-striction type is also
available. The vibration transmitting section 6 is fixedly
secured to one end of the vibrator 5 through a reinforcing
member 8 and a connecting section 9 is fixedly secured
to the other end of the vibrator 5. The connecting section
9 is provided with a through-hole 9a into which a guide
member 10 for guiding the moving direction of the vibrator
5 is pressed and a through-hole 9b into which a later
described stopper is firmly fitted.

[0016] Referring to the vibration transmitting section
6, it is desirable that a mechanical impedance relative to
the direction of action of force in the actual use condition
be much larger than the mechanical impedance of the
eardrum. In the present embodiment, a rod with an outer
diameter of 0.6 mm in SUS 304 is used. It is desirable
that the vibration transmitting section 6 be made straight
to maximize the mechanical impedance, but there are
some cases where the vibration transmitting section 6
can not be made straight for some users because there
are two curves in an external ear canal. In such a case,
the vibration transmitting section 6 can be properly bent
to suit the individual.

[0017] Secured to an end of the vibration transmitting
section 6 is a tip 11 adapted to come into direct contact
with the eardrum and the like to sufficiently transmit the
mechanical vibration. The tip 11 can be coated with a
harmless oil (such as olive oil) and the like to stabilize a
contact condition with the eardrum. In this case, the tip
11 can be made of a silicone and the like. In the case
where the tip 11 is not coated with the oil and like, it is
desirable that the tip be made of material such as Teflon
(Registered Trademark) which does not stick to the ear-
drum.

[0018] The plug 7 forms a connector together with a
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receptacle 12 secured to the inside of the shell 2. The
plug 7 is electrically connected to the receptacle 12 and
functions as a member for positioning the contact vibrator
1 relative to the receptacle 12. An electrode 7a is secured
to the plug 7. The vibrator 5 and the plug 7 are electrically
connected by an input terminal 5a of the vibrator 5 and
alead wire 13. When the plug 7 is fitted into the receptacle
12, the electrode 7a of the plug 7 and an electrode (not
shown) of the receptacle 12 are caused to come into
contact to be electrically connected.

[0019] An arm 14 is integrally formed with the plug 7
and is provided with a female screw hole 14a into which
a male screw section 15a of a screw 15 is screwed and
a through-hole 14b into which the guide member 10 is
slidably fitted. The plug 7 is also provided with a knob 16
to provide the user with smooth access to the receptacle
12. The arm 14 controls the movement of the screw 15
and the guide member 10. When the plug 7 is inserted
into the receptacle 12, part of the arm 14 is fitted into a
groove section 12b of the receptacle 12 without play to
prevent the plug 7 from being rotated around its axis.
[0020] Reference numeral 17 is a magnet embedded
in a tip of the plug 7. When the plug 7 is fitted into the
receptacle 12, the magnet 17 serves to hold the contact
vibrator 1 with a moderate suction force between the
magnet 17 and a magnetic body 18 embedded in the
receptacle 12 so that the contact vibrator 1 does not fall
off the receptacle 12 as a result of an external force such
as a vibration which acts during the fitting operation.
When the user removes the contact vibrator 1 from the
receptacle 12, the magnet 17 is also provided in such a
manner that the contact vibrator 1 can be easily pulled
out by grasping the knob 16.

[0021] The screw 15 is provided, as shown in Fig. 4,
to adjust the position of the vibrator 5 and the vibration
transmitting section 6 in the longitudinal direction. The
screw 15 is provided with the stopper 15b described
above on one end and a knob 15c on the other end and
forms a position adjusting means for the contact vibrator
1 together with a female screw hole 14a of a small diam-
eter formed on the arm 14 and the connecting section 9
into which the stopper 15b is fitted. By rotating the knob
15c¢ to move the screw 15 back and forth, the connecting
section 9 is caused to move, thereby being capable of
adjusting the position of the tip 11 of the vibrator 5 secured
to the connecting section 9.

