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Loudspeaker.

A loudspeaker includes a diaphragm, a bob-
bin, a voice coil and a magnetic circuit. The
diaphragm is formed of one of materials selec-
ted from paper, high molecular materials,
metallic materials and cellulose. The bobbin is
connected to the diaphragm and formed of
cellulose produced by bacterial cultivation. The
voice coil is wound on the bobbin. The mag-
netic circuit has a yoke, a plate and a permanent
magnet and is arranged facing the voice coil.
The loudspeaker has satisfactory acoustic
properties and high fidelity in sound reproduc-
tion.

Jouve, 18, rue Saint-Denis, 75001 PARIS



1 EP 0 610 001 A2 2

The present invention relates to a loudspeaker.
More particularly, the present invention relates to a
loudspeaker having a diaphragm and a bobbin carry-
ing a voice coil wound thereon.

In a dynamic loudspeaker having a diaphragm
and a coil bobbin wound with a driving coil, the driving
coil is magnetically connected to a magnetic circuit in-
cluding a magnet and magnetic components and is
placed in a uniform magnetic field. Consequently, if
the current according to acoustic signals, such as
voice signals, is allowed to flow through the driving
coil, the bobbin is set into oscillations which are trans-
mitted to the diaphragm for outputting the reproduced
sound based on the acoustic signals.

As the diaphragm, the conical-shaped diaphragm
for mid-to low-frequency sounds and the hemispheri-
cal-shaped dome diaphragm for high-frequency
sound, are commonly employed. The diaphragm for
low-frequency sound is mainly formed of paper, high
molecular weight polymers such as polypropyline or
polyethylene terephthalate or aluminum, while the
diaphragm for high-frequency sound is mainly formed
of paper, films of high molecular weight polymers
such as polypropyline or polyethylene terephthalate
cloths, or metallic materials. The diaphragm is con-
nected to a voice coil bobbin wound with the driving
coil or voice coil. The cone-shaped diaphragm has
the apex of the cone as an opening to which the bob-
bin is bonded with an adhesive. The dome-shaped
diaphragm has an opening at a lower area of the
hemisphere to which the bobbin is bonded with an ad-
hesive. The voice coil bobbin is usually formed of pa-
per or aluminum.

With the dynamic loudspeaker, as described
above, the voice coil bobbin is driven into oscillations
by changes in the acoustic current flowing through
the driving coil. These oscillation are transmitted to
the diaphragm. For this reason, the bobbin material is
preferably lightweight and of higher toughness. The
voice coil bobbin is usually formed of paper or alumi-
num. If the bