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Description
TECHNICAL FIELD

[0001] The present invention relates to a diaphragm,
a speaker, an audio system and a manufacturing method
of the diaphragm.

BACKGROUND ART

[0002] Materials such as paper, plastics and metal are
relatively inexpensive and easy to process, and accord-
ingly, have been widely used as materials of a diaphragm
of audio equipment. However, in each of these materials,
propagation speeds of vibrations and sounds are equal
in every direction, and accordingly, in the case of man-
ufacturing the diaphragm, a standing wave is prone to
occur therein, and there is a case where the standing
wave adversely affects acoustic characteristics of the di-
aphragm in various ways.

[0003] Asadiaphragm that suppresses an occurrence
of the standing wave, there is known a diaphragm of a
wood cone type, which uses, as a diaphragm material,
a wood material having propagation speeds different be-
tween a fiber direction and a non-fiber direction. There
is also known a diaphragm of an oblique cone type, in
which a cross-sectional shape is made asymmetric by
shifting a position of a voice coil from a center of the
diaphragm.

[0004] There is also known a diaphragm formed of pa-
per, plastics, metal or the like, in which anisotropy is im-
parted to the propagation speed in such a manner that
a laser beam is irradiated onto a surface of the dia-
phragm, and that a part of the raw material of the dia-
phragm is thereby modified (for example, refer to Patent
Document 1).

[0005] However, there is a case where, in the dia-
phragm of the wood cone type, manufacturing cost there-
of is increased since a manufacturing method thereof is
complicated. Since the diaphragm of the oblique cone
type has a bias in directivity, itis rather difficult for a sound
to be emitted forward therefrom, and depending on a
case, a sound field expression with a high density cannot
sometimes be enjoyed.

[0006] Inthe method of irradiating the laser beam onto
the surface of the diaphragm, the material of the modified
portionis damaged, and accordingly, the modified portion
becomes fragile as compared with peripheries thereof,
and a product malfunction is prone to be brought about.

Patent Document 1: Japanese Patent Laid-Open
Publication No. 2001-258091

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] In consideration of the foregoing problems, the
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present invention provides a diaphragm, which is easy
to manufacture, has a high product yield, is capable of
suppressing the occurrence of the standing wave, and
is excellent in sound field expression, provides a speaker
and an audio system, which use the diaphragm, and pro-
vides a manufacturing method of the diaphragm.

MEANS FOR SOLVING THE PROBLEMS

[0008] In order to solve the foregoing problems, an as-
pect of the present invention provides a diaphragm in-
cluding: a vibration member having first-region and sec-
ond-region portions formed integrally with each other by
using an isotropic material, the vibration member having,
in the first-region portion, a reinforcement portion in which
a Young’s modulus is higher than in the second-region
portion, the reinforcement portion being obtained by
press molding in which a pressure applied to the first-
region portion is stronger than a pressure applied to the
second-region portion.

[0009] Another aspect of the present invention pro-
vides a speaker including: a vibration member having
first-region and second-region portions formed integrally
with each other by using an isotropic material, the vibra-
tion member having, in the first-region portion, a rein-
forcement portion in which a Young’s modulus is higher
than in the second-region portion, the reinforcement por-
tion being obtained by press molding in which a pressure
applied to the first-region portion is stronger than a pres-
sure applied to the second-region portion.

[0010] Another aspect of the present invention pro-
vides a speaker that includes first and second speaker
units arranged in line with each other on a front surface
of a cabinet thereof, wherein each of the first and second
speaker units includes a vibration member having first-
region and second-region portions formed integrally with
each other by using an isotropic material, the vibration
member having, in the first-region portion, a reinforce-
ment portion in which a Young’'s modulus is higher than
in the second-region portion, and the speaker is com-
posed by arranging the first and second speaker units
so that at least a part of the reinforcement portion of the
first speaker unit and at least a part of the reinforcement
portion of the second speaker unit can be individually
directed in a same direction.

[0011] Another aspect of the present invention pro-
vides a speaker including: a first speaker unit arranged
on a front surface of a cabinet of the speaker and includ-
ing afirst vibration member having a substantially conical
shape, the first vibration member including first-region
and second-region portions formed integrally with each
other by using an isotropic material, and having, in the
first-region portion, a first reinforcement portion in which
a Young’s modulus is higher than in the second-region
portion; and a second speaker unit arranged in line with
the first speaker unit on the front surface of the cabinet
of the speaker and including a second vibration member
having a substantially conical shape, the second vibra-
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tion member including third-region and fourth-region por-
tions formed integrally with each other by using an iso-
tropic material, and having, in the third-region portion, a
second reinforcement portion in which a Young’ s mod-
ulus is higher than in the fourth-region portion, wherein
the speaker is composed by arranging the first and sec-
ond speaker units so that at least a part of the first rein-
forcement portion and at least a part of the second rein-
forcement portion can be individually directed in a same
direction.

[0012] Another aspect of the present invention pro-
vides an audio system including: amplifying means for
amplifying an audio signal; and the first and second
speakers to which the audio signal is supplied from the
amplifying means, wherein the first speaker is a speaker,
in which a surround audio signal for a left channel and a
center-channel audio signal are supplied to the first
speaker unitfrom the amplifying means, and a front audio
signal for the left channel is supplied to the second speak-
er unitfrom the amplifying means, and the second speak-
er is a speaker, in which a surround audio signal for a
right channel and the center-channel audio signal are
supplied to the first speaker unit from the amplifying
means, and a front audio signal for the right channel is
supplied to the second speaker unit from the amplifying
means.

[0013] Another aspect of the present invention pro-
vides an audio system including: amplifying means for
amplifying an audio signal; and the first and second
speakers according to any one of claims 15 to 30, to
which the audio signal is supplied from the amplifying
means, wherein the first speaker is a speaker in which
identical audio signals for a left channel are supplied to
the first and second speaker units from the amplifying
means, and the second speaker is a speaker in which
identical audio signals for a right channel are supplied to
the first and second speaker units from the amplifying
means.

[0014] Another aspect of the present invention pro-
vides a manufacturing method of a diaphragm, which in-
cludes the steps of: forming, at a specific position of a
work formed of an isotropic material, a reinforcement por-
tion in which a Young’ s modulus is higher than in a pe-
ripheral portion of the specific position by press molding
in which a pressure applied to the specific position is
strongerthan a pressure applied to the peripheral portion;
and molding the diaphragm.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0015] Inaccordance with the present invention, there
can be provided: the diaphragm, which is easy to man-
ufacture, has the high product yield, is capable of sup-
pressing the occurrence of the standing wave, and is
excellent in sound field expression; the speaker and the
audio system, which use the diaphragm; and the manu-
facturing method of the diaphragm.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

[FIG. 1] FIG. 1 is a cross-sectional view showing a
speaker unit according to an embodiment of the
present invention.

[FIG.2]FIG. 2 (a)is aplan view showing a diaphragm
according to the embodiment of the present inven-
tion, and FIG. 2(b) is a cross-sectional view in a case
where the diaphragm is viewed in an A-A direction
of FIG. 2(a).

[FIG. 3] FIG. 3 is a graph showing propagation
speeds of a reinforcement portion and a standard
portion according to the embodiment of the present
invention.

[FIG. 4] FIG. 4 is a graph showing internal losses of
the reinforcement portion and the standard portion
according to the embodiment of the present inven-
tion.

