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@ A loudspeaker apparatus.

@ A yoke, which has an inner peripheral wall F'ﬁ' ?

formed concentrically with an outer peripheral wall,

is used in a magnetic circuit of a loudspeaker. A rare

earth element magnet ring is disposed between the

outer and inner peripheral walls of the yoke so as to #%s 77
form a magnetic gap there. Thus, a compact, light 9ba 1o 79 94 9
and powerful magnetic circuit is obtained. The mag- 1oz

netic circuit is disposed in front of a diaphragm, Iol

which reduces the thickness of the loudspeaker. By 103 P ro4
making the projected area of the magnetic circuit on

the diaphragm a half or less of the effective area of N
the diaphragm, deterioration of the performance

properties and the quality of reproduced sounds can 93 Al /oo
be avoided. Moreover, a heat dissipator is provided ]

on the yoke so as to prevent any extraordinary or fla
damaging increase in temperature of a voice coil
even when large signals are continuously input fo _ o \
the loudspeaker. As a result, performance properties /
of the loudspeaker can be stabilized and reliability 72 7/
thereof can be enhanced.
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BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a loudspeaker
apparatus for use in various audio devices, and
particularly to a thin, compact, and high-perfor-
mance loudspeaker apparatus.

2. Description of the Related Art:

In recent years, there has been increasing de-
mand for a thin loudspeaker apparatus (simply
referred to as a loudspeaker hereinafter) capable of
high-quality sound reproduction, due to the diversi-
fied uses of loudspeakers and the various con-
ditions under which loudspeakers are used.

Figure 1 shows a cross section of an exem-
plary configuration for a conventional loudspeaker.
Since the loudspeaker is symmetrical about the
central axis thereof, only a half portion of the cross
section is shown in Figure 1 (referred to as a half
cross section hereinafter).

As is shown in Figure 1, a magnet ring 2 is
disposed on a saucer-shaped lower plate 1. The
lower plate 1 has a center pole 1a. A ring-shaped
upper plate 3 is disposed on the magnet 2. A gap
4 is formed between the center pole 1a and the
upper plate 3. Thus, the lower plate 1 and the
upper plate 3 are layered and connected with each
other, with the magnet 2 interposed therebetween,
so as to constitute a magnetic circuit 12 including
the gap 4.

On the upper face of the upper plate 3, a bowl-
shaped frame 5 is attached. The outer periphery of
a diaphragm 8 is attached to the circular peripheral
portion of the frame 5§ with an edge 7 interposed
therebetween. The edge 7 is fixed onto the circular
peripheral portion of the frame 5 by means of a
gasket 6. On the other hand, a voice coil 9 is
inserted into the gap 4 without being off-centered.
The voice coil 9 is connected with the inner periph-
ery of the diaphragm 8, and is supported by the
frame 5 through a suspension 10 interposed there-
between, the suspension 10 being disposed in the
vicinity of the middle portion of the voice coil 9.
Furthermore, a dome-shaped dust cover 11 is at-
tached onto the upper surface of a central portion
of the diaphragm 8 so as to prevent dust from
entering the interior of the loudspeaker.

Miniaturization and reduction in thickness of a
conventional loudspeaker as shown in Figure 1
have been realized mainly by miniaturizing and
reducing the thickness of each component ele-
ment.

Figure 2 shows a half cross section of an
exemplary conventional loudspeaker in which thick-
ness has been reduced.
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According to this conventional loudspeaker, a
magnet cylinder 22 is attached on a lower plate 21.
A saucer-shaped upper plate 23 is further attached
on the magnet 22. The peripheral portion 21a of
the lower plate 21 is formed so as to oppose the
upper plate 23 with a gap 24 interposed there-
between. This exemplary loudspeaker is similar to
the loudspeaker shown in Figure 1 in that the lower
plate 21, the magnet 22, and the upper plate 23
constitute a magnetic circuit 32 including the gap
24.

In the exemplary loudspeaker shown in Figure
2, a saucer-shaped frame 25 is attached onto the
lower face of the lower plate 21. The peripheral
portion of the frame 25 is so formed as to receive a
gasket 26. The outer periphery of a diaphragm 28
is attached to the peripheral portion of the frame 25
by means of an edge 27 which in turn is fixed with
the gasket 26. The inner periphery of the dia-
phragm 28 is connected with a voice coil 29. The
voice coil 29 is inserted without being off-centered
into the gap 24 formed between the lower plate 21
and the upper plate 23. The diaphragm 28 is
supported by the gasket 26 with a suspension 30
interposed therebetween. A dust cover 31 is
formed so as to cover the upper plate 23.

