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21 - VI BRATFONCACTUATOR SO | BACKGROUND

OF THE INVENTICN 1. Fleﬁé ofcrtoen Iﬂveﬁtlbnﬂwhw d #hezpresent I nvention
relates to a vibration v ISy :

i”VIBRATION ACTUATOR FOR PAGER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vibration actuator for

pager which is incorporated in a'portable telephone or the like to
notify a user of the arrival of a received call not only by_sound but

" by vibration also and, more particularly, to the vibration actuator for
pager suited for achieving a smaller, lighter design.
2. Description of the Related Art

Conventional vibration actuators for pager are called also as

vibration motors or vibration-generating actuators for pager: they are
required to be compact, thin and inexpensive, and also to be capable of
generating vibration at low power consumed. They are intended,
howeve:. to generate only vibration; therefore, they cannot be used for
making a.voice call or issuing conversational voiée. Hence, at least
two component units are necessary for obtaining the information on
incoming calls and for generating voice signals. Further, the pager
vibrating motors extensively used consume much starting power for
rotating a relatively large mass; they are also disadvantagéous_in that
they have many components because of the rotating design, and provide
unsatisfactory reliability or accuracy control. The conventional pager
vibrating motors have a further disadvantage: they.include current
switching brushes because they use direct current, so that they may

generate large electromagnetic noises or incur malfunction at the time
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actuator for a nobile equipnent such as a pager or a nobile phone which is
I ncorporated in a portable tel ephone (celiular phone) or the like to
notify a user of the arrival of a received call not only by sound or voice
but by vibration also and, nore particularly, to the vibration actuator

suited for achieving a smaller, lighter design. 2. Description of Related
Art Conventional vibration actuators are called also as vibration
Tt Or o natadiah. AP TR e ACL 0L S dohn SLSonlp18hESE d LaBT1GRPACT

and flatter design.

FIG.1 shows a pager vibrating motor which has been most
commonly used hitherto. A counterweight 3 is rotated via a shaft 2
driven by a driving motor 1 composed of a cylindrical coreless rotor
and it sﬁings to genérate vibration. Naturally, the pager vibrating
motor is not capable of generating sound other than the vibration. The
driving motor 1 is constituted by a permanent magnet having a curved
surface and the cylindrical coreless rotor; a plurality of magnetic
poles to provide rotational driving force. This places restrictions on
accuracy control and manufacfuring cost in achieving a smaller diameter
of the driving motor 1.

FIG.2 shows the cylindrical pager vibrating motor in a
vibrating state. As the driving motor 1 rums, the counterweight 3
swings around a rotational center 4. The vibration is genefated in any
directions, and therefore. the vibratiou in a particular direction may
not be effectively transferred outside, depending on how the vibration
motor for a pager is fixed. Further, a driving force is mandatory
because the swinging moment is proportional to the square of the
rotational speed of the driving motor 1, thus limiting the efforts in
saving power.

F1G.3 is a perspective view illustrative of the interior of a
flat type pager vibrating motor 5 constructed by a conventional flat
coreless rotor. A rotary shaft 8 is provided with a disc-shaped

winding coil 6 with an eccentric center of gravity to generate a
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to be capable of generating vibration at. | ow power consuned. They are

I nt ended, however, to generate only vibration; therefore, they cannot be
used for naking a voice call or issuing conversational voice. Hence, at

| east two conponent units are necessary for obtaining the information on
incomng calls and for generating voice signals. Further, the pager

vi brating notors extensively used consune nuch starting power for rotating
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permanent magnet 7. Driving current is supplied through a brush 9.
Unlike the cylindrical motor, the pager vibrating motor 5 makes use of
the winding coil 6 with the eccentric center of gravity in place of the
counterweight; it produces vibration when it revolves. Obviously. this
pager vibrating motor 5 also cannot be used for generating the voice.

FIG.4 shows the most effective vibration of the flat type pager
vibrating motor 5; the rotations in the axial direction relative to a
vibration central axis 10 are indicated by reference numerals 5, 11 and
12 assigned to the main bod& of the pager vibrating motor 5. There are
thickness vibration in the axial direction and diametfal vibration at
‘right angles to the axis 10; frequently, however, the vibrations may
hardly contribute to the vibration to be transferred outside, depending
on the way the flat type pager vibrating motor 5 is fixed. This means
that the driving current applied to the winding coil 6 is not
effectively used as the energy for transferring the vibration outside.

Thus, the conventional pager vibrating actuators have not been
able to generate §ound and voice although it is able to generate
vibration. Furthermore, the conventional pager vibrating actuators
have not necessarily been able to reduce the required starting power:
they have hardly permitted a smaller overall size, and some of them
have been prone to rotational malfunction., producing large

electromagnetic noises.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide a
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-2- provide unsatisfactory reliability or accuracy control. The

conventi orial pager vibrating notors have a further disadvantage: they

i nclude current switching brushes because they use direct current, so that
they may generate |arge electromagnetic noises or incur mal function at the

pager vibrating actuator for pager which enables driving current to be
effectively converted to vibration energy and sound, and it is another
object of the present_inventioh to provide a vibrating actuator for
pager which can be manufactured at low cost, which can be easily made
smaller and flatter, and which ensures minimized chance of malfunction
or electromagnetic noises.

To these ends, in the pager vibrating actuator according to the
present invention, a vibrating member based on a moving coil, which
.vibrates vertically and which has been hitherto used as an
electroacoustic transducer, is collided against a portion which is
fixed nearby so as to generate the vibration outside.

| Further, the collision portion is formed annularly to be
approximately as large as the diameter of the moving coil so as to
disperse.the collision of the vibrating member in the portion having
higher structural strength. Furthermore, the annular collision portion
is formed into an annular and flat portion so that the impact caused by
the collision is distributed evenly to maintain reliability at the time
of the collision, thereby controlling the occurrence of collision
noise. |

The fixed collision portion with which the vibrating member
collides is provided with an elastic member to alleviate the shock at
the time of the collision and to further control the occurrence of the
collision noise. |

Another elastic member is provided between the-fixed collision

portion and the annular collision portion on the top of the coil of the
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time of rotation, and they have also limtation in acconplishing a smaller
and flatter design. FIG 1 shows a pager vibrating notor which has
been nost commonly used hitherto. A counterweight 3 is rotated via a
shaft 2 driven by a driving notor 1 conposed of a cylindrical coreless
rotor and it swings to generate vibration. Naturally, the pager vibrating
notor is not capable of generating sound other than vibration. The

driving notor 1 is constituted by a permnent na?net having a curved
sur f ac¥ibrat ingenegber whiich| vilbratesssthe fixed collision portion and the

annular collision portion are mutually bonded via the elastic member.
In this case, the collision portion, which has been fixed with a sheet-~
like adhesive layer or adhesive agent exhibiting some elasticity, and
the annular collision portion may be both bonded instead of bonding
them via the elastic member.

Preferably, a plurality of spiral dampers are formed inside the
annular flat portibn'of the annular collision portion that vibrates,
and the other end is fixed to the center of a magnetic circuit to
reduce the whole diameter, then the annular flat portion and the
dampers are integrally formed using resin. |

The dome formed inside the annular collision portion is
provided as a part of the vibrating member by bonding it inside the
annular collision portion. A magnetic circuit configured by a magnet,
a yoke and a plate excluding the coil is supported on a collision cover
made integral with the collision portion which is fixed with a
vertically flexible compoﬁent. The component is formed by annularly
shaping a thin rubber matérial.' The flat portion around the yoke is
supported by the bottom annular end and the top annular end is bonded
to the collision cover; both ends are supported by connecting tﬁem with
a ﬁlurality of thin rubber piedes so as to allow the magnetic circuit
to flexibly move up and down.

As an alternative, the component is formed using a tabular
rubbér piece. A magnetic circuit is held between the flat portion of

the rear surface of the yoke apex of an outermost peripheral section of
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rotor; a plurality of magnetic poles to provide rotational driving force.
This places restrictions on accuracy control and nmanufacturing cost in
achieving a smaller dianmeter of the driving notor 1. FI G 2 shows
the cylindrical pager vibrating notor in a vibrating state. As the driving
motor 1-runs, the counterweight 3 swings around a rotational center 4. The
vibration is generated in any directions, and therefore, the vibration in

a particular direction may not be effectively transferred outside,
dependtheymggnebi¢ igcuit and the supporting section fixed to the collision

cover by using a tubular rubber .piece so as to enable the magnetic
circuit to flexibly move up and down.

As another alternative, the component is formed-using a bellows-
like rubber piece or a foam elastic piece. A magnetic circuit is held
among the flat portion of the rear surface and the side surface of the
yoke apex of an outermost peripheral section of the magnetic circuit
and a supporting section fixgd to the collision cover by using a
bellows-like rubber piece or foam elastic piece so as to enable the
magnetic circuit to flexibly move up and down.

As still another alternative, the component is formed using a
thin rubber material, and the bottom of the yoke cbnstituting a part of
the magnetic circuit is supported by one end of the component, and the
other end thereof is bonded to the collision cover, thereby flexibly
and vertically supporting the magnetic circuit.

| When forming the component using a rubber material, in order to
facilitate assembly, an annular resinous molded piece which has a
plurality of hook-like projections outside the outer periphery of the
- yoke of the magmnetic circuit is bonded to the collision cover, then a
rubber piece for supporting the bottom of the yoke is hooked onto the
hook-like projections, thus enabling the magnetic circuit to flexibly
move up and down.

As an alternative, the annular resinous molded piece which has

a plurality of hook-like projections outside the outer peviphery of the

yoke of the magnetic circuit is bonded to the collision cover, and a

is Sheet Has Been Replaced

T




-3- vibration notor for a pager is fixed. Further, a driving force is
mandat ory  because the swi nging nonent is proportional to the square of the

rotational speed of the driving notor 1, thus limting the efforts in
savi ng

ring which has hooks jutting out of a plurality of slits of the yoke is
bonded to the bottom of the magnetic circuit, then a rubber piece is
hooked to the hook-like projections and the foregoing hobks SO as to
allow the magnetic circuit to flexibly mer up and down.

As a further alternative, the magnetic circuit is supported
sblely by a damper which has the component fixed at the center of_the
plate so as to allow the magnetic circuit to flexibly move up and down.
As necessary, a plate having a circular hole is bonded to the plate on
the top of the magnetic circuit. With the circular hole placed at the
center, a damper which has been molded using a resinous material is
fitted in the hole. In this case, the damper may be provided with a
slope so that the central portion thereof may be higher.

The low-frequency driving current for generating the vibration
which is applied to the coil should be alternafing current, the
dominant polarity of which provides a driving force to the vibrating
member in the colliding direction which is opposite from the pefmanent—
magnet. The waveform of the driving alternating current provided with
a polarity on one side thereof is formed so that the slopes at the rise
and fall of the.square wave are gentle. To obfain the aforesaid
alternating current, an integrating circuit is provided after a square
wave producing circuit, then a voltage-to-current converting circuit
for current drive is further connected thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG.1 is a perspective view of a conventional cylindrical

_—
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power . FIG3 is a perspective viewillustrative of the interior of
a flat type pager vibrating notor 5 constructed by a conventional flat
coreless rotor. A rotary shaft 8 is provided with a di sc-shaped w ndi ng
coil 6 with an eccentric center of gravity to generate a rotational
driving force between the winding coil 6 and a sheet-1ike permanent nagnet
7. Driving current is supplied through a brush 9. Unlike the cylindrical

notor, the pager vibrating notor 5 makes use of the w nding coi
vibrating motor for a pager:

FIG.2 is an explanatory view of the conventional pager
vibrating motor shown in FIG.1 which is vibrating;

FIG.3 is a perspective view of the interior of a conventional
flat type pager vibrating motor;

FIG.4 is a ﬁerspective view of the éonventional pager vibrating
motor shown in FIG.3 which is vibrating;

FIG.5 is a perspective view, partly in section, of a vibration
actuator for pager in accordance with the present invention:

FIG.6 is a sectional view of the embodiment shown in FIG.5;

FIG.7 is a perspective view of a portable telephone which
incorporates the vibration actuator for pager in accordance with the

 present invention;

FIG.8 is a block diagram showing a circuit employed for the
present invention;

FIG.9 is a sectional view of another embodiment of the presant
invention; |

FIG.10 is a sectional view of still another embodiment
of the present invention;

FIG.il is a perspective view, partially a sectional view, of
still another embodiment of the present invention;

FI1G.12 is a sectional view of the embodiment shown in FIG.11;

F1G.13 is a sectional view of yet another embodiment of the

Present invention;

FIG.14 is a sectional view of the embodiment shown in FIG.13 at
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6 wth the eccentric center of gravity in place of the counterweight; it
produces vi bration when it revolves. Cbviously, this pager vibrating notor
5 al so cannot be wused for generating the voice. FI G 4 shows the
nost effective vibration of the flat type pager vibrating notor 5; the
rotations in the axial direction relative to a vibration central axis 10
are indicated by reference nunerals 5, 11 and 12 assigned to the main
body of the pager vibrating notor. There are thickness vibration in the
axi al gheeeinewfasdreemneriet;

FIG.15 is a pérspective view, partly in section, of a vibration
actuator_used in the present inventiqn:

FIG.16 is a reversed perspective view of the embodiment
illustrated in FIG,13;

FIG.17 shows an example of the waveform of a driving current
used for the vibration actuator for pager according to the present
invention; |

FIG.18 shows an example of the waveform of another driving
current used for the present invention;

FIG.19 is a block diagram illustrative of a circuit for
generating the driving current shown in FIG.18;

FI1G.20 is a sectional view of another embodiment of the present
invention;

FIG.21 is a sectional view of a further embodiment of the

present invention;

FI1G.22 is a sectional view of a still further embodiment of the

present invention;

FIG.23 is a sectional view of yet another embodiment of the

present invention;

FIG.24 is a sectional view of a further embodiment of the

present invention;

FIG.25'is a sectional view of another embodiment of the present

invention;

FIG.26 is a sectional view of yet another embodiment of the
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vibration at right angles to the axis 10; frequently,
-4- however, the vibrations nmay hardly contribute to the vibration to be
transferred outside, depending on the way the flat type pager vibrating

motor 5 is fixed. This

present invention;

FIG.27 is a sectional view of the embodiment shown in FIG.26 at .
the time of current drive;

FIG;28 is a sectional view of a further embodiment of the
present invention;

FIG.29 is a sectional view of a still further embodiment of the
presenf invention;

FI1G.30 is a reversed perspective view of the embodiment shown
in FIG.26;

FIG.31 is a reversed perspective view of the embodiment shown
in FiG.28:

FIG.32 is a sectional view of a further embodiment of the
present invention;

FIG.33 is a sectional view of a still further embodiment qf the

present invention;

FI1G.34 is a sectional view of another embodiment of the present
invention; and

FIG.35 is a perspective view, partly in section, of a vibration
actuator for pager used in the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will be described with
reference to the accompanying drawings;

FIG.5 shows an embodiment of a vibration actuator for pager in
accordance with the present invention: it is provided bekind an

enclosure position 27 in a portable telephone 28 shown in FIG.7, to
R
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nmeans that the driving current applied to the winding cpil t3een Replaced
effectively used as the energy for transferring V|brat|on
Thus, the conventional pager vibrating actuators have not b lﬂlﬁ%ﬁ “Mll “l
generate sound and voice although it 1is able to generate VI
Furthernore, the conventional pager vibrating actuators have not
necessarily been able to reduce the required starting power; they have
hardly permtted a snaller overall size, and sone of them have been prone
to ro%ﬁgéﬂrﬁﬂ ear of a user is applied. In FIG.5, a moving coil type

electroacoustic transducer for generating sound and voice is employed.

A vibfating member 13 is shaped like a dome to make it resistant to

bending when it vibrates and also to enable good voice and sound to be

generated. The vibrating member 13 is bonded to a damper 19, which is

relativély flexible to be displaced vertically, so as to support the

vibrating member 13 in the central and vertical positions thereof. A

cylindriéal coil 15 composed of a wound thin conductor is formed around

a bobbin 21. The bobbin 21 is squarely bent inward at the top to

enhance the adhesion between the vibrating member 13 and the damper 19

and fo form a ring-shaped flat portion 20 which provides a ring-shaped .

collision portion.

A magnetic circuit is constituted by a discoid magnetic plate

18 which is bonded to one magnetic pole of a cylindrical permanent

magnet 16 which has a hole 25 at thé center thereof and which has been

magnetized in the direction of the thickness thereof, and a yoke 17

composed of a magnetic plate is bonded to the other magnetic pole.

Formed between the yoke 17 and the plate 18 is a ring-shaped gap of a

high magnetic flux density through which the coil 15 and the bobbin 21

move up and down.

For handling the voice, the vibrating member 13 is supported by

the damper 19 in a position so that the displacement of the vibrating

member 13 is relatively small and does not cause the vibrating member

13 to bump a collision portion 14 even when a relatively large driving.

current of a high frequency ranging from a few hundred hertz to 3
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mal functi on, producing |large el ectromagneti c noi ses.

SUWWARY OF THE | NVENTI ON Accordi ngly, an object of t s Shest Replaced
invention is to provide a vibrating actuator for a nDblle
as a pager which enables driving current to be effectivel

vi bration energy and sound, and it is another object of the present

I nvention to provide a V|brat|ng actuator which can be manufactured at | ow
cost iR SRR ST 58, M B A7 Yokl
of a few dozen hertz, the displacement of the vibrating member 13

increases, causing it to bump the collision portion 14 which is fixed.
The ring-shaped flat portion 20 of the vibrating member 13 is
structurally robust and it collides evenly when the vibrating member 13
collides with the collision portion 14. The vibration caused by the
collision is transferred through a supporting beam 24 to an outer
peripheral section 22 and further propagated to the outside. The plate
18 is provided with the central hole 25 and the yoke 17 is provided
with a plurality of holes 26 to control the back pressure of air when
the vibrating member 13 and the damper 19 vibrates at the low
frequency. The sectional structure is shown in FIG.6.

Producing the sound for announcing the arrival of a call signal
or generating the conversat10na1 voice of an associated party is
accomplished by the vibration of the vibrating member 13 at a few
hundred hertz to 3 kilobertz. To announce the arrival of the call
signal by the vibration, the vibrating'member 13 is driven at a few
dozen hertz, so that the vibration from the collision with the
collision portion 14 is transferred to the outside.. At this time, only
vertical vibration takes place, allowing the vibration energy to be
efficiently taken out to the outside.

A primary object of the present invention is to accomplish the
functions of the conventional three component units by using a single
vibration actuator for pager, that is, to combine the functidn of s

speaker generating the sound and voice, the function of a sound
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noi ses. . To these ends, in the vibrating actuator accordlng
-5- to the present invention, a vibrating nmenber based e“ Replacgd
whi ch vibrates vertically and which has been hitherto us l H

el ectroacoustic transducer, is worked

generating unit for making audible notification of the arrival of an
incoming call and the function of a vibrating motor for generating
vibration. As shown by a circuit in FIG.8, when an incoming signal is
received by a radio section 29, a control circuit 30 changes the
connection of a connection switching section 36. To generate a call
arrival sound of a few kilohertz, a medium-frequency osciliating
circuit 35 and an amplifier 32 actuate a sounding unit 33 to generate a
sound. To notify a user of the arrival of an incoming call by the
vibration, a low-frequency oscillating circuit 34'and the aﬁplifier 32
actuate the sounding unit 33 to generate the vibration. Furthermore,
the conversational voice is generated through the sounding unit 33 by a
voice processing circuit 31 and the amplifier 32. The vibration
actuator for pager in accofdance with the present invention will be
employed for the sounding uwnit 33.
| Preferably, an elastic member 37 made of rubber or the like is
provided on a collision portion 38 as shown by another embodiment in
FIG.9 to control the generation of noises at the time of the collision
and to alleviate the impact from the collision so as to minimize the
chance of damage.
The sectional view of another embodiment of the present

- invention shown in FIG.10 shares the same construction for generating
the vibration by bumping the top of the coil 46 against a fixed
collision portion 49. In FI1G.10. a damper 43 is formed inside a ring-
shaped flat section 45 above a bobbin 47 and the coil 46 to achieve a

smaller outside diameter, and a damper supporting section 44 is fitted
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against a portion which is fixed nearby SO as to gener atfis shebidfag
outside. Further, the working portion is forned annularls 0 E&gﬁehm”

approximately as large as the dianmeter of the noving coill
di sperse the action of the vibrating nmenber in the port|
structural strength. Furthernore, the annular working portlon |s
formed into an annular and flat portion so that the inpact caused by the
~collision or resonance is distributed evenly to nmintain reliability at

the tifi@ eixédein'ahlsi 6entidlehel¥ of a plate 40 on a permanent magnet 39.

To minimize the thickness, a collision cover 48 should be used as the
enclosure of a portable telephone and a part the?eof should be used as
the fixed collision portion 49. A yoke 41 is supported by a supporting
section 52 by applying a yoke apex 51 against the collision cover 48.
An elastic member 50 is bonded to the fixed collision section 49 to
control collision noises.

FIG.11 and after will mainly illustrate embodiments wherein the
fixed collision portion and the top of the coil are bonded via the
elastic member. Even if they are bonded, the transfer of vibration
energy is achieved by the collision. As shown in FIG.11 illustrating
an embodiment and FIG.12 illustrating the portion thereof, a fixed
collision portion 53 is bonded to the ring-shaped flat section'ZO on
the coil 15 with an elastic member 54 provided therebetween. Bonding
them will restrain the generation of colliding noises even when no low-
density elastic material component such as- foam resin component is
employed. This enables selection from a wide variety of elastic
materials.

In the case of voice, high frequencies rahging from a few
hﬁndred hertz to 3 kilohertz are used. the vibrating member 13 exhibits
relatively small displacement, requiring only the change in the
direction of the thickness of the bonded elastic member 54. When
generating vibration at low frequencies of a few dozen hertz, the
vibrafion is produced in the fixed collision portion 53 by making an

instantaneous upward displacement by the coil 15; therefore. the
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controlling the occurrence of vibration noise. An el a

| Eplhosd
provi ded between the working portion of the housing and™ sl R
wor ki ng portion on the top of the coil of the vibrating r m‘g “

vi brates; the working portion of the housing and the annut
portion are nmutually bonded via the elastic nenber. In this case, the
wor ki ng portion, which has been fixed with a sheet-1ike adhesive | ayer or
adhesi ve agent exhibiting sonme elasticity, and the annular working portion

may tmaéﬁ%ﬁ?n&o{ﬁ¥aﬁghn%ﬁgq@hdgkieoﬂ§ﬂ55¥ '53eHhardly affects the generation of
the vibration; |

FIG.13 shows the section of another embodiment of the present
invention which generates increased vibration to be transferred to the
outside. The col;iding force of the coil 46 is increased by bumping a
magnetic circuit, which is composed of the permanent magnet 39, the
plate 40 and the yoke 41, against the collision cover 48, or by
effectively utilizing the repulsion relative to the magnetic circuit
owing to electromagnetic force.

For that purpose, it is necessary for the magnetic circuit,
which includes the yoke 41, to be flexibly supported so as to allow it
to be displaced to a certain extent. In the case of the embodiment
shown in FIG.13; supporting rubber members 55 are used to support the
flat section of the yoke apex 51; a thin upper rubber component 56 is
used to attach.it to the collision cover 48, while a thin lower rubber
component 57 is used to cover the bottom of the yoke apex 51. The thin
upper and lower rubber components are configured annularly; they are
connected using a plurality of supporting rubber members 55 which are
not very wide. The supporting rubber members 55 and the upper and |
lower rubber components are integrally formed.

FIG.14 shows a state wherein driving current flows into the
coil 46 of the embodiment shown in FIG.13 and the annular flat section
45 pushes the elastic member 58 to compress it. At the same time, the
supporting rubber member 55 which supports the-yoke apex 51 elongates

and the magnetic circuit moves down, causing the yoke apex 51 to move
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via the el astic nenber. The dome forned inside t Hidis$hestHasB
portion : -6- is prov
the vibrating nmenber by bondin it inside the annular wo

magnetic circuit

awa& from the collision cover 48. This state indicates a case wherein
the vibration due to the collision has been transferred to the
collision cover 48 or a case wherein the driving current has been
polarized.

The perspective view, partly in seétion. given in FI1G.15 shows
an essential section of the present ihvention wherein the dome part has
been removed from the vibrating‘member 42 shown in FIG.13. The damper
43 is formed into a plurality of spirals in order to meet the need for
providing firm support toward the center while providing flexibility in
the vertical direction at the same time. At this time, it is
reasonable to form the ring-shaped flat section 45 at the same time,
The damper 43 is fixed at the center of the'plate 40 by the damper
‘'supporting section 44.

FIG.16 is a perspective view illustrative of the embodiment
shown in FIG.13 which has been turned upside down. Thé thin annular
upper rubber component 56 is boﬁded to the collision cover 48. When
the supporting rubber member 55 is subject to a tension, the portion of
the lower supporting rubber member 57 closer to the supporting rubber
member 55 is displaced more toward the outer periphery as if the
supporting rubber member 55 were expanded greatly.