[FIG. 5] FIGS. 5 (a) to 5(d) are plan views showing
arrangement examples of the reinforcement portions
according to the embodiment of the present inven-
tion.

[FIG. 6] FIGS. 6(a) to 6(f) are plan views showing
shape examples of the reinforcement portions ac-
cording to the embodiment of the present invention.
[FIG. 7] FIG. 7 is an explanatory view explaining
characteristics of vibration members according to
the embodiment of the present invention.

[FIG. 8] FIG. 8 (a) is a graph representing measure-
ment results of 8 kHz directivity characteristics, and
FIG. 8 (b) is a graph representing measurement re-
sults of 12 kHz directivity characteristics.
[FIG.9]FIG. 9 (a) is agraph showing frequency char-
acteristics of a comparative example, and FIG. 9(b)
is a graph showing frequency characteristics of a
speaker according to the embodiment of the present
invention.

[FIG. 10] FIGS. 10 (a) to 10 (g) are process cross-
sectional and plan views showing a manufacturing
method of the diaphragm according to the embodi-
ment of the present invention.

[FIG.11]1FIG. 11is a plan view showing a diaphragm
according to a first modification example of the
present invention.

[FIG. 12] FIGS. 12(a) to 12(c) are plan views showing
shape examples of a reinforcement region of a cap.
[FIG. 13] FIG. 13 is an explanatory view of speakers
according to a second modification example of the
present invention.

[FIG. 14] FIG. 14 is a view showing an audio system
according to a third modification example of the
present invention.

[FIG. 15] FIGS. 15(a) to 15(e) are views showing
other arrangement examples of speaker units in
speakers shown in FIG. 14.

[FIG. 16] FIG. 16 is a cross-sectional view showing
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a speaker unit according to a fourth modification ex-
ample of the present invention.

[FIG. 17] FIG. 17 (a) is a plan view of a diaphragm
according to the fourth modification example, and
FIG. 17(b) is a cross-sectional view in a case where
the diaphragm is viewed in a B-B direction of FIG.
17(a).

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] A description is made below of an embodiment
of the present invention with reference to the drawings.
In the following description referring to the drawings, the
same or similar reference numerals are assigned to the
same or similar portions. The embodiment to be de-
scribed below illustrates devices and methods for em-
bodying the technical idea of this invention, and the tech-
nical idea of this invention does not specify structures,
arrangements and the like of constituent components to
those to be described below.

[0018] As shown in FIG. 1, a speaker unit (electroa-
coustic transducer) 3 according to the embodiment of the
present invention includes: a magnetic circuit 34; a frame
33 arranged on the magnetic circuit 34; and a diaphragm
1 fixed to the frame 33. The magnetic circuit 34 includes:
a doughnut-like plate 35; and a doughnut-like magnet 36
and a pole piece 30, which are provided under the plate
35.

[0019] A voice coil 31a is loosely inserted into a mag-
netic gap 37 between the plate 35 and the pole piece 30.
A damper 32 is adhered to a voice coil bobbin 31b and
the frame 33.

[0020] The diaphragm 1 has: a vibration member 10
inwhich across section has a conical shape; and arubber
edge 14 attached entirely on an outer circumferential por-
tion (edge) of the vibration member 10. The rubber edge
14 is fixed to the frame 33 while interposing a gasket 39
therebetween.

[0021] Asshownin FIG. 2(a), the diaphragm 1 has an
opening portion 11 on a center thereof. On the opening
portion 11, a cap 38 (refer to FIG. 1) for preventing en-
trance of a foreign object into the voice coil 31a is at-
tached.

[0022] The vibration member 10 is formed of an iso-
tropic material (uniform material). Here, the "isotropic ma-
terial (uniform material)" refers to a material in which a
sound propagation speed is substantially equal (isotrop-
ic) in every direction in the diaphragm unlike a wood ma-
terial or the like in which the sound propagation speed is
different between a fiber direction and a non-fiber direc-
tion. For example, the "isotropic material" in this embod-
imentincludes paper such as pulp, plastics such as poly-
propylene, metal such as aluminum, and the like; how-
ever, is not limited to these.

[0023] As shown in FIG. 2(a) and FIG. 2(b), the vibra-
tion member 10 has: a standard portion 12; and band-
like reinforcement portions 13a to 13d, which are inte-
grated with the standard portion 12, and are radially ar-
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ranged from the opening portion 11 toward an outer cir-
cumference side.

[0024] The reinforcement portions 13a to 13d are re-
gions (first-region portions) pressed more strongly than
the standard portion 12 (second-region portion) in a man-
ufacturing process of the vibration member 10, which is
to be described later. Therefore, a material density of the
reinforcement portions 13a to 13d is higher by approxi-
mately 10 to 100% as compared with that of the standard
portion 12. The material density differs depending on the
materials for use. For example, in the case of using paper
as the vibration member 10, the material density of the
standard portion 12 is approximately 0.4 to 0.7 g/cm3,
and the material density of the reinforcement portions
13a to 13d is approximately 0.5 to 1.0 g/cm3.

[0025] The reinforcement portions 13a to 13d are re-
gions formed so that rigidity thereof can be higher as
compared with that of the standard portion 12 by being
pressed more strongly than the standard portion 12 in
the manufacturing process of the vibration member 10.
The reinforcement portions 13a to 13d are controlled so
that a Young’ s modulus thereof can be higher by ap-
proximately 5 to 15% as compared with that of the stand-
ard portion 12. The Young’s modulus differs depending
on the materials for use; however, for example, in the
case of using paper as the vibration member 10, the
Young’s modulus of the standard portion 12 is approxi-
mately 1.2 to 2.0 Pa, and the Young’s modulus of the
reinforcement portions 13a to 13d is approximately 1.3
to 2.5 Pa.

[0026] A thickness of the reinforcement portions 13a
to 13d is different by approximately 10 to 75% from that
ofthe standard portion 12 by being pressed more strongly
than the standard portion 12 in the manufacturing proc-
ess of the vibration member 10. The thickness differs
depending on the materials for use. For example, in the
vibration member 10 shown in FIG. 2(b), the thickness
T1 of the standard portion 12 is approximately 0.3 mm
to 0. 35 mm, and the thickness T2 of the reinforcement
portions 13ato 13d is approximately 0.2 mm to 0.25 mm.
[0027] FIG. 3 shows comparison in propagation speed
between the standard portion 12 and the reinforcement
portions 13a to 13d in the case of using paper as the
material of the vibration member 10. The vibration mem-
ber 10 is formed so that the propagation speed (m/s) of
the reinforcement portions 13a to 13d can be higher by
approximately 5 to 10% as compared with the propaga-
tion speed of the standard portion 12.

[0028] FIG. 4 shows internal losses of the standard
portion 12 and the reinforcement portions 13a to 13d in
the case of using paper as the material of the vibration
member 10. The vibration member 10 is formed so that
the internal loss (tand) of the reinforcement portions 13a
to 13d can be higher by 3 to 10% as compared with the
propagation speed of the standard portion 12.

[0029] As shown in FIG. 2(a), the reinforcement por-
tions (first-direction reinforcement portions) 13a and 13b
are arranged side by side in afirst direction (up-and-down
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direction of FIG. 2(a)) passing through a center of the
vibration member 10. The reinforcement portions (sec-
ond-direction reinforcement portions) 13c and 13d are
arranged side by side in a second direction (right-and-
left direction of FIG. 2(a)) passing through the center of
the vibration member 10 and different from the first di-
rection. In FIG. 2 (a), the first direction and the second
direction are set so as to intersect each other substan-
tially orthogonally at the center of the vibration member
10; however, the directions are not limited to intersect
orthogonally.