The loudspeaker shown in Figure 2 has a basic
structure similar to that of the loudspeaker shown
in Figure 1, but has a reduced thickness by accom-
modating the magnetic circuit 32 under the dia-
phragm 28.

Figure 3 shows a half cross section of an
exemplary configuration for a conventional loud-
speaker which has an improved configuration as
compared with the loudspeaker shown in Figure 1
S0 as to achieve miniaturization and high perfor-
mance.

This loudspeaker incorporates a pot-shaped
yoke 35 having an outer peripheral wall 35a, in-
stead of the upper and lower plates used in the
loudspeakers shown in Figures 1 and 2. An inner
peripheral wall 35b, which is disposed concen-
trically with the outer peripheral wall 35a, is formed
in the yoke 35. In the vicinity of the inner-upper
end of the outer peripheral wall 35a of the yoke 35
is attached a magnet ring 36. The magnet 36 may
be a magnet which is, for example, composed of
rare earth elements and is polarized in a radial
direction A voice coil 9 is inserted into a gap 4
formed between the magnet 36 and the inner pe-
ripheral wall 35b. The yoke 35, the magnet 36, and
the gap 4 constitute a magnetic circuit 37.

The other component elements of the loud-
speaker shown in Figure 3, e.g. a frame 5 and a
diaphragm 8, are similar to those in the loud-
speakers shown in Figure 1, and descriptions
thereof are omitted. Those component elements
are indicated by the same reference numerals in
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Figure 1.

According to the loudspeaker shown in Figure
3, a compact, light, and high-performance magnetic
circuit 37 is realized by using a rare earth magnetic
for the magnet 36 in which the rare earth magnet is
polarized in the radial direction. As a result, the
loudspeaker is miniaturized and has high perfor-
mance over all.

However, the conventional loudspeakers shown
in Figures 1 to 3 have the following problems
regarding miniaturization, reduction in thickness,
and improvement in sound reproduction quality:

(1) Limits on miniaturization:

According to the configuration shown in Figure
1, one can further miniaturize the loudspeaker by
making the tilt of the diaphragm 8 gentler. Alter-
natively, the loudspeaker can also be miniaturized
by reducing the respective thicknesses of the lower
plate 1, the magnet 2, and the upper plate 3 so as
to reduce the thickness of the magnetic circuit 12
as a whole. However, too gentle a tilt of the dia-
phragm 8 brings such problems as of the decrease
in the upper limit of reproducible frequency in the
high frequency region and of uneven frequency
characteristics. Moreover, as the thickness of the
magnetic circuit 12 is reduced, the movement of
the voice coil 9 may be limited and/or the sound-
reproduction efficiency may decrease, thus deterio-
rating the quality of reproduced sounds.

On the other hand, according to the configura-
tion shown in Figure 2, the diaphragm 28 has an
upside-down shape called "a reverse cone type"
as compared with common loudspeakers, while the
thickness of the loudspeaker is reduced. As a re-
sult, the pressure of the reproduced sound overly
diffuses, thus causing a decrease in the sound
reproduction efficiency and deterioration in the re-
production characteristics of the audio signals
along the center axis of the loudspeaker. This
inevitably limits the usage of the loudspeaker. In
addition, the diaphragm 28 is supported less firmly
and therefore is likely to become insecure, which
disables the loudspeaker from reproducing audio
signals of large energy.

(2) Temperature elevation:

According to the configurations of conventional
loudspeakers, there is a tendency for the tempera-
ture of the voice coil 9 or 29 to gradually increase
when input signals of large energy (simply referred
to as large input signals hereinafter) are continu-
ously input to the loudspeaker.

In particular, a high-performance loudspeaker
such as shown in Figure 3 is likely to receive large
input signals in actual use, so that the temperature
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of the voice coil 9 increases even more drastically.
The heat generated by the temperature increase of
the voice coil 9 is dissipated through the yoke 35
and/or the magnet 36 in the magnetic circuit 37.
However, according to the configuration shown in
Figure 3, the yoke 35 and the magnet 36 are
miniaturized as a whole, thus such a heat dissipa-
tion is restrained. As a result, in extreme cases, the
voice coil 9 may be broken down due to the
increase in the temperature thereof.

A configuration which can solve the above-
mentioned problems is required in order to satisfy
the demand for miniaturization, reduction in size,
and high performance for the loudspeaker at the
same time.