FIG.17 shows an example wherein the driving current is
polarized. Polarizing the driving current can be effectively
accomplished by employing an alternéting current of one polarity so
that the coil 46 generates a force which is directed toward the

collision cover 48, in the opposite direction from the permanent magnet
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configured by a magnet, a yoke and a plate excluding the i§ Shest Ela taced
on a housing made integral with the working portion which i |
vertically flexible conponent. The conmponent is forned by
shaping a thin rubber material. -The flat portion around the yoke 1Is
supported by the bottom annular end and the top annular end is bonded to

t he housing; both ends are supported by connecting themwith a plurality
of thin rubber pieces so as to allow the magnetic circuit to flexibly nove

up and39 ¢hown in FIG.14. The direction of the polarity is decided uniquely

by the magnetizing direction of the permanent magnet 39 6r the wound
way of the coil 46; the polarity which matches the direction of the
current is selected. The value of “B" of a square-wave current 60
indicated by a dashed line in FIG.17 is greater than the value of “C",
ihg polarity of “B” being the dominant polarity. A square-wave current
59 indicated by a solid line has only the polarity between “A” and
zero. In the case of the portable telephone which operates on a single
power supply, namely, a battery, it is easier to produﬁe one—polarity
current waveform.

1f thé driving current has no polarity, the state shown in
FIG.14 is generated when the coil 46 receives a current which provides
a driving force toward the collision cover 48; this causes the magnetic
circuit to be displaced in the opposite direction. If the current
direction is reversed, then the yoke 41 collides with the éollision
cqver 48, leading to the need for controlling cblliding ncises and alsc
to a limited vibratioﬁ level. |

If the driving current has only one polarity as indicated by
the square-wave current 59 shown in FIG.17 and if the current value “A”
is relatively largé; then the yoke apex 51 is always kept away from the
collision cover 48 as illustrated in FIG.14. For example; when a
current of 100 milliamperes is used, if the supporting rubber member 55
is relatively soft, then the magnetic circuit vibrates at a few dozen
hertz with an amplitude of approximately plus/minus 0.3 [mm] while

floating about 1 [mm] as observed from the collision cover 48
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As an alternative, the conponent is formed using a tabul afhis Slisktdfas Bées Replacd
magnetic circuit is held between the flat portion of the r

t he yoke apex of an outernost peripheral section of the ma [ ,
and the supporting section fixed to the housing cover by using a tubu

rubber piece so as to enable the magnetic circuit to flexibly nove up and
down. As another alternative, the conponent is forned 'using a

bel | ovgeddrig@essibEra Meetec®] mbvepafit € AHisC nAteE£l 1y heBAYNEHATC ther 60 i S
hel d anong the flat portion of the
46 is always pressed toward the collision cover 48.

In this case, the vibration from the collision shown in FIG.14
is transferred through the annular flat section 45 formed integrally
with the coil 46 and the elastic member 58 and it causes the fixed
bollision portion 49 to vibrate. At the time of the rise of the square-
wave current 59 shown in FIG.17, the reaction of the electromagnetic
force relative to the magnetic circuit is added to the coil 46, causing
ailarge colliding force to be applied to the fixed collision portion 49
of the collision cover 48, thus generating greater vibration. Further,
when the current has one polarity and has a greater current value, the
driving force of the coil 46 and the colliding force based on the
reaction relative to the magnetic circuit are greater.

As indicated by the square-wave current 59 of one polarity
shown in FIG.17, when driving current with a steep rise is applied to
fhe coil 46 of the embodiment shown in FIG.13, the vibrating membes 42
develops a temporary large mechanical deformation stress, and a
significantly high level of noise which includes many high-frequency
components is produced. In the case of a trapezoid wave, the gentler
the slope, the smaller becomes the unwanted noise; the noise level
becomes further lower in the case of sine waves or triangle waves. If,
however, the slope is too gentle, weaker vibration will result. Almost
the same result has been obtained when the majority of the dome'sectibn

of the vibrating member 42 was removed.

Applying a square wave 61 indicated by a dashed line shown in
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eri pher al Section of the magnetic circuit and A supporti ﬁm"m‘&e Esplac
to the housing by using a _ _ I mm] ,”Ilmrr
bel | ows-11i ke rubber piece or foamelastic piece so as to
magnetic circuit to flexibly nove up to down.
FIG.18 to an integrating circuit makes it possible to achieve a gentler
slobe of the waveform. In the case of a rising curve 62, the unwanted
noise containing high—frequéncy compdnents can be controlled to a
nearly harmless level simply by setting the time required for reaching
saturation level A so as to provide a curve slope of about one sixth of
a cycle. A falling curve 63 is reversely similar to the rising curve
62. Incidentally, when thé frequency is 80 hertz, the unwanted noise
could be ignored in practical use at a time constant of ébout 1.5
milliseconds. As illustrated by the block diagram in FIG.19, the
circuit can be constituted by an integrating circuit 65 and a voltage-
to—current converting circuit 66 which are connected following a square-
wave generating circuit 64.

When the ring-shaped flat section 45 formed integrally with the
coil 46 is bonded to the fixed collision portion 49 via the elastic
member 58 as in the case of the embodiment shown in FIG.13, the
unwanted noise produced at the time of the collision will be smaller
than that of the case where the ring—shéped flat section 45 may move
apart from the elastic member 58 bonded to the fixed collision portion
49. The generated vibration will not be weakened. The voice level
drops somewhat in.the low sound area in the vicinity of a few hundred
hertz; however, such a drop can be compensated by making the collision
cover 48 relatively thin. The volume of high-frequency sound will be
high because a part of the collision cover 48 made of a resinous
material also vibrates at the same time when the vibrating member 42

vibrates.

19



As still another alternative, the conponent is formed usi nghaSieIaaHhstlJalRFflaced

material,” and the bottom of the yoke constituting a part of
circuit is supported by one end of the conmponent, and the ot H”ﬂ”, "I
thereof is bonded to the housing, thereby flexibly and vertlca

supporting the magnetic circuit. When form ng the conponent using a
rubber material, 1in order to facilitate assenbly, an annul ar resinous

nol ded pi ece which has a plurality of hook-like projections outside the
outer periphegyePlenenGidE ol abbfator for pager in accordance with the

present invention is installed in the enclosure position 27 of the

portable telephone 28 as shown in FIG.7, it naturally vibrates greatly
in the enclosure position 27; it also vibrates in another enclosure
position. Hence, the portion where the sound is generated is not

. limited to a particular position of the enclosure; instead, the sound
is generated over a relatively wide surface area of the enclosure,
making it easy to listen to the voice of an incoming call even if the
enclosure position 27 is covered tightly with clothing or the like.

Other embodiments of the present invention for fulfilling the
same object as that described in conjunction with FIG.13 will be shown
by the sectional views given in FIG.20 through F1G.34. These
embodiments obviously share the same concept in that the magnetic
circuit is supported flexibly to maximize the vibration and large
vibration is generated by the fixed collision portion 49. The fixed
collision portion of the collision cover 48 and the ring-shaped flat
section on the top of the coil may be bonded via an.elastic member .

In the embodiment shown in FIG.20, the magnetic circuit is
supported by a supporting section 70 via a tubular rubber component 69
at the flat section on the rear surface of the yoke apex 71 in the
outermost peripheral section of the magnetic circuit. The supporting
section 70 is fixed to the collision cover 48, so that the magnetic
circuit, which includes a yoke 67, can be displaced up and down

relatively flexibly. The supporting section 70 should be formed

annularly and bonded to the collision cover 48.
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magnetic circuit is bonded to the housing, then a rubber [ Been Replaced
supporting the bottom of the yoke is hooked onto the hook-IJ' " uunyl
proj ections, thus enabling the nagnetic circuit to flexibl

down. As an alternative, the annul ar resinous nol ded piece which
has a plurality of hook-like projections outside the outer periphery of
the yoke of the magnetic circuit is bonded to the housing, and a ring

whi ch has hooks jutting out of a plurality of slits of the yoke is bondéd
to the bottolncnathernenbrdinent shown in Fd6. 21, uhecmaghetie circuit is

pushed by a bellows-like rubber component 72 on the flat section of the
rear surface of the yoke apex 68 and supported by the outer peripheral
section of the yoke 67 and fhe supporting section 73. This .allows the
magnetic circuit, which includes the yoke 67, to be displaced up and
down flexibly.

In still aﬁother embodiment shown in FIG.22, a tubular foam
elastic member 74 is applied to the flat section of the rear surface of
the yoke apex 68, and the magnetic circuit, which includes the yoke 67,
is supported by the supporting section 73.

FIG.23 shows yet another embodiment; the bottom of the yoke 41
of the magnetic circuit is flexibly supported by a supporting rubber
member 75 and a rubber component bottom 77 continuing from a rubber
component 76 bonded to the collision cover 48. The ring-shaped flat
section 45 is bonded to the fixed collision portion 49 of the collision
cover 48 via an elastic member 58.

FIG.24 shows a further embodiment wherein the yoke apex 51 and
the collision cover 48 are bonded via a soft elastic member 78 so as to
support the yoke 41 with a certain level of flexibility. The ring-
shaped flat section 45 apd the fixed collision portion 49 are bonded
via the elastic member 58.

FIG.25 shows another embodiment wherein the magnetic circuit is
flexibly supported solely by the damper 43 which is fixed to the
central part of the plate 40 by the damper supporting section 44. The

collision cover 48 and the ring-shaped flat section 45 are bonded via
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hooked to the hook-1ike projections and the foregoing hooqﬁmgﬁmﬁﬁsho aIIow

the magnetic circuit to flexibly nove up and down. een Repl
- 8- As a further alternative, the magnetic circuit is "m”l"" ” II

the elastic member 58 to support the whole unit including the magnetic

circuit.

Further émbodiments of the present invention which share the
same object and which are designed with an emphasis placed on easier
assembly and more stable structure will be shown by the sectional views

~ shown in FIG.26 through FIG.29. In FIG.26, an annular resinous molded
member 90 which has a plurélity of hook-shaped projections 89 is bonded
integrally to the collision cover 48. With the area near the inner
diameter of the annular resinous molded member 90 used as a fixed
collision portion 94, an annular flat section 86 of a vibrating member
83 is bonded via an elastic member 88 therebetween. A supporting
rubber member 91 is mounted on.the piurality of hook-shaped ﬁrojections
89 and the bottom of a yoke 81 is'supported by a rubber bottom 92 to
support the magnetic circuit constituted by the yoke 81, a plate 80,
and a permanent magnet 79 such that it is allowed to flexibly move up
and doﬁn. The supporting rubber member 91 need not be.fixed with an ' -
adhesive, permitting easier assembly and stabler structure.

FIG.27 shows a state wherein a current having a polarity flows
through a coil 87. As previously described. a yoke apex 82 vibrates
while it is in a floatiﬁg state and the reaction of the electromagnetic
force is added to the coil 87, and large vibration is transferred to a
fixed collision portion 94 of the collision cover 48 from the annular
flat section 86'via_the elastic member 88.

In FIG.28, a supporting rubber member Y6 is mounted alternately

on a plurality.of hooks 98 to support the magnetic circuit such that it
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sup orted S IeI a danper which has the conponent fixed at the center
~¥<z

of o allow the magnetic <circuit to flexibly nove up and
down l , a plate having a circular hole is bonded to the plate
on t magnetic circuit. Wth the circular hole placed at the

center, a danper which has been nolded using a resinous material is fitted
in the hole. In this case, the danper nay be provided with a sl ope so that

the C?'léfc%lgp‘ifotvbgnué bﬁ{deﬂf)wﬂay. e HoBRE 98 are madd hﬁlée%Waflrﬁﬂﬂia%qf'ing

driving current for generating
97: the ring 97 is fixed to a bottom area between a permanent magnet 79

and a yoke 100, and the hooks 98 jut out of slits 99.

In both embodiments shown in FIG.26 and FIG.28, a damper 84
which flexibly moves up and down is used to center the magnetic circuit
relative to the coil 87 by fixing a damper supporting section 85 at the
central part of the.plate 80. Supporfing with the supporting rubber
member 96 mounted on the hooks 98 obviates the need for the rubber
member on the bottom of the yoke 100, contributing to making the whole
unit thinner.

The embodiment shown in FIG.29 has almost the same structure as
that of the embodiment shown in FIG.26; it effectively utilizes a
permanent magnet 101 to make the whole unit as thin as possible. The
embodiment is also designed to flexibly support the magnetic circuit by
the supporting rubber memberlgl which is attached to the hook—-shaped
projections 89 and the bottom of a yoke 103; however, a plaie 102 on =
the permanent magnei'lﬂl does not have a hole at the center therebf.
thus permitting more effective use of the permanent magnet 101.
Further, a damper 106 is provided with a slope to make the center
thereof higher; a damper supporting section 107 is fitted in the hole
at the center of a plate 110 bonded to a plate 102 and it is bonded to
be fixed, thereby achieving centering and making the whole unit thinner
at the same time. An elastic member ill may be provided to restrain a

collision noise if a yoke apex 104 should collide against the annular

resinous molded member 90.
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doﬁmn of which provides a driving force to the vibrating

rating direction which is opposite fromthe permnent
nagn rmof the driving alternating current provided with a
polarity on one side thereof is formed so that the slopes at the rise and
fall. of the square wave are gentle. To obtain the aforesaid alternating
current, an integrating circuit is provided after a square wave producing
circuit, thenif thel vilyeativrc actaeator dovrephgery in accordance with the

Vi bratlon V\t m?dapplled to the coil should be alternating current, the

present invention incorporated in a portable telephone or the like is
subject to a sudden change in acceleration, a sudden positional change
may take place in the collision cover 48 serving aiso as the enclosure
and the magnetic circuit which has a reiaxively large mass, and a
resulting high stress applied to the damper may damage the unit. To
avoid such a possibility of damage, the supporting rubber members 91
and 96 serve to protect the damper from a great change in acceleration
in a direction perpendicular to the collision cover 48, while the hook-
shaped projections 89 serve to protect it from a great change in
acceieration in a parallel direction.

FIG.30 is a perspective view showing the embodiment of FIG.26
turned upside down. The bottom of the yoke 81 which is a part of the
magnetic circuit is supported by the rubber bottom 92 continuing frpm
the supporting rubber member 91. The supporting rubber member 91 is
attache& to the hook-like projections 89 provided on the annular
resinous molded member 90 so as to flexibly support the whole magnetic
circuit. An electrode wire 113 from the coil is conveniently fixed
using an elastic member 114 and connected to a terminal 115 at the time
of assembly.
| FIG.31 is a perspective view showing the embodiment shown in
FIG.28 almost turned upside down. The hooks 98 are projected from the
slits 99 of the yoke 100 constituting a part of the magnetic circuit,
and the supporting rubber member 96 is alternately mounted to the hook-

like projections 89 to flexibly support the whole magnetic circuit.
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circuit for cuEre ve |s further connected thereto. BRI EF

DESCRHPW MYNGS In the acconpanyi ng draMAngs FIG1 is
a persp a conventi onal
-9- ¢y atlng notor for a pager;

When driviné the unit by a current having polarities., the terminal 115
need to be provided with color-coded or marked.so as to prevent réverse
polarity setting. |

Other embodiments in accordance with the present invention
shown in FIG.32 and FIG.33 illustrate the constructions which differ in
the ;hape of the annular'resinoué_molded member having the hook-like
projections and the bonding method. . In the embodiment shown in FIG.32,
an annular resinous molded member 122 provided with hook-like
projections 123 and an annular flat section 121 are continuously formed
into one piece. Further, the integrally formed member and the fixed
collision portion 49 are bonded via an elastic member 124. In both
embodiments, the magnetic circuit is attached to the hook-like
projections 123 and supponted by the tension provided by tﬁe supporting
rubber member 91 applied to the bottom of a yoke 116. The vibration at
low frequencies and the mechanism for generating relatively high-
frequency voice are basically the same as those of other embodiments -
designed to flexibly support the magnetic circuit which have already
been described.

-In the embodiment shown in FIG.33, the inside diameter of an
annular resinous molded member 127 provided with hook-like projections
128 is made larger than the outside diameter of the elastic member 88.
The annular flat section 86 and the fixed collision portion 49 are
bonded with the elastic member 88 provided therebetween. This
embodiment also shares the same mechanism for generating the vibration

and the voice. The supporting rubber member 96 is attached to the
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FIG 2 is an explanatory view of the conventional pager vibrating notor -
s h@hisShe el Recedh | s vi brati ng; FIG3 is a perspective view of
t he. |i “ conventional flat type pager vibrating notor

FI G| tive view of the conventional pager vibrating notor
shown in FIG 3 which is vibrating; FIG5 is a perspective view,
partly in section, of a vibration actuator in accordance with the present
i nvention; FIG6 is a sectional view of the enbodi nent of

hooks 98 to support the magnetic circuit in this embodiment; supporting
the bottom of the yoke 100 by a rubber member instead would present no
functional problem.

In anofher embodiment of the-presenf invention shown in FIG. 34,
the inner diameter section of an annular resinous molded member 134
firmly bonded to a collision cover 129 prevides a fixed collision
portion 136; an annular flat section 132 is directly bonded using an
adhesive sheet or an adhesive layer which has a certain degree of
élasticity. The supporting rubber member 91 is attached to hook-like
projections 135 to flexibly support the magnetic circuit. If the
adhesive sheet or the adhesive layer is considerably thick and soft,
then nearly the same effect as that obtained in other embodiments
whérein the compqnénts are bonded via the elastic member will be
accomplished. Conversely, if the adhesive sheet or thé adhesive layer
is thin and not very soft, then sound of a low frequency of 1 kilohertz
or less, in particular, will deteriorate. -As corrective measures for
this, the collision cover 129 is made slightly thinner or a pat of the
collision cover 129 is made thinner annularly to make it easier for the
collision cover to vibrate when a coil 133 vibrates. This embodiment
obviates the need for providing the collision cover 129 with the hole
for letting sound waves to pass through as in the case of the
embodiment shown in FIG.23; the dome section of the vibrating member
may be removed. This structure enables easier waterproof or dust-proof
design to be accomplished.

The method for leading out the electrode wire from the coil 87
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+ Has Been é facdd | S a perspective view of a portable t el ephone which
ﬁmm | bration actuator in accordance wth the present

|nv FIG 8 is a block diagramshowing a circuit enployed for
t he i on; ~ FIG9 is a sectional view of another _
enbodi nment of the present invention; : FIG 10 is a sectional view of

still another enbodi nent of the present invention;
is 111ustrated in FIG.35 which is a perspective view, partly in

section, of the essential part of an embodiment in accordance with the
present invention. The coil is wound by an even number of turns, and
an electrode wire 137 on one end is pulled out from the outer side of
the damper 84 through a recess 139 on the inner side of the annular
flat section 86; an electrode wire 138 on the other end is pulled out
from the outer side of the annular flat section 86. To fix the
electrode wires 137 and 138 such that they are not affected by the
vibration of the magnetic circuit, the electrode wires should
preferably be bonded to the aforesaid annular resinous molded member.

The coil 87 shown in FIG.35 does not have the bobbin 21 or the
bobbin 47 shown in FIGS.5, 10 and 13. The bobbin is used as the core
for winding the coil to add to the structural strength. However, the
vibration actuator for pager according to the present invention has
many turns of the coil 87, e.g. six layers, and the coil is as wide as
approximately 0.7 [mm]; this alone is sufficient for providing -
durability. The presence of the bobbin would require that the gap of
the magnetic circuit be increased for the thickness of the bobbin,
resulting in a lower intensity of the magnetic field. For these
reasons, it is preferable to use the coil without the bobbin and to
bond the coil in the vibrating actuator for pager in accordance with
the present invention. |

Driving the coil 87 by applying alternating current from
outside to the electrode wire 137 or 138 no longer requires the

changing of contact setting as in the case of the conventional DC-
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Fl | er ctive view, partially a sectional view, of still another
enbogj h&%i’% o engﬁdesent I nventi on; FIG 12 is a sectional view of
t he é’"{ﬂﬁ m " "Nﬂ -10- :

driven pager vibrating motor. Switching the contact setting frequently

causes a large electromagnetic noise to occur, whereas no such noise
problem will take place in the vibrating actuator for pager according
to the present invention.

Since the present invention is configured as described above,
it will provide the advantages set forth below.

The vibration actuator for pager in accordance with the present
invention employs a moving coil type electroacoustic transducer wherein
a coil having a vibrating member moves to generate high-quality voice
and sound and also to generate vibration to be transferred to the |
outside at low frequencies. Thus. the funpp%ons of all the pager
~vibrating motor for notifying a user of the AE;EQEI of an incoming
call, the voice generating unit, and the speaker for received speech in
a conventional portable telephone can be fulfilled just in one unit.

Furthermore, the vibrating member moves only in the vertical
direction to collide against the enclosure of a portable telephone or
the like, thus allowing the vibration energy to be effectively taken
out. The required actuating power is relatively'small. contributing to
the saving of power. The annular flat section which serves as the
annular collision section made integral with the coil collides with a
collision cover of an enclosure or the like via an elastic member to
generate large vibration from the collision; it is also capable of
controlling unwanted the collision noise at the time of the collision.

Moreover, the magnetic circuit is flexibly supported using a

rubber member or the like so that the magnetic circuit including a yoke
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| NTFIG1T; FIG 13 is a sectional view of yet another enbodi ment of

t he 1f;@hMiasBoshERRplaced; FIG 14 is a sectional view of the enbodi ment
shown the tinme of current drive; FIG15 is a
persle“lHﬂ! artly in section, of a vibration actuator used in the
prese I on, FIG 16 is a reversed perspective view of the
enbodinent illustrated in FIG 13; FIG 17 shows an exanple of the

wavef orm of a driving
may move up and down relatively easily. This makes it possible to add

the reaction from the moving magnetic circuit to the driving force of
the coil itself, enabling larger vibration to be generated at the time
of the collision.

The driving current ﬁhich has a polarity causes the coil to

..apply a force to the collision section at all times; therefore, the
elastic member is not subject to a peeling force, so that the elastic
member does not come off. The driving current which has a polarity
causes the ﬁagnetic circuit composed of a yoke, etc. to move in a
floating state, adding an even larger repulsive force to the coil so as
to generate even larger vibration. As a result, greater vibration than
that available with the conventional pager vibrating motor can be
produced.

The vibration sound does not include the vibration of
relatively high frequencies from sliding as in a conventional unit; a
low, single frequency is used for the driving current which can be
selected freely; therefore, a frequency that produces éasy—to—feel
vibration can be selected. However, the frequencies in the vicinity of
a resonance frequency shOuld be avoided to maintain high reliability.

The use of alternating current as the driving current naturally
eliminates the need for changing the contact setting as in the
conventional DC-driven pager vibrating motor; therefore. no
electromagnetic noise is produced. Thus, it is no longer necessary to
provide a portable telephone with a noise filter, and there will be no

chance of causing other external equipment to incur malfunction.
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current, used for the present invention; FI G 18 sr%mgb e; f
t he wavef orm of another driving current used for the pre ‘ﬁﬁ

FIG 19 is a block diagramillustrative of a circuit for

driving current shown in FIG 18; FIG20 is a sectl

anot her enbodi nent of ‘the present invention, FIG.21 |s a sectiona
view of a further enbodi nent of the present invention; FIG 22 is a

sectional vi eurahesm6iré] |theuthlpsr is disposed inside the coil diameter
according to the present invention; the whole outer diameter can be
reduced despite the larger diameter of the driving coil, and yet, a
larger driving force can be produced. The vibration actuator for pager
according to the invention combines the vibration generating function
and the voice and sound generating function so as to make the unit
smaller than the volume which has three component units including the
conventional vibration actuator occupy.

The use of the annuiar resinous molded member provided with
hook-like projections permits easier mounting. For exémple. the
actuator can. be installed to a portable telephone or the like simply by
providing the top surface of the resinous molded member with an
adhesive layer which has a peelable sheet.

Since the electrode wires from the coil can be bonded and fixed
to the annular resinous molded member, the mounting work can be
simplified. In addition, the electrode wires are nearly fixed so that
they do not come in contact with the yoke that vibrates greatly, thus
minimi;ing the chance of electrical short—éircuit attributable to a
disconnected electrode wire or peeled covering. The plurality of hook-
like projections and the rubber member supporting the magnetic circuit
enable protectioﬁ of the vibration actuator for pager from damage even
if the portable telephone is accidentally drqpped and subject to high
acceleration.

In addition, unlike the conventional vibration actuator for

pager, the vibration actuator according to the invention has no rotary
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enbodi nent, of the present invention; - FIG23 is a sect I onal vi ew of

yet anot her enbodi nent of the present invention; iﬁ i’ Eme
i nve ” I I"

sectional view of a further enbodi nent of the present

components and therefore no brush or bearing., thus requiring fewer
components. The vibration actuator is free of a failure to start

caused by an improper position of an electric contact.
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FIG 25 is- a sectional view of another enbodi nent of th resent invention;

FIG 26 is a sectional view of yet another enbodi nent of ee Replaced

i nvention; FIG 27 is a sectional view of the enbod n
FIG 26 at the tinme of current drive; FIG28 is a s of a
further enbodinent of the present invention; FIG 29 is a sectiona
view of a still further enbodinent of the present invention;

WHAT IS CLAIMED IS:

) .A vibration actuator for pager comprising an electroacoustic
transducer which has a magnetic circuit composed of a perﬁanent magnet
and a coil, and a vibrating member which can be moved up and down;
wherein a part which moves integrally with said vibrating member is
collided against a fixed collision portion in response to a'loﬁ;

frequency electrical signal applied to said coil, thereby generating a

vibration outside.