[0030] The number of the reinforcement portions 13a
to 13d is variously changeable in response to character-
istics of a speaker system that mounts the vibration mem-
ber 10 thereon. For example, as shown in FIG. 5 (a), two
reinforcement portions 13a and 13b may only be ar-
ranged in an up-and-down direction of FIG. 5(a), or as
shown in FIG. 5(b), four reinforcement portions 13a to
13d may be arranged along oblique directions of FIG. 5
(b). As shown in FIG. 5(c), half moon-like reinforcement
portions 13a to 13d may be arranged, or as shown in
FIG. 5(d), three reinforcement portions 13a to 13c ex-
tended radially from the opening portion 11 toward the
outer circumference may be arranged.

[0031] As a shape of the reinforcement portions 13a
and 13b, shapes as shown in FIG. 6(a) to FIG. 6(d) are
adoptable. For example, as shown in FIG. 6(a) to FIG. 6
(c), shapes in each of which a width in a longitudinal
direction is gradually thinned from the opening portion
11 side to the outer circumference side (not shown) are
adopted, whereby a change is added to the propagation
speed of the vibrations (sounds) transmitting through the
reinforcement portions 13a and 13b. As aresult, in terms
of audibility, expansion comes to be felt more in a repro-
duction sound.

[0032] As described above, in accordance with the di-
aphragm 1 according to the embodiment of the present
invention, on the vibration member 10, the reinforcement
portions 13a to 13d are arranged, in each of which the
Young' s modulus and the internal loss are higher and
the propagation speed is faster as compared with those
of the standard portion 12. Specifically, as illustrated in
FIG. 7, regions in which sound speeds are faster than in
the standard portion 12 are formed, and accordingly, in
terms of the hearing sense, an impression that the sound
comes more forward is obtained, and a sound field ex-
pression can be enriched.

[0033] Moreover, the reinforcement portions 13a to
13d are formed integrally and together with the standard
portion 12 in press molding to be described later. There-
fore, the reinforcement portions 13a to 13d do not peel
off from the vibration member 10, and unlike the case of
performing a surface process for the vibration member
10 by a laser beam, a part of the vibration member 10 is
not damaged, either. Furthermore, the isotropic material
such as paper, plastics and metal is used as the material
of the vibration member 10, whereby a diaphragm that
is inexpensive and easy to manufacture can be provided,
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and in addition, a loss of output energy owing to an oc-
currence of a standing wave generated in the case of
using the isotropic material can be suppressed.

[0034] Sizes (areas)ofall of the reinforcement portions
13a to 13d do not have to be the same. For example, in
the case of defining a lower side of FIG. 7 as a mounting
surface, the reinforcement portions 13a to 13d are
formed so that surface areas of the reinforcement por-
tions 13a and 13b can be larger than surface areas of
the reinforcement portions 13c and 13d, whereby the
sound speed in the vertical direction with respect to the
mounting surface becomes fast. Accordingly, audibility
that the sound comes more forward is obtained. Mean-
while, in the case of reducing the areas of the reinforce-
ment portions 13a and 13b than the areas of the rein-
forcement portions 13c and 13d, audibility that the sound
expands in a horizontal direction with respect to the
mounting surface is obtained.

[0035] FIG. 8(a) and FIG. 8(b) represent evaluation
results of directional sensitivity characteristic tests of a
speaker using the diaphragm according to this embodi-
ment. In the directional sensitivity characteristic tests, a
speaker using a diaphragm that does not have the rein-
forcement portions is used as a "comparative example".
The speakers according to the comparative example and
this embodiment are individually mounted on a turntable,
and a microphone is placed at a place radially apart from
a center of the turn table by 1 m. While defining a front
surface of each of the speakers as zero degree, the di-
rectional sensitivity characteristics are evaluated by ro-
tating the turntable clockwise by 360 degrees.

[0036] As shown in FIG. 8(a), it is understood that, in
the case of setting a measurement frequency at 8 kHz,
a sound pressure level rises over the entire directions in
the speaker according to this embodiment as compared
with the comparative example. As shown in FIG. 8(b), in
the case of setting the measurement frequency at 10
kHz, the sound pressure level of the sound outputted
from a front side of the speaker using the diaphragm ac-
cording to this embodiment largely rises as compared
with the comparative example.

[0037] FIG. 9(a) shows frequency characteristics of
the diaphragm that does not have the reinforcement por-
tions 13a to 13d (comparative example), and FIG. 9(b)
shows an example of frequency characteristics of the
diaphragm according to this embodiment. In the case
where sound pressures of these diaphragms are com-
pared with each other at portions shown by dotted lines,
that is, at a frequency band of 300 to 1000 kHz, it is
understood that the sound pressure of the speaker (refer
to FIG. 9(b)) according to this embodiment is higher by
approximately 1 dB as compared with that of the com-
parative example (refer to FIG. 9(b)). When curves rep-
resenting the frequency characteristics are observed, a
dip is formed in a band of 2 to 3 kHz of FIG. 9(a) as the
comparative example. Meanwhile, in the case shown in
FIG. 9(b) as this embodiment, it is understood that the
curve is flatter as compared with that of FIG. 9 (a) and
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an occurrence of a peak (dip) is suppressed.

[0038] As described above, in accordance with the di-
aphragm 1 according to this embodiment, the reinforce-
ment portions 13a to 13d are arranged, thus making it
possible to raise an output level of a midrange in which
many vocal components are contained. Moreover, the
occurrence of the peak (dip) can be suppressed, and
accordingly, in accordance with the diaphragm 1 accord-
ing to this embodiment, a speaker that is excellent par-
ticularly in midrange sound quality can be provided.
[0039] Next, a description is made of a manufacturing
method of the diaphragm 1 according to this embodiment
by using FIG. 10(a) to FIG. 10(g). Note that the manu-
facturing method to be described below is merely an ex-
ample, and it is a matter of course that it is possible to
manufacture the diaphragm 1 by various methods other
than the method to be described below.

[0040] First, as shown in FIG. 10(a), a paper making
apparatus 21 is put into a pulp-dissolved solution 20. A
net 22 in which a center portion is formed into a conical
shape (conical frustum shape) in advance is mounted on
an upper surface of the paper making apparatus 21. The
net 22 can be formed of metal such as brass; however,
without being limited to this, any raw material can be used
as long as it is robust and has heat resistance.

[0041] As the pulp-dissolved solution 20, for example,
a pulp-dissolved solution is usable, which is obtained by
dispersing, into water, a mixed fiber product of 10 wt%
of linters (cotton fiber) and 90 wt% of NBKP pulp (one
formed by turning conifer fiber into pulp by a kraft process
and bleaching the fiber thus turned into the pulp). In the
paper making apparatus 21, an opening portion 23 is
provided for draining extra liquid from a lower side of the
net 22 at the time of paper making.

[0042] Next, as showninFIG. 10 (b), the paper making
apparatus 21 is gradually lifted toward the above of the
pulp-dissolved solution 20, thereby depositing a paper
material 24 on the net 22. Thereafter, hot air may be
blown onto the paper material 24 on the net 22 in order
to remove moisture from the paper material 24. After the
paper material 24 is dried, the paper material 24 is de-
tached from the net 22.