[0022] When positioning of the vibrator 5 is adjusted
by the screw 15, the guide member 10 serves to prevent
the vibrator 5 from rotating and to accurately guide the
moving direction of the vibrator 5. The stopper 15b is
adapted to engage with a through-hole 9b consisting of
a small diameter hole and a large diameter hole to pre-
vent the screw 15 from pulling out from the connecting
section 9. The knob 15¢ is provided to allow the user to
easily rotate the screw 15 with his fingers. Reference
numeral 19 is a spring coiled around the screw 15 and
is compressively inserted between the connecting sec-
tion 9 and a large diameter hole 14c which communicates
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with the female screw hole 14a of the arm 14.

[0023] The shell2is made based on anear mold which
was taken from the user in advance. The shell 2 serves
as a standard whereby the tip 11 of the contact vibrator
1 is positioned in substantially the same location relative
to the eardrum for each fitting operation to come into
contact with the eardrum. The shell 2 which is normally
provided with a portion of a cavum conchae (cavity of the
concha) and a concha of ear is made although it depends
upon the size of an ear of the user. An entire hearing aid
is housed in the shell 2.

[0024] The receptacle 12 is positioned by the shell 2
in such a manner that the tip of the contact vibrator 1
comes into contact with the vicinity of an umbo of the
eardrum when a hearing aid is made for the user and is
secured to the shell 2 using an adhesive agent 20 or the
like. The receptacle 12 is provided with a recessed sec-
tion 12a and a groove section 12b into which the plug 7
is fitted. The receptacle 12 is embedded with an electrode
12c for electric connection and a magnetic body 18 for
attracting the plug 7 with a moderate force.

[0025] A microphone 21 converts a sound input from
a sound intake 22 to an electric signal. An electric circuit
section 23 amplifies or signal-processes the output from
the microphone 21 and outputs the electric signal for driv-
ing the contact vibrator 1. The electric signal is then trans-
mitted to the vibrator 5 through the electrode 12c of the
receptacle 12, the electrode 7a of the plug 7, the lead
wire 13, the input terminal 5 a and the like. A battery 24
provides the microphone 21 and the electric circuit sec-
tion 23 with electric power and a power switch 25 turns
the power supply on or off to the microphone 21 and the
electric circuit section 23. A face plate 26 is a plate shape
plastic casing into which the sound intake 22, the micro-
phone 21, the electric circuit section 23, the battery 24,
the power switch 25 and the like are incorporated and is
joined to part of an edge section of the shell 2.

[0026] Operation of the in-the-ear hearing aid 3 to
which the first embodiment of the hearing device accord-
ing to the present invention is applied will now be de-
scribed. First, as shown in Fig. 5, the user is required to
fit the shell 2 into his ear. Since the shell 2 can not be
fitted into the ear simply by pushing it to the inside of an
external ear canal 30, it is advisable that the shell 2 be
fitted into the ear by twisting it back and forth with the
fingersin the range of about a half-turn. In the case where
the shell 2 is not properly fitted into place, since part of
the shell 2 strongly pushes the skin, the user recognizes
this fact by feel. When the shell 2 is properly fitted into
place, the shell 2 becomes stable and the user does not
feel uncomfortable.

[0027] Next, after confirming that the shell 2 has been
fitted in place, as shown in Fig. 6, the tip 11 of the contact
vibrator 1 is slowly inserted into the external ear canal
30 through the shell 2, by grasping the knob 16 of the
contact vibrator 1 with the fingers, wherein the plug 7 is
caused to engage with the receptacle 12 and the arm 14
of the plug 7 is caused to engage with the groove 12b of
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the receptacle 12 for insertion. This operation can be
easily performed once the user gets used to it. Since the
receptacle 12 is secured to the shell 2 after adjusting its
position in advance, when the plug 7 is fitted into the
receptacle 12, as shown in Fig. 7, the tip 11 of the contact
vibrator 1 comes into contact with the vicinity of the umbo
31 1a which is a predetermined location of the eardrum
31. Fig. 8 shows a condition in which the in-the-ear hear-
ing aid 3 is fitted in place. Reference numeral 32 is an
auricle of ear.