2. A vibration actuator for pager according to Claim 1, which is

of a moving coil type wherein said vibrating member and said coil are

bonded.

3. A vibration actuator for pager according to Claim 1 or 2,

wherein said fixed collision portion is provided with an elastic

member.

4. A vibration actuator for pager according to Claim 1 or 2,
wherein said fixed collision portion and a top of said coil are bonded

with an elastic member provided therebetween.

5. A vibration actuator for pager according to Claim 4, wherein an

adhesive layer which has elasticity is provided therebetween.

R

| m
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FI G séﬁ%t reversed perspective view of the enbodinent showmn in FIG 26
FI G perspective view of the enbodi nent shown in FIG 28;
FIG 3 ml, mmﬁW view of a further enbodi ment of the present .
I nvent | G 33 is a sectional view of a still further enbodi nent
of the present invention; FIG 34 is a sectional view of another
enbodi nent of the present invention; and

6. A vibration actuator for pager according to one of Claims 1 to

5, wherein a magnetic circuit excluding said coil, which is composed of

said permanent magnet, a yoke and a plate, is supported using a

vertically flexible structure.

7. A vibration actuator for pager according to Claim 6, wherein
said flexible structure is held between thin annular upper rubber
member and lower rubber member by a flat portiqn thereof around said
yoke, and said upper rubber member is bonded in the vicinity of said
fixed collision portion, said upper and lower rubber members being

connected and supported by a rubber member at a plurality of points.

8. A vibration actuator for pager according to Claim 6, wherein
the periphery of the magnetic circuit excluding said coil is supported
via a tabular rubber member by a supporting section which is made

integral with said fixed collision portion. -

9. A vibration actuator for pager according‘to Claim 6, wherein
the periphery of the magnetic circuit excluding said coil is supported
via a bellows-like rubber member by a supporting section which is made

integral with said fixed collision portion.

10. A vibration actuator for pager according to Claim 6., wherein
the periphery of the magnetic circuit excluding said coil is supported
via a foam elastic member by a supporting section which is made

_—
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FIG 35, 7s a perspective view, partly in section, of a vibration actuator
‘used in trhieSkeetineRen ﬁfeatlon DESCRI PTI ON OF THE PREFERRED

EMBODI l\/EN'Iﬁ“lI ll“l II‘]' mbodi ments of the present invention will be

integral with said fixed collision portion.

11. A vibration actuator for pager according to Claim 6., wherein
the bottom of the yoke of the magnetic circuit excluding said coil is

supported by a thin rubber member.

12. A vibration actuator for pager according to Claim 6, wherein
thé magnetic circuit ekcluding said coil is supported solely by a

damper bonded to the central portion of said magnetic circuit.

13. A vibration actuator for pager according to Claim 6, wherein an
annular resinous molded member héving a plurality of hook-like
projections outside the outer diameter of said yoke is bonded to a
collision cover made integral with é fixed collision portion, and a
rubber member which supported the bottom of said yoke is attached to
said hook-like prOjectionslso as to support the magnetic circuit

excluding said coil.

14. A vibration actuator for pager according to Claim 6, wherein an
annular resinous molded member having a plurality of hook-like
projections outside the outer diameter of said yoke is bénded to a
collision cover made integral with a fixed collision portion, a ring
having a hook jutting out of a slit of said yoke is bonded to the
bottom of said magnetic circuit, and a rubbef member is attached to

said hook-like projections and said hook so as to support the magnetic

| RN O A
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-12- desg¢ribed with reference to the acconpanying dramnngs

shows an enbodi nent of a vibration actuator for a nobile eq ag

a pager in accordance with the present invention; it is pro qm
housi ng position 27 of a portable tel ephone (ceIIuIar phone

FIG7, to which an ear of a user is applied. In FIGS5, a nmoving c

electroacoustic transducer for generating sound and voice is enployed.

vibrating npenber 13 is shaped_ |like a dome to nake it resistant to
circuit excluding said coil. :

15. A vibration actuator for pager according to one of Claims 1 to
14, wherein alternating current is applied, the dominant polarity
thereof being such ‘that a driving force, which is in a direction for
colliding with said fixed section and thch is on the opposite side

from said permanent magnet, is applied to the coil.

16. A vibration actuator for pager according to Claim 15, wherein

an alternating current of a square wave with gentler rising and falling

slopes is applied.

17. A vibration actuator for pager éccording to Claim 16, wherein
the alternating current is applied using a circuitry in which an
integrating circuit and a voltage-to-current converting circuit are

connected after a square wave generating circuit.

18. A vibration actuator for pager according to one of Claims 1 to
14, wherein an annular collision portion having a diameter

approximating to the diameter of said coil is provided.

19. A vibration actuator for pager according to Claim 18, wherein

said annular collision portion is an annular flat section.

20. A vibration actuator for a pager according to Claim 18 or 19,
—

R O
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bendi ng when it vibrates and also to enabl e good voice and

generated. The vibrating nenber 13 is bonded to a danper
relatively flexible to be displaced vertically, so as to s M
vibrating menber 13 in the central and vertical positions t

Q‘l&&‘i‘iag Beek) Replaced

I

cylindrical coil 15 conposed of a wound thin conductor is forned around a
bobbi n 21. The bobbin 21 I s squarely bent inmard at the top to enhance

ing.  PBRERUN S PRieRb SIS AP ETdepo AL Faiin BRARR o1 Tistan | O @

portion.

21. A vibration actuator for pager according to Claim 20, wherein

said annular collision portion and said spiral damper are integrally

molded using resin.

22. A vibration actuator for pager according to one of Claims 18 to
21, wherein a coil having no winding bobbin is bonded to said annular

flat section which is said annular collision portion.

23. A vibration actuator for pager according to one of Claims 1 to

6, wherein a dome—shaped section is included in the vibrating member.

24. - A vibration actuator for pager according to one of Claims 18 to
22, wherein the damper inside said annular collision portion is

provided with a slope to make the central portidn thereof higher than

- the top surface of said magnetic circuit and fitted and bonded in a

circular hole in a plate bonded to said top surface of the magnetic

circuit to fix it.

25. A vibration actuator for pager according to Claim 13, 14 or 22,
wherein one electrode wire of said coil is taken out between the inner
top of said annular collision portion and said damper and bonded.

together with the other electrode wire, to said annular resinous molded
- _
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col lision section. A magnetic circuit is constit ut ed by a HTEEBTH__
magnetic plate 18 which is bonded to one nmagnetic pole SﬂltH Bﬂmk

per manent magnet 16 which has a hole 25 at the center t

has been nmagnetized in the direction of the thickness t oke
17 conposed

member.

-
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-13: -of a magnetic plate is bonded to the other

between the yoke 17 and the plate 18 is a ring- -

magnetic pole. Formed
shaped gap of a high

magnetic flux density through which

the coil

15 and the bobbin 21 nove up

TR

and down. For handling voice, the vibrating body 13 is supported by
the danper 19 in a position so that the displacenent of the vibrating
“ nmenber 13 is relatively snmall and does not cause the vibrating nenber 13
to bunmp a collision section 14 even when a relatively large driving
3 7
2
Fig.1  PRIOR ART
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current of a high frequency ranging froma few hundred Hz to 3 kHz is
supplied to the coil 15. For driving at a low frequency of a few dozen
hertz, the displacenent of the vibrating nenber 13 increases, causing it
to bunp the <collision portion 14 which is fixed. The ring-shaped fl at
portion 20 of the vibrating nmenber 13 is structurally robust and it
collides evenly when the vibrating nenber 13 collides with the collision
portion 14. The vibration caused by the collision.is transferred through a
supporting beam 24 to an outer peripheral portion 22 and

11 \°'\f\~_ / —
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further propagated to the outside. The plate 18 is provided with the
central hole 25 and the yoke 17 is provided with a plurality of holes 26
to control the back pressure of air when the vibrating nmenber 13 or the
danper 19 vibrates at a |ow frequency. The sectional structure is shown
in FIG 6.
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-14* Produci ng the sound for announcing the arrival of a call
signal or generating the conversational voice of an associated party is
acconpl i shed by the vibrating nenber 13 at a few hundred Hz to 3 kHz. To
announce the arrival of the call signal by the vibration, the vibrating
menber 13 is driven at a few dozen hertz, so that the vibration from
collision with the collision section 14 is transferred to the outside. At
this time, only vertical ~

Fig.7
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vi bratiron takes pl ace,
t aken out to the outside.
isto

a speaker generating the

allowing the vibration energy to be

A primar

acconplish the functions of the conventi onal
by using a single vibration actuator,

t hat
sound and voi ce,

efficiently

y object of the present invention

three conponent units
is, to conbine the function of

the function of a sound nmaking

audi ble notification of the arrival of an incomng call -and the function
of a vibrating notor for generating the vibration. As shown by a circuit
in FIG 8, when an .
19 38 37 13 20 24
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incom ng signal is received by a radio portion 29, a control circuit 30
changes the connection of a connection swtching section 36. To generate a

call arrival sound of a few kHz (e.g. 3 kHz), a nedi umfrequency
oscillating circuit 35 and an anplifier 32 actuate a sounding unit 33 to

generate a sound. To notify a user of the arrival of an incomng call by
the vibration, a | owfrequency
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-15-" oscillating circuit 34 and the anplifier 32 actuate the sounding
uni't 33 to generate the vibration. Furthernore, the conversational voice
is generated through the sounding wunit 33 by a voice processing circuit 31
and the anplifier 32. The vibration actuator in accordance with the
present invention wll be enployed for the sounding unit 33. _
Preferably, an elastic nenber 37 nade of rubber or the like is provided on
a collision portion 38 as shown by

P56 51 43 44 42 49
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Fig.13
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anot her enbodinent in FIG 9 to control the generation of noises at the
time of collision and to alleviate the inpact fromcollision so as to

m nim ze the chance of damage. The sectional view of another

enbodi ment of the present invention shown in FIG 10 shares the sane
construction for generating vibration by bunping the top of the coil 46
against a fixed collision portion 49. In FIG 10, a danper 43 is forned
inside a ring-shaped flat portion 45 above a bobbin 47 and the coil 46 to
achi eve a :

—_—
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?nahler outside dianeter, and a danper supporting portion 44 is fitted and
i xed in the central hole of a plate 40 on a permanent nmagnet 39. To

m nimze the thickness, a housing (case) 48 should be used as the

encl osure of a portable tel ephone and a part of the housing 48 should be
used as the fixed collision portion 49. A yoke 41 is supported by a
supporting portion 52 by applying a yoke

e
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-16-

the fixed collision portion 49 to control

apex 51 agai nst the housing 48. An elastic nenber 50 is

collisi

bonded to

on noi ses. FI G 11

and after will mainly illustrate enmbodi nents wherein the fixed collision
portion and the top of the coil are bonded via the elastic nenber. Even if
they are bonded, the transfer of vibration energy is achieved by
. 68 42 49
48 71 cg 44 43 45
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70 /// / ZQZZQ/
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Fig.20
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t.he col'lision.

to the ring-shaped

flat portion 20 on the coi

54 provided therebetween.

As shown in FIG 11 illustrating an
illustrating the portion thereof,

a

Bonding themw | |

enbodi nent and FI G 12

fixed collision portion 53 is bonded
15 with an el astic nmenber
restrain the

generation of

col I iding noi ses even when no | ow-density elastic material conmponent such
as foamresin conponent ,pS }8yed. Thi s enabl es selection froma w de
variety of elastic mat |als 51 I‘ﬁthe case ofggoice, high
frequenci es ranging fr 42
58
/ 45
V7% A
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a-few hundred Hz to 3 kHz are used, the vibrating nenber 13 exhibits
relatively small displacenent, requiring only the change in the direction
of the thickness of the bonded elastic nmenber 54. When generating the
vibration at a low frequency of a few dozen hertz, the vibration is
produced in the fixed collision portion 53 by nmaking an instantaneous
upward di spl acenent by the coil 15; therefore, the bonding through the

el astic nenber 54 -
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-17- hardly affects the generation of vibration. FI G 13 shows the
section of another enbodiment of the present invention which generates

i ncreased vibration to be transferred to the outside. The colliding force
of the coil 46 is increased by bunping a magnetic circuit, whichis
conposed of the permanent magnet 39, the plate 40 and the yoke 41, agai nst
a part 49 of the housing 48, or

48 90 93 g 83 94
95 g4 7 85
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hy efféctively utilizing the repulsion relative to the nmagnetic circuit
owi'ng to el ectromagnetic force. The part 49 and a supporting rubber nenber
55 are worked as the fixed collision portions in this enbodinent.

For that purpose, it is necessary for the magnetic circuit, which includes
the yoke 41, to be flexibly supported so as to allowit to be displaced to
a certain extent. In the case of the enbodi nent shown in FIG 13, the
supporting rubber nmenber 55 is used to support the flat portion of the
yoke apex 51; a thi.n upper rubber

This Sheet Has Been Reﬂlaced
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conponent 56 is used to attach it to'the housing 48, while a thin |ower
rubber conponent 57 is used to cover the bottom of the yoke apex 51. The
thin upper and | ower rubber conponents are configured annularly; they are
connected using the supporting rubber menber 55 which is not very w de.
.The supporting rubber nenber 55 and the upper and | ower rubber conponents
are integrally forned. FI G 14 shows a state wherein driving current
fl ows

Gs.cssnnnnn!!!a.
2 s
%

s m = .’ : I}

IIIIIIIII/I/IIII/IIIIIII/ 'II/III 'II/I /

92 79 >80

WA\ LN \‘l'sl\u
X \\\\\\— §\:\§\\‘\A.

\\\\\\ e

128 \\\\\\“ L
7 /,,/,///,Z',/;,;- iﬂ. ‘g g

This Sheet Has Been R

WA



-18- into the coil 46 of the enbodi nent shown in FIG 13 and the annul ar
flat portion 45 pushes the elastic nmenber 58 to conpress it. At the sane

" .tinme, the supporting rubber ‘nenber 55 which supports the yoke apex 51

‘el ongates and the magnetic circuit noves down, causing the yoke apex 51
to nmove away fromthe housing 48. This state indicates a
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case wherein the vibration due to the collision or resonance has been
transferred to the housing 48 or a case wherein the driving current has
been pol ari zed. The perspective view, partly in section, given in
FI G 15 shows an essential section of the present invention wherein the
dome part has been renoved fromthe vibrating nenber 42 shown in FIG 13.
The danper 43 is forned into a plurality of spirals in order to neet the
need for providing firm s ABSTRACT OR\'THE BESCBOSURE whi | e provi di ng
flexibility in the vertical direction at the sane tine.

A vibration actuator for pager in which a vibrating section of
an electroacoustic transducer is driven using low frequencies to |
collide it against a fixed section, and the vibration generated from
the collision is taken out as external vibration. The vibrating
section of a coil and the fixed séCtion are bénded via an elastic
member provided therebetween. The vibration generated at the time of
collision can be effectively innreasg@_by flexibly supporting a
magnetic circuit composed of a ﬁagnet. a yoke, etc. and driving it with
alternating current which haé a polé;;ty. To permit easier assembly

and to prevent damage or deterioration in characteristics, it is

preferable to provide an annular molded member, which has hook-like

p—

projections, around the magnetlc circuit and to support the magnetic

circuit by a rubber member attached to the hook-like prOJectlons

\
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vibration actuator for
pager which'is incorporated in a portable telephone or the like to
notify a user of the arrival of a received call not only by sound but
by vibration also and, more particularly, to the vibration actuator for
pager suited for achieving a smaller, lighter design.

2. Description of the Related Art

Conventional vibration actuators for pager are called also as
vibration motors or Qibration—generating actuators for pager; they are
required to be compact, thin and inexpensive, and also to be capable of
generating vibration at low power consumed. They are intended,
however, to generate only vibration; therefore, they cannot be used for
making a voice call or issuing conversational voice. Hence, at least
two component units are necessary for obtaining the information on
incoming calls and for generating voice signals. Further, the pager
vibrating motors extensively used consume much starting power for
rotating a relatively large mass: they are also disadvantageous in that
they bave many components because of the rotating design, and provide
unsatisfactory reliability or accuracy control. The conventional pager
vibrating motors have a further disadvantage: they include current
switching brusheé because they use direct current, so thét they may

generate large electromagnetic noises or incur malfunction at the time
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-19- _the | ower supporting rubber menber 57 closer to the |ower supporting
rubber nertber 55 is displaced nore toward the outer periphery as if the
danper supporting rubber nmenber 55 were expanded greatly. FI G 17
shows an exanpl e wherein the driving current is polarized. Polarizing the
driving current can be '

2

of rotation, and they have also limitatiqn in accomplishing a smaller
and flatter design.

FIG.1 shows a pager vibrating motor which has been most
commonly used hitherto. A counterweight 3 is rotated via a shaft 2
driven by a driving motor 1 composed of a cylindrical coreless rotor
and it swings to generate vibration. Naturally, the pager vibrating
motor is not capable of generating sound other than the vibration. The
driving motor 1 is constituted by a permanent magnet having a cufved
surface and the cylindrical coreless rotor; a plurality of magnetic
poles to provide rotational driving force. This places restrictions on
accuracy control and manufacturing cost in achieving a smaller diameter
of the driving motor 1.

FIG.2 shows the cylindrical pager vibrating motor in a
vibrating state. As the driving motor 1 runs, the counterweight 3
swings around a rotational center 4. The vibration is generated in any
directions, and therefore. the vibration in a pafticular direction may
not be effectively transferred outside. depending on how the vibration
motor for a pager is fixed. Further, a driving force is mandatory
because the swinging moment is proportional to the square of the
rotational speed of the driving motor 1, thus limiting the efforts in
saving power.

FIG.3 is a perspective view illustrative of the interior of a
flat type pager vibrating motor 5 constructed by a conventional flat
coreless rotor. A rotary shaft 8 is provided with a disc-shaped

winding coil 6 with an eccentric center of gravity to generate a

This is the replacement sheet
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effectively acconplished by enploying an alternating current of one

pol aristy sp that the coil 46 generates a force which is directed toward
the, housing 48, in the opposite direction fromthe permanent magnet 39
shown in FIG 14. The direction of the polarity is decided uniquely by the
magneti zing direction of the nmagnet or the way of the coil 46; the
polarity which matches the diregtion of the current is selected. The

value of "B" of a square- wavgE current 60 indicated by a dashed line in
FIG 17 |§°t4}r19&?érd¥ﬁélrﬂ& ferce| batween the windipg) eeit 6 @nd- g shrgtid ike

permanent magnet 7. Driving current is supplied through a brush 9.
Unlike the cylindrical motor, the pager vibrating motor 5 makes use of
the winding coil 6 with the eccentric center of gravity in place of the
counterweight; it produces vibration when it revolves. Obviously, this
pager vibrating motor 5 also cannot be used for generating the voice.

FIG.4 shows the most effective vibration of the flat type pager
vibrating motor 5: the rotations in the axial direction relative to a
vibration central axis 10 are indicated by reference numerals 5, 11 and
12 assigned to the main body of the pager vibrating motor S. There are
thickness vibration in the axial direction and diametral vibration at
right angles to the axis 10; frequently, however, the vibrations may
hardly contribute to the vibration to be transferred outside, depending
on the way the flat type pager vibrating motor 5 is fixed. This means
that the driving current applied to the winding coil 6 is not
effectively used as the energy for transferring the vibration outside.

Thus, the conventional pager vibrating actuators have not been
able to generate sound and voice although it is able to generate
vibration. Furthermore, the conventional pager vibrating actuators
have not necessarily been able to reduce the required starting power;
they have hardly permitted a smaller overall size, and some of them
have been prone to rotational malfunction, producing large
electromagnetic noises.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide a
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“the dom nant polarity. A square-wave current 59 indicated by a solid line
has onfy the polarity between "A" and zero. In the case of a portable

t el ephone which operates on a single power supply, nanely, battery, it is
easier to produce one-polarity current waveform If the driving
current has no polarity, the state shown in FIG 14 is generated when the
coil 46 receives a current which provides a driving force toward the

housing gt Oiﬁré;tai%%eﬁcwgt&@%%t-gg.&‘ "fitich bRabfes 'd%'@lv?ﬁgedcdrj}ent to be

effectively converted to vibration energy and sound, and it is another
object of the present invention to provide a vibrating actuator for
pager which can be manufactured at low cost, which can be easily made
smaller and flatter, and which ensures minimized chance of malfunction
or electromagnetic noise55

To these ends, in the pager vibrating actuator according to the
present invention, a vibrating member based on a moving coil, which
vibrates vertically and which has been hitherto used as an
electroacoustic transducer, is collided against a portion which is
fixed nearby so as to generate the vibration outside.

Further, the collision portion is formed annularly to be
approximately as large as the diameter of the moving coil so as to
disperse the collision of the vibrating member in the portion having
higher structural strength. Furthermore, the annular cqllision portion
is formed into an annular and flat portion so that the impact caused by
the collision is distributed evenly to maintain reliability at the time
of the collision, thereby controlling the occurrence of collision
noise.

The fixed collision portion with which the vibrating member
collides is provided with an elastic member to alleviate the shock at
the time of the collision and to further control the occurrence of the
collision noise.

Another elastic member is provided between the fixed collision

portion and the annular collision portion on the top of the coil of the

—_—
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-20- the opposite direction. If the current direction is reversed, then
the ydke 41 noves to the housing 48, leading to the need for controlling
¢olliding or vibrating noises and also to a limted vibration |evel.

If the driving current has only one polarity as

5 .
vibrating member which vibrates; the fixed collision portion and the

annular collision portion are mutually bonded via the elastic member.
In this case, the collision portion, which has been fixed with a sheet-
like adhesive layer or adhesive agent exhibiting some elasticity, and
the annular collision portion may be both bonded instead of bonding
them via the elastic member.

Preferably, a plurality of spiral dampers are formed inside the
annular flat portion of the annular collision portion that vibrates,
and the other end is fixed to the center of a magnetic circuit to
reduce the whole diameter, then the annular flat portion and the
dampers are integrally formed using resin.

The dome formed inside the annular collision portion is
provided as a part of the vibrating member by bonding it inside the
annular collision portion. A magnetic circuit configured by a magnet,
a yoke and a plate excluding the coil is supported on a collision cover
made integral with the collision portion which is fixed with a
vertically flexible component. The component is formed by annularly
shaping a thin rubber material. The flat portion around the yoke is
supported by the bottom annular end and the top annular end is bonded
to the collision cover; both ends are supported by connecting them with
a plurality of thin rubber pieces so as to allow the magnetic cifcuit
to flexibly move up and down.

As an alternative, the component is formed using a tabular
rubber piece. A magnetic circuit is held between the flat portion of

the rear surface of the yoke apex of an outermost peripheral section of
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I ndi cated by the square-wave current 59 shown in FIG 17 and if the current
value /A" is relatively large, then the yoke apex 51 is always kept away
fromthe housing 48 as illustrated in FIG 14. For exanple, when a current
of 100 [mA] is used, if the supporting rubber nenber 55 is relatively
soft, then the magnetic circuit vibrates at a few dozen hertz with an
anplitude of approximately plus/mnus 0.3 [nm while floating about 1 [mn
as observed fromthe housing 4£EJegardIess of vertical novenent. This

nat ur al | theewagnetiat citeuitoiand4 éhe ssupporying section fixed to the collision

cover by using a tubular rubber piece so as to enable the maénetic
circuit to flexibly move up and down.

As another alternative, the component is formed using a bellows-
like rubber piece or a foam elastic piece. A magnetic circuit is held
among the flat portion of the rear surface and the side surface of the
yoke apex of an outermost peripheral section of the magnetic circuit
and a supporting section fixed to the collision cover by using a
bellows—-like rubber piece or foam elastic piece so as to enable the
magnetic circuit to flexibly move up and down.

As still another alternative, the component is formed using a
thin rubber material, and the bottom of the yoke constituting a part of
the magnetic circuit is supported by one end of the component, and the
other end thereof is bonded to the collision cover, thereby flexibly
and vertically supporting the magnetic circuit.

When forming the component using a rubber material, in order to
facilitate assembly, an annular resinous molded piece which has a
plurality of hook-like projections outside the outer periphery of the
yoke of the magnetic circuit is bonded to the collision cover, then a
rubber piece for supporting the bottom of thé yoke is hooked onto the
hook-like projections, thus enabling the magnetic circuit to flexibly
move up and down.