SUMMARY OF THE INVENTION

A loudspeaker apparatus according to the
present invention comprises a supporting member
having a center pole; a frame, the outer periphery
of the frame connected with the supporting mem-
ber; a yoke having a pot-like shape, the yoke
including an outer peripheral wall and an inner
peripheral wall, the walls being formed concen-
trically with each other, the yoke being attached at
the top end of the center pole so as to face the
supporting member; a magnet attached to the inner
side face of the outer peripheral wall; a voice coil
inserted into a gap between the magnet and the
inner peripheral wall, the voice coil moved along
the direction of the center axis of the yoke by
interaction between a magnetic field formed by the
magnet and a current flowing through the voice
coil; and a diaphragm disposed between the sup-
porting member and the yoke so as to surround
the center pole, the inner periphery of the dia-
phragm connected with the voice coil, the outer
periphery of the diaphragm connected with the
outer periphery of the frame, the diaphragm mov-
ing in accordance with movement of the voice coil.

In one embodiment, a projected area of the
yoke on the diaphragm is a half or less of the
effective area of the diaphragm. Preferably, the
yoke acts as an equalizer and has a shape and
size sufficient for obtaining an appropriate equaliz-
ing effect.

In another embodiment, the magnet is a mag-
net ring which is polarized in a radial direction.
Preferably, the magnet is selected from a group
consisting of a samarium-cobalt magnet, a cerium-
cobalt magnet and a neodymium magnet.

In still another embodiment, the speaker ap-
paratus further comprises a heat dissipating means
for dissipating heat generated in the voice coil and
the yoke. The heat dissipating means may be a
heat dissipating member which has a plurality of
heat dissipating fins. Alternatively, the heat dis-
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sipating means is a plurality of heat dissipating fins
which are formed as part of the yoke.

A loudspeaker apparatus according to the
present invention comprises a yoke having a pot-
like shape, the yoke including an outer peripheral
wall and an inner peripheral wall, the walls being
formed concentrically with each other; a frame dis-
posed in front of the yoke, the inner periphery of
the frame connected with the yoke; a magnet at-
tached to the inner side face of the outer peripheral
wall; a voice coil inserted into a gap between the
magnet and the inner peripheral wall, the voice coil
moved along the direction of the center axis of the
yoke by interaction between a magnetic field
formed by the magnet and a current flowing
through the voice coil; a diaphragm, the inner pe-
riphery of the diaphragm connected with the voice
coil, the outer periphery of the diaphragm con-
nected with the outer periphery of the frame, the
diaphragm moving in accordance with movement
of the voice coil; and a heat dissipating means for
dissipating heat generated in the voice coil and the
yoke.

In one embodiment, wherein the heat dissipat-
ing means is a heat dissipating member which has
a plurality of heat dissipating fins. Alternatively, the
heat dissipating means may be a plurality of heat
dissipating fins which are formed as part of the
yoke.

In another embodiment, the magnet is a mag-
net ring which is polarized in a radial direction.
Preferably, the magnet is selected from a group
consisting of a samarium-cobalt magnet, a cerium-
cobalt magnet and a neodymium magnet.

Thus, the invention described herein makes
possible the advantages of (1) providing a com-
pact, thin, and yet high-performance loudspeaker
apparatus capable of high-quality reproduction of
an audio signal, and (2) a highly reliable loud-
speaker apparatus having stable performance prop-
erties in which even when large input signals are
continuously supplied thereto, any extraordinary in-
crease in temperature of the voice coil is re-
strained.

These and other advantages of the present
invention will become apparent to those skilled in
the art upon reading and understanding the follow-
ing detailed description with reference to the ac-
companying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a half cross section of an
exemplary configuration for a conventional loud-
speaker.

Figure 2 shows a half cross section of another
exemplary configuration for a conventional loud-
speaker.
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Figure 3 shows a half cross section of siill
another exemplary configuration for a conventional
loudspeaker.

Figure 4 is a cross-sectional view showing a
configuration for a loudspeaker in accordance with
a first example of the present invention.

Figure 5 shows a half cross section of a con-
figuration for a loudspeaker in accordance with a
second example of the present invention.

Figure 6 is a perspective view of the loud-
speaker in the second example of the present
invention.

Figures 7A to 7D are perspective views show-
ing heat dissipators having different shapes which
may be used for a loudspeaker in accordance with
the present invention.

Figure 8 shows a half cross section of a con-
figuration for a loudspeaker in accordance with a
third example of the present invention.

Figure 9 shows a half cross section of a con-
figuration for a loudspeaker in accordance with a
fourth example of the present invention.