[0043] As shown in FIG. 10(c) and FIG. 10(d), the pa-
per material 24 detached from the net 22 is sandwiched
between a male die 27 and a female die 26, which com-
pose a heated press machine 28, and is pressed with a
predetermined pressure from an upper portion of the
male die 27. At this time, since protruding portions 27a
and 27b are selectively and partially formed on the male
die 27, partial regions of the paper material 24, which are
brought into contact with the protruding portions 27a and
27b, are pressed more strongly as compared with pe-
ripheral regions other than these. When the pressing
pressure is raised too much, the paper material 24 is
sometimes broken, and a variety of physical properties
such as a sound propagation speed, which are inherent
in the paper material 24, are sometimes affected. In this
case of this embodiment, for example, it is preferable to
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set the pressing pressure at 3 to 5 kPa.

[0044] AsshowninFIG. 10(e), an outer circumferential
portion 25a of a work 25 molded into a predetermined
shape is cut out by a cutting process. Subsequently, as
shown in FIG. 10(f), the rubber edge 14 is attached en-
tirely on the outer circumferential portion of the work 25,
and an inner circumferential portion 15 is punched out.
As shown in FIG. 10(g), the diaphragm 1 is fabricated,
in which the opening portion 11 is provided on the center
of the vibration member 10, and the rubber edge 14 is
attached onto the outer circumferential portion.

[0045] In accordance with the diaphragm 1 according
to this embodiment, by the press molding step shown in
FIG. 10 (c) and FIG. 10(d), the paper material 24 is
pressed in a lump so that a pressing pressure for a spe-
cific portion thereof can be stronger, and the vibration
member 10 having the standard portion 12 and the rein-
forcement portions 13a to 13d is manufactured. There-
fore, as compared with the case of processing the dia-
phragm by the laser beam, the diaphragm can be man-
ufactured, which is easy to manufacture, and also has a
high product yield.

(First Modification Example)

[0046] As shownin FIG. 11, a diaphragm 100 accord-
ing to a first modification example is different from the
diaphragm 1 shown in FIG. 2(a) and FIG. 2(b) in that the
cap 38 is attached onto the opening portion 11. Others
are substantially similar to those of the diaphragm 1
shown in FIG. 2(a) and FIG. 2(b), and accordingly, a de-
scription thereof is omitted.

[0047] The cap 38 is composed of: a band-like rein-
forcement region (cap reinforcement portion) 38a having
a longitudinal direction thereof in the same direction as
that of the reinforcement portions 13a and 13b; and a
standard region 38b as a periphery of the reinforcement
region 38a. As a material of the cap 38, the isotropic
material such as paper, plastics and metal is suitable.
The reinforcement region 38a and the standard region
38b are formed so as to be integrated with each other by
the press molding.

[0048] The reinforcement region 38a is a region (first-
cap-region portion) pressed more strongly than the
standard region 38b, and a material density thereof is
higher by approximately 10 to 100% as compared with
that of the standard region 38b (second-cap-region por-
tion). In the case of using paper as the material of the
cap 38, the material density of the standard region 38b
is approximately 0.4 to 0.7 g/cm3, and the material den-
sity of the reinforcement region 38a is approximately 0.5
to 1.0 g/cm3. A Young’s modulus of the reinforcement
region 38a is higher by approximately 5 to 15% as com-
pared with that of the standard region 38b. In the case
of using paper as the material of the cap 38, the Young’
s modulus of the standard region 38b is approximately
1.2t0 2.0 Pa, and the Young’s modulus of the reinforce-
ment region 38a is approximately 1.3 to 2.5 Pa.
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[0049] Moreover, the reinforcement region 38a is
pressed more strongly than the standard region 38b in
the pressing process at the time of manufacturing the
cap 38, and is thereby different in thickness from the
standard region 38b. In the vibration member 10 shown
in FIG. 11, a thickness of the standard region 38b is ap-
proximately 0.3 mm to 0. 35 mm, and a thickness of the
reinforcement region 38a is approximately 0.2 mm to
0.25 mm.

[0050] A shape of the reinforcement region 38a is not
particularly limited. For example, as shown in FIG. 12(a),
the reinforcement region 38a may be formed into a band
shape extending in the first direction passing through a
center of the cap 38. As shown in FIG. 12(b), a V-shaped
reinforcementregion 38a may be formed, or alternatively,
as shown in FIG. 12(c), a cross-shaped reinforcement
region 38a may be formed.

[0051] In accordance with the diaphragm 1 according
to the first modification example, the reinforcement re-
gion 38a and the standard region 38b are arranged also
for the cap 38 in addition to the vibration member 10. In
such a way, a sound speed of a sound transmitting
through the cap 38 can be changed, and accordingly, the
occurrence of the standing wave, which is observed in
the case of adopting the isotropic member, can be sup-
pressed, and a richer sound field expression becomes
realizable.

(Second Modification Example)

[0052] FIG. 13 shows an example of speakers 4a and
4b, in each of which two diaphragms shown in FIG. 11
are arrayed one above the other. The reinforcement por-
tions 13a and 13b are arranged side by side in the sub-
stantially vertical direction with respect to the mounting
surface. The reinforcement portions 13c and 13d are ar-
ranged side by side in the substantially horizontal direc-
tion with respect to the mounting surface. The reinforce-
mentregion 38a provided on the cap 38 is arranged along
the same direction as that of the reinforcement portions
13a and 13b.

[0053] Inaccordance with each of the speakers shown
in FIG. 13, the speaker has the reinforcement portions
13a and 13b and the reinforcement region 38a, whereby
the standing wave is prevented, and in addition, the out-
put of the midrange is strengthened more, and audibility
that the sound comes out forward can be thereby given
to a user. Moreover, the reinforcement portions 13c and
13d are arranged, whereby the expansion feeling of the
sound is also obtained in the horizontal direction with
respect to the mounting surface, and accordingly, a
speaker capable of realizing a denser sound field expres-
sion can be provided.

(Third Modification Example)

[0054] FIG. 14 shows an example of an audio system
including: the speakers 4a and 4b shown in FIG. 13; and
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an amplifier 6 connected to the speakers 4a and 4b. On
a front surface of a cabinet of the speakers 4a on a left
side of FIG. 14, two speaker units 41 and 42 are arranged.
On a front surface of a cabinet of the speaker 4b on a
right side of FIG. 14, two speaker units 43 and 44 are
arranged.

[0055] Each of the speaker units 41 to 44 has: the di-
aphragm 10 having the standard portion 12 and the re-
inforcement portions (first-direction reinforcement por-
tions 13a and 13b and second-direction reinforcement
portions 13c and 13d); and the cap 38 arranged on the
opening portion of the diaphragm 10.

[0056] The first-direction reinforcement portions 13a
and 13b are arranged in the substantially vertical direc-
tion with respect to the mounting surface. In such a way,
the standing wave is suppressed, and in addition, the
output of the midrange is strengthened more, and audi-
bility that sound expansion is provided in the vertical di-
rection and that the sound comes more forward can be
given to the user. The second-direction reinforcement
portions 13c and 13d are arranged in the substantially
horizontal direction with respect to the mounting surface.
By the second-direction reinforcement portions 13c and
13d, the expansion feeling of the sound is also obtained
in the horizontal direction.