[0028] Next, when the power switch 25 is turned on,
the electric signal which has properly amplified and sig-
nal-processed the sound input to the microphone 21 is
input to the vibrator 5 through the receptacle 12, the plug
7 and the like, whereby the vibrator 5 vibrates accord-
ingly. This vibration is transmitted to the eardrum 31
through the vibration transmitting section 6 and the tip
11 and thus, the eardrum is caused to vibrate to transmit
the acoustic energy to the acoustic sense. In the case of
a person without an eardrum 31 or a person whose ear-
drum 31 adheres to a wall of the middle ear cavity, the
acoustic energy can be transmitted to the acoustic sense
through a vestibular window and the cochlea by causing
the tip 11 of the contact vibrator 1 to contact a part within
the ear ossicle such as the stirrup bone.

[0029] In the case where contact between the tip 11
of the contact vibrator 1 and the eardrum 31 is undesir-
able when the plug 7 of the contact vibrator 1 is fitted into
the receptacle 12, the power switch 25 is turned on and
the user himself rotates the knob 15c with his fingers to
a condition in which an audio output is generated. In this
manner, a favorable carrying power can be obtained by
adjusting the position of the tip 11 while confirming the
degree of the carrying power. However, if a favorable
carrying power still cannot be obtained even by this ad-
justment, the user is required to pull out the plug 7 by
holding the knob 16 with his fingers, wherein fitting of the
in-the-ear hearing aid can be discontinued at once.
[0030] Fig. 9 is a conceptual illustration of a behind-
the-ear hearing aid 40, to which the present invention is
applied, fitted in place. In this case, a microphone, an
electric circuit section, a battery, a power switch and the
like are incorporated in an ear hook casing 41. An electric
outputis conducted by a cord 43 passing through a hook
42 and the like, and a connector 44 at the tip of the cord
43 isfitted into another connector (making a pair) secured
to a shell 45, wherein the output from the connector is
electrically connected to an electrode of a receptacle se-
cured to a predetermined area of the shell 45 by a lead
wire. A user is required to fit the connector 44 into a con-
nector secured to the inside of the shell 45. After electri-
cally connecting the ear hook casing 41 to the shell 45,
the user fits the shell 45 into the correct location in his
ear and hooks the ear hook casing 41 behind the ear. A
subsequent method of fitting of the contact vibrator 1 into
the shell 45 is the same as for the in-the-ear hearing aid 3.
[0031] Fig. 10 is a side view of a second embodiment
of a contact vibrator according to the present invention
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in which a position adjusting means of a vibration trans-
mitting section 56 in the longitudinal direction is not pro-
vided. A vibrator 55 is directly secured to an arm 64,
which is integrally formed with a plug 57, through a con-
necting section 59. Reference numeral 57a is an elec-
trode, 58 is a reinforcing member, 59a is an input termi-
nal, 61 is a tip, 63 is a lead wire, and 66 is a knob, re-
spectively.

[0032] In the embodiment of the present invention, a
structure is shown by which the contact vibrator 1 is pro-
vided with the plug 7 and the shell 2 is provided with the
receptacle 12. However, since an object of the present
invention is to establish a relative positional relationship
between the contact vibrator 1 and the shell 2 when the
plug 7 is fitted into the receptacle 12, a structure in which
the contact vibration 1 is provided with the receptacle 12
and the shell 2 is provided with the plug 7 is also available.
[0033] Since it is anticipated that the contact vibrator
1 could be accidentally dropped, the contact vibrator 1
can be connected to the shell 2 and the like with a string
or an elastic cord for drop prevention. In the contact vi-
brator 1, the lead wire 13 for electric connection between
the input terminal 5a of the vibrator 5 and the electrode
7a of the plug 7 can be secured to the arm 14 and the
like so as not to hinder the operation of the contact vi-
brator 1. A flexible print-circuit board can be usedin place
of the lead wire 13, or part of the lead wire 13 can also
be replaced with the flexible print-circuit board.