As an alternative, the annular resinous molded piece which has
a plurality of hook-like projections outside the outer peviphery of the

yoke of the magnetic circuit is bonded to the collision cover, and a
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pressed toward the housing 48. In this case, the vibration fromthe
collisiioni showmn in FIG 14 is transferred through the annular fl at

portion 45 forned integrally with the coil 46 and the elastic nmenber 58
and it causes the fixed collision portion 49 to vibrate. At the tine of
the rise of the square-wave current 59 shown in FIG 17, the reaction of
the el ectromagnetic force relative to the magnetic circuit is added to the
coil 46, causing a large collidingforce to be applied to the fixed

col |i s|omlpgrwhlnh hes dioakise jutting out of a plurality of slits of the yoke is

bonded to the bottom of the magnetic circuit, then a rubber piece is
hooked to the hook-like projections and the foregoing hooks so as to
allow the magnetic circuit to flexibly move up and down.

| As a further alternafive. fhe magnetic circuit is supported
solely by a damper which has the component fixed at the center of the
plate so as to allow fhe magnetic circuit to flexibly move up and down.
As necessary, a plate having a circular hole is bonded to the plate on
the top of the magnetic circuit. With the circular hole placed at the
center, a damper which has been molded using a resinous material is
fitted in the hole. In this case, the damper may be provided with a
slope so that the central portion thereof may be h;gher.

The low-frequency driving current for generating the vibration
which is applied to the coil should be alternating current, the
dominant polarity of which provides a driving force to the vibrating
member in the colliding direction which is opposite from the permanent-
magnet. The waveform of the driving alternating current provided with
a polarity on one side thereof is formed so that the slopes at the rise
and fall of the square wave are gentle. To obtain the aforesaid
alternating current, an integrating circuit is provided after a square
wave producing circuit, then a voltage-to—current converting circuit
for current drive is further connected thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG 1 is a perspective view of a conventional cylindrical
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-21- housing 48, thus generating greater vibration. Further, when the
current has one polarity and has a greater current value, the driving
force of the coil 46 and the <colliding force based on the reaction
relative to the magnetic circuit are greater.

8

vibrating motor for a pager;

FIG.2 is an explanatory view of the conventional pager
vibrating motor shown in FIG.1 which is vibrating;

FIG.3 is a perspective view of the interior of a conventional
flat type pager vibrating motor;

FIG.4 is a perspective view of the conventional pager vibrating
motor shown in FIG.3 which is vibrating;

FIG.5 is a perspective view, partly in section, of a vibration
actuator for pager in accordance with the present invention;

FIG.6 is a sectional view of the embodiment shown in FIG.S5;

FIG.T is a perspective view of a portable telephone which
incorporates the vibration actuator for pager in accérdance with the
present invention;

FIG.8 is a block diagram showing a circuit employed for the
present invention;

- FIG.9 is a sectional view of another embodiment of the presant

invention;

FIG.10 is a sectional view of still another embodiment
of the present invention;

FIG.11 is a perspective view, partially a sectional view, of
still another embodiment of the present invention;

FIG.12 is a sectional view of the embodiment shown in FIG.11;

FIG.13 is a sectional view of yet another embodiment of the
present invention;

FIG.14 is a sectional view of the embodiment shown in FIG.13 at
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As indicated by the square-wave current 59 of one polarity shown in
FI G 17, when driving current wwth a steep rise is applied to the coil 46
of the enbodinent shown in FIG 13, the vibrating nenber 42 devel ops a
tenmporary | arge mechani cal deformation stress, and a significantly high

| evel of noise which includes many high-frequency conponents is produced.
In the case of a trapezoid wave, the gentler the slope, the smaller
becones the unwanted noise; the %oise | evel becones further lower in the

case of sihee ti@yesf Yurrehéndd &edaves. |f, however,

FIG.15 is a perspective view, partly in section, of a vibration
actuator used in the present invention;

FIG.16 is a reversed perspective view of the embodiment
illustrated in FIG.13:

FI1G.17 shows an example of the waveform of a driving current
used for the vibration actuator for pager according to the present
invention;

FIG.18 shows an example of the waveform of another driving
current used for the present invention;

FIG.19 is a block diagram illustrative of a circuit for
generating the driving current shown in FIG.18;

FI1G.20 is a sectional view of another embodiment of the present
invention;

FIG.21 is a sectional view of a further embodiment of the
present invention;

FIG.22 is a sectional view of a still further embodiment of the

present invention;
FIG.23 is a sectional view of yet another embodiment of the
present invention;

FIG.24 is a sectional view of a further embodiment of the
present invention; |

FI1G.25 is a sectional view of another embodiment of the present
invention;

FIG 26 is a sectional view of yet anothgr embodiment of the
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the slope is too gentle, weaker vibration wll result. Al nost the sane
result: has<been obtai ned when the majority of the donme section of the

vi brating nenber 42 was renoved. Appl yi ng a square wave 61 indicated
by a dashed Iine shown in FIG 18 to an integrating circuit makes it
possible to achieve a gentler slope of the waveform In the case of a
rising curve 62, the unwanted na%f cont ai ni ng hi gh-frequency conponents

can be ceﬁgggﬁ{qﬂw@ﬂtlanpearly ess level sinply by setting the tine

FIG.27 is a sectional view of the embodiment shown in FIG.26 at
the time of current drive;

FIG.28 is a sectional view of a further embodiment of the
present invention;

FIG.29 is a sectional view of a still further embodiment of the
present invention;

FI1G.30 is a reversed perspective view of the embodiment shown
in FIG.26;

FIG.31 is a reversed perspective view of the embodiment shown
in FIG.28;

FIG.32 is a sectional view of a further embodiment of the
present invention;

FI1G.33 is a sectional view of a still further embodiment of the
present invention; |

FIG.34 is a sectional view of another embodiment of the present
invention; and

FIG.35 is a perspective view, partly in section, of a vibration
actuator for pager used in the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will be described with
reference to the accompanying drawings.

FIG.5 shows an embodiment of a vibration actuator for pager in
accordance with the present invention; it is provided bel:ind an
enclosure position 27 in a portable telephone 28 shown in FIG.7, to

-

is i nt sheet
Sheet Has Been Reraced This is the replaceme

TR st 14 1.



-22- required for reaching saturation level A so as to provide a curve

sl ope 'of about one sixth of a cycle. Afalling curve 63 is reversely
simlar to the rising curve 62. Incidentally, when the frequency is 80 Hz,
t he unwant ed

11

which an ear of a user is applied. In FIG.5, a moving coil type
electroacoustic transducer for generating sound and voice is employed.
A vibfating member 13 is shaped like a dome to make it resistant to
bending when it vibrates and also to enable good voice and sound to be
generated. The vibrating member 13 is bonded to a damper 19, which is
relatively flexible to be displaced vertically, so as to support the
vibrating member 13 in the central and vertical positions therebf. A
cylindrical coil 15 compoéed of a wound thin conductor is formed around
a bobbin 21. The bobbin 21 is squarely bent inward at the top to
enhance the adhesion between the vibrating member 13 and the damper 19
and to form a ring-shaped flat portion 20 which provides a ring-shaped
collision portion.

A magnetic circuit is constituted by a discoid magnetic plate
18 which is bonded to one magnetic pole of a cylindrical permanent
magnet 16 which has a hole 25 at the center thereof and which has been
magnetized in the direction of the thickness thereof, and a yoke 17
composed of a magnetic plate is bonded to the other magnetic pole.
Formed between the yoke 17 and the plate 18 is a ring-shaped gap of a
high magnetic flux density through which the coil 15 and the bobbin 21
move up and down. : |

For handling the voice, the vibrating member 13 is supported by
the damper 19 in a position so that the displacement of the vibrating
member 13 is relatively small and does not cause the vibrating member
i3 to bump a collision portion 14 even when a relatively large driving

current of a high frequency ranging from a few hundred hertz to 3
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noi se could be ignored in practical use at a tinme constant of about 1.5
mlliseconds. As illustrated by the block diagramin FIG 19, the circuit
can be constituted by an integrating circuit 65 and a vol tage-to-current
converting circuit 66 which are connected follow ng a square-wave
generating circuit 64. When the ring-shaped flat portion 45 forned
integrally with the coil 46 is bopged to the fixed collision portion 49 of

the houskimyiey’ fs 'dlbpida' b6 olPTIRE D5, 2%d"ab{oust & 1bdoeRRdLye
of a few dozen hertz, the displacement of the vibrating member 13
increases., causing it to bump the collision portion 14 which is fixed.
The ring-shaped flat portion 20 of the vibrating member 13 is
structurally robust and it collides evenly when the vibrating member 13
collides with the collision portion 14. The vibration caused by the
collision is transferred through a supporting beam 24 to an outer
peripheral section 22 and further propagated to the outside. The piate
18 is provided with the central hole 25 and the yoke 17 is provided
with a plurality of holes 26 to control the back pressure of air when
the vibrating member 13 and the damper 19 vibrates at the low
frequency. -The sectional structure is shown in FIG.6.

Producing the sound for amnnouncing the arrival of a call signal
or generating the conversational voice of an associated ﬁarty is
accomplished by the vibration of the vibrating member 13 at a few
hundred hertz to 3 kilohertz. To announce the arrival of the call
signal by the vibration, the vibrating member 13 is driven at a few
dozen hertz, so that the vibration from the collision with the
collision portion 14 is tfansferred to the outside. At this time, only
vertical vibration takes place, allowing the vibration energy to be
efficiently taken out to the outside.

A primary object of the present invention is to accomplish the
functions of the conventional three component units by using a single

vibration actuator for pager, that is, to combine the function of a

speaker generating the sound and voice, the function of a sound
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FI G 13, the unwanted noi se produced at the tinme of collision or vibration
W ll -be smaller than that of the case where the ring-shaped flat portion
45 may nove apart fromthe elastic nenber 58 bonded to the fixed collision
portion 49. The generated vibration will not be weakened. The voice |evel
drops sonewhat in the | ow sound area in the vicinity of a few hundred
hertz; however, such a drop can bg conpensated by maki ng the housing 48

el at velnet il e THEc/BhIRiGhe "I BHERRICAGUIToM the W1V oPSRUSC
incoming call and the function of a vibrating motor for generating
vibration. As shown by a circuit in FIG.8, when an incoming signal is
received by a radio section 29, a control circuit 30 changes the
connection of a connection switching section 36. To generate a call
arrival sound of a few kilohertz, a medium-frequency oscillating
circuit 35 and an amplifier 32 actuate a sounding unit 33 to generate a
sound. To notify a user of the arrival of an incoming call by the
vibration, a low-frequency oscillating circuit 34-and the amplifier 32
actuate the sounding unit 33 to genérate the vibration. Furthermore,
the conversational voice is generated through the sounding unit 33 by a
voice processing circuit 31 and the aﬁplifier 32. The vibration
actuator for pager in accordance with the present invention will be
employed for the sounding unit 33.

Preferably, an elastic member 37 made of rubber or the like is
provided on a collision portion 38 as shown by another embodiment in
FIG.9 to control the generation of noises at the time of the collision
and to alleviate the impact from the collision so as to minimize the
chance of damage. |

The sectional view of another embodiment of the present
invention shown in FIG.10 shares the same construction for generating
the vibration by bumping the top of the coil 46 against a fixed
collision portion 49. In FIG.10, a damper 43 is formed inside a ring--
shaped flat section 45 above a bobbin 47 and the coil 46 to achieve a

smaller outside diameter, and a damper supporting section 44 is fitted
_— T
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material also vibrates with the resonance at the sane tine
-23-" - when the vibrating nmenber 42 vibrates. When the vibration
‘actuator in accordance with the present invention is installed in the

housi ng position 27 of the portable tel ephone (cellular phone) 28 as shown
I n

14
and fixed in the central hole of a plate 40 on a permanent magnet 39.

To minimize the thickness. a collision cover 48 should be used as the
enclosure of a portable telephone and a part thereof should be used as
the fixed collision portion 49. A yoke 41 is supported by a supporting
section 52 by applying a yoke apex 51 against the collision cover 48.
An elastic member 50 is bonded to the fixed collision section 49 to
.control collision noises.

FIG.11 and after will mainly illustraté embodiments wherein the
fixed collision portion and the top of the coil are bonded via the
elastic member. Even if they are bonded, the ‘transfer of vibration
energy is achieved by the collision. As shown in FIG.11 illustrating
an embodiment and FIG.12 illustrating the portion thereof. a fixed
collision portion 53 is bonded to the ring-shaped flat section 20 on
the coil 15 with an elastic member 54 provided therebetween. Bonding
them will restrain the generation of colliding noises even when no low-
density elastic material component such as- foam resin component is
employed. This enables selection from a wide variety of elastic
materials.

In the case of voice, high frequencies ranging from a few
hundred hertz to 3 kilohertz are used, the vibrating member 13 exhibits
relatively small displacement, requiring only the change in the
direction of the thickness of the bonded elastic member 54. When
generating vibration at low frequencies of a few dozen hertz, the
vibration is produced in the fixed collision portion 53 by making an

instantaneous upward displacement by the coil 15; therefore, the
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FIG7, it naturally vibrates greatly in the housing position 27; it also
vi brates i:n anot her housing position. Hence, the portion where the sound
is generated is not linmted to a particular position of the housing;
instead, the sound is generated over a relatively wi de surface area of

t he housing, making it easy to listen to the voice of an incomng cal

even if the housing position 27 is covered tightly with clothing or the
like. O her enbodi ment.Shi_ t he present invention for fulfilling the

same obLGhhi @S thidBhel! S '6169t1E member 54 hardly affects the generation of

the vibration.
FIG.13 shows the section of another embodiment of the present

" invention which generates increased vibration to be transferred to the

outside. The colliding force of the coil 46 is increased by bumping é

magnetic circuit, which is composed of the permanent magnet 39, the

plate 40 and the yoke 41, against the collision cover 48, or by

effectively utilizing the repulsion relative to the magnetic circuit

owing to electromagnetic force.

For that purpose, it is necessary for the magnetic circuit,
which includes the yoke 41, to be flexibly supported so as to allow it
to be displaced to a certain extent. In the case of the embodiment
shown in FIG.13, suppor?ing rubber members 55 are used to support the
flat section of the yok§ apex 51; a thin upper rubber component 56 is
used to attach it to th; collision cover 48, while a thin lower rubber
component 57 is used to cover the bottom of the yoke apex 51. The thin
upper and lower rubber components are configured ammularly; they are
connected using a plurality of supporting rubber mgmbers 55 which are
not very wide. The supporting rubber members 55 and the upper and
lower rubber components are integrally formed.

FIG.14 shows a state wherein driving current flows into the
coil 46 of the embodiment shown in FIG.13 and the annular flat section
45 pushes the elastic member 58 to compress it. At the same time, the
supporting rubber member 55 which supports the ycke apex 51 elongates

and the magnetic circuit moves down, causing the yoke apex 51 to move
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conjunction wwth FIG 13 will be shown by the sectional views given in

FI G-20 thriough FI G 34. These enbodi nents obviously share the sanme concept
in that the nmagnetic «circuit is supported flexibly to maxim ze the
vibration and large vibration is generated by the fixed collision portion
49. The fixed collision portion 49 of the housing 48 and the ring-shaped
flat portion 45 on the top of t coil 46 may be bonded via an elastic
menber 58. In the enbodi ne hown in FIG 20, the nagnetic <circuit

IS SUPPQKLFIElDn 2nSULHPTididR BOVE: UB.70THiE Sate indicates a case wherein
the vibration due to the collision has been transferred to the
collision cover 48 or'é case wherein the driving current has been
polarized.

The perspective view, partly in section, given in FIG.15 shows
an essential section of the present invention wherein the dome part has
been removed from the vibrating member 42 shown in FIG.13. The damper
43 is formed into a plurality of spirals in order to meet the need for
providing firm support toward the center while providing flexibility in
the vertical direction at the same time. At this time, it is
reasonable to form the ring-shaped flat section 45 at the same time.
The damper 43 is fixed at the center of the plate 40 by the damper
supporting section 44.

FIG.16 is a perspective view illustrative of the embodiment
shown in FIG.13 which has been turned upside down. The thin annular
upper rubber component 56 is bonded to the collision cover 48. ¥When
the supporting rubber member 55 is subject to a tension, the portion of
the lower supporting rubber member 57 closer to the supporting rubber
member 55 is displaced more toward the outer periphery as if the
supporting rubber member 55 were expanded greatly.

FIG.17 shows an example wherein the driving current is
polarized. Polarizing the driving current can be effectively
accomplished by employing an alternéting current of one polarity so
that the coil 46 generates a force which is directed toward the

—_collision cover 48, in the opposite direction from the permanent magnet
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t ubul ar rubber conponent 69 at the flat portion on the

-24-: 'rear: surface of the yoke apex 71 in the outernost peripheral section
of -the nmagnetic circuit. The supporting portion 70 is fixed to a back
surface of the

17

39 shown in FIG.14. The direction of the polarity is decided uniquely
by the magnetizing direction of the permanent magnet 39 or the wound
way of the coil 46; the polarity which matches the direction of the
current is selected. The value of “B” of a square-wave current 60
indicated by a dashed line in FIG.17 is greater than the value of “C”,
the polarity of “B” being the dominant polarity. A square-wave current
59 indicated by a solid line has only the polarity between “A" and
zero. In the case of the portable telephone which operates on a single
power supply, namely, a battery, it is easier to prodﬁce one-polarity
current waveform.

If the driving current has no polarity, the state shown in
F1G.14 is generated when the coil 46 receives a current which provides
a driving force toward the collision co§er 48; this causes the magnetic
circuit to be displaced in the opposite direction. If the current
direction is reversed, then the yoke 41 collides with the collision
cover 48, leading to the need for controlling colliding neises and alsc
to a limited vibration level.

If the driving current has only one polarity as indicated by
the square-wave current 59 shown in FIG.17 and if the current value “A”
is relatively large, then the yoke apex 51 is always kept away from the
collision cover 48 as‘illustrated in FIG.14. For example, when a
current of 100 milliamperes is used, if the supporting rubber member 355
is relatively soft, then the magnetic circuit vibrates at a few dozen
hertz with an amplitude of approximately plus/minus 0.3 [mm] while

floating about 1 [mm] as observed from the collision cover 48
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housi ng 48, so that the magnetic circuit, which includes a yoke 67, can be
di spl-aced up and down relatively flexibly. The supporting portion 70
shoul d be formed annularly and bonded to the housing 48. I n anot her
enbodi ment shown in FIG 21, the magnetic <circuit is pushed by a

bel | ows-11i ke rubber conponent 72 on_ the flat portion of the rear surface
of the yoke apex 68 and supported ﬁﬁ the outer peripheral section of the

&ﬁ.kﬁh | ncf%gh'lﬁﬁg @P%Vg?%?%f Eﬂo%mggt Th 2 hhRUPal 3P neRY"BHA € hb" E611

46 is always pressed toward the collision cover 48.

In this case., the vibration from the collision shown in FIG.14
is transferred through the annular flat section 45 formed integraily
with the coil 46 and the elastic member 58 and it causes the fixed
collision portion 49 to vibrate. At the time of the rise of the square-
wave current 59 shown in'FIG.17. the reaction of the electromagnetic
force relative to the magnetic circuit is added to the coil 46, causing
a large colliding force to be applied to the fixed collision portion 49
of the collision cover 48, thus generating greater vibration. Further,
when the current has one polarity and has a greater current value, the
driving force of the coil'46 and the colliding force based on the
reaction relative to the magnetic circuit are greater.

As indicated by the square-wave current 59 of one polarity
shown in FIG.17, when driving current with a steep rise is applied to
the coil 46 of the embodiment shown in FIG.13, the vibrating member 42
develops a temporary large mechanical deformation stress, and a
significantly high level of noise which includes many high-frequency
components is produced. In the case of a trapezoid wave, the gentler
the slope, the smaller becomes the unwanted noise; the noise level
becomes further lower in the case of sine waves or triangle waves. If,
however, the slope is too gentle, weaker vibration will result. Almost
the same result has been obtained when the majority of the dome section
of the vibrating member 42 was removed.

Applying a square wave 61 indicated by a dashed line shown in
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di spl aced up and down fl exibly. In still another enbodi ment shown in
FIG 22, a -tubular foamelastic nenber 74 is applied to the flat portion
of the rear surface of the yoke apex 68, and the nmagnetic circuit, which

i ncl udes the yoke 67, is supported by the supporting portion 73.

FI G 23 shows yet another enbodi ment; the bottomof the yoke 41 of the
magnetic circuit is flexibly suppoiéed by a supporting rubber nmenber 75
and a rubber conponent bottom 77—cantinuing froma rubber conponent 76
bonded t oFIG.18 to an integrating circuit makes it possible to achieve a gentler

slope of the waveform. In the case of a rising curve 62, the unwanted
noise containing high-frequency components can be controlled to a
nearly harmless level simply by setting the time required for reaching
saturation levellA so as to provide a curve slope of about one sixth of
a c&ble. A falling curve 63 is reversely similar to the rising curve
62. Incidentally, when the frequency is 80 hertz, the unwanted noise
could be ignored in practical use at a time constant of about 1.5
milliseconds. As illustrated by the block diagram in FIG.19, the
circuit can be constituted by an integrating circuit 65 and a voltage-
to—-current converting circuit 66 which are connected following a square-
wave generating circuit 64. |

When the ring-shaped flat section 45 formed integrally with the
coil 46 is bonded to the fixed collision portion 49 via the elastic
member 58 as in the case of the embodiment shown in FIG.13, the
unwanted noise produced at the time of the collision will be smaller
than that of the case where the ring-shaped flat section 45 may move
apart from the elastic member 58 bonded to the fixed collision portion
49. The generated vibration will not be weakened. The voice level
drops somewhat in the low sound area in the vicinity of a few hundred
hertz; however, such a drop can be compensated by making the collision
cover 48 relatively thin. The volume of high-frequency sound will be
high because a part of the collision cover 48 made of a resinous

material also vibrates at the same time when the vibrating member 42

vibrates.
This Sheet Has Been Replaced This is the replacement sheet
[T o 1490




t he housing 48. The ring-shaped flat portion 45 is bonded to the fixed
col I'i‘'si on=<portion 49 of the housing 48 via an

--25- elastic nenber 58. FI G 24 shows a further enbodi ment wherein
t he yoke apex 51 and the housing 48 are bonded via a soft elastic

20
When the vibration actuator for pager in accordance with the

present invention is installed in the enclosure position 27 of the
portable telephone 28 as shown in FIG.7, it naturally vibrates greatly
in the enclosure position 27; it also vibrates in another enclosure
position. Hence, the poftion where the sound is generated is not

. limited to a particular position of the enclosure; instead, the sound
is generated over a relatively wide surface area of the enclosure,
making it easy to listen to the voice of an incoming call even if the
enclosure position 27 is covered tightly with clothing or the like.

Other embodiments of the present invention for fulfilling the
same object as that described in conjunction with FIG.13 will be shown
by the sectional views given in FIG.20 through FIG.34. These
embodiments obviously share the same concept in that the magnetic
circuit is supported flexibly to maximize the vibration and large
vibration is generated by the fixed collision portion 49. The fixed
collision portion of the collision cover 48 and the ring-shaped flat
section on the top of the coil may be bonded via an elastic member.

In the embodiment shown in FI1G.20, the magnetic circuit is
supported by a supporting section 70 via a tubular rubber component 69
at the flat section on the rear surface of the yoke apex 71 in the
outermost peripheral section of the magnetic circuit. The supporting
section 70 is fixed to the collision cover 48, so that the magnetic
circuit, which includes a yoke 67, can be displaced up and down
relatively flexibly. The supporting section 70 should be formed

annularly and bonded to the collision cover 48.
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menber 78 so as to support the yoke 41 with a certain level of
flexibility. The ring-shaped flat portion 45 and the fixed collision
‘portion 49 are bonded via the elastic nenber 58. FI G 25 shows
anot her enbodi nent wherein the magnetic circuit is flexibly supported
solely by the danper (elastic nmenber) 43 which is fixed to the central
part of the plate 40 by the dagper supporting portion 44. The housing 48
and the ring-shaped flat porti on-45 are bonded via the elastic nmenber 58
to support the Mhcdmothertembodiment shown in FIG.21, the magnetic circuit is
pushed by a bellows-like rubber component 72 on the flat section of the
rear surface of the yoke apex 68 and supported by the outer peripheral
section of the yoke 67 and the supporting section 73. This allows the
magnetic cifcuit. which includes the yoke 67, to be displaced up and
down flexibly.

In still another embodiment shown in FIG.22, a tubular foam
elastic member 74 is applied to the flat section of the rear surface of
the yoke apex 68, and the magnetic circuit, which includes the yoke 67,
is supported by the supporting section 73.

FIG.23 shows yet another embodiment; the bottom of the yoke 41
of the magnetic circuit is flexibly supported by a supporting rubber
member 75 and a rubber component bottom 77 continuing from a rubber
component 76 bonded to the collision cover 48. The ring-shaped flat
section 45 is bonded to the fixed collision portion 49 of the collision
cover 48 via an elastic member 58.

FIG.24 shows a further embodiment wherein the yoke apex 51 and
the collision cover 48 are bonded via a soft elastic member 78 so as to
support the yoke 41 with a certain level of flexibility. The ring-
shaped flat section 45 apd the fixed collision portion 49 are bonded
via the elastic member 58.