[0057] A lateral width of the first-direction reinforce-
ment portions 13a and 13b is made larger than a lateral
width of the second-direction reinforcement portions 13c
and 13d, whereby the expansion feeling of the sound in
the vertical direction is strengthened, and accordingly,
this configuration is suitable for a speaker for music ap-
preciation. On the contrary, the lateral width of the sec-
ond-direction reinforcement portions 13c and 13d is
made larger than the lateral width of the first-direction
reinforcement portions 13a and 13b, whereby the expan-
sion feeling of the sound in the horizontal direction is
strengthened, and accordingly, this configuration is suit-
able for use in a home theater speaker for which a feeling
of presence is required. Note that the speakers 4a and
4b shown in FIG. 14 are formed so that the lateral width
of the first-direction reinforcement portions 13a and 13b
can be larger by approximately 5 to 20% as compared
with the lateral width of the second-direction reinforce-
ment portions 13c and 13d. In such a way, high-quality
speakers can be provided as the speakers for the music
appreciation, and the speakers can also be sufficiently
utilized as the home theater speakers offering the feeling
of presence.

[0058] On each of the caps 38, the reinforcement re-
gion 38a having the longitudinal direction thereof in the
substantially vertical direction with respect to the mount-
ing surface is arranged. An orientation of the reinforce-
ment region 38a is aligned with the same direction as
that of the first-direction reinforcement portions 13a and
13b, whereby the expansion feeling of the sound can be
provided in the vertical direction. For example, in the case
of using the cap 38 of FIG. 12 (a) for the speaker mainly
aimed at the music appreciation, it is preferable to ar-
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range the reinforcement region 38a so that the orientation
thereof can be in the same direction (that is, the vertical
direction with respect to the mounting surface) as that of
the first-direction reinforcement portions 13a and 13b.
[0059] In the case of using the cap of FIG. 12(b), for
the upper speaker unit 41, the reinforcement region 38a
is arranged so that a shape thereof can be "V-shaped"
by rotating FIG. 12(b) counterclockwise by 90°. For the
lower speaker unit 42, the reinforcement region 38a can
also be arranged so that a shape thereof can be "mount-
shaped (inverse V-shaped)" by rotating the cap of FIG.
12(b) clockwise by 90°. In such a way, a feeling of to-
getherness is created in the sounds emitted from the up-
per and lower speaker units 41 and 42.

[0060] The caps of FIG. 12(b) are mounted on the
speaker units 43 and 44, and the caps of FIG. 12(b),
which are inverted right and left, are mounted on the
speaker units 41 and 42, whereby the expansion feeling
of the sound is obtained in the horizontal direction, and
accordingly, for example, even in the case of arranging
the speakers 4a and 4b closely to each other, the expan-
sion feeling of the sound is obtained as compared with
the conventional apparatus.

[0061] In the case of using the cap of FIG. 12 (c), ori-
entations of the cross of the reinforcement region 38a
are aligned with the orientations of the first-direction re-
inforcement portions 13a and 13b and the orientations
of the second-direction reinforcement portions 13c and
13d, whereby it becomes possible to reproduce a sound
having the feeling of presence.

[0062] AsshowninFIG. 14, the speaker unit41 is con-
nected to the amplifier 6 through a line L1. The speaker
unit 42 is connected to the amplifier 6 through a line L2.
The speaker unit 43 is connected to the amplifier 6
through a line L3. The speaker unit 44 is connected to
the amplifier 6 through a line L4.

[0063] Note that, in the case of utilizing the audio sys-
tem shown in FIG. 14 as a two-channel stereo reproduc-
tion system, left-channel audio signals (Lch) mutually
identical to each other are inputted to the speaker units
41 and 42 from the amplifier 6 through the lines L1 and
L2. Right-channel audio signals (Rch) mutually identical
to each other are inputted to the speakers 43 and 44 from
the amplifier 6 through the lines L3 and L4. At this time,
in order to reproduce the sounds from the upper and low-
er speaker units 41 and 42 while giving the feeling of
togetherness thereto, it is preferable to arrange the first-
direction reinforcement portions 13a and 13b and the re-
inforcement region 38a so that the orientations thereof
can be aligned with the vertical direction with respect to
the mounting surface.

[0064] Moreover, in order to reproduce the sounds
from the upper and lower speaker units 41 and 42 while
giving the feeling of togetherness thereto in the case of
utilizing the speaker units 41 and 42 for the two-channel
stereo reproduction system, it is desirable to align the
orientations of the first-direction reinforcement portions
13a and 13b between the speaker units 41 and 42, and
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to align the orientations of the second-direction reinforce-
ment portions 13c and 13d between the speaker units
42 and 42.

[0065] In the case of utilizing the audio system shown
in FIG. 14 as a reproduction system of five-channel sur-
round signals, a surround signal for the left channel (sur-
round L ch) and a center-channel signal (center ch) are
inputted to the speaker unit 41 from the amplifier 6 to the
line L1. A front signal for the left channel (front L ch) is
inputted to the speaker unit 42 from the amplifier 6
throughtheline L2. A surround signal for the right channel
(surround R ch) and a center-channel signal (center ch)
are inputted to the speaker unit 43 from the amplifier 6
through the line L3. A front signal for the right channel
(front R ch) is inputted to the speaker unit 42 from the
amplifier 6 through the line L4.

[0066] At this time, in order to reproduce the sounds
from the upper and lower speaker units 41 and 42 while
giving the feeling of togetherness thereto, it is desirable
to arrange the first-direction reinforcement portions 13a
and 13b and the reinforcement region 38a so that the
orientations thereof can be aligned with the vertical di-
rection with respect to the mounting surface. Note that,
for the speaker units 41 and 43 attached on the upper
portions of the speakers 4a and 4b, the spots (reinforce-
ment portions) in which the sound speeds are fast in the
vertical direction with respect to the mounting surface are
positively arranged in order to generate a sound effect,
whereby a sound that expands in the vertical direction
and has the feeling of presence like looming forward of
the speakers 4a and 4b can be reproduced.

[0067] Note that, though an example of arranging the
two speakers 4a and 4b has been illustrated in the ex-
ample shownin FIG. 14, a plurality of speakers equivalent
to the speakers 4a and 4b may be connected to the am-
plifier 6, or alternatively, woofers and tweeters may be
added, and so on, whereby it is also possible to construct
5.1-channel and 7.1-channel audio systems. Moreover,
with regard to the number of mounted speaker units 41
to 44, for example, three or more speaker units may be
arranged in line for the one speaker 4a.

[0068] FIG. 15(a) to FIG. 15(e) show another arrange-
ment example of the speakers 4a and 4b shown in FIG.
14.

[0069] As shown in FIG. 15(a), the first-direction rein-
forcement portions 13a and 13b and reinforcement re-
gions 38a of the upper and lower speaker units 41 and
42 are arranged so that the longitudinal orientations
thereof can be substantially horizontal with respect to the
mounting surface of the speaker 4a, whereby the sound
speeds in the horizontal direction become faster as com-
pared with those of the other regions. As aresult, a sound
field in which the sound expansion in the horizontal di-
rection is made much of can be created. If the same audio
signal is inputted to the speaker units 41 and 42 of FIG.
15(a), then the feeling of togetherness can also be given
to the sounds emitted from the speaker 4a.

[0070] As shown in FIG. 15(b), the first-direction rein-
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forcement portions 13a and 13b and reinforcement re-
gions 38a of the upper and lower speaker units 41 and
42 are arranged so that the orientations thereof can be
substantially vertical with respect to the mounting surface
of the speaker 4a, whereby the sound speeds in the ver-
tical direction become faster as compared with those of
the other regions. As a result, for example, in the case
where the surround signal for the left channel in the re-
production system of the five-channel surround signal is
inputted to the speaker unit 41 of FIG. 15(b), audibility
that the sound looms forward of the speaker 4a can be
given to the user. Meanwhile, in the case of utilizing the
speaker 4a of FIG. 15(b) as the speaker for the two-chan-
nel stereo reproduction, the same signal is inputted to
the speaker units 41 and 42, whereby the feeling of to-
getherness can be given to the reproduction sounds emit-
ted from the respective speaker units 41 and 42.
[0071] As shown in FIG. 15(c), configurations of the
lower speaker units 42 and 44 are set similar to those of
FIG. 14, and thefirst-direction reinforcement portions 13a
and 13b and reinforcement regions 38a of the upper
speaker units 41 and 43 are arranged so that the orien-
tations thereof can be inclined obliquely with respect to
the mounting surface. In such a way, a sound field in
which the sounds are diffused in the horizontal direction
and the oblique directions can be created.

[0072] AsshowninFIG. 15(d), the configuration of the
lower speaker unit 42 is set similar to the configuration
of FIG. 14, and the orientations of the first-direction re-
inforcement portions 13a and 13b and reinforcement re-
gion 38a of the upper speaker unit 41 are directed in the
horizontal direction with respect to the mounting surface,
whereby a sound field can be created, in which the sound
expansion in the horizontal direction is emphasized.
[0073] AsshowninFIG. 15(e), the configuration of the
lower speaker unit 42 is set similar to the configuration
of FIG. 14, and the orientations of the first-direction re-
inforcement portions 13a and 13b and reinforcement re-
gion 38a of the upper speaker unit 41 are directed in the
vertical direction with respect to the mounting surface,
whereby a sound field can be created, in which the sound
expansion in the vertical direction is emphasized.

(Fourth Modification Example)

[0074] As mentioned above, in FIG. 1 to FIG. 15, the
descriptions have been made by taking as an example
the conical vibration member 10; however, as shown in
FIG. 16 and FIG. 17, a vibration member 50 in which a
cross section has a dome shape can also be used. A
speaker unit 9 shown in FIG. 16 includes: a magnetic
circuit 91; a housing portion 92 that houses the magnetic
circuit 91 therein; a diaphragm 5 arranged on the mag-
netic circuit 91; and a frame 93 that fixes the diaphragm 5.
[0075] NotethatFig. 16is across-sectional view show-
ing the speaker unit according to the fourth modification
example, FIG. 17 (a) is a plan view of the diaphragm
according to the fourth modification example, and FIG.
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17 (b) is a cross-sectional view in the case of viewing
FIG. 17(a) in a B-B direction.

[0076] The diaphragm 5 has: the vibration member 50
in which the cross section has the dome shape; and an
edge 54 formed entirely on an outer circumferential por-
tion of the vibration member 50. As the vibration member
50, there can be used the above-mentioned isotropic ma-
terials, silk, cotton, hemp, chemical fiber, a resin film, and
the like.

[0077] The vibration member 50 has: a standard por-
tion 50b; and a reinforcement portion 50a provided into
aband shape on a center portion of the vibration member
50. The reinforcement portion 50a is a region pressed
more strongly than the standard portion 50b in a manu-
facturing process of the vibration member 50, and a ma-
terial density of the reinforcement portion 50a is higher
as compared with that of the standard portion 50b. In the
case of using paper as a material of the vibration member
50, the material density of the standard portion 50b is
approximately 0.4 to 0.7 g/cm3, and the material density
of the reinforcement portion 50a is approximately 0. 5 to
1.0 g/cm3. A Young’s modulus of the reinforcement por-
tion 50a is higher by approximately 5 to 15% as compared
with that of the standard portion 50b. The Young’s mod-
ulus of the standard portion 50b is approximately 1.2 to
2.0 Pa, and the Young’'s modulus of the reinforcement
portion 50a is approximately 1.3 to 2.5 Pa. Moreover, a
thickness of the standard portion 50b is approximately
0.04 mm to 0.3 mm, and a thickness of the reinforcement
portion 50a is approximately 0.020 mm to 0.25 mm.
[0078] A shape of the reinforcement portion 50a is not
particularly limited. For example, substantially similar
shapes to those of the reinforcement regions 38a shown
in FIG. 12(a) to FIG. 12(c) can be adopted.

[0079] A curvature of a dome portion of the vibration
member 50 is relatively large. Accordingly, for example,
in the case of pasting a raw material in which a sound
speed is faster than in a material of a general diaphragm
onto a surface of the diaphragm, the raw material is prone
to peel off from the diaphragm. In accordance with the
diaphragm according to the third modification example,
the reinforcement portion 50a and the standard portion
50b are integrated with each other by the press molding,
and accordingly, the reinforcement portion 50a does not
peel off from a surface of the vibration member 50. More-
over, the vibration member 50 is formed by being
pressed, whereby the vibration member 50 is not dam-
aged as compared with the case of processing the sur-
face of the vibration member 50 by a chemical solution,
a laser and the like. Hence, the diaphragm 5 is obtained,
in which stable quality is maintained for a long period of
time.

[0080] The present invention has been described
based on the above-described embodiments; however,
it should not be understood that the descriptions and the
drawings, which form a part of the disclosure, limit this
invention. The entire contents of Japanese Patent Appli-
cation No. P2008-000345 filed on January 7, 2008 and
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Japanese Patent Application Nos. P2008-042113,
P2008-042115, P2008-042118 and P2008-042122 filed
on February 22, 2008 are incorporated herein by refer-
ence. It is a matter of course that the present invention
incorporates a variety of embodiments and the like, which
are not described herein, and from this disclosure, a va-
riety of alternative embodiments, examples and opera-
tion technologies will be obvious for those skilled in the
art.

INDUSTRIAL APPLICABILITY

[0081] The present invention can be applied to the di-
aphragm, which is capable of suppressing the occur-
rence of the standing wave, is excellent in sound field
expression, is easy to manufacture, and has a high prod-
uct yield, to the speaker and the audio system, which use
the diaphragm, and to the manufacturing method of the
diaphragm.

Claims
1. A diaphragm comprising:

a vibration member including first-region and
second-region portions formed integrally with
each other by using an isotropic material, the
vibration member having, in the first-region por-
tion, a reinforcement portion in which a Young’s
modulus is higher than in the second-region por-
tion, the reinforcement portion being obtained
by press molding in which a pressure applied to
the first-region portion is stronger than a pres-
sure applied to the second-region portion.

2. The diaphragm according to claim 1, wherein the
vibration member has a substantially conical shape.

3. The diaphragm according to claim 2, wherein a plu-
rality of the reinforcement portions are provided in a
band shape radially from a small-diameter side of
the vibration member toward a large-diameter side
of the vibration member.

4. Thediaphragm according to any one of claims 1to 3,
wherein the reinforcement portion includes:

a first-direction reinforcement portion arranged
in a first direction passing through a center of
the vibration member; and

a second-direction reinforcement portion ar-
ranged in a second direction passing through
the center of the vibration member, the second
direction being different from the first direction.