[0034] Referring to Fig. 11, the spring 19 is not provid-
ed in the position adjusting means, but a screw 85 can
be rotated with a knob 85c. In this case, it is necessary
to provide a structure in which the position adjusting
means does not move back and forth, wherein a male
screw section 85a of the screw 85 is caused to engage
a female threaded hole 79a of a connecting section 79
tomove the connecting section 79 back and forth, thereby
positioning the vibrator 5 which is secured to the con-
necting section 79. Reference numeral 85b is a stopper.
Reference numeral 86 is a falling-off prevention member
adapted to engage a through hole 74a consisting of a
small diameter hole and a large diameter hole formed on
an arm 74. The falling-off prevention member 86 is inte-
grally formed with the screw 85.

[0035] Next, asecond embodimentof a hearing device
according to the present invention is shown in Figs. 12
through 14. An in-the-ear hearing aid 91 is composed of
a contact vibrator 90 for converting an electric signal to
a mechanical vibration and transmitting the mechanical
vibration to an eardrum, a shell 2 for housing the contact
vibrator 90 and other components, and the like. The con-
tact vibrator 90 is composed of a column-shaped vibrator
5 for converting an electric signal to a mechanical vibra-
tion, a bar-shaped vibration transmitting section 6 for
transmitting the mechanical vibration generated by the
vibrator 5tothe eardrum, a vibrator side mounting section
92 for positioning the vibrator 5 in the shell 2 and trans-
mitting the electric signal to the vibrator 5, and the like.
It is to be noted that the vibrator 5, the vibration transmit-
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ting section 6, and the tip 11 secured to an end of the
vibration transmitting section 6 have the same configu-
ration as in the first embodiment of the hearing device.
[0036] The vibration transmitting section 6 is fixedly
secured to one end of the vibrator 5 and a connecting
member 93 of an insulating body is fixedly secured to the
other end thereof. The connecting member 93 is sand-
wiched between a pair of electrodes 94a and 94b of a
magnetic body. The electrodes 94a and 94b are provided
with a substantially horseshoe shape guide member 95.
A vibrator side mounting section 92 is composed of the
connecting member 93, electrodes 94a and 94b, the
guide member 95, and the like. The vibrator side mount-
ing section 92 forms an electric connector together with
a rail section 96 secured to the inside of the shell 2 and
acts as a mounting position adjusting member of the con-
tact vibrator 90 relative to the rail section 96. Reference
numeral 92a is a stopper for the rail section 96 for posi-
tioning the contact vibrator 90. The electrodes 94a, 94b
are plated with gold.

[0037] Therail section 96 is composed of a plate shape
magnet 97 secured to the inside of the shell 2, a flexible
print-circuit board 98 fixedly secured to the upper surface
of the magnet 97, and a pair of rail shape electrodes 99a
and 99b disposed on the flexible print-circuit board 98 to
face the electrodes 94a, 94b. Since the electrodes 94a,
94b are connected to input terminals 5a and 5b of the
vibrator 5 by lead wires 13a and 13Db, the vibrator 5 and
electrodes 94a, 94b are electrically connected. When the
vibrator side mounting section 92 engages the rail section
96, the electrodes 94a, 94b of the vibrator side mounting
section 92 and electrodes 99a, 99b of the rail section 96
are caused to come into contact with a moderate mag-
netic force of the magnet 97, to be electrically connected.
In this manner, the vibrator 5 is electrically connected to
the electric circuit section 23 and the like through the
electrodes 94a, 94b, 99a and 99b, the flexible print-circuit
board 98 and the like.