FIG.25 shows another embodiment wherein the magnetic circuit is
flexibly supported solely by the damper 43 which is fixed to the
central part of the plate 40 by the damper supporting section 44. The

collision cover 48 and the ring-shaped flat section 45 are bonded via
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I ncl udi ng the magnetic circuit. In this enbodi ment, the yoke apex 51 does

not Eb ehack surface of the housi ng 48 and therefore the
CO||I I urred. Furt her enbodi ments of the present
|nvent re the sane object and which are designed with an

enphasi s placed on easier assenbly and nore stable structure will be shown
by the sectional views shown in_FIG 26 through FIG 29. In FIG 26, an
annul ar resi nous nol ded nenberzgo whi ch has a plurality of hook-shaped

proj ect jtfi?@sel%%tké :Pé?ﬁ&erd Sbmtggélﬁldo\ftt Qh&hﬁh&%uﬁnng 4r§clud1ng the magnetic

circuit.

Further embodiments of the present invention which share the
same object and which are designed with an emphasis placed on easier
assembly and more stable structure will be shown by the sectional views
shown in FIG.26 through FIG.29. In FIG.26, an annular resinous molded
member 90 which has a plurality of hook-shaped projectiohs 89 is bonded
integrally to the collision cover 48. With the area near the inner
diameter of the annular resinous molded member 80 used as a fixed
collision portion 94, an annular flat section 86 of a vibrating member
83 is bonded via an elastic member 88 therebetween. A supporting
rubber member 91 is mounted on the plurality of hook-shaped projections
89 and the bottom of a yoke 81 is supported by a rubber bottom 92 to
support the magnetic circuit constituted by the yoke 81, a plate 80,
and a permanent magnet 79 such that it is allowed to flexibly mowve up
and down. The supporting rubber member 91 need not be.fixed with an
adhesive, permitting easier assembly and stabler structure.

FIG.27 shows a state wherein a current having a polarity flows
through a coil 87. As previously described, a yoke apex 82 vibrates
while it is in a floating state and the reaction of the electromagnetic
force is added to the coil 87, and large vibration is transferred to a
fixed collision portion 94 of the collision cover 48 from the annular
flat sectidn 86 via the elastic member 88.

In FIC.ZB, a supporting rubber member 96 is mounted alternately

on a plurality of hooks 98 to support the magnetic circuit such that it
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Wth the area near the inner dianeter of the annukaf**resfﬁﬁﬁ§’ﬁﬁra€_
menber 90 :used as a fixed working portion 11a}h53“mn1fmmi

-26- 94 which is a part of the housing 48, an annul “‘I ““H“ﬂl n 86 of
23

a vibrating nenber 83 is bonded via an
flexibly moves up and down. . The hooks 98 are made integral with a ring

97; the ring 97 is fixed to a bottom area between a permanent magnet 79
and a yoke 100, and the hooks 98 jut out of slits 99.

In both embodiments shown in FIG.26 and FI1G.28, a damper 84
which flexibly moves up and down is used to center the magnetic circuit
relative to the coil 87 by fixing a damper supporting section 85 at the
central part of the plate 80. Supporting with the supporting rubber
member 96 mounted on the hooks 98 obviates the need for the rubber
member on the bottom of the yoke 100, contributing to making the whole

~unit thinner.

The embodiment shown iﬁ FIG.29 has almost the same structure as
that of the embodiment shown in FIG.26; it effectively utilizes a
permanent magnet 101 to make the whole unit as thin as possible. The
embodiment is also designed to flexibly support the magnetic circuit by
the supporting rubber member 91 which is attached to the hook-shaped
projectioné 89 and the bottom of a yoke 103; however, a plaie 102 on =
the permanent magnet 101 does not have a hole at the center thereof,
thus permitting more effective use of the permanent magnet 101.
Further, a damper 106 is provided with a slope to make the center
thereof higher; a damper supporting section 107 is fitted in the hole
at the center of a plate 110 bonded to a plate 102 and it is bonded to
be fixed, thereby achieving centering and making the whole unit thinner
at the same time. An elastic member 111 may be provided to restrain a
collision noise if a yoke apex 104 should collide against the annular

resinous molded member 90.
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'the bottom of a yoke 81 is supported by a rubber bottom

92 to support the magnetic circuit constituted by the yo

80, and a permanent magnet 79 such that it is allowed to erX|ny nove up
and down. The supporting rubbeg4snenber 91 need not be fixed with an
adhesive, pernmtting easier agsenbly and stabler structure. In this

enbodi ment, thef/eke AitsratddnaheuatRns fopt pagdt 3at a¥kbfdance with the

el astic menber 88 therebetween. A supporting rubber nmenbgg seg!HSBlef Replac
menber) 9% is nmounted on the plurality of hook-shaped pr ﬂgmu ﬂ mad

present invention incorporated in a portable telephone or the like is
subject to a sudden change in acceleration, a sudden positional change
may take place in the collision cover 48 serving also as the enclosure
and the magnetic circuit which has a relatively large mass, and a
resulting high stress applied to the damper may damage the unit. To
avoid such a possibility of damage, the supporting rubber members 91
and 96 serve to protéct the dampér from a great change in acceleration
in a direction perpendicular to the collision cover 48, while the hook-
shaped projections 89 serve to protect it from a great change in
acceleration in a parallel direction.

FIG.30 is a perspective view showing the embodiment of FIG.26
turned upside down. The bottom of the yoke 81 which is a part of the
magnetic circuit is supported by the rubber bottom 92 continuing frpm
the supporting rubber member 91. The supporting rubber member 91 is
attachea to the hook-like projections 89 provided on -the annular
resinous molded member 90 so as to flexibly support the whole magnetic
circuit. An electrode wire 113 from the coil is conveniently fixed
using an elastic member 114 and connected to a terminal 115 at the time
of assembly.

FIG.31 is a perspective view showing the embodiment shown in
FIG.28 almost turned upside down. The hooks 98 are projected from the
slits 99 of the yoke 100 constituting a part of the magnetic circuit,
and the supporting rubber member 96 is alternately mounted to the hook-
like projections 89 to flexibly support the whole magnetic circuit.
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the back surface of the housing 48 or the annular resinous nolded nenber
@ﬂR hads a state wherein a current having a polarity flows
throu uﬂ" . As previously described, the yoke apex 82 vibrates
whi |l e Ioatlng state and the reaction of the el ectromagnetic
force is adde he coil 87, and large vibration is transferred to the

fi xed wor ki ng portlon 94 of the housing 48 fromthe annular flat portion
86 via the elastic nmenber 88. —

When driving the unit by a current having polarities., the terminal 115
need to be provided with color-coded or marked so as to prevent reverse
polarity setting.

Other embodiments in accordance with the present invention
shown in FIG.32 and FIG.33 illustrate the constructions which differ in
the shape of the annular resinous molded member having the hook-like
projections and the bonding method. In the embodiment shown in FIG.ﬁZ.
an annular resinous molded member 122 provided with hook-like
projections 123 and an annular flat section 121 are continuously formed
into one piece. Further, the integrally formed member and the fixed
collision portion 49 are bonded via an elastic member 124. In both
embodiments, the magnetic circuit is attached to the hook-like
projections 123 and supported by the tension provided by tﬁe supporting
rubber member 91 applied to the bottom of a yoke 116. The vibration at
low frequencies and the mechanism for genmerating relatively high-
frequency voice are basically the saue as those of other embcdiments -
designed to flexibly support the magnetic circuit which have already
been described.

In the embodiment shown in FIG.33, the inside diameter of an
annular resinous molded member 127 provided with hook-like projections
128 is-made larger than the outside diameter of the elastic member 88.
The annular flat section 86 and the fixed collision portion 49 are
bonded with the elastic member 88 provided therebetween. This
embodiment also shares the same mechanism for generating the vibration

and the voice. The supporting rubber member 96 is attached to the
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In FI G 28, a supporting rubber nenber 96 is nounted alternately on a
pl uraﬁlﬁlﬁﬂaﬁ%ﬂe‘k&‘mbﬁdto support the nmagnetic circuit such that it

flexib m)um‘n ﬂ down. -27- The

hooks egral with aring 97; the ring 97 is fixed to a
bott om area between a permanent nagnet

26

hooks 98 to support the magnetic circuit in this embodiment; supporting
the bottom of the yoke 100 by a rubber member instead would present no
functional problem.

In another embodiment of the .present invention shown in FIG.34,
the inner diameter section of an annular resinous molded member 134
firmly bonded to a collision cover 129 precvides a fixed collision
portion 136; an annular flat section 132 is directly bonded using an
adhesive sheet or an adhesive layer which has a certain degree of
elasticity. The supporting rubber member 91 is attached to hook-like
projections 135 to flexibly support the magnetic circuit. If the
adhesive sheet or the adhesive layer is considerably thick and soft,
then nearly the same effect as that obtained in other embodiments
wherein the components are bonded via the elastic member will be
accomplished. Conversely, if the adhesive sheet or the adhesive layer
is thin and not very soft, then sound of a low frequency of 1 kilohertz
or less, in particular, will deteriorate. —Aé corrective measures for
this, the collision cover 129 is made slightly thinner or a pat of the
collision cover 129 is made thinner annularly to make it easier for the
collision cover to vibrate when a coil 133 vibrates. This embodiment
obviates the need for providing the collision cover 129 with the hole
for letting sound waves to pass through as in the case of the
embodiment shown in FIG.23; the dome section of the vibrating member
may be removed. This structure enables easier waterproof or dust-proof
design to be accomplished.

The method for leading out the electrode wire from the coil 87
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and—a yoke 100, and the hooks 98 jut out of slits 99. In both
SR Rb SRR «ddn FI G 26 and FI G 28, the danper 84 which flexibly noves
d to center the magnetic circuit relative to the coil 87
mmi i{ﬁF supporting portion 85 at the central part of the plate

h the supporting rubber nenber 96 nounted on the hooks
98 obV|ates the need for the ruBBder nenber on the bottom of the yoke 100,

i(:(r)]n'ltzlr Igbgélﬂgé} 3F%€§4 n)?‘ngiga%ovl‘hei n| t thﬂ)é]rnseprectlve v1ew.hpa$ od| mant shown

section, of the essential part of an embodiment in accordance with the
present invention. The coil is wound by an even number of turns, and
an electrode wire 137 on one end is pulled out from the outer side of
the damper 84 through a recess 139 on the inner side of the annular
flat section 86; an electrode wire 138 on the other end is pulled out
from the outer side of the annular flat section 86. To fix the
electrode wires 137 and 138 such that they are not affected by the
vibration of the magnetic circuit, the electrode wires should
preferably be bonded to the aforesaid annular resinous molded member.

The coil 87 shown in FIG.35 does not havelthe bobbin 21 or the
bobbin 47 shown in FIGS.5, 10 and 13. The bobbin is used as the core
for winding the coil to add to the structural strength. However, the
vibration actuator for pager according to the present invention has
many turns of the coil 87, e.g. six layers, and the coil is as wide as
approximately 0.7 [mm]; this alone is.sufficient for providing -
durability. The presence of the bobbin would require that the gap of
the magnetic circuit be increased for the thickness of the bobbin,
resulting in a lower intensity of the magnetic field. Fof these
reasons, it is preferable to use the coil without fhe bobbin and to
bond the coil in the vibrating actuator for pager in accordance with
the present invention.

Driving the coil 87 by applying alterndting current from
outside to the electrode wire 137 or 138 no longer requirces the

changing of contact setting as in the case of the conventional DC-
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structure as that of the enbodi nent shown in FIG 26; it effectively

utThis ShestHag B ¢t magnet 101 to make the whole unit as thin as
.ppsﬁlmlm“mﬁﬁiﬁgdi ment is also designed to flexibly support the magneti_c
cir upporting rubber menmber 91 which is attached to the hook
shaped projection 89 and the bottom of a yoke 103; however, a plate 102 on
t he permanent nagnet 101 does no#8 have a hole at the center thereof, thus
permtting nore effective use 6T the pernanent nmagnet 101. Further, a
danper 1d6iven pager deibraitihg amctorpe Swoitelking thecemitmct setting frequently
causes a large electromagnetic noise to occur, whereas no such noise
problem will take place in the vibrating actuator for pager according
to the present invention.
Since the present invention is configured as described above,
' if.w{ll provide the advantages set forth below.
| The vibration actuator for pager in accordance with the present
invention employs a moving coil type eléctroacoustic transducer wherein
a coil having a vibrating member moves to generate high-quality voice
and sound and also to generate vibration to be transferred to the
outside at low frequencies. Thus, the functions of all the pager
vibrating motor for notifying a user of the arrival of an incoming
call, the voice generating unit, and the speaker for received speech in
a conventional portable telephone can be fulfilled just in one unit.
Furthermore, the vibrating member moves only in the vertical
direction to collide against the enclosure of a portable telephone or
the like, thus allowing the vibration emergy to be effectively taken
out. The required actuating power is relatively small, contributing to
the saving of power. The annular flat section which serves as the
annular collision section made integral with the coil collides with a
collision cover of an enclosure or the like via an elastic member to
generate large vibration from the collision; it is also capable of
controlling unwanted the collision noise at the time of the collision.
| Moreover, the magnetic circuit is flexibly supported using a

rubber member or the like so that the magnetic circuit including a yoke
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t hahigf, pigher; er supporting portion 107 is fitted in the hole at

t he Béen @l at e 110 bonded to a plate 102 and it is bonded to be
fix ( fevi ng - 28-
cen I ng the whole unit thinner at the same

29

may move up and down relatively easily. This makes it possible to add
the reaction from the moving magnetic circuit to the driving force of
the coil itself, enabling larger vibration to be generated at the time
of the collision.

The driving current which has a polarity causes the coil to

. .apply a force to the collision section at all times; therefore, the
elastic member is not subject to a peeling force, so that the elastic
member does not comé off. The driving current which has a polarity
causes the magnetic circuit composed of a yoke, etc. to move in a
floating state, adding an even larger repulsive force to the coil so as
to generate even larger vibration. As a result, greater vibration than
that available with the conventional pager vibrating motor can be
produced.

The vibration sound does not include the vibration of
relatively high frequencies from sliding as in a conventional unit; a
low, single frequency is used for the driving current which can be
selected freely:; therefore, a frequency that produces éasybto—feel
vibration can be selected. However, the frequencies in the vicinity of
a resonance frequency should be avoided to maintain high reliability.

The use of alternating current as the driving current naturally
eliminates the need for changing the contact setting as in the
conventional DC-driven pager vibrating motor: therefore, no
electromagnetic noise is produced. Thus, it is no longer necessary to
provide a portable telephone with a noise filter, and there will be no

chance of causing other external equipment to incur malfunction.
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tinme. An g g% 112 may be provided to restrain a vibrating noise
oul d press the annul ar resi nous nol ded nenber 90.

I f a

1f-theiﬁﬁ“ﬂ ﬂ uat or in accordance with the present invention

i ncorp tabl e tel ephone or the like is subject to a sudden
change in acceleration, a suddeyp positional change may take place in the
housing 48 and the magnetic ci+etwtt which has a relatively |arge nass,

and a resul t| ggsgg{gﬁbﬁrssstﬁ&rdahsgrt&tdl%peégae{nsﬁ%ytﬂé@m Hignétdd - TO
according to the present invention; the whole outer diameter can be
reduced despite the larger diameter of the driving coil, and yet, a
larger driving force can be produced. The vibration actuator for pager
according to the invention combines the vibration generating function
and the voice and sound generating function so as to make the unit
smaller than the volume which has three component units including the
conventional vibration actuator occupy.

The use of the annular resinous molded member provided with
hook-like projections permits easief mounting. For example, the
actuator can be installed to a portable telephone or the like simply by
providing the top surface of the resinous molded member with an
adhesive layer which has a peelable sheet.

Since the electrode wires from the coil can be bonded and fixed
to the annular resinous molded member, the mounting work can be
simplified. In addition, the electrode wires are nearly fixed so that
they do not come in contact with the yoke that vibrates greatly, thus
minimizing the chance of electrical short-circuit attributable to a
disconnected electrode wire or peeled covering. The plurality of hook-
like projections and thé rubber member supporting the magnetic circuit
enable protection of the vibration actuator for pager from damage even
if the portable telephone is accidentally dropped and subject to high
acceleration.

In addition, unlike the conventional vibration actuator for ....

pager, the vibration actuator according to the invention has no rotary
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danmgpge he supporting rubber nmenber 91 and 96 serve to protect the danper

t
fromt tblas B ed n acceleration in a direction perpendicular to the
hausi he hook-shaped projections 89 serve to protect it from
a gr iflfl acceleration in a parallel direction. FIG30 is a

per spective view show ng the enboﬁirarlent of FIG 26 turned upside down. The
bottom of the yoke 81 which is a t of the magnetic circuit is supported
by the rubber bottom 92 continuing fromthe supporting rubber nenber 91.

The suppeésipdi@ntsb@ed theretordnd brashasheasedrdng, thus requiring fewer

components. The vibration actuator is free of a failure to start

caused by an improper position of an electric contact.
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the hook- I|ke prOJectlons 89 provided on the annular resinous nol ded

Lhis n 1 fdexi bl y support the whole magnetic circuit. An
elect a ron1the coiI is conveniently fixed using an elastic
nenbe -29- connected to a
termnal 115 at the time of assenbly.

32

WHAT IS CLAIMED IS:

1. A vibration actuator for pager comprising an electroacoustic
transducer which has a magnetic circuit coﬁposed of a permanent magnet
and a coil, and a vibrating member which can be moved up and down;
wherein a part which moves integrally with said vibrating member is
collided against a.fixed collision portion in response to a low-
frequency electrical signal applied to said coil, thereby generating a

vibration outside.

2. A vibration actuator for pager according to Claim 1, which is
of a moving coil type wherein said vibrating member and said coil are

bonded.

3. A vibration actuator for pager according to Claim 1 or 2,
wherein said fixed collision portion is provided with an elastic

member .

4. A vibration actuator for pager according to Claim 1 or 2,
wherein said fixed collision portibn and a top of said coil are bonded

with an elastic member provided therebetween.

5. A vibration actuator for pager according to Claim 4, wherein an

adhesive layer which has elasticity is provided therebetween.
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FIG 31 is a perspective view showi ng the enbodi nent shdhnshnﬂﬁ$eﬁm <nbst
turned upsi de down. The hooks 98 are projected fronlthe
yoke 100 constituting a part of the magnetic circuit, |ng
rubber nenber 96 is alternately nmounted to the hook- I|ke prOJectlons 89
flexibly support the whole nagnepif circuit. When driving the unit by a
current having polarities, the termnal 115 need to be provided wth
col or-cgded or ATRikesl ivh aethatd¥ RN pagey HDdrdRAg 24 ioneSeftCRPns 1 to
S, wherein a magnetic circuit excluding said coil, which is composed of
said permanent magnet., a yoke and a plate, is supported using a

vertically flexible structure.

7. A vibration actuator for pager according to Claim 6, wherein
said flexible structure is held between thin annular upper rubber
member and lower rubber member by a fiat portion thereof around said
yoke, and said upper rubber member is bonded in the vicinity of said
fixed collision portion, said upper and lower rubber members being

connected and supported by a rubber member at a plurality of points.

8. A vibration actuator for pager according to Claim 6, wherein
the periphery of the magnetic circuit excluding said coil is supported
via a tabular rubber member by a suppofting section which is made

integral with said fixed collision portion. -

9. A vibration actuator for pager according to Claim 6, wherein
the periphery of the magnetic circuit excluding said coil is supported
via a bellows—-like rubber member by a supporting section which is made

integral with said fixed collision portion.

10. A vibration actuator for pager according to Claim 6, wherein
the periphery of the magnetic circuit excludiﬁg said coil is supported

via a foam elastic member by a supporting section which is made

AR A
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O her enbodi nments in accordance with the present |nvapt on shomn in FIG 32

and -FIG 33 illustrate the construction which differ R ac@che
-annul ar  resinous nol ded nenber havi ng the hook-1ike p t he
bondi ng nethod. In the enbodi nrent shown in FIG 32, an us

nol ded nenber 122 provided w th hook-1ike projections 123 and an annular
flat portion 121 are continuous@f formed into one piece. Further, the
integrally formed nenber and the fixed working portion 49 are bonded via

an el asintegiib@ith2daid Fikelhcollision portion.

11. A vibration actuator for pager according to Claim 6, wherein
the bottom of the yoke of the magnetic circuit excluding said coil is

supported by a thin rubber member.

12. A vibration actuator for pager according to Claim 6, wherein
the magnetic circuit excluding said coil is supported solely by a

damper bonded to the central portion of said magnetic circuit.

13. A vibration actuator for pager according to Claim 6, wherein an
annular resinoué molded member having a plurality of hook-like
projections outside the outer diameter of said yoke is bonded to a
collision cover made integral with a fixed collision portion, and a
rubber member which supported the bottom of said yoke is attached to
said hook-like projections so as to support the magnetic circuit

excluding said coil.

14, A vibration actuator for pager according to Claim 6. wherein an
annular resinous molded member having a plurality of hook-like
projections outside the outer diameter of said yoke is bonded to a
collision cover made integral with a fixed collision portion, a ring
having a hook jutting out of a slit of said yoke is bonded to the
bottom of said magnetic circuit, and a rubber member is attached to

said hook-like projections and said hook so as to support the magnetic

‘\\\‘\\\“*\\\Eh\\~‘\\\ is i t sheet
l l*”l’!l [”'!I ”ll’ ll’!’ [l I*”l . This is the replacemen

‘Date: m’&m L



enbodi ments, the magnetic circuit is attached to the hook- Tike — _
proj ections 123 and supported by the tension provided bmii%&tﬁﬁmaa{ﬁﬁﬁ&d

rubber menber 91 applied to the bottom of a yoke 116. Inj| i (RNt ,
there is provided a

35

t——

circuit excluding said coil.

15. A vibration actuator for pager according to one of Claims 1 to
14, wherein alternating current is applied, the dominant polarity
thereof being such “that a driving force, which is in a direction for
colliding with said fixed section and which is on the opposité side

from said permanent magnet, is applied to the coil.

16. A vibration actuator for pager according to Claim 15, wherein
an alternating current of a square wave with gentler rising and falling

slopes is applied.

17. A vibration actuator for pager according to Claim 16, wherein
the alternating current is applied using a circuitry in which an
integrating circuit and a voltage—to—current converting circuit are

connected after a square wave generating circuit.

18. A vibration actuator for pager according to one of Claims 1 to
14, wherein an annular collision portion having a diameter

approximating to the diameter of said coil is provided.

19. A vibration actuator for pager according to Claim 18, wherein

said annular collision portion is an annular flat section.

20. A vibration actuator for a pager according to Claim 18 or 19,
This is the replacement shee
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space between the yoke apex 117 and the annul ar resinous TARGARAHABEAN:pIda
nmounted on'the housing 48. The resonance vibration at a

(e.g. 140 Hz) is occurred at a mass of the yoke 116, the aglmm gw
79 and the plate 80 for generating the vibration output an

vibration at a high frequency (e.g. 3 KkHz) is occurred at annul ar part of
the housing 48 inside of the fixgeg working portion 49 for generating the

calllng sound. Wen the coil 1251% excited by a signal of frequency 1
kHz, th&'heseds asRirgl damper s mgoxided Haside said annular collision

portion.

21. A vibration actuator for pager according to Claim 20, wherein
said annular collision portion and said spiral damper are integrally

molded using resin.

22. A vibration actuator for pager according to one of Claims 18 to
21, wherein a coil having no winding bobbin is bonded to said annular

flat section which is said annular collision portion.

23. A vibration actuator for pager according to one of Claims 1 to

6, wherein a dome-shaped section is included in the vibrating member.

24. A vibration actuator for pager according to one of Claims 18 to
22, wherein the damper inside said annular collision portion is
provided with a slope to make the central portion thereof higher than
the top surface of said magnetic circuit and fitted and bonded in a
circular hole in a plate bonded to said top surface of the magnetic

circuit to fix it.

25. A vibration actuator for pager according to Claim 13, 14 or 22,
wherein one electrode wire of said coil is taken out between the inner
top of said annular collision portion and said damper and bonded,

together with the other electrode wire, to said amnular resinous molded

A O " This is the reptacament sheet
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Mess arrthisshé BisdBlenRdplicsiesonance for generating the voice. In the

enbodi e 33, the inside dianeter of the annular resinous
nol ded Hl"&ﬂ!p ded with hook-like projections 128 is nade | arger
t han the [ er of the elastic nenber 88. The annular flat
portion 86 and the fixed working pogyion 49 are bonded with the elastic
menber 88 provided therebetween. enbodi nent al so shares the sane

mechani sgefpBer geNerating the resonance vibration and the sound or voice.
The supporting rubber nmenber 96 is

\

LT Il
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attached to the hooks 98 to support the magnetic circuit in this
enbodi-nent ; supporting the bottom of the yoke 100 by a rubber nenber
nstead woul d present no functional problem B I n anot her enbodi nent
of the present invention shown ) -31-

VIBRATION ACTUATOR FOR PAGER
ABSTRACT OF THE DISCLOSURE

A vibration actuator for pager in which a vibrating section of
an electroacoustic transducer is driven using low frequencies to
collide it against a fixed section, and the vibration generated from
the collision is taken out as external vibration. The vibrating
section of a coil and the fixed section are bonded via an elastic
member provided therebetween. The vibration generated at the time of
collision can be effectively increased by flexibly supporting a
magnetic circuit composed of a magnet, a yoke, etc. and driving it with
alternating current which has a polérity. To permit easier assembly
and to prevent damage or deterioratién in characteristics, it is
preferable to provide an annular molded member, which has hook-like
projections, around the magnetic circuit and to support the magnetic

circuit by a rubber member attached to the hook-like projections.

FIGURE 5
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in FIG 34, the inner dianeter section of an annular resinous nolded nenber
134 -firmy bonded to a housing 129 w thout any acoustic holes provides a
‘fixed working portion 136 nounted an annular flat portion 132; the

annular flat portion 132 is directly bonded using an adhesive sheet or an
adhesive layer which has a certain degree of elasticity. Since there is
provi ded a space between the yoke apex 117 and the annular flat portion
132, the collision is not occur at atinme to generate the vibration.
The supporting rubber nenber (elastic '

Fig.1  PRIOR ART

g
4

Fig.2  PRIOR ART
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menber) 91 is attached to hook-1ike projections 135 to flexibly support
the magneti'c circuit. If the adhesive sheet or the adhesive layer is
considerably thick and soft, then nearly the sanme effect as that obtained
in other enbodi nents wherein the conponents are bonded via the elastic
menber will be acconplished. Conversely, if the adhesive sheet or the
adhesive layer is thin and not very soft, then sound of a | ow frequency of
1 kHz or less, in particular, w2l deteriorate. As corrective measures

for this, the housing 129 is madé sStightly thinner or a

Fig.3  PRIOR ART
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part of the housing 129 is nade thinner annularly to nmake it easier for

t he housing to vibrate when a coil 133 vibrates. This enbodi ment obvi ates
the need for providing the housing 129 with the acoustic holes for letting
sound waves to pass through as in the case of the enbodi nent
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-32- shown in FIG 23; the done section of the vibrating nmenber my be
renoved. ’ This structure enabl es easi er waterproof or dust- proof
design to be acconplished due to the absence of the acoustic holes. In
this enbodinent, a part of the actuator of the housing 129 is vibrated
with a resonance to generate a calling sound when the coil 133 is excited
by a signal of frequency 3 kHz, and the part of the pager of the housing
129 and the mass of a magnetic ciréuit

Fig.7

VotCE PRocesSSING

(29 (30 31 CIRCVIT
10

RAvio L1 contRoL 32

SE€CTIeN CiReul T (

Low-- FREQUENCY 7

— —° AMPLIFrER

OSCILLATING
CIRCIIT /
34 N
: 36
35 CONNECTIOd 33

(;EITC‘“HGI S.(-‘UND““{Q UNIT
MEDIUM - FReQUENCY CTioN _

03C(LLATY NC-(

CIRCu T Fig.8

This is the replacement sheet

Date: §°4 "W 1067



conpri si ng

vibrated wi'th a resonance to generate a voice

by a signa

t he yoke 116,

of frequency 1 kHz. Further,

the permanent magnet 79 and the
when the coill

when the coil

pl ate 80 are
133 is excited
133 is excited by a

si gnal of

frequency 140 Hz,

only the mass of the magnetic circuit is

vibrated with a resonance to generate the vibration

out put. The reason

that the sound or voice is generfited while there is not provided any

acoustic holes in the housing rmounted the actuator
a function as the vibrating nenber.
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the part of the actuator of the housing is fulfilled an acoustic
di aphragm s*function by directing the vibration of the housing attached to
t he actuat or. The nethod for |eading out the electrode wire from
the coil 87 is illustrated in FIG 35 which is a perspective view, partly
In section, of the essential part '
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-33- of an enbodiment in accordance with the present invention. The coi
I's wound by an even nunber of turns, and an electrode wire 137 on one end
is pulled out fromthe outer side of the danper 84 through a recess 139 on
the inner side of the annular flat portion 86; an electrode wire 138 on
the other end is pulled out fromthe outer side of the annular flat
portion 86. To fix the electrodeywires 137 and 138 such that they are not
affected by the vibration of t+emagnetic circuit, the electrode wres
shoul d :
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preferably be bonded to the aforesaid annul ar resinous nolded nenber.

The coil 87 shown in FIG 35 does not have the bobbin 21 or the bobbin 47
shown in FIGs.5 10 or 13. The bobbin is used as the core for w nding the
coil to add to the structural strength. However, the vibration actuator
for a pager according to the present invention has many turns of the coi
87, e.g. six layers, and the coil8is as wwde as approximately 0.7 [mm];
this alone is sufficient for providing durability. The presence of the
bobbi n woul d
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require that the gap of the magnetic circuit be increased for the

t hi ckness of the bobbin, resulting in a lower intensity of the magnetic
field. For these reasons, it is preferable to use the coil w thout the
bobbin and to bond the coil in the vibrating actuator for pager in
accordance wth the present inventéon.
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- 34- Driving the coi

of contact setting as in the case of
vibrating notor. Switching the

_ 87 by applying alternating current
outsirde to-the electrode wire 137 or 138 no | onger
t he conventi onal
contact setting frequently causes a | arge

whibe

from
requi res the changing
DC-driven pager

el ectromagneti c noi se to occur, S no such noise problemwl| take
pl ace in the pager vibrating g4t uat or agﬁ?rding to the present invention.
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Since_the present invention is configured as described above, it wll
provi de the advantages set forth bel ow The vi bration actuator in
accordance with the present invention enploys a noving coil type
el ectroacousti c transducer wherein a coil having a vibrating nenber noves
to generate high-quality voice andllsound and also to generate the
vibration to be transf ed t hglﬁutsi de at a |l ow frequency. Thus, the
functions of all the er Vi t tor for notiylgying a user of the
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arrival, of an incomng call, the voice generating unit, and the speaker
for received speech in a conventlonal portabl e tel ephone can be fulfilled
just in one unit. Furthernore, the vibrating menber noves only in
the wvertical direction to collide against the housing of a portable

tel ephone or the like, thus allowng the vibration energy to be
effectively taken out. The
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-35- required actuating power is relatively small, contributing to the
savi ng of power. The annular flat portion which serves as the annul ar
collision portion nmade integral with the coil collides with a housing or
the like via an elastic nmenber to generate large vibration fromthe
collision or resonance; it is also capable of controlling unwanted the
cotlision or vibration noise at the time of the collision or resonance.
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Moreover, the magnetic circuit is flexibly supported wusing a rubber menber
or the like so that the magnetic <circuit including a yoke may nove up and
down relatively easily. This nmakes it possible to add the reaction from
the noving magnetic circuit to the driving force of the coil itself,
enabling larger vibration to be generated at the tine of the collision or
vi brati on. The driving current which has a polarity causes the coi
to apply a force to the collision¥ortion at all tines; therefore, the

el astic nenber is not subject to &
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peeling force, so that the el astic nenber does not conme off. The driving
current which has a polarity causes the magnetic circuit conposed of a
yoke, etc. to nove in a floating state, adding an even | arger repul sive
force to the coil so as to generate even larger vibration. As a result,
greater vibration than that avai l@le with the conventional pager

vi brating notor can be produced.
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-36- _  The vibration sound does not include the vibration of
relatively high frequencies fromsliding as in a conventional unit; a |ow,
single frequency is used for the driving current which can be sel ected
freely; therefore, a frequency that produces easy-to-feel vibration can be
sel ected. However, the frequencies ifpgthe vicinity of a resonance
frequency shoul d be avoi ded to mai nt=at-hi gh
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rel<abl.lity. The use of alternating current as the driving current

naturally elininates the need for changing the coﬁtacrmsettrn‘w“ e
conventional DC-driven pager vibrating notor; thére |
el ectromagnetic noise is produced. Thus, it is no &pn €1’ fece
provide a portable tel ephone with a noise filter, ang

chance of causing other external equipnment to incur- ;M
Furthernore, the danper is disposed insiide the CO|IV -

VIBRATION ACTUATOR---

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vibration
actuator for a mobile equipment such as a pager or a
mobile phoﬁe which is incorporatéd in é portable telephone
(cellular phone) or the like to notify a user of the
arrival of a received call not only by sound or voice but
by vibration also and, more particularly, to the vibration
actuator suited for achieving a smaller, lighter design.
2. Description of Related Art

Conventional vibration actuators are called also as
vibration motors or vibration-generating actuators; they
are required to be compact, thin and inexpensive, and also
to be capable of generating vibration at low power
consumed. They are intended, however, to generate only
vibration; therefore, they cannot be used for making a
voice call or issuing conversational voice. Hence, at
least two component units are necessary for obtaining the
information on incoming calls and for generating voice
signals. Further, the pager vibrating motors extensively
used consume much starting power for rotating a relatively
large mass; they are also disadvantageous in that they

have many cbmponents because of the rotating design, and
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di aret er -according to the present invention; the whole outer dianeter can

be reduced despite the larger dianmeter of the driving coil, and yet, a

| arger driving force can be produced. The vibration actuator for according
to the invention conbines the vibration generating function and the voice
and sound generating function so as to make the wunit snmaller than the

vol unme which has three conmponent wunits including the conventi onal

vi bration actuator -2.

provide unsatisfactory reliability or accuracy control.
The conventional pager vibrating motors have a further
disadvantage: they include current switching brushes
because they use direct current, so that they may generate
large electromagnetic noises or incur malfunction at the
time of rotation, and they have also limitation in
accomplishing a smaller and flatter design.

FIG.1 shows a pager vibrating motor which has been
most commonly used hitherto. A counterweight 3 is rotated
via a shaft 2 driven by a driving motor 1 composed of a
cylindrical coreless rotor and it swings to generate
vibration. Naturally, the pager vibrating motor is not
capable of generating sound other than vibration. The
driving motor 1 is constituted by a permanent magnet
having a curved surface and the cylindrical coreless
rotor; a plurality of magnetic poles to provide rotational
driving force. This places restrictions on accuracy
control and manufacturing cost in achieving a smaller
diameter of the driving motor 1.

FIG.2 shows the cylindrical pager vibrating motor in
a vibrating state. As the driving motor 1 runs, the
counterweight 3 swings around a rotational center 4. The
vibration is generated in any directions, and therefore,
the vibration in a particular direction may not be

effectively transferred outside, depending on how the
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-3%-. occupy. The use of the annul ar resinous nol ded nenber

provi ded with hook-1like projections permts easier nounting. For exanple,
the actuator can be installed to a portable tel ephone or the like sinply
by providing the top surface of the resinous nolded nmenber with an
adhesive |ayer which has a peel abl e sheet.

-3-

vibration motor for a pager is fixed. Further, a driving
force is mandatory because the swinging moment is
proportional to the square of the rotational speed of the
driving motor 1, thus limiting the efforts in saving
power.

FIG.3 is a perspective view illustrative of the
interior of a flat type pager vibrating motor 5
constructed by a conventional flat coreless rotor. A
rotary shaft 8 is provided with a disc-shaped winding coil
6 with an eccentric center of gravity to generate a
rotational driving force between the winding coil 6 and a
sheet-1like permanent magnet 7. Driving current is
supplied through a brush 9. Unlike the cylindrical motor,
the pager vibrating motor 5 makes use of the winding coil
6 with the eccentric center of gravity in place of the
counterweight; it produces vibration when it revolves.
Obviously, this pager vibrating motor 5 also cannot be
used for generating the voice.

FIG.4 shows the most effective vibration of the flat
type pager vibrating motor 5; the rotations in the axial
direction relative to a vibration central axis 10 are
indicated by reference numerals 5, 11 and 12 assigned to
the main body of the pager vibrating motor. There are
thickness vibration in the axial direction and diametral

vibration at right angles to the axis 10; frequently,
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Since the electrode wires fromthe coil can be bonded and fixed to the
annul ar resinous nol ded member, the mounting work can be sinplified. In
addition, the electrode wires are nearly fixed so that they do not cone
in contact with the yoke that vibrates greatly, thus mnimzing the chance
of electrical short-circuit attributable to a disconnected electrode wre
or peeled covering. The plurality of hook-like projections and the- rubber

menber supporting the nagnetic circuit-gnable protection of the vibration
actuator for pager from danmage

however, the vibrations may hardly contribute to the
vibration to be transferred outside, depending on the way
the flat type pager vibrating motor 5 is fixed. This
means that the driving current applied to the winding coil
6 is not effectively used as the energy for transferring
vibration outside.

Thus, the conventional pager vibrating actuators
have not been able to generate sound and voice although it
is able to generate vibration. Furthermore, the
conventional pager vibrating actuators have not
necessarily been able to reduce the required starting
power; they have hardly permitted a smaller overall size,
and some of them have been prone to rotational
malfunction, producing large electromagnetic noises.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is
to provide a vibrating actuator for a mobile equipment
such as a pager which enables driving current to be
effectively converted to vibration energy and sound, and
it is another object of the present invention to provide a
vibrating actuator which can be manufactured at low cost,
which can be easily made smaller and flatter, and which
ensures minimized chance of malfunction or electromagnetic
noises.

To these ends, in the vibrating actuator according
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even if sthe portable tel ephone is accidentally dropped and subject to high
accel erati on. In addition, unlike the conventional vibration
actuator, the vibration actuator according to the invention has no rotary
conponents and therefore no brush or bearing, thus requiring fewer
conponents. The vibration actuator is free of a failure to start caused by
an i nproper position of an electric contact.

-5-
to the present invention, a vibrating member based on a
moving coil, which vibrates vertically and which has been
hitherto used as an electroacoustic transducer, is worked
against a portion which is fixed nearby so as to genefate
vibration outside. Further, the working portion is formed
annularly to be approximately as large as the diameter of
the moving coil so as to disperse the action of the
vibrating member in the portion having higher structural
strength. |

Furthermore, the annular working portion is formed
into an annular and flat portion so that the impact caused
by the collision or resonance is distributed evenly to
maintain reliability at the time of the working, thereby
controlling the occurrencé of vibration noise.

An elastic member is provided between the working
portion of the housing and the annular working portion on
the top of the coil of the vibrating member which
vibrates; the working portion of the housing and the
annular working portion are mutually bonded via the
elastic member. 1In this case, the working portion, which
has been fixed with a sheet-like adhesive layer or
adhesive agent exhibiting some elasticity, and the annular
working portion may be both bonded instead of bonding them
via the elastic member.

The dome formed inside the annular working portion
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-38- WHAT IS CLAIMED I S: 1. A vibration actuator for a pager
conprising an electroacoustic transducer which has a magnetic circuit
conposed of a permanent magnet and a coil, and a vibrating nenber which
can be noved up and down; wherein a part which noves integrally with said
vi brating nenber is

-6 -

is provided as a part of the vibrating member by bonding
it inside the annular working portion. A magnetic circuit
configured by a magnet, a yoke and a plate excluding the
coil is supported on a housing made integral with the
working portion which is fixed with a vertically flexible
component. The component is formed by annularly shaping a
thin rubber material. The flat portion around the yoke is
supported by the bottom annular end and the top annular
end is bonded to the housing; both ends are supported by
connecting them with a plurality of thin rubber pieces so
as to allow the magnetic circuit to flexibly move up and
down.

As an alternative, the component is formed using a
tabular rubber piece. A magnetic circuit is held between
the flat portion of the rear surface of the yoke apex of
an outermost peripheral section of the magnetic circuit
and the supporting section fixed to the housing cover by
using a tubular rubber piece so as to enable the magnetic
circuit to flexibly move up and down.

As another alternative, the component is formed
using a bellows-like rubber piece or a foam elastic piece.
A magnetic circuit is held among the flat portion of the
rear surface and the side surface of the yoke apex of an
outermost peripheral section of the magnetic circuit and a

supporting section fixed to the housing by using a
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collided against a fixed collision portion in response to a |owfrequency

el ectrical signal applied to said coil, thereby generating a vibration
out si de. 2. A vibration actuator for a pager according to Claim 1,
which is of a noving coil type wherein said vibrating nenber and said coi
are bonded. 3. A vibration actuator for a pager according to Claim 1
or 2, wherein said fixed collision portion is provided

-7-

bellows-like rubber piece or foam elastic piece so as to
enable the magnetic circuit to flexibly move up to down.

As still another alternative, the component is
formed using a thin rubber material, and the bottom of the
yoke constituting a part of the magnetic circuit is
supported by one end of the component, and the other end
thereof is bonded to the housing, thereby flexibly and
vertically supporting the magnetic circuit.

When forming the component using a rubber material,
in order to facilitate assembly, an annular resinous
molded piece which has a plurality of hook-like
projections outside the outer periphery of the yoke of the
magnetic circuit is bonded to the housing, then a rubber
piece for supporting the bottom of the yoke is hooked onto
the hook-like projections, thus enabling the magnetic
circuit to flexibly move up and down.

As an alternative, the annular resinous molded piece
which has a plurality of hook-like projections outside the
outer periphery of the yoke of the magnetic circuit is
bonded to the housing, and a ring which has hooks jutting
out of a plurality of slits of the yoke is bonded to the
bottom of the magnetic circuit, then a rubber piece is
hooked to the hook-like projections and the foregoing
hooks so as to allow the magnetic circuit to flexibly move

up and down.
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with an- el astic nenber. 4. A vibration actuator for a pager
according to Caim1l or 2, wherein said-fixed collision portion and a top
of said coil are bonded with an elastic nmenber provided therebetween.

5. A vibration actuator for a pager according to Caim 4, wherein an
adhesive which has elasticity is provided

-8-

As a further alternative, the magnetic circuit is
supported solely by a damper which has the component fixed
at the center of the plate so as to allow the magnetic
circuit to flexibly move up and down. As necessary, a
plate having a circular hole is bonded to the plate on the
top of the magnetic circuit. With the circular hole
placed at the center, a damper which has been molded using
a reginous material is fitted in the hole. 1In this case,
the damper may be provided with a slope so that the
central portion thereof may be higher.

The low-frequency driving current for generating
vibration which is applied to the coil should be
alternating current, the dominant polarity of which
provides a driving force to the vibrating member in the
vibrating direction which is opposite from the permanent
magnet. The waveform of the driving alternating current
provided with a polarity on one side thereof is formed so
that the slopes at the rise and fall of the square wave
are gentle. To obtain the aforesaid alternating current,
an integrating circuit is provided after a square wave
producing circuit, then a voltage-to-current converting
circuit for current drive is further connected thereto.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:

FIG.1 is a perspective view of a conventional
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-39- therebetween. 6. A vibration actuator for pager according to

Clains 1 to 5, wherein a magnetic circuit excluding said coil, whichis

conposed of said permanent nmagnet, a yoke and a plate, is supported using
a vertically flexible structure.

-9-

cylindrical vibrating motor for a pager;

FIG.2 is an explanatory view of the conventional
pager vibrating motor shown in FIG.1 which is vibrating;

FIG.3 is a perspective view of the interior of a
conventional flat type pager vibrating motor;

FIG.4 is a perspective view of the conventional
pager vibrating motor shown in FIG.3 which is vibrating;

FIG.5 is a perspective view, partly in section, of a
vibration actuator in accordance with the present
invention;

FIG.6 is a sectional view of the embodiment of
FIG.5;

FIG.7 is a perspective view of a portable telephone
which incorporates the vibration actuator in accordance
with the present invention;

FIG.8 is a block diagram showing a circuit employed
for the present invention;

_FIG.9 is a sectional view of another embodiment of
the present invention;

FIG.10 is a sectional view of still another
embodiment of the present invention;

FIG.1l1] is a perspective view, partially a sectional
view, of still another embodiment of the present
invention;

FIG.12 is a sectional view of the embodiment shown
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7.~ A vibration actuator for a pager according to Caim6, wherein said
flexible structure is held between thin annular upper rubber nenber and

| ower rubber nenber by a flat portion thereof around said yoke, and said
upper nenber is bonded in vicinity of said fixed collision portion, said
upper and | ower rubber nenbers being connected and supported by a rubber
menber at a plurality of points.

-10 -

in FIG.11;

FIG.13 is a sectional view of yet another embodiment
of the present invention;

FIG.14 is a sectional view of the embodiment shown
in FIG.13 at the time of current drive;

FIG.15 is a perspective view, partly in section, of
a vibration actuator used in the present invention;

FIG.16 is a reversed perspective view of the
embodiment illustrated in FIG.13;

FIG.17 shows an example of the waveform of a driving
current used for the present invention;

FIG.18 shows an example-of the waveform of another
driving current used for the present invention;

FIG.19 is a block diagram illustrative of a circuit
for generating the driving current shown in FIG.18;

FIG.20 is a sectional view of another embodiment of
the present invention;

FIG.21 is a sectional view of a further embodiment
of the present invention;

FIG.22 is a sectional view of a still further
embodiment of the present invention;

FIG.23 is a sectional view of yet another embodiment
of the present invention;

FIG.24 is a sectional view of a further embodiment

of the present invention;
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8. A vibration actuator for a pager according Claim 6, wherein the

peri phery of the the magnetic circuit excluding said coil is supported via
a tabul ar rubber nmenber by a supporting section which is nade integral
with said fixed collision portion. 9. A vibration actuator for a
pager according to Caim®6, wherein the periphery of the magnetic circuit
excluding said coil is supported via a bellows-I|ike rubber

-11-

FIG.25 is a sectional view of another embodiment of
the present invention;

FIG.26 is a sectional view of yet another embodiment
of the present invention;

FIG.27 is a sectional view of the embodiment shown
in FPIG.26 at the time of current drivé;

FIG.28 is a sectional view of a further embodiment
of the present invention; |

FIG.29 is a sectional view of a still further
embodiment of the present invention;

FIG.30 is a reversed perspective view of the
embodiment shown in FIG.26;

FIG.31 is a reversed perspective view of the
embodiment shown in FIG.28;

FIG.32 is a sectional view of a further embodiment
of the present invention;

FI1IG.33 is a sectional view of a still further
embodiment of the present invention;

FIG.34 is a sectional view of another embodiment of
the present invention; and

FIG.35 is a perspective view, partly in section, of

a vibration actuator used in the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will be
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-40: nenber by a supporting section which is nmade integral with said
fixed collision portion. 10. A vibration actuator for a pager
according to Claim®6, wherein the periphery of the magnetic circuit

-12-

described with reference to the accompanying drawings.

FIG.5 shows an embodiment of a vibration actuator
for a mobile equipment such as a pager in accordance with
the present invention; it is provided behind a housing
position 27 of a portable telephone (cellular phone) 28
shown in FIG.7, to which an ear of a user is applied. 1In
FIG.5, a moving coil type electroacoustic transducer for
generating sound'and voice is employed. A vibrating
member 13 is shaped like a dome to make it resistant to
bending when it vibrates and also to enable good voice and
sound to be generated. The vibrating member 13 is bonded
to a damper 19, which is relatively flexible to be
displaced vertically, so as to support the vibrating
member 13 in the central and vertical positions thereof.
A cylindrical coil 15 composed of a wound thin conductor
is formed around a bobbin 21. The bobbin 21 is squarely
bent inward at the top to enhance the adhesion between the
vibrating member 13 and the damper 19 and to form a ring-
shaped flat portion 20 which provides a ring-shaped
collision section.

A.magnetic circuit is constituted by a discoid
magnetic plate 18 which is bonded to one magnetic pole of
a cylindrical permanent magnet 16 which has a hole 25 at
the center thereof and which has been magnetized in the

direction of the thickness thereof, and a yoke 17 composed
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ex€¢l uding said coil is supported via a foamelastic nenber by a supporting
section which is nmade integral with said fixed collision portion. 11
A vibration actuator for a pager according to Caim 6, wherein the bottom
of the yoke of the magnetic circuit excluding said coil is supported by a
thin rubber menber. 12. A vibration actuator for a pager according to
Claim 6, wherein the nmagnetic circuit excluding said coil is

-13 -

of a magnetic plate is bonded to the other magnetic pole.
Formed between the yoke 17 and the plate 18 is a ring-
shaped gap of a high magnetic flux density through which
the coil 15 and the bobbin 21 move up and down.