Figure 10 is a graph which illustrates the exem-
plary frequency characteristic of the loudspeaker in
accordance with the fourth example of the present
invention.

Figure 11 is a graph which illustrates the influ-
ence of the size of a magnetic circuit portion on the
frequency characteristic of the loudspeaker in ac-
cordance with the fourth example of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Hereinafter, the present invention will be de-
scribed by way of examples, with reference to the
accompanying drawings.

Example 1

Figure 4 shows a cross section of a loud-
speaker in accordance with a first example of the
present invention.

The loudspeaker shown in Figure 4 includes a
disk-shaped supporter 41 instead of the upper
plate 1 and the lower plate 3 which conventional
loudspeakers typically have. In the center of the
supporter 41, there is integrally formed a center
pole 41a extending toward the front face of the
loudspeaker. The supporter 41 and the center pole
41a may alternatively be formed separately and
attached to each other later.

At the top end of the center pole 41a, a center-
ing pin 43 is formed. It is preferable to fabricate the
centering pin 43 with a high precision as to mea-
surements thereof. This is because, as will be
described later, a yoke 44 is to be fixed by insert-
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ing the centering pin 43 into a center guide hole 45
of the yoke 44.

The supporter 41 is preferably a non-magnetic
material having high physical strength and with a
high heat dissipating property. For example, the
supporter 41 may be formed by an aluminum die-
casting method, a zinc die-casting method and the
like. However, if the loudspeaker is to be used
without a large signal being input, the supporter 41
may be formed of a heat-resistant resin such as
any so-called engineering plastics because the
heat dissipating property is not strongly required in
such a case.

A frame 42 so configurated as to surround the
center pole 41a is attached to the supporter 41.
The frame 42 should preferably have the same
properties as the supporter 41. It is possible to
integrally form the supporter 41 and the frame 42
when both are designed so as to be formed of the
same material. This will make it possible to reduce
the number of the component elements and fab-
rication steps of the loudspeaker, so that the fab-
rication process becomes more efficient and that
the fabrication cost decreases. For example, it is
preferable to integrally form the supporter 41 and
the frame 42 by an aluminum die-casting method.

The center pole 41a and the centering pin 43
may have any shape, e.g. a prism, a column, and a
cylinder having a hollow portion. However, column
shapes are preferable because they are easily fab-
ricated and dissipate heat efficiently.

The yoke 44 has a pot-like shape enclosed by
an outer peripheral wall 44a. In the vicinity of the
center of the bottom face of the yoke 44, the
center guide hole 45 surrounded by an inner pe-
ripheral wall 44b is formed. The inner peripheral
wall 44b and the outer peripheral wall 44a are
formed concentrically with each other. In the vi-
cinity of the inner-lower end of the outer peripheral
wall 44a of the yoke 44, a magnet ring 46 is
attached. A voice coil 48 is inserted into a gap 47
between the magnet 46 and the wall surface of the
inner wall 44b. The yoke 44, the magnet 46, and
the gap 47 constitute a magnetic circuit 53.

The outer periphery of the frame 42 is con-
nected with the outer periphery of a diaphragm 50
with an edge 49 interposed therebetween. The
inner periphery of the diaphragm 50 is connected
with the voice coil 48. One edge of a suspension
51 is further connected with the voice coil 48. The
other edge of the suspension 51 is attached to the
frame 42 and is supported on the upper face of the
supporter 41. A flexible dust cover 52 is provided
between the diaphragm 50 and the magnet 46. A
ring gasket (not shown) may be attached to the
outer periphery of the frame 42.

In an actual operation of the loudspeaker, a
current in accordance with an audio signal to be
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output flows through the voice coil 48. The current
and a magnetic field formed by the magnet 46
interact with each other so as to produce force by
which the voice coil 48 is moved upwards and
downwards in the gap 47 (i.e., along the direction
of the center axis of the yoke 44). This movement
of the voice coil 48 is transmitted to the diaphragm
50 and consequently, diaphragm 50 vibrates so as
o reproduce audio signals.

In the fabrication process of the loudspeaker
shown in Figure 4, the suspension 51, the dia-
phragm 50, and the voice coil 48 are successively
disposed around the center pole 41a formed on the
supporter 41. Next, the respective inner peripheries
of the diaphragm 50 and the suspension 51 are
fixed to the voice coil 48, and their respective outer
peripheries are fixed to the frame 42, by using an
adhesive, while ensuring that the centers of the
diaphragm 50 and the suspension 51 coincide with
each other by means of the centering pin 43. Last
of all, the yoke 44, on which the magnet 46 has
been mounted, is fixed by inserting the centering
pin 43 into the center guide hole 45 of the yoke 44.

The yoke 44 is required to have such prop-
erties as low magnetic resistance and high heat
dissipation, and preferably is composed of iron with
a high magnetic permeability. For material of the
diaphragm 50, molded pulp or molded plastic may
be typically used. The suspension 51 may be
typically made of pressed texture.

As is described above, in the loudspeaker
shown in Figure 4, the magnetic circuit 53, which
conventionally is placed behind the diaphragm 50,
is disposed in front of the diaphragm 50. Thus, it is
made possible to reduce the thickness of the loud-
speaker.

The configuration shown in Figure 4 may have
an unfavorable effect on performance properties of
the loudspeaker and the quality of reproduced
sounds if the magnetic circuit 53 is foo large.
However, the inventors found through experiments
that deterioration of the performance properties and
the reproduced sounds can be restrained by reduc-
ing the projected area of the magnetic circuit 53 -
(practically, the yoke 44) on the diaphragm 50 to
be a half or less of the effective area of the
diaphragm 50.

In order to satisfy the above-mentioned con-
ditions, a rare earth magnet having a high energy
density is used for the magnet 46 in the loud-
speaker of the present example. In addition, the
magnet 46 is polarized in a radial direction, thereby
realizing a compact, light, and very powerful mag-
netic circuit 53. Specifically, a samarium-cobalt
magnet, a cerium-cobalt magnet and a neodymium
magnet and the like are preferably used as the
magnet 46. In particular, the neodymium magnet is
preferable.
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As has been described, in the loudspeaker of
the first example of the invention, the thickness of
the loudspeaker is reduced by disposing the mag-
netic circuit 53 in front of the diaphragm 50 as is
shown in Figure 4. In addition, high-quality re-
production of audio signals is realized by optimiz-
ing the size of the magnetic circuit 53. In contrast
to the conventional loudspeaker described with ref-
erence to Figure 2, the reduction in thickness of
the loudspeaker can be realized without unfavor-
ably affecting the design of the moving system of
the loudspeaker. Accordingly, the loudspeaker can
be optimized both in terms of the configuration of
the moving system and the quality of the repro-
duced sounds.

Moreover, the magnetic circuit 53 disposed in
front of the diaphragm 50 can also function as an
equalizer. Taking advantage of this aspect, the
frequency characteristics of the loudspeakers can
be controlled (this effect will hereinafter be referred
fo as an "equalizing effect"). As a result, by op-
fimizing the size and shape of the magnet circuit
53 (practically, the yoke 44), frequency characteris-
tics can be improved especially in middle to high
frequency bands, whereby a loudspeaker capable
of reproducing sounds with an improved quality
can be provided. This equalizing effect will be
further described later with reference to the draw-
ings.

Typical dimensions of the supporter 41, the
diaphragm 50 and the yoke 44 are as follows: the
diameter of the supporter 41: 81 mm; the diameter
of the center pole 41a: 24 mm; the height of the
center pole 41a: 50 mm; the diameter of the dia-
phragm 50: 135 mm; the diameter of the bottom
face of the yoke 44: 41 mm; the height of the outer
and inner peripheral walls 44a and 44b: 20 mm.

In the loudspeaker shown in Figure 4, the flexi-
ble dust cover 52 is provided between the magnet
46 and the diaphragm 50 so as to prevent dust,
etc. from entering the interior of the loudspeaker.
However, such a dust cover 52 is not required if
environments permit.

Example 2

A configuration in which improvements are
made with a view mainly to reducing the thickness
of a loudspeaker was described in Example 1.
Hereinafter, a second example of the present in-
vention will be described with reference to Figures
5 to 7. The loudspeaker of the present example is
intended to have an improved heat dissipation
property.

Figure 5 shows a half cross section of a con-
figuration for a loudspeaker according to the sec-
ond example of the present invention.
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The loudspeaker shown in Figure 5 incorpo-
rates a pot-shaped yoke 61 enclosed by an outer
peripheral wall 61a. An inner peripheral wall 61b is
also formed concentrically with the outer peripheral
wall 61a in the yoke 61. In the vicinity of the inner-
upper end of the outer peripheral wall 61a of the
yoke 61, a rare earth magnet ring 62 polarized in a
radial direction is attached. A voice coil 64 is
inserted into a gap 63 between the magnet 62 and
the inner peripheral wall 61b. The yoke 61, the
magnet 62, and the gap 63 constitute a magnetic
circuit 71.