[0038] Since the surfaces of the electrodes 94a, 94b,
99a, and 99b are smoothly finished, the electrodes 94a,
94b of the vibrator side mounting section 92 are provided
to slide smoothly in a contacting condition with the elec-
trodes 99a, 99b of the rail section 96 with a moderate
magnetic force of the magnet 97 and thus, the contact
vibrator 90 can be set in a desired position relative to the
shell 2. The moderate magnetic force of the magnet 97
provides a sufficient force to hold the contact vibrator 90
to adegree so that the contact vibrator 90 does not depart
from the rail section 96 by an external force such as vi-
bration acting during the fitting operation and the user
can demount the contact vibrator 90 without difficulty.
[0039] The rail section 96 is positioned within the shell
2 and secured thereto by an adhesive agent 20 and the
like in such a manner that, at the time when the user’s
hearing aid is constructed, the tip 11 secured to an end
of the contact vibrator 90 comes into contact with the
vicinity of the umbo of the eardrum in a condition in which
an end section 96a of the rail section 96 is caused to
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touch a stopper 92a of the vibrator side mounting section
92 to allow the vibrator side mounting section 92 to en-
gage with the rail section 96. In this manner, in order to
allow the tip 11 to come into contact with the vicinity of
the umbo of the eardrum when the in-the-ear hearing aid
91 is fitted, it is advisable that the contact vibrator 90 be
fitted in the shell 2 in such a manner that the vibrator side
mounting section 92 engages with the rail section 96 to
allow the end section 96a of the rail section 96 to touch
the stopper 92a.

[0040] A magnetic body is secured to a pullout means
95a of the guide member 95 so that the contact vibrator
90 can be pulled out by attracting the pullout means 95a
using a magnet. Itis easier to pull out the contact vibrator
90 if a linear member for pullout (not shown) is attached
to the pullout means 95a in place of the magnetic body.
Other configurations are the same as in the first embod-
iment of the hearing device.

[0041] Operation of the in-the-ear hearing aid 91 con-
structed above to which the second embodiment of the
hearing device according to the present invention is ap-
plied will now be described. First, the user is required to
fit the shell 2 into his ear. Since the shell 2 cannot be
properly fitted simply by pushing the shell 2 to the inside
of the external ear canal 30, it is advisable that the shell
2 be twisted back and forth in the range of about half turn.
In the case where the shell 2 cannot be fitted in place,
since part of the shell 2 strongly pushes the skin, the user
recognizes by the feel that the shell 2 has not been fitted
in place. Once the shell 2 is fitted in place, the shell 2
reaches a stable condition and the user does not feel
uncomfortable.

[0042] Next, after confirming that the shell 2 has been
fitted in the right place, as shown in Fig. 15, the tip 11 of
the contact vibrator 90 is slowly inserted into the external
ear canal 30 through the shell 2, grasping the vibrator
side mounting section 92 of the contact vibrator 90 with
the fingers. After allowing the vibrator side mounting sec-
tion 92 to engage with the rail section 96 and fitting the
rail section 96 into the guide member 95, the vibrator side
mounting section 92 is caused to slide until the end sec-
tion 96a of the rail section 96 touches the stopper 92a.
This operation can be easily performed, once the user
gets used to it. Since the rail section 96 is secured to the
shell 2 after adjusting the location in advance, when the
end section 96a of the rail section 96 touches the stopper
92, as shown in Fig. 6, the tip 11 of the contact vibrator
90 comes into contact with the vicinity of the umbo 31 a
which is a predetermined location of the eardrum 31.
[0043] Next, when the power switch is turned on, an
electric signal which has properly amplified and signal-
processed a sound input to the microphone 21 is input
to the vibrator 5 through the rail section 96, the vibrator
side mounting section 92 and the like, wherein the vibra-
tor vibrates. This vibration is transmitted to the eardrum
31 through the vibration transmitting section 6 and the
tip 11 to cause the eardrum to vibrate, and the acoustic
energy is transmitted to the seat of acoustic sense. In
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the case of a person without an eardrum 31 or a person
whose eardrum 31 adheres to a wall of the middle ear
cavity, the acoustic energy can be transmitted to the seat
of the acoustic sense through a vestibular window and a
cochlea by allowing the tip 11 of the contact vibrator 90
to contact a part within the ear ossicle such the a stirrup
bone.

[0044] In the embodiments of the present invention,
the in-the-ear hearing aid 3, 91 and the behind-the-ear
hearing aid 40 to which the contact vibrator according to
the present invention and the hearing device using the
same is applied is described, but the present invention
can also be applied to an audio hearing device such as
a headset.