For handling voice, the vibrating body 13 is
supported by the damper 19 in a position so that the
displacement of the vibrating member 13 is relatively
small and does not cause the vibrating member 13 to bump a
collision section 14 even when a relatively large driving
current of a high frequency ranging from a few hundred Hz
to 3 kHz is supplied to the coil 15. For driving at a low
frequency of a few dozen hertz, the displacement of the
vibrating member 13 increases, causing it to bump the
collision portion 14 which is fixed. The ring-shaped flat
portion 20 of the vibrating member 13 is structurally
robust and it collides evenly when the vibrating member 13
collides with the collision portion 14. The vibration
caused by the collision is transferred through a
supporting beam 24 to an outer peripheral portion 22 and
further propagated to the outside. The plate 18 is
provided with the central hole 25 and the yoke 17 is
provided with a plurality of holes 26 to control the back
pressure of air when the vibrating member 13 or the damper
19 vibrates at a low frequency. The sectional structure

is shown in FIG.6.
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supported solely by a danper bonded to the central portion of said
magnetic circuit. 13. A vibration actuator for a pager according to
Claim 6, wherein an annul ar resinous nol ded nenber having a plurality of
hook-1i ke projections outside the outer dianeter of said yoke is bonded to
a collision cover made integral wth a fixed collision portion, and a
rubber nenber which supported the bottom of said yoke is attached to said
hook-1i ke projections so as to support-the

Producing the sound for announcing the arrival of a
call signal or generating the conversational voice of an
associated party is accomplished by the vibrating member
13 at a few hundred Hz to 3 kHz. To announce the arrival
of the call signal by the vibration, the vibrating member
13 is driven at a few dozen hertz, so that the vibration
from collision with the collision section 14 is
transferred to the outside. At this time, only vertical
vibration takes place, allowing the vibration energy to be
efficiently taken out to the outside.

A primary object of the present invention is to
accomplish the functions of the conventional three
component uﬁits by using a single vibration actuator, that
is, to combine the function of a speaker generating the
sound and voice, the function of a sound making audible
notification of the arrival of an incoming call and the
function of a vibrating motor for generating the
vibration. As shown by a circuit in FIG.8, when an
incoming signal is received by a radio portion 29, a
control circuit 30 changes the connection of a connection
switching section 36. To generate a call arrival sound of

-a few kHz (e.g. 3 kHz), a medium-frequency oscillating
circuit 35 and an amplifier 32 actuate a sounding unit 33
to generate a sound. To notify a user of the arrival of

an incoming call by the vibration, a low-frequency
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-41- magnetic circuit excluding said coil. 14. A vi bration actuator
for a pager according to Caim 6, wherein an annul ar resinous nol ded
menber having a plurality of hook-like projections outside the outer

-15-

oscillating circuit 34 and the amplifier 32 actuate the
sounding unit 33 to generate the vibration. Furthermore,
the conversational voice is generated through the sounding
unit 33 by a voice processing circuit 31 and the amplifier
32. The vibration actuator in accordance with the present
invention will be employed for the sounding unit 33.

Preferably, an elastic member 37 made of rubber or
the like is provided on a collision portion 38 as shown by
another embodiment in FIG.9 to control the generation of
noises at the time of collision and to alleviate the
impact from collision so as to minimize the chance of
damage.

The sectional view of another embodiment of the
present invention shown in FIG.10 shares the same
construction for generating vibration by bumping the top
of the coil 46 against a fixed collision portion 49. 1In
FIG.10, a damper 43 is formed inside a ring-shaped flat
portion 45 above a bobbin 47 and the coil 46 to achieve a
smaller outside diameter, and a damper supporting portion
44 is fitted and fixed in the central hole of a plate 40
on a permanent magnet 39. To minimize the thickness, a
housing (case) 48 should be used as the enclosure of a
portable telephone and a part of the housing 48 should be
used as the fixed collision portion 49. A yoke 41 is

supported by a supporting portion 52 by applying a yoke
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di areter of said yoke is bonded to a collision cover made integral wth a
fixed collision portion, a ring having a hook jutting out of a slit of
said yoke is bonded to the bottom of said magnetic circuit, and a rubber
menber is attached to said hook-like projections and said hook so as to
support the magnetic circuit excluding said coil. 15. A vibration
actuator for a pager according to one of Cains 1 to 14, wherein
alternating current is applied, the danmigrant polarity thereof being such
that a driving

apex 51 against the housing 48. An elastic member 50 is
bonded to the fixed collision portion 49 to control
collision noises.

FIG.11 and after will mainly illustrate embodiments
wherein the fixed collision portion and the top of the
coil are bonded via the elastic member. Even if they are
bonded, the transfer of vibration energy is achieved by
the collision. As shown in FIG.11l illustrating an
embodiment and FIG.12 illustrating the portion thereof, a
fixed collision portion 53 is bonded to the ring-shaped
flat portion 20 on the coil 15 with an elastic member 54
provided therebetween. Bonding them will restrain the
generation of colliding noises even when no low-density
elastic material component such as_foam resin component is
employed. This enables selection from a wide variety of
elastic materials.

In the casé of voice, high frequencies ranging from
a few hundred Hz to 3 kHz are used, the vibrating member
13 exhibits relatively small displacement, requiring only
the change in the direction of the thickness of the bonded
elastic member 54. When generating the vibration at a low
frequency of a few dozen herﬁz, the vibration is produced
in the fixed collision portion 53 by making an
instantaneous upward displacement by the coil 15;

therefore, the bonding through the elastic member 54
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force, which is in a direction for colliding with said fixed section and
which is on the opposite side fromsaid permanent nagnet, is applied to

the coil.

16. A vibration actuator for a pager according to daim 15,

wherein an alternating current of a square wave with gentler rising and
falling slopes applied. 17. A vibration actuator for a pager according
to daim 16, wherein the alternating current is applied using a

-17 -

hardly affects the generation of vibration.

FIG.13 shows the section of another embodiment of
the present invention which generates increased vibration
to be transferred to the outside. The colliding force of
the coil 46 is increased by bumping a magnetic circuit,
which is composed of the permanent magnet 39, the plate 40
and the yoke 41, against a part 49 of the housing 48, or
by effectively utilizing the repulsion relative to the
magnetic circuit owing to electromagnetic force. The part
49 and a supporting rubber member 55 are worked as the
fixed collision portions in this embodiment.

For that purpose, it is necessary for the magnetic
circuit, which includes the yoke 41, to be flexibly
supported so as to allow it to be displaced to a certain
extent. 1In the case of the embodiment shown in FIG.13,
the supporting rubber member 55 is used to support the
flat portion of the yoke apex 51; a thin upper rubber
component 56 is used to attach it to the housing 48, while
a thin lower rubber component 57 is used to cover the
bottom of the yoke apex 51. The thin upper and lower
rubber components are configured annularly; they are
connected using the supporting rubber member 55 which is
not very wide. The supporting rubber member 55 and the
upper and lower rubber components are integrally formed.

FIG.14 shows a state wherein driving current flows
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-42- citcuitry in which an integrating circuit and a voltage- to-current
converting circuit are connected after a square wave generating circuit.

-18-

into the coil 46 of the embodiment shown in FIG.13 and the
annular flat portion 45 pushes the elastic member 58 to
compress it. At the same time, the supporting rubber
member 55 which supports the yoke apex 51 elongates and
the magnetic circuit moves down, causing the yoke apex 51
to move away from the housing 48. This state indicates a
case wherein the vibration due to the collision or
resonance has been transferred to the housing 48 or a case
" wherein the driving current has been polarized.

The perspective view, partly in section, given in
FIG.15 shows an essential section of the present invention
wherein the dome part has been removed from the vibrating
member 42 shown in FIG.13. The damper 43 is formed into a
plurality of spirals in order to meet the need for
providing firm support toward the center while providing
flexibility in the vertical direction at the same time.

At this time, it is reasonable to form the ring-shaped
flat portion 45 at the same time. The damper 43 is fixed
at the center of the plate 40 by the damper supporting
portion 44.

FIG.16 is a perspective view illustrative of the
embodiment shown in FIG.13 which has been turned upside
down. The thin annular upper rubber component 56 is
bonded to the housing (case) 48. When the supporting

rubber member 55 is subject to a tension, the portion of
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18: A vibration actuator for a pager according to one of Cains 1 to 14,
wherein an annul ar collision portion having a dianmeter approxinmating to

the dianmeter of said coil is provided. 19. A vibration actuator for a
pager according to Claim 18, wherein said annular collision portion is an
annular flat section. 20. A vibration actuator for a pager according
Claim 18 _

-19 -

the lower supporting rubber member 57 closer to the lower
supporting rubber member 55 is displaced more toward the
outer periphery as if the damper supporting rubber member
55 were expanded greatly.

FIG.17 shows an example wherein the driving current
is polarized. Polarizing the driving current can be
effectively accomplished by employing an alternating
current of one polarity so that the coil 46 generates a
force which is directed toward the housing 48, in the
opposite direction from the permanent magnet 39 shown in
FIG.14. The direction of the polarity is decided uniquely
by the magnetizing direction of the magnet or the way of
the coil 46; the polarity which matches the direction of
the current is selected. The value of “B” of a square-
wave current 60 indicated by a dashed line in FIG.17 is
greater than the value of “C”, the polarity of “B” being
the dominant polarity. A square-wave current 59 indicated

by a solid line has only the polarity between “A” and
zero. In the case of a portable telephone which operates
on a single power supply, namely, battery, it is easier to
produce one-polarity current waveform.

If the driving current has no polarity, the state
shown in FIG.14 is generaLed when the coil 46 receives a
current which provides a driving force toward the housing

48; this causes the magnetic circuit to be displaced in
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or 19, wherein a spiral danper is provided inside said annular collision

portion. 21. A vibration actuator for a pager according to Caim 20,
wherein said annular collision portion and said spiral danper are
integrally nol ded using resin. 22. A vibration actuator for a pager

according to one of Clains 18 to 21, wherein a coil having no w nding
bobbin is bonded to said annular flat section which is

-20 -

the opposite direction. If the current direction is
reversed, then the yoke 41 moves to the housing 48,
leading to the need for controlling colliding or vibrating
noises and also to a limited vibration level.

If the driving current has only one polarity as
indicated by the square-wave current 59 shown in FIG.17
énd if the current wvalue “A” is relatively large, then the
yoke apex 51 is always kept away from the housing 48 as
illustrated in FIG.14. For example, when a current of 100
[mA] is used, if the supporting rubber member 55 is
relatively soft, then the magnetic circuit vibrates at a
few dozen hertz with an amplitude of approximately
plus/minus 0.3 [mm] while floating about 1 [mm] as
observed from the housing 48 regardless of wvertical
movement. This naturally means that the coil 46 is always
pressed toward the housing 48.

In this case, the vibration from the collisiion
shown in FIG.1l4 is transferred through the annular flat
portion 45 formed integrally with the coil 46 and the
elastic member 58 and it causes the fixed collision
portion 49 to vibrate. At the time of the rise of the
square-wave current 59 shown in FIG.17, the reaction of
the electromagnetic force relative to the magnetic circuit
ig added to the coil 46, causing a large colliding force

to be applied to the fixed collision portion 49 of the
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said annul ar collision portion. - 43-
23. A vibration actuator for a pager according to one of Clains 1 to 6,
wherein a dome-shaped section is included in the vibrating nenber.

-21-

housing 48, thus generating greater vibration. Further,
when the current has one polarity and has a greater
current value, the driving force of the coil 46 and the
colliding force based on the reaction relative to the
magnetic circuit are greater.

As indicated by the square-wave current 59 of one
polarity shown in FIG.17, when driving current with a
steep rise is applied to the coil 46 of the embodiment
shown in FIG.13, the vibrating member 42 develops a
temporary large mechanical deformation stress, and a
significantly high level of noise which includes many
high-frequency components is produced. In the case of a
trapezoid wave, the gentler the slope, the smaller becomes
the unwanted noise; the noise level becomes further lower
in the case of sine waves or triangle waves. If, however,
the slope is too gentle, weaker vibration will result.
Almost the same result has been obtained when the majority
of the dome section of the vibrating member 42 was
removed.

Applying a square wave 61 indicated by a dashed line
shown in FIG.18 to an integrating circuit makes it
possible to achieve a gentler slope of the waveform. In
the case of a rising curve 62, the unwanted noise
containing high-frequency components can be controlled to

a nearly harmless level simply by setting the time
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24 A vicbration actuator for a pager according to one of Cains 18 to 22,

wherein the danper inside said annular collision portion is provided with
a slope to make the <central portion thereof higher than the top surface of
said magnetic circuit and fitted and bonded in a circular hole in a plate

bonded to said top surface of the magnetic <circuit to fix it. 25. A
vi bration actuator for a pager according to C aim
-22_

required for reaching saturation level A so as to provide
a curve slope of about one sixth of a cycle. A falling
curve 63 is reversely similar to the rising curve 62.
Incidentally, when the frequency is 80 Hz, the unwanted
noise could be ignored in practical use at a time constant
of about 1.5 milliseconds. As illustrated by the block
diagram in FIG.192, the circuit can be constituted by an
integrating circuit 65 and a voltage-to-current converting
circuit 66 which are connected following a square-wave
generating circuit 64.

When the ring-shaped flat portion 45 formed
integrally with the coil 46 is bonded to the fixed
collision portion 49 of the housing 48 via the elastic
member 58 as in the case of the embodiment shown in
FIG.13, the unwanted noise produced at the time of
collision or vibration will be smaller than that of the
case where the ring-shaped flat portion 45 may move apart
from the elastic member 58 bonded to the fixed collision
portion 492. The generated vibration will not be weakened.
The voice level drops somewhat in the low sound area in
the vicinity of a few hundred hertz; however, such a drop
can be compensated by making the housing 48 relatively
thin. The volume of high-frequency sound will be high
because a part of the housing 48 made of a resinous

material also vibrates with the resonance at the same time
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13,-14 or 22, wherein one electrode wire of said coil is taken out between
the inner top of said annular collision portion and said danper and
bonded, together with the other electrode wire, to said annul ar resinous
nol ded nmenber. 26. A vibration actuator including an el ectroacoustic
transducer which has a magnetic circuit conposed of a permanent nagnet, a
yoke and a coil, to reduce required starting power, and vibrating nenber
whi ch can be noved up -23-

when the vibrating member 42 vibrates.

When the vibration actuator in accordance with the
present invention is installed in the housing position 27
of the portable telephone (cellular phone) 28 as shown in
FIG.7, it naturally vibrates greatly in the housing
position 27; it also vibrates in another housing position.
Hence, the portion where the sound is generated is not
limited to a particﬁlar position of the housing; instead,
the sound is generated over a relatively wide surface area
of the housing, making it easy to listen to the voice of
an incoming call even if the housing position 27 is
covered tightly with clothing or the like.

Other embodiments of the present invention for
fulfilling the séme object as that described in
conjunction with FIG.13 will be shown by the sectional
views given in FIG.20 through FIG.34. These embodiments
obviously share the same concept in that the magnetic
circuit is supported flexibly to maximize the wvibration
and large vibration is generated by the fixed collision
portion 49. The fixed collision portion 49 of the
housing 48 and the ring-shaped flat portion 45 on the top
of the coil 46 may be bonded via an elastic member 58.

In the embodiment shown in FIG.20, the magnetic
circuit is supported by a supporting portion 70 via a

tubular rubber component 69 at the flat portion on the
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~and-down-and is a snaller overall size; wherein a part of

-44- a housing which is integrally with said vibrating nenber and said
magnetic circuit are vibrated in response to an electrical signal applied
to said coil, thereby generating

-24 -

rear surface of the yoke apex 71 in the outermost
peripheral section of the magnetic circuit. The
supporting portion 70 is fixed to a back surface of the
housing 48, so that the magnetic circuit, which includes a
yoke 67, can be displaced up and down relatively flexibly.
The supporting portion 70 should be formed annularly and
bonded to the housing 48.

In another embodiment shown in FIG.21, the magnetic
circuit is pushed by a bellows-like rubber component 72 on
the flat portion of the rear surface of the yoke apex 68
and supported by the outer peripheral section of the yoke
67 and the supporting portion 73. This allows the
magnetic circuit, which includes the yoke 67, to be
displaced up and down flexibly.

In still another embodiment shown in FIG.22, a
tubular foam elastic member 74 is applied to the flat
portion of the rear surface of the yoke apex 68, and the
magnetic circuit, which includes the yoke 67, is supported
by the supporting portion 73.

FIG.23 shows yet another embodiment; the bottom of
the yoke 41 of the magnetic circuit is flexibly supported
by a supporting rubber member 75 and a rubber component
bottom 77 continuing from a rubber component 76 bonded to
the housing 48. The ring-shaped flat portion 45 is bonded

to the fixed collision portion 49 of the housing 48 via an
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mechani eal vibration, a calling sound or voice. 27. A vibration
actuator according to Claim26, which is of a noving coil type wherein
said vibrating nmenber and said coil are bonded. 28. A vibration
actuator according to Claim?26 or 27, wherein said magnetic circuit is
supported using a vertically flexible structure.

-925-

elastic member 58.

FIG.24 shows a further embodiment wherein the yoke
apex 51 and the housing 48 are bonded via a soft elastic
member 78 so as to support the yoke 41 with a certain
level of flexibility. The ring-shaped flat portion 45 and
the fixed collision portion 49 are bonded via the elastic
member 58.

FIG.25 shows another embodiment wherein the magnetic
circuit is flexibly supported solely by the damper
(elastic member) 43 which is fixed to the central part of
the plate 40 by the damper supporting portion 44. The
housing 48 and the ring-shaped flat portion 45 are bonded
via the elastic member 58 to support the whole unit
including the magnetic circuit. In this embodiment, the
yoke apex 51 does not contact with the back surface of the
housing 48 and therefore the collision is not occurred.

Further embodiments of the present invention which
share the same object and which are designed with an
emphasis placed on easier assembly and more stable
structure will be shown by the sectional views shown in
FIG.26 through FIG.29. In FIG.26, an annular resinous
molded member 90 which has a plurality of hook-shaped
projections 89 is bonded integrally to the housing 48.
With the area near the inner diameter of the annular

resinous molded member 90 used as a fixed working portion

This is the replacemern shee,

Date:  § p MAR 2000



29: A vibration actuator according to Caim28, wherein said flexible
structure is held between a danper and a |ower elastic nenber by a flat
portion thereof around said yoke, and said danper is bonded in said
housi ng said danper and said | ower elastic nmenber being connected and
supported by an elastic nenber at a plurality of points. 30. A

vi bration actuator according to Caim?29, wherein said danper is a thin
annul ar upper rubber menber, and said26ower el astic nenber and elastic
menber are nade by

94 which is a part of the housing 48, an annular flat
portion 86 of a vibrating member 83 is bonded via an
elastic member 88 therebetween. A supporting rubber
member (elastic member) 91 is mounted on the plurality of
hook-shaped projections 89 and the bottom of a yoke 81 is
supported by a rubber bottom (elastic member) 92 to
support the magnetic circuit constituted by the yoke 81, a
plate 80, and a permanent magnet 79 such that it is
allowed to flexibly move up and down. The supporting
rubber member 91 need not be fixed with an adhesive,
permitting easier assembly and stabler structure. In this
embodiment, the yoke apex 82 also does not contact with
the back surface of the housing 48 or the annular resinous
molded member 90.

FIG.27 shows a state wherein a current having a
polarity flows through the coil 87. As previously
described, the yoke apex 82 vibrates while it is in a
floating state and the reaction of the electromagnetic
force is added to the coil 87, and large vibration is
transferred to the fixed working portion 94 of the housing
48 from the annular flat portion 86 via the elastic member
88. |

In FIG.28, a supporting rubber member 96 is mounted
alternately on a plurality of hooks 98 to support the

magnetic circuit such that it flexibly moves up and down.
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rubber. -

Dat e:

-7 -

The hooks 98 are made integral with a ring 97; the ring 97
is fixed to a bottom area between a permanent magnet 79
and a yoke 100, and the hooks 98 jut out of slits 99.

In both embodiments shown in FIG.26 and FIG.28, the
damper 84 which flexibly moves up and down is used to
center the magnetic circuit relative to the coil 87 by
fixing a damper supporting portion 85 at the central part

of the plate 80. Supporting with the supporting rubber

member 96 mounted on the hooks 98 obviates the need for

the rubber member on the bottom of the yoke 100,
contributing to making the whole unit thinner.

The embodiment shown in FIG.29 has almost the same
gtructure as that of the embodiment shown in FIG.26; it
effectively utilizes a permanent magnet 101 to make the
whole unit as thin as possible. The embodiment is also
designed to flexibly support the magnetic circuit by the
supporting rubber member 91 which is attached to the hook-
shaped projection 89 and the bottom of a yoke 103;
however, a plate 102 on the permanent magnet 101 does not
have a hole at the center thereof, thus permitting more
effective use of the permanent magnet 101. Further, a
damper 106 is provided with a slope to make the center
thereof higher; a damper supporting portion 107.is fitted
in the hole at the center of a plate 110 bonded to a plate

102 and it is bonded to be fixed, thereby achieving

This is the replacement shec:

Date: - 1 ) MAR Zﬂﬂﬂ



-45. 31 A vibration actuator according to Caim28, wherein the
periphery of the magnetic circuit excluding said coil is supported via an
el astic nenber by a supporting section which is nade integral with said
housi ng. 32. A vibration actuator according to Claim31, wherein said
el astic nmenber is a tubular rubber menber. 33. A vibration actuator
according to Cl aim 28, wherein

-28 -

centering and making the whole unit thinner at the same
time. An elastic member 112 may be provided to restrain a
vibrating noise if a yoke apex 104 should press the
annular resinous molded member 90.

If the vibration actuator in accordance with the
present invention incorporated in a portable telephone or
the like is subject to a sudden change in acceleration, a
sudden positional change may take place in the housing 48
and the magnetic circuit which has a relatively large
mass, and a resulting high stress applied to the damper
may damage the unit. To avoid such a possibility of
damage, the supporting rubber member 91 and 96 serve to
protect the damper from a great change in acceleration in
a direction perpendicular to the housing 48, while the
hook-shaped projections 89 serve to protect it from a
great change in acceleration in a parallel direction.

FIG.30 is a perspective view showing the embodiment
of FIG.26 turned upside down. The bottom of the yoke 81
which is a part of the magnetic circuit is supported by
the rubber bottom 92 continuing from the supporting rubber
member 91. The supporting rubber member 91 is attached to
the hook-like projections 89 provided on the annﬁlar
resinous molded member 90 so as to flexibly support the
whole magnetic circuit. An electrode wire 113 from the

coil is conveniently fixed using an elastic member 114 and
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the perrphery of the magnetic circuit excluding said coil is supported via
a bellows-like elastic nenber by a supporting section which is nade
integral with said housing. 34. A vibration actuator according to
Claim33, wherein said bellows-like elastic nmenber is made with rubber.
35 . Avibration actuator according to Caim28, wherein the periphery of
the magnetic circuit excluding said coi

-29 -

connected to a terminal 115 at the time of assembly.

FIG.31 is a perspective view showing the embodiment
shown in FIG.28 almost turned upside down. The hooks 98
are projected from the slits 99 of the yoke 100
constituting a part of the magnetic circuit, and the
supporting rubber member 96 is alternately mounted to the
hook-like projections 89 to flexibly support the whole
magnetic circuit. When driving the unit by é current
having polarities, the terminal 115 need to be provided
with color-coded or marked so as to prevent reverse
polarity setting.

Other embodiments in accordance with the present
invention shown in FIG.32 and FIG.33 illustrate the
construction which differ in the shape of the annular
resinous molded member having the hook-like projections
and the bonding method. In the embodiment shown in
FIG.32, an annular resinous molded member 122 provided
with hook-like projections 123 and an annular flat portion
121 are continuocusly formed into one piece. Further, the
integrally formed member and the fixed working portion 49
are bonded via an elastic member 124. In both
embodiments, the magnetic circuit is attached to the hook-
like projections 123 and supported by the tension provided
by the supporting rubber member 91 applied to the bottom

of a yoke 116. 1In this embodiment, there is provided a
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i s‘supported via a foamel astic menber by a supporting section whichis

made internal wth said housing. 36. A vibration actuator according
Claim 28, wherein the bottomof the yoke of the nmagnetic circuit excluding
said coil is supported by an el astic nenber.

-30 -

space between the yoke apex 117 and the annular resinous
molded member 127 mounted on the housing 48. The
resonance vibration at a low frequency (e.g. 140 Hz) is
occurred at a mass of the yoke 116, the permanent magnet
79 and the plate 80 for generating the vibration output
and the resonance vibration at a high frequency (e.g. 3
kHz) is occurred at annular part of the housing 48 inside"
of the fixed working portion 49 for generating the calling
sound. When the coil 125 is excited by a signal of
frequency 1 kHz, the above part of the housing and the
mass are vibrated with resonance for generating the voice.

In the embodiment shown in FIG.33, the inside
diameter of the annular resinous molded member 127
provided with hook-like projéctions 128 is made larger
than the outside diameter of the elastic member 88. The
annular flat portion 86 and the fixed working portion 49
are bonded with the elastic member 88 provided
therebetween. This embodiment alsoc shares the same
mechanism for generating the resonance vibration.and the
sound or voice. The supporting rubber member 96 is
attached to the hooks 98 to support the magnetic circuit
in this embodiment; supporting the bottom of the yoke 100
by a rubber member instead would present no functional
problem.

In another embodiment of the present invention shown
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- 46- 37. A vibration actuator according to Caim36, wherein said

el astic nenber is a thin rubber nenber. 38. A vibration actuator
according to Claim28, wherein the nmagnetic circuit excluding said coil is
supported solely by a danper bonded to the central portion of said
magnetic circuit.