A bowl-shaped frame 65 is attached to the
outer-upper end of the outer peripheral wall 61a of
the yoke 61. The outer periphery of a diaphragm
68 is connected with the circular peripheral portion
of the frame 65 with an edge 67 interposed there-
between, the edge 67 being fixed by means of a
gasket 66. The inner periphery of the diaphragm 68
is connected with the voice coil 64. The voice coil
64 is further supported by a suspension 69 pro-
vided in the vicinity of the center thereof. A dome-
shaped dust cover 70 is provided above the central
portion of the diaphragm 68 so as to prevent dust
from entering the interior of the loudspeaker.

One major feature of the loudspeaker in the
present example is a heat dissipator 75 attached
on the outside of the yoke 61. Several dissipating
fins 75a are provided on the heat dissipator 75 so
as to increase the surface area, whereby the heat
dissipation property is improved.

Figure 6 is a perspective view showing the
loudspeaker shown in Figure 5.

As is described above, the temperature of the
voice coil 64 increases when large signals are
continuously input to the loudspeaker, and con-
sequently the temperature of the magnetic circuit
71 increases. The loudspeaker shown in Figures §
and 6 includes a small magnetic circuit 71 utilizing
a rare earth magnet polarized in the radial direc-
tion. Therefore, the thermal capacity of the mag-
netic circuit 71 is smaller than that of the conven-
tional loudspeaker, which is likely to cause a tem-
perature elevation therein. However, the heat is
effectively dissipated via the plurality of dissipating
fins 75a of the heat dissipator 75 attached on the
yoke 61, so that any exiraordinary increase in the
temperature of the voice coil 64 is not sustained.
As a result, problems concerning the performance
properties of the loudspeaker due to increases in
the temperature of the voice coil 64 are prevented,
and a highly reliable loudspeaker having a stable
performance properties is realized.

Figures 7A to 7D show examples of the heat
dissipator 75 with various shapes that can be suit-
ably used for the loudspeaker in the present exam-
ple. The heat dissipator shown in Figure 7A is
identical with that shown in Figures 5 and 6.
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The heat dissipator 75 is composed of a ma-
terial having high thermal conductivity, e.g. alu-
minum, iron, and zinc alloys. For example, the heat
dissipator 75 in the present example is formed by
an aluminum die-casting method. The size and
shape of the heat dissipator 756 may be designed
so as to be optimum based on the size and shape
of the loudspeaker. The estimated value for the
increased temperature of the voice coil 64, which
would be calculated from the conditions of signals
to be input, may also be taken into account for
designing the heat dissipator 75. Accordingly, the
shape of the heat dissipator 75 to be used for the
loudspeaker of the present example is not limited
to those shown in Figures 7A to 7D, as long as the
heat generated in the voice coil 64 is well dis-
sipated.

Example 3

Hereinafter, a loudspeaker in a third example of
the present invention will be described with refer-
ence to Figure 8, which shows a half cross section
of the loudspeaker of the present example. In the
loudspeaker of the present example, improvements
are made with a view mainly to improving the heat
dissipation property thereof.

In Example 2, the heat dissipator 75 is at-
tached on the outside of the yoke 61. Instead of
that, a plurality of heat-dissipating fins 80 are integ-
rally formed on the outside of a yoke 61 in this
example. The other component elements are simi-
lar to those of the loudspeaker in Example 2, and
descriptions thereof are omitted.

According to the loudspeaker shown in Figure
8, the temperature of a voice coil 64 is prevented
from increasing extraordinarily, as is the case with
the loudspeaker of Example 2. In addition, the
heat-dissipating fins 80 and the yoke 61 are formed
integrally. Therefore, it is possible to reduce the
number of the component elements and fabrication
steps of the loudspeaker, so that the fabrication
process becomes more efficient and that the fab-
rication cost decreases.

Example 4

Hereinafter, a loudspeaker according to a
fourth example of the present invention will be
described with reference to Figure 9, which shows
a half cross section of the loudspeaker of the
present example. In the loudspeaker of the present
example, as in Examples 2 and 3, improvements
are made with a view to improving the heat dissipa-
tion property thereof in addition to the improve-
ments o reduce the thickness of the loudspeaker
by disposing the magnetic circuit in front of the
diaphragm as in Example 1.
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According to a configuration shown in Figure 9,
a disk-shaped supporter 91 having a center pole
91a in a central portion is used. The center pole
91a is formed in a cylindrical shape having a
hollow portion. A bowl-shaped frame 93 is attached
on the supporter 91 by means of screws 92.