EFFECTS OF THE INVENTION

[0045] According to the first aspect of the present in-
vention, a contact vibrator can be detachably mounted
on a device using the contact vibrator so that a vibration
transmitting section comes in contact with an eardrum.
[0046] According to the second aspect of the present
invention, positioning of a tip of the vibration transmitting
section can be readily made.

[0047] According to the third aspect of the present in-
vention, if a vibrator side mounting section provided on
the contact vibrator is mounted on a body side mounting
section which is secured to a shell, positioning of the tip
of the vibration transmitting section relative to the ear-
drum and the like is properly made and as a result, a
hearing device which is easily handled by the user can
be provided.

[0048] According to the fourth aspect of the present
invention, if a plug provided on the contact vibrator is
fitted into a receptacle secured to the shell, positioning
of the tip of the vibration transmitting section relative to
the eardrum and the like can be properly made and as a
result, a hearing device which is easily handled by the
user can be provided.

[0049] According to the fifth aspect of the present in-
vention, the vibrator side mounting section can be main-
tained in place by a magnetic force.

[0050] According to the sixth aspect of the present in-
vention, since an electrode made of a magnetic body of
a mounting member provided on the contact vibrator is
slidably mounted on a rail shape electrode, positioning
of the tip of the vibration transmitting section relative to
the eardrum can be properly secured. Further, since the
electrode made of a magnetic body is supported with a
moderate magnetic force by an electrode provided on a
body mounting member, mounting and demounting of
the contact vibrator relative to the shell can be readily
conducted.

INDUSTRIAL APPLICABILITY

[0051] Ifa plug or a vibrator side mounting section pro-
vided on a contact vibrator is caused to engage with a
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receptacle or a rail section secured to a shell, positioning
of a tip of a vibration transmitting section relative to an
eardrum and the like can be properly conducted and as
a resuit, it is possible to provide a hearing device such
as anin-the-ear hearing aid and a behind-the-ear hearing
aid which are easily handled by a user.

Claims
1. A contact vibrator comprising:

a vibrator for converting an electric signal to a
mechanical vibration;

a vibration transmitting section for transmitting
the mechanical vibration from the vibrator to an
eardrum; and

a vibrator side mounting section having an elec-
trode and adapted to transmit the electric signal
to the vibrator.

2. The contact vibrator according to claim 1, wherein a
position adjusting means is provided to adjust a po-
sition of the vibration transmitting section in the lon-
gitudinal direction by adjusting the distance between
the vibrator and the vibrator side mounting section.

3. A hearing device comprising:

acontact vibrator according to claim 1 or claim 2;
a microphone for converting an acoustic signal
to an electric signal;

an electric circuit section for signal-processing
the electric signal converted by the microphone;
a body side mounting section which has an elec-
trode electrically connected to the electric circuit
section and on which the vibrator side mounting
section is detachably mounted and which comes
into contact with an electrode of the vibrator side
mounting section to be electrically connected;
and

a body section provided with a shell to which the
body side mounting section is secured and
which is made to meet the shape of a user’s
external ear canal;

characterized in that, when the vibrator side
mounting section is mounted on the body side
mounting section, a tip of the vibration transmitting
section contacts an eardrum or an ear ossicle.

4. The hearing device according to claim 3, wherein

the body side mounting section is a receptacle and
the vibrator side mounting section is a plug.

5. The hearing device according to claim 3, wherein
the body side mounting section is provided with a
magnet and the vibrator side mounting sectionis pro-
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vided with a magnetic body and is mounted on the
body side mounting section by means of a magnetic
force.

The hearing device according to claim 3, wherein
the body side mounting section is a rail section pro-
vided with an electrode on a plate shape magnet,
the vibrator side mounting section is provided with
an electrode made of a magnetic body, the rail sec-
tion and the vibrator side mounting section are pro-
vided to cause mutual electrodes to closely contact
each other by means of a magnetic force, and the
vibrator side mounting section is slidably mounted
on the body side mounting section.
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