-31-

in FIG.34, the inner diameter section of an annular
resinous molded member 134 firmly bonded to a housing 129
without any acoustic holes provides a fixed working
portion 136 mounted an annular flat portion 132; the
annular flat portion 132 is directly bonded using an
adhesive sheet or an adhesive layer which has.a certain
degree of elasticity. Since there is provided a space
between the yoke apex 117 and the annular flat portion
132, the collision is not occurred at a time to generate
the vibration. The supporting rubber member (elastic
member) 91 is attached to hook-like projections 135 to
flexibly support the magnetic circuit. If the adhesive
sheet or the adhesive layer is considerably thick and
soft, then nearly the same effect as that obtained in
other embodiments wherein the components are bonded via
the elastic member will be accomplished. Conversely, if
the adhesive sheet or the adhesive layer is thin and not
very soft, then sound of a low frequency of 1 kHz or less,
in particular, will deteriorate. As corrective measures
for this, the housing 129 is made slightlf thinner or a
part of the housing 129 is made thinner annularly to make
it easier for the housing to vibrate when a coil 133
vibrates. This embodiment obviates the need for providing
the housing 129 with the acoustic holes for letting sound

waves to pass through as in the case of the embodiment
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39.° Avibration actuator according to C aim 28, wherein an annul ar

resi nous nol ded nmenber having a plurality of hook-Ilike projections outside
the outer dianmeter of said yoke is bonded to said housing, and an elastic
menber which supports a bottom of said yoke is attached to said hook-Ilike
projections so as to support the magnetic circuit excluding said coil

40. A vibration actuator according to Caim39, wherein said elastic
menber is made with rubber. -32-

shown in FIG.23; the dome section of the vibrating member
may be removed.

This structure enables easier waterproof or dust-
proof design to be accomplished due to the absence of the
acoustic holes. In this embodiment, a part of the
actuator of the housing 129 is vibrated with a resonance
to generate a calling sound when the coil 133 is excited
by a signal of frequency 3 kHz, and the part of the pager
of the housing 129 and the mass of a magnetic circuit
comprising the yoke 116, the permanent magnet 79 and the
‘plate 80 are vibrated with a resonance to generate a voice
when the coil 133 is excited by a signal of frequency 1
kHz. Further, when the coil 133 is excited by a signal of
frequency 140 Hz, only the mass of the magnetic circuit is
vibrated with a resonance to generate the vibration
output. The reason that the sound or voice is generated
while there is not provided any acoustic holes in the
housing mounted the actuator is that the housing has a
function as the vibrating member. In these operations,
the part of the actuator of the housing is fulfilled an
acoustic diaphragm’s function by directing the vibration
of the housing attached to the actuator.

The method for leading out the electrode wire
from the coil 87 is illustrated in FIG.35 which is a

perspective view, partly in section, of the essential part
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41°. A-vibration actuator according to Claim 28, wherein an annular

resi nous nol ded nmenber having a plurality of hook-Ilike projections outside
the outer dianeter of said yoke is bonded to said housing, a ring having a
hook jutting out of a slit of said yoke is bonded to a bottom

-33-

of an embodiment in accordance with the present invention.
The coil is wound by an even number of turns, and an
electrode wire 137 on one end is pulled out from the outer
side of the damper 84 through a recess 139 on the inner
gside of the annular flat portion 86; an electrode wire 138
on the other end is pulled out from the outer side of the
annular flat portion 86. To fix the electrode wires 137
and 138 such that they are not affected by the vibration
of the magnetic circuit, the electrode wires should
preferably be bonded to the aforesaid annular resinous
molded member.

The coil 87 shown in FIG.35 does not have the bobbin
21 or the bobbin 47 shown in FIGs.5 10 or 13. The bobbin
is used as the core for winding the coil to add to the
structural strength. However, the vibration actuator for
a pager according to the present invention has many turns
of the coil 87, e.g. six layers, and the coil is as wide
as approximately 0.7 [mm]; this alone is sufficient for
providing durability. The presence of the bobbin would
require that the gap.of the magnetic circuit be increased
for the thickness of the bobbin, resulting in a lower
intensity of the magnetic field. For these reasons, it is
preferable to use the coil without the bobbin and to bond
the coil in the vibrating actuator for pager in accordance

with the present invention.
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-47-* of said magnetic circuit, and an elastic nenber is attached to said
hook-11i ke projections and said hook so as to support the magnetic circuit
excluding said coil. 42. A vibration actuator according to Caim41,
wherein said elastic nmenber is made with rubber. 43. A vibration
actuator according to any one of C ains

-34-

Driving the coil 87 by applying alternating current
from outside to the electrode wire 137 or 138 no longer
requires the changing of contact setting as in the case of
the conventional DC-driven pager vibrating motor.
Switching the contact setting frequently causes a large
electromagnetic noise to occur, whereas no such noise
problem will take place in the pager vibrating actuator
according to the present invention.

Since the present invention is configured as
described above, it will provide the advantages set forth
below.

The vibration actuator in accordance with the
present invention employs a moving coil type
electroacoustic transducer wherein a coil having a
vibrating member moves to generate high-quality voice and
sound and also to generate the vibration to be transferred
to the outside at a low frequency. _Thus, the functions of
all the pager vibrating motor for notifying a user of the
arrival of an incoming call, the voice generating unit,
and the speaker for received speech in a conventional
portable telephone can be fulfilled just in one unit.

Furthermore, the vibrating member moves only in the
vertical direction to collide against the housing of a
portable telephone or the like, thus allowing the

vibration energy to be effectively taken out. The
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26 to 427 wherein alternating current is applied, a domnant polarity
thereof being such that a driving force, which is in a direction for said
housi ng and which is on an opposite side fromsaid permanent magnet, is
applied to the coil. 44. A vibration actuator according to O aim 43,
wherein an alternating current of a square-wave with gentle rising and
falling slopes is applied.

-35-

required actuating power is relatively small, contributing
to the saving of power. The annular flat portion which
serves as the annular collision portion made integral with
the coil collides with a housing or the like via an
elastic member to generate large vibration from the
collision or resonance; it is also capable of controlling
unwanted the collision or vibration noise at the time of
the collision or resonance.

Moreover, the magnetic circuit is flexibly supported
using a rubber member or the like so that the magnetic
circuit including a yoke may move up and down relatively
éasily. This makes it possible to add the reaction from
the moving magnetic circuit to the driving fdrce of the
coil itself, enabling larger vibration to be generated at
the time of the collision or vibration.

The driving current which has a polarity causes the
coil to apply a force to the collision portion at all
times; therefore, the elastic member is not subject to a
peeling force, so that the elastic member does not come
off. The driving current which has a polarity causes the
magnetic circuit composed of a yoke, etc. to move in a
floating state, adding an even larger repulsive force to
the coil so as to generate even larger vibration. 2As a
result, greater vibration than that available with the

conventional pager vibrating motor can be produced.
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45. © A vi‘bration actuator according to Caim44, wherein the alternating
current is applied using a circuitry in which an integrating circuit and a
vol tage-to-currrent converting circuit are connected after a square-wave
generating circuit. 46. A vibration actuator according to any one of

Cl ai nms :

-36-

The vibration sound does not include the vibration
of relatively high frequencies from sliding as in a
conventional unit; a low, single frequency is used for the
driving current which can be selected freely; therefore, a
frequency that produces easy-to-feel vibration can be
selected. However, the frequencies in the vicinity of a
resonance frequency should be avoided to maintain high
reliability.

The use of alternating current as the driving
current naturally eliminates the need for changing the
contact setting as in the conventional DC-driven pager
vibrating motor; therefore, no electromagnetic noise is
produced. Thus, it is no longer necessary to provide a
portable telephone with a noise filter, and there will be
no chance of causing other external equipment to incur
malfunction.

Furthermore, the damper is disposed inside the coil
diameter according to the present invention; the whole
outer diameter can be reduced despite the larger diameter
of the driving coil, and yet, a larger driving force can
be produced. The vibration actuator for according to the
invention combines the vibration generating function and
the voice and sound generating function so as to make the
unit smaller than the volume which has three component

units including the conventional vibration actuator
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 -48+ 26 to 42, wherein an annul ar nenber having a di ameter approximately

to the dianmeter of said coil is provided at a housing of said actuator.
47. A vibration actuator according to Caim46, wherein said annul ar
menber is an annular flat section. 48. A vibration actuator according

to Cains 43 to 46,
_37-
occupy .

The use of the annular resinous molded member
provided with hook-like projections permits easiér
mounting. For example, the actﬁator can be installed to a
portable telephone or the like simply by providing the top
surface of the resinous molded member with an adhesive
layer which has a peelable sheet.

Since the electrode wires from the coil can be
bonded and fixed to the annular resinous molded member,
the mounting work can be simplified. In addition, the
electrode wires are nearly fixed so that they do not come
in contact with the yoke that vibrates greatly, thus
minimizing the chance of electrical short-circuit
attributable to a disconnected electrode wire or peeled
covering. The plurality of hook-like projections and the
rubber member supporting the magnetic circuit enable
protection of the vibration actuator for pager from damage
even if the portable telephone is accidentally dropped and
subject to high acceleration.

In addition, unlike the conventional wvibration
actuator, the wvibration actuator according to the
invention has no rotary components and therefore no brush
or bearing, thus requiring fewer components. The
vibration actuator is free of a failure to start caused by .

an improper position of an electric contact.
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wherein a spiral danper is provided inside said annular nenber. 49. A
vi bration actuator according to C aim48, wherein said annular nenber and
said spiral danper are integrally nolded using resin. 50. A vibration
actuator according to any one of Clainms 46 to 49, wherein a coil having no
wi ndi ng bobbin is bonded to said annular flat section which is said
annul ar

-38-

WHAT IS CLAIMED IS:

1. A vibration actuator for a pager comprising an
electroacoustic transducer which has a magnetic circuit
composed of a permanent magnet and a coil, and a vibrating
member which can be moved up and down; wherein a part
which moves integrally with said vibrating member is
collided against a fixed collision portion in response to
a low-frequency electrical signal applied to said coil,

thereby generating a vibration outside.

2. A vibration actuator for a pager according to Claim
1, which is of a moving coil type wherein said vibrating

member and said coil are bonded.

3. A vibration actuator for a pager according to Claim
1 or 2, wherein said fixed collision portion is provided

with an elastic member.

4. A vibration actuator for a pager according to
Claim 1 or 2, wherein said fixed collision portion and a
top of said coil are bonded with an elastic member

provided therebetween.

5. A vibration actuator for a pager according to Claim

4, wherein an adhesive which has elasticity is provided

| o s o rpacamont e
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menber. = 51. A vibration actuator according to any one of Clains 26 to
28, wherein a done-shaped section is included in the vibrating nenber.
52. A vibration actuator according to any one of Cains

-30 -

therebetween.

6. A vibration actuator for pager according to Claims
1 to 5, wherein a magnetic circuit excluding said coil,
which is composed of said permanent magnet, a yoke and a

plate, is supported using a vertically flexible structure.

7. A vibration actuator for a pager according to
Claim 6, wherein said flexible structure is held between
thin annular upper rubber member and lower rubber member
by a flat portion thereof around said yoke, and said upper
member is bonded in vicinity of said fixed collision
portion, said upper and lower rubber members being
connected and suppbrted by a rubber member at a plurality

of points.

8. A vibration actuator for a pager according Claim
6, wherein the periphery of the the magnetic circuit
excluding said coil is supported via a tabular rubbef
member by a supporting section which is made integral with

gsaid fixed collision portion.

9. A vibration actuator for a pager according to
Claim 6, wherein the periphery of the magnetic circuit

excluding said coil is supported via a bellows-like rubber

\
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-492 46-to 50, wherein the danper inside said annular nenber is provided
with a slope to make the central portion thereof higher than the top
surface of said nmagnetic circuit and fitted and boded in a circular hole
in a plate bonded to said top surface of the nmagnetic circuit to fix it.
53. A vibration actuator according to Caim39, 40, 41,

-40 -

member by a supporting section which is made integral with

said fixed collision portion.

10. A vibration actuator for a pager accordiﬁg to
Claim 6, wherein the periphery of the magnetic circuit
excluding said coil is supported via a foam elastic member
by a supporting section which is made integral with said

fixed collision portion.

11. A vibration actuator for a pager according to Claim .
6, wherein the bottom of the yoke of the magnetic circuit

excluding said coil is supported by a thin rubber member.

12. A vibration actuator for a pager according to Claim
6, wherein the magnetic circuit excluding said coil is
supported solely by a damper bonded to the central portion

of said magnetic circuit.

13. A vibration actuator for a pager according to Claim
6, wherein an annular resinous molded member having a
plurality of hook-like projections outside the outer
diameter of said yoke is bonded to a collision cover made
integral with a fixed collision portion, and a rubber
member which supported the bottom of said yoke is attached

to said hook-like projections so as to support the

. This is th.
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42 *or 50, wherein one electrode wire of said coil is taken out between the
I nner top of said annul ar nenber and said danper and bonded, together wth

the other electrode wire, to said annular resinous nol ded nmenber. 54.
A vibration actuator including an el ectroacoustic transducer which has a
magnetic circuit conposed of a pernmanent nmagnet, a yoke and a coil, to

reduce required starting power; wherein a part of a housing which is
integrally with said pager and said magnetic circuit are

magnetic circuit excluding said coil.

14. A vibration actuator for a pager according to Claim
6, wherein an annular resinous molded member having a
plurality of hook-like projections outside the outer
diameter of said yoke is bonded to a collision cover made
integral with a fixed collision portion, a ring having a
hook jutting out of a slit of said yoke is bonded to the
bottom of said magnetic circuit, and a rubber member is
attached to said hook-like projections and said hook so as

to support the magnetic circuit excluding said coil.

15. A vibration actuator for a pager according to one
of Claims 1 to 14, wherein alternating current is applied,
the dominant polarity thereof being such that a driving
force, which is in a direction for colliding with said
fixed section and which is on the opposite side from said

permanent magnet, is applied to the coil.

16. A vibration actuator for a pager according to Claim
15, wherein an alternating current of a square wave with
gentler rising and falling slopes applied.

\
17. A vibration actuator for a pager according to Claim

16, wherein the alternating current is applied using a
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vibrated in response to an electrical signal applied to said coil, thereby

generating a nechanical vibration, a calling sound or voice. 55. A
vi bration actuator according to Caimb54, wherein said part of the housing
does not have any acoustic hol es. 56. A vibration actuator according to

Cl ai m 54, wherein

-42 -

circuitry in which an integrating circuit and a voltage-
to-current converting circuit are connected after a square

wave generating circuit.

18. A vibration actuator for a pager according to one
of Claims 1 to 14, wherein an annular collision portion
having a diameter approximating to the diameter of said

coil is provided.

19. A vibration actuator for a pager according to Claim
18, wherein said annular collision portion is an annular

flat section.

20. A vibration actuator for a pager according Claim 18
or 19, wherein a spiral damper is provided inside said

annular collision portion.

21. A vibration actuator for a pager according to Claim
20, wherein said annular collision portion and said spiral

damper are integrally molded using resin.

22. A vibration actuator for a pager according to one
of Claims 18 to 21, wherein a coil having no winding
bobbin is bonded to said annular flat section which is

said annular collision portion.

) O O VL Tris I the feplacement sheet
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- 50- * said magnetic circuit further includes an annular plate
nmount ed on sai d permanent nmagnet. 57. A vibration actuator
according to Cl aimb54, wherein a danper is provided at a position
bet ween said part of sai d housing and said magnetic circuit.

-43-

23. A vibration actuator for a pager according to one of
Claims 1 to 6, wherein a dome-shaped section is included

in the vibrating member.

24. | A vibration actuator for a pager according to one of
Claims 18 to 22, wherein the damper inside said annular
collision portion is provided with a slope to make the
central portion thereof higher than the top surface of
said magnetic circuit and fitted and bonded in a circular
hole in a plate bonded to said top surface of the magnetic

circuit to fix it.

25. A vibration actuator for a pager according to Claim
13, 14 or 22, wherein one elect;ode wire of said coil is
taken out between the inner top of said annular collision
portion and said damper and bonded, together with the
other electrode wire, to said annular resinous molded

member.

26. A vibration actuator including an electroacoustic
transducer which has a magnetic circuit composed of a
permanent magnet, a yoke and a coil, to reduce required
starting power, and vibrating member which can be moved up

and down and is a smaller overall size; wherein a part of

| O PR This & the replacement shest
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58.° Awibration actuator according to Caim57, wherein sai d danmper

has spiral notches. 59. A vibration actuator according to C ai m 54,
wherein said vibration actuator is acconplished by a waterproof or
dust - proof desi gn. 60. A vibration actuator according to C aimb54,
wher ein said part of the housing is fulfilled an acoustic
di aphragm' s function by directing the vibration of the

-44 -

a housing which is integrally with said vibrating member
and said magnetic circuit are vibrated in response to an
electrical signal applied to said coil, thereby generating

mechanical vibration, a calling sound or voice.

27. A vibration actuator according to Claim 26, which is
of a moving coil type wherein said vibrating member and

said coil are bonded.

28. A vibration actuator according to Claim 26 or 27,
wherein said magnetic circuit is supported using a

vertically flexible structure.

29. A vibration actuator according to Claim 28, wherein
said flexible structure is held between a damper and a
lower elastic member by a flat portion thereof around said
yoke, and said damper is bonded in said housing said
damper and said lower elastic member being connected and

supported by an elastic member at a plurality of points.

30. A vibration actuator according to Claim 29, wherein
said damper is a thin annular upper rubber member, and
gaid lower elastic member and elastic member are made by

rubber.

—_—
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housi ng-attached to said actuator. - 61 . A vibration actuator

I ncl udi ng an el ectroacoustic transducer which has a nagnetic circuit
conposed of a per manent magnet, a yoke and a coil; wherein a part in a
housi ng of said actuator and/or said magnetic circuit are vibrated with
resonance in response to an electrical signal applied to said coil

- 45 -

31. A vibration actuator according to Claim 28, wherein
the periphery of the magnetic circuit excluding said coil
is supported via an elastic member by a supporting section

which is made integral with said housing.

32. A vibration actuator according to Claim 31, wherein

said elastic member is a tubular rubber member.

33. A vibration actuator according to Claim 28, wherein
.the periphery of the magnetic circuit excluding said coil
is supported via a bellows-like elastic member by a
supporting section which is made integral with said

housing.

34. A vibration actuator according to Claim 33, wherein

said bellows-like elastic member is made with rubber.

35 . A vibration actuator according to Claim 28, wherein
the periphery of the magnetic circuit excluding said coil
is supported via a foam elastic member by a supporting

section which is made internal with said housing.

36. A vibration actuator according Claim 28, wherein the
bottom of the yoke of the magnetic circuit excluding said

coil is supported by an elastic member.

-
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* » C - L N S * 62. A vibration actuator
according to Claim®6l, wherein said part in the housing does not have any
acoustic hol es.

- 46 -

37. A vibration actuator according to Claim 36, wherein

said elastic member is a thin rubber member.

38. A vibration actuator according to Claim 28, wherein
the magnetic circuit excluding said coil is supported
solely by a damper bonded to the central portion of said

magnetic circuit.

39. A vibration actuator according to Claim 28, wherein
an annular resinous molded member having a plurality of
hook-like projections outside the outer diameter of said
yoke is bonded to said housing, and an elastic member
which supports a bottom of said yoke is attached to said
hook-like projections so as to support the magnetic

circuit excluding said coil.

40. A vibration actuator according to Claim 39, wherein

said elastic member is made with rubber.

41 . A vibration actuator according to Claim 28, wherein
an annular resinous molded member having a plurality of
hook-1like projections outside the outer diameter of said
yoke is bonded to said housing, a ring having a hook

jutting out of a slit of said yoke is bonded to a bottom

—_—
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63. A vibration actuator according to Caim&61l, wherein said nmagnetic
circuit further includes an annular plate nounted on said permnent

magnet . 64. A vibration actuator according to Claim6l, wherein a
danper is provided at a position between said part of said housing and
said nmagnetic circuit. 65. A vibration actuator according to C ai m 64,
wherein

-47 -

of said magnetic circuit, and an elastic member is
attached to said hook-like projections and said hook so as

to support the magnetic circuit excluding said coil.

42. A vibration actuator according to Claim 41, wherein

said elastic member is made with rubber.

43, A vibration actuator according to any one of Claims
26 to 42, wherein alternating current is applied, a
dominant polarity thereof being such that a driving force,
which is in a direction for said housing and which is on
an opposite side from said permanent magnet, is applied to

the coil.

44. A vibration actuator according to Claim 43, wherein
an alternating current of a square-wave with gentle rising

and falling slopes is applied.

45, A vibration actuator according to Claim 44, wherein
the alternating current is applied using a circuitry in
which an integrating circuit and a voltage-to-currrent
converting circuit are connected after a square-wave

generating circuit.

46. A vibration actuator according to any one of Claims
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sai d danmper has spiral notches. 66. A vibration actuator according to
Claim®6l, wherein said vibration actuator is acconplished by a waterproof
or dust-proof design. 67. A vibration actuator according to Caim61l
wherein said part in the housing is fulfilled an acoustic diaphragms
function by directing the vibration of the housing attached to said

act uat or.

-48 -

26 to 42, wherein an annular member having a diameter
approximately to the diameter of said coil is provided at

a housing of said actuator.

47. A vibration actuator according to Claim 46, wherein

said annular member is an annular flat section.

48. A vibration actuator according to Claims 43 to 46,
wherein a spiral damper is provided inside said annular

member.

49, A vibration actuator according to Claim 48, wherein
said annular member and said spiral damper are integrally

molded using resin.

50. A vibration actuator according to any one of Claims
46 to 49, wherein a coil having no winding bobbin is
bonded to said annular flat section which is said annular

member.
51. A vibration actuator according to any one of Claims
26 to 28, wherein a dome-shaped section is included in the

vibrating member.

52, A vibration actuator according to any one of Claims
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46 to 50, wherein the damper inside said annular member is
provided with a slope to make the'central portion thereof
higher than the top surface of said magnetic circuit and
fitted and boded in a circular hole in a plate bonded to

said top surface of the magnetic circuit to fix it.

53. A vibration actuator according to Claim 39, 40, 41,
42 or 50, wherein one electrode wire of said coil is taken
out between the inner top of said annular member and said
damper and bonded, together with the other electrode wire,

to said annular resinous molded member.

54. A vibration actuator including an electroacouétic
transducer which has a magnetic circuit composed of a
permanent magnet, a yoke and a coil, to reduce required
starting power; wherein a part of a housing which is
integrally with said pager and said magnetic circuit are
vibrated in response to an electrical signal applied to
said coil, thereby generating a mechanical vibration, a

calling sound or voice.

55. A vibration actuator according to Claim 54, wherein

said part of the housing does not have any acoustic holes.

56. A vibration actuator according to Claim 54, wherein

_—
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-50 -

said magnetic circuit further includes an annular plate

mounted on said permanent magnet.

57. A vibration actuator according to Claim 54, wherein
a damper is provided at a position between said part of

said housing and said magnetic circuit.

58. A vibration actuator according to Claim 57, wherein

said damper has spiral notches.

59. A vibration actuator according to Claim 54, wherein
said vibration actuator is accomplished by a waterproof or

dust-proof design.

60. A vibration actuator according to Claim 54, wherein
said part of the housing is fulfilled an acoustic
diaphragm’s function by directing the vibration of the

housing attached to said actuator.

61 . A vibration actuator including an electroacoustic
transducer which has a magnetic circuit composed of a
permanent magnet, a yoke and a coil; wherein a part in a
housing of said actuator and/or said magnetic circuit are
vibrated with resonance in response to an electrical

signal applied to said coil.
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62. A vibration actuator according to Claim 61, wherein

said part in the housing does not have any acoustic holes.

63. A vibration actuator according to Claim 61, wherein
said magnetic circuit further includes an annular plate

mounted on said permanent magnet.

64. A vibration actuator according to Claim 61, wherein
a damper is provided at a position between said part of

said housing and said magnetic circuit.

65. A vibration actuator according to Claim 64, wherein

said damper has spiral notches.

66. A vibration actuator according to Claim 61, wherein
said vibration actuator is accomplished by a waterproof or

dust-proof design.

67. A vibration actuator according to Claim 61, wherein
said part in the housing is fulfilled an acoustic
diaphragm’s function by directing the vibration of the

housing attached to said actuator.
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52
VIBRATION ACTUATOR

ABSTRACT

A vibration actuator for pager in which a wvibrating
section of an electroacoustic transducer is driven using low
frequencies to collide it against a fixed section, and the
vibration generated from the collision is taken out as
external vibration. The vibrating section of a coil and the
fixed section are bonded via an elastic member provided
therebetween. The vibration generated at the time of
collision can be effectively increased by flexibly
supporting a magnetic circuit composed of a magnet, a yoke,
etc. and driving it with alternating current which has a
polarity. To permit easier assembly and to prevent damage or
deterioration in characteristics, it is preferable to
provide an annular molded member, which has hook-like
projections, around the magnetic circuit and to support the
magnetic circuit by a rubber member attached to the hook-

like projections.

Fig. 5
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