A centering pin 94 is formed at the top end of
the center pole 91a. The centering pin 94, as well
as the centering pole 91a, has a hollow portion so
as to receive a screw 95 for fixing a yoke 96.

The yoke 96 has a similar configuration to that
of the yoke 44 of Example 1, shown in Figure 4. In
other words, the yoke 96 has an inner peripheral
wall 96b so as to form a center guide hole 97. An
outer peripheral wall 96a is also formed concen-
trically with the inner peripheral wall 96b. The yoke
96 is fixed to the center pole 91a by inserting the
centering pin 94 into the center guide hole 97 of
the yoke 96, with use of the screw 95.

In the vicinity of the inner-lower end of the
outer peripheral wall 96a of the yoke 96, a magnet
ring 98 is attached. A voice coil 100 is inserted into
a gap 99 between the magnet 98 and the wall
surface of the inner peripheral wall 96b. The yoke
96, the magnet 98, and the gap 99 constitute a
magnetic circuit 106.

By using a rare earth magnet polarized in a
radial direction as the magnet 98, similar to Exam-
ples 1 to 3, the magnetic circuit 106 becomes
compact, light, and very powerful. Preferably, a
neodymium magnet is used.

The outer periphery of the frame 93 is pro-
cessed so as to receive a gasket 101, and is
connected with the outer periphery of the dia-
phragm 103, with an edge 102 interposed there-
between, the edge 102 being fixed by means of a
gasket 101. The inner periphery of the diaphragm
103 is connected with the voice coil 100. One end
of a suspension 104 is further connected with the
voice coil 100, while the other end of the suspen-
sion 104 is supported by the frame 93. A flexible
dust cover 105 is provided between the diaphragm
103 and the magnet 98. However, the dust cover
105 is not a requirement if environments permit.

Moreover, a heat dissipator 110 is attached on
the outside of the yoke 96, as in Example 2.
Several heat-dissipating fins 110a are provided on
the heat dissipator 110 so as to improve the dis-
sipation property for heat generated in the voice
coil 100 and the magnetic circuit 106. Particularly
in this example, the vibration of the diaphragm 103
stirs air in the neighborhood of the heat dissipator
110. Thus, the heat dissipation can be enhanced.

The loudspeaker having the above-mentioned
configuration has both the features of the loud-
speaker in Example 1 and the features of the
loudspeaker in Example 2. In other words, the
thickness of the loudspeaker is reduced by dis-
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posing the magnetic circuit 106 in front of the
diaphragm 103. The magnetic circuit 106 is made
compact and powerful by using a rare earth mag-
net polarized in a radial direction as the magnet 98.
In addition, even when large signals are continu-
ously input to the loudspeaker, the heat dissipator
110 prevents the temperature of the voice coil 100
from any extraordinary or damaging increase.

Moreover, the loudspeaker in the present ex-
ample can utilize the equalizing effect of the mag-
netic circuit 106 as in Example 1, shown in Figure
4. Particular in the present example, the size and
shape of the plurality of heat-dissipating fins 110a
of the heat dissipator 110 can be varied so as to
control the equalizing effect flexibly. As a resulf,
more varied frequency characteristics than those of
the loudspeaker of Example 1 can be obtained.

Figure 10 shows an example of frequency
characteristics of the loudspeaker having the con-
figuration according to the present example. The
solid line denotes the frequency characteristic (the
relationship between frequency and output sound
pressure) of the loudspeaker of the present exam-
ple (the projected area of the magnetic circuit 106
on the diaphragm 103 is 10% of the effective area
thereof), whereas the broken line denotes the fre-
quency characteristic of a conventional loud-
speaker in which the magnetic circuit is located
behind the diaphragm. As is seen from Figure 10,
the loudspeaker of the present example has higher
output sound pressure, i.e. output level of the re-
produced sound volume, than the conventional
loudspeaker, especially in the middle to high fre-
quency bands.

More diversity in the equalizing effect can be
attained by varying the thickness, size, and number
of the heat-dissipating fins 110a of the heat dis-
sipator 110. In addition, the equalizing effect can
be further improved by integrally forming the heat-
dissipating fins 110a at the periphery of the heat
dissipator 110.

Attention has to be paid to the fact that such a
configuration of the loudspeaker in the present
example may have an unfavorable effect on perfor-
mance properties of the loudspeaker when the pro-
jected area of the magnetic circuit 106 on the
diaphragm 103 exceeds a half of the effective area
of the diaphragm 103. Figure 11 shows such an
unfavorable frequency characteristic obtained when
the projected area of the magnetic circuit 106 on
the diaphragm 103 is 70% of the effective area of
the diaphragm 103. In Figure 11, peaks exist in
middle frequency band in the frequency character-
istic, resulting in less flatness thereof. Such peaks
result from interference caused by the reflected
sound from the magnetic circuit 106.