5. The diaphragm according to claim 4, wherein a sur-
face area of the first-direction reinforcement portion

10

15

20

25

30

35

40

45

50

55

10

10.

1.

12,

is larger as compared with a surface area of the sec-
ond-direction reinforcement portion.

The diaphragm according to any one of claims 1 to
5, wherein the reinforcement portion is thinner in
thickness than the second-region portion.

The diaphragm according to any one of claims 1 to
6, further comprising: a cap that covers an opening
portion of the vibration member,

wherein the cap includes first-cap-region and sec-
ond-cap-region portions formed integrally with each
other by using an isotropic material, and has, in the
first-cap-region portion, a cap reinforcement portion
in which a Young’s modulus is higher than in the
second-cap-region portion, the reinforcement por-
tion being obtained by press molding in which a pres-
sure applied to the first-cap-region portion is stronger
than a pressure applied to the second-cap-region
portion.

A speaker comprising:

a vibration member including first-region and
second-region portions formed integrally with
each other by using an isotropic material, the
vibration member having, in the first-region por-
tion, a reinforcement portion in which a Young’s
modulus is higher than in the second-region por-
tion, the reinforcement portion being obtained
by press molding in which a pressure applied to
the first-region portion is stronger than a pres-
sure applied to the second-region portion.

The speaker according to claim 8, wherein the vibra-
tion member has a substantially conical shape.

The speaker according to claim 9, wherein a plurality
of the reinforcement portions are reinforcement por-
tions provided in a band shape radially from a small-
diameter side of the vibration member toward a
large-diameter side of the vibration member.

The speaker according to any one of claims 8 to 10,
wherein the reinforcement portion includes:

a first-direction reinforcement portion arranged
in a first direction passing through a center of
the vibration member; and

a second-direction reinforcement portion ar-
ranged in a second direction passing through
the center of the vibration member, the second
direction being different from the first direction.

The speaker according to claim 11, wherein a sur-
face area of the first-direction reinforcement portion
is larger as compared with a surface area of the sec-
ond-direction reinforcement portion.
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The speaker according to any one of claims 8 to 12,
wherein the reinforcement portion is thinner in thick-
ness than the second-region portion.

The speaker according to any one of claims 8 to 13,
further comprising: a cap that covers an opening por-
tion of the vibration member,

wherein the cap is a cap including first-cap-region
and second-cap-region portions formed integrally
with each other by using an isotropic material, and
has, in the first-cap-region portion, a cap reinforce-
ment portion in which a Young’s modulus is higher
than in the second-cap-region portion, the reinforce-
ment portion being obtained by press molding in
which a pressure applied to the first-cap-region por-
tion is stronger than a pressure applied to the sec-
ond-cap-region portion.

A speaker that includes first and second speaker
units arranged in line with each other on a front sur-
face of a cabinet thereof,

wherein each of the first and second speaker units
includes a vibration member including first-region
and second-region portions formed integrally with
each other by using an isotropic material, the vibra-
tion member having, in the first-region portion, a re-
inforcement portion in which a Young’s modulus is
higher than in the second-region portion, and

the speaker is composed by arranging the first and
second speaker units so that at least a part of the
reinforcement portion of the first speaker unit and at
least a part of the reinforcement portion of the second
speaker unit can be individually directed in a same
direction.

The speaker according to claim 15,
wherein each of the reinforcement portions includes:

a first-direction reinforcement portion arranged
in a first direction passing through a center of
the vibration member; and

a second-direction reinforcement portion ar-
ranged in a second direction passing through
the center of the vibration member, the second
direction being different from the first direction.

The speaker according to claim 16, wherein the
speaker is composed by arranging the first and sec-
ond speaker units so that the first-direction reinforce-
ment portion of the first speaker unit and the first-
direction reinforcement portion of the second speak-
er unit can be individually directed in the same di-
rection.

The speaker according to claim 17, wherein the
speaker is composed by arranging the first and sec-
ond speaker units so that the second-direction rein-
forcement portion of the first speaker unit and the
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23.
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second-direction reinforcement portion of the sec-
ond speaker unit can be individually directed in the
same direction.

The speaker according to any one of claims 16 to
18, wherein a surface area of the first-direction rein-
forcement portion is larger as compared with a sur-
face area of the second-direction reinforcement por-
tion.

The speaker according to any one of claims 16 to
19, wherein the first direction includes a substantially
vertical direction with respect to a mounting surface
of the speaker.

The speaker according to any one of claims 15 to
20, wherein the reinforcement portions are thinner
in thickness than the second-portion region.

The speaker according to any one of claims 15 to
21, further comprising: a cap that covers an opening
portion of the vibration member,

wherein the cap includes first-cap-region and sec-
ond-cap-region portions formed integrally with each
other by using an isotropic material, and has, in the
first-cap-region portion, a cap reinforcement portion
in which a Young’s modulus is higher than in the
second-cap-region portion.

A speaker comprising:

a first speaker unit arranged on a front surface
of a cabinet of the speaker and including a first
vibration member having a substantially conical
shape, the first vibration member including first-
region and second-region portions formed inte-
grally with each other by using an isotropic ma-
terial, and having, in the first-region portion, a
first reinforcement portion in which a Young’ s
modulus is higher than in the second-region por-
tion; and

a second speaker unit arranged in line with the
first speaker unit on the front surface of the cab-
inet of the speaker and including a second vi-
bration member having a substantially conical
shape, the second vibration member including
third-region and fourth-region portions formed
integrally with each other by using an isotropic
material, and having, in the third-region portion,
a second reinforcement portion in which a
Young’ s modulus is higher than in the fourth-
region portion,

wherein the speaker is composed by arranging
the firstand second speaker units so that at least
a part of the first reinforcement portion and at
least a part of the second reinforcement portion
can be individually directed in a same direction.
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The speaker according to claim 23, wherein each of
the first and second reinforcement portions is a plu-
rality of reinforcement portions provided in a band
shape radially from a small-diameter side of each of
the vibration members toward a large-diameter side
of each thereof.

The speaker according to either one of claims 23
and 24, wherein the first reinforcement portion in-
cludes:

a first-direction reinforcement portion arranged
in a first direction passing through a center of
the first vibration member; and

a second-direction reinforcement portion ar-
ranged in a second direction passing through
the center of the first vibration member, the sec-
ond direction being different from the first direc-
tion, and

the second reinforcement portion includes:

a third-direction reinforcement portion ar-
ranged in a third direction passing through
a center of the second vibration member;
and

a fourth-direction reinforcement portion ar-
ranged in a fourth direction passing through
the center of the second vibration member,
the fourth direction being different from the
third direction.

The speaker according to claim 25, wherein the
speaker is composed by arranging the first and sec-
ond speaker units so that the first-direction reinforce-
ment portion and the third-direction reinforcement
portion can be individually directed in a same direc-
tion.

The speaker according to claim 26, wherein the
speaker is composed by arranging the first and sec-
ond speaker units so that the second-direction rein-
forcement portion and the fourth-direction reinforce-
ment portion can be individually directed in a same
direction.

The speaker according to any one of claims 25 to
27, wherein a surface area of the first-direction rein-
forcement portion is larger as compared with a sur-
face area of the second-direction reinforcement por-
tion, and a surface area of the third-direction rein-
forcement portion is larger as compared with a sur-
face area of the fourth-direction reinforcement por-
tion.

The speaker according to any one of claims 23 to
28, wherein the first reinforcement portion is thinner
in thickness than the second-region portion, and the
second reinforcement portion is thinner in thickness
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30.

31.

32.

33.

34.

22
than the fourth-region portion.

The speaker according to anyone of claims 23 to 29,
further comprising: caps which individually cover
opening portions of the first and second vibration
members,

wherein each of the caps includes first-cap-region
and second-cap-region portions formed integrally
with each other by using an isotropic material, and
has, in the first-cap-region portion, a cap reinforce-
ment portion in which a Young’s modulus is higher
than in the second-cap-region portion.

The speaker according to any one of claims 15 to
30, wherein a surround audio signal and a center-
channel audio signal are inputted to the first speaker
unit, and a front-channel audio signal is inputted to
the second speaker unit.

The speaker according to any one of claims 15 to
30, wherein audio signals identical to each other are
individually inputted to the first and second speaker
units.

An audio system comprising:

amplifying means for amplifying an audio signal;
and

the first and second speakers according to any
one of claims 15 to 30, to which the audio signal
is supplied from the amplifying means,
wherein the first speaker is a speaker, in which
a surround audio signal for a left channel and
the center-channel audio signal are supplied to
the first speaker unit from the amplifying means,
and a front audio signal for the left channel is
supplied to the second speaker unitfrom the am-
plifying means, and

the second speaker is a speaker, in which a sur-
round audio signal for a right channel and the
center-channel audio signal are supplied to the
first speaker unit from the amplifying means, and
a front audio signal for the right channel is sup-
plied to the second speaker unit from the ampli-
fying means.

An audio system comprising:

amplifying means for amplifying an audio signal;
and

the first and second speakers according to any
one of claims 15 to 30, to which the audio signal
is supplied from the amplifying means,
wherein the first speaker is a speaker in which
identical audio signals for a left channel are sup-
plied to the first and second speaker units from
the amplifying means, and

the second speaker is a speaker in which iden-
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tical audio signals for a right channel are sup-
plied to the first and second speaker units from
the amplifying means.

35. Amanufacturing method of a diaphragm, comprising
the steps of:

forming, at a specific position of a work formed
of an isotropic material, a reinforcement portion
in which a Young’ s modulus is higher than in a
peripheral portion of the specific position by
press molding in which a pressure applied to the
specific position is stronger than a pressure ap-
plied to the peripheral portion; and

molding the diaphragm.

36. The manufacturing method of a diaphragm accord-
ing to claim 35,
wherein the step of forming the reinforcement portion
includes a step of selectively forming a plurality of
the reinforcement portions in a first direction passing
through a center of the work and a second direction
different from the first direction, the reinforcement
portions individually having a band shape.
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Continuation of Box No.III of continuation of first sheet (2)

Fourth invention: c¢laims 23-30 and claims 31-34 including the structure
in claim 23.

Document 1: JP 51-145312 A (Mitsubishi Electric Corp.), 14 December,
1976 (14.12.76), page 1, lower right column, line 1ll-page 2, lower left
column, line 2, Figs. 2 and 3, (no family)

Since a result of the search that has been conducted for claims 1-7
deemed as “the first described invention (the main invention)” shows
that a technical feature in claims 1-3 is disclosed in the document
1 as prior art, it has become clear that the technical feature is not
novel. “The isotropicmaterial”, “the first areaportion” and “the second
area portion” in claim 1 are disclosed as “the paper”, “B portion” and
“A portion” in the document 1. “The reinforcing member” in claim 1
ig digclosed in the document 1 as “B portion” that is higher in stiffness
than “A portion” by changing press pressure. Further, that “the
vibration member has a substantially cone shape” in claim2 is disclosed
in Fig. 3 of the document 1 as a vibration plate that is a cone in shape.
In addition, that “the reinforcing members are provided radially in
a strip-like shape heading from a small radius side of the vibration
member to a large radius side of the vibration member” in claim 3 is
disclosed in Figs. 2 and 5(b) of the document 1 as B portion that is
provided radially in stripe-1like shape heading from the central portion
to the outer circumference.

Thus, the technical feature in claims 1-3 is not deemed to be “the
special technical feature” in the meaning of PCT Rule 13.2, second
sentence.

As far as claim 4 is compared with the prior art, “a (tentative)
special technical feature” of themain invention is that “the reinforcing
members include a first direction reinforcing member arranged in a first
direction that passes through the center of the vibration member and
a second direction reinforcing member arranged in a second direction
that passes through the center of the vibration member but is arranged
differently from the first direction.

Further, as far as claim 7 (the second invention) is compared with
the prior art, “a (tentative) special technical feature” of the second
invention is “further provided with a cap to cover an aperture of the
vibration member, wherein the cap is provided with a first cap area
portion and a second cap area portion that are integrally formed by
using an isotropic material and the first cap area portion has a cap
reinforcing member obtained by press molding with pressure to be more
strongly appliedtothe first cap areaportion than pressure tobe applied
to the second cap area portion, so that the cap reinforcing member is
higher in Young’s modulus than the second cap area portion”.

(to be continued to the next extra sheet)
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Further, as far as claim 15 (the third invention) is compared with
the prior art, “a (tentative) special technical feature” of the third
invention is “a speaker including a first speaker unit and a second
speaker unit that are arranged in parallel with each other on the front
surface of a cabinet, wherein each of the first speaker unit and the
second speaker unit is provided with a vibration member having a first
area portion and a second area portion integrally formed by using an
isotropic material, the first area portion has a strip-like reinforcing
member that is higher in Young'’s modulus than the second area portion,
the first and second speaker units are arranged to make at least a part
of the reinforcing member of the first speaker unit and at least a part
of the reinforcing member of the second speaker unit face the same
direction”.

Further, as far as claim 23 (the fourth invention) is compared with
the prior art, “a (tentative) special technical feature” of the fourth
invention is “a speaker including a first speaker unit that is arranged
on the front surface of a cabinet, has a substantially cone shape, is
provided with a first area portion and a second area portion integrally
formed by using an isotropic material, wherein the first area portion
has a first vibration member having a first reinforcing member that
is higher in Young’s modulus than the second area portion; and a second
speaker unit that is arranged in parallel with the first speaker unit
on the front surface of a cabinet, has a substantially cone shape, is
provided with a third area portion and a fourth area portion integrally
formed by using an isotropic material, wherein the third area portion
has a second vibration member having a second reinforcing member that
is higher in Young’s modulus than the fourth area portion, wherein the
first and second speaker units are arranged to make at least a part
of the first reinforcing member and at least a part of the second
reinforcing member face the gsame direction”.

Therefore, there are no technical relationships including one or
more of the same or corresponding special technical features among the
main invention and the second through fourth inventions.

Additionally, since the invention in claim 6 not including the
structure in claim 4 is deemed to be such an invention that well known
art is merely added to claim 1, claim 6 is categorized into the same
invention ag claim 1. Further, since the inventions in claims 8-14
are deemed to be such inventions that well known art is merely added
to claims 1-7, claims 8-14 are categorized into the same inventions
as claims 1-7. Since claims 35 and 36 are such inventions that claims
1 and 4 corresponding to claims 36 and 36 are merely changed into the
category of inventions of manufacturing methods, the claims 35 and 36
are categorized into the same inventions in claimg 1 and 4.
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