However, as described previously relating to
the first example of the present invention, the
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above unfavorable effect can be avoided by mak-
ing the projected area of the magnetic circuit 106
on the diaphragm 103 a half or less of the effective
area of the diaphragm 103.

In stead of the heat dissipator 110, a plurality
of heat-dissipating fins may be integrally formed on
the outside of the yoke 96, as in the case of the
loudspeaker of Example 3. In that case, it becomes
possible to reduce the number of component ele-
ments and fabrication steps of the loudspeaker, so
that the fabrication process becomes more efficient
and the fabrication cost decreases, as in Example
3.

Various other modifications will be apparent to
and can be readily made by those skilled in the art
without departing from the scope and spirit of this
invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to
the description as set forth herein, but rather that
the claims be broadly construed.

Claims

1. A loudspeaker apparatus comprising:

a supporting member having a center pole;

a frame, the outer periphery of said frame
connected with said supporting member;

a yoke having a pot-like shape, said yoke
including an outer peripheral wall and an inner
peripheral wall, said walls being formed con-
centrically with each other, said yoke being
attached at the top end of said center pole so
as to face said supporting member;

a magnet attached to the inner side face of
said outer peripheral wall;

a voice coil inserted into a gap between
said magnet and said inner peripheral wall,
said voice coil moved along the direction of
the center axis of said yoke by interaction
between a magnetic field formed by said mag-
net and a current flowing through said voice
coil; and

a diaphragm disposed between said sup-
porting member and said yoke so as to sur-
round said center pole, the inner periphery of
said diaphragm connected with said voice coil,
the outer periphery of said diaphragm con-
nected with the outer periphery of said frame,
said diaphragm moving in accordance with
movement of said voice coil.

2. A loudspeaker apparatus according to claim 1,
wherein a projected area of said yoke on said
diaphragm is a half or less of the effective area
of said diaphragm.

3. A loudspeaker apparatus according to claim 2,
wherein said yoke acis as an equalizer and
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has a shape and size sufficient for obtaining an
appropriate equalizing effect.

A loudspeaker apparatus according to claim 1,
wherein said magnet is a magnet ring which is
polarized in a radial direction.

A loudspeaker apparatus according to claim 4,
wherein said magnet is selected from a group
consisting of a samarium-cobalt magnet, a ce-
rium-cobalt magnet and a neodymium magnet.

A loudspeaker apparatus according to claim 1,
further comprising a heat dissipating means for
dissipating heat generated in said voice coil
and said yoke.

A loudspeaker apparatus according to claim 6,
wherein said heat dissipating means is a heat
dissipating member which has a plurality of
heat dissipating fins.

A loudspeaker apparatus according to claim 6,
wherein said heat dissipating means is a plu-
rality of heat dissipating fins which are formed
as part of said yoke.

A loudspeaker apparatus comprising:

a yoke having a pot-like shape, said yoke
including an outer peripheral wall and an inner
peripheral wall, said walls being formed con-
centrically with each other;

a frame disposed in front of said yoke, the
inner periphery of said frame connected with
said yoke;

a magnet attached to the inner side face of
said outer peripheral wall;

a voice coil inserted into a gap between
said magnet and said inner peripheral wall,
said voice coil moved along the direction of
the center axis of said yoke by interaction
between a magnetic field formed by said mag-
net and a current flowing through said voice
coil;

a diaphragm, the inner periphery of said
diaphragm connected with said voice coil, the
outer periphery of said diaphragm connected
with the outer periphery of said frame, said
diaphragm moving in accordance with move-
ment of said voice coil; and

a heat dissipating means for dissipating
heat generated in said voice coil and said
yoke.

A loudspeaker apparatus according to claim 9,
wherein said heat dissipating means is a heat
dissipating member which has a plurality of
heat dissipating fins.

10

15

20

25

30

35

40

45

50

55

11.

12,

13.

A loudspeaker apparatus according to claim 9,
wherein said heat dissipating means is a plu-
rality of heat dissipating fins which are formed
as part of said yoke.

A loudspeaker apparatus according to claim 9,
wherein said magnet is a magnet ring which is
polarized in a radial direction.

A loudspeaker apparatus according to claim
12, wherein said magnet is selected from a
group consisting of a samarium-cobalt magnet,
a cerium-cobalt magnet and a neodymium
magnet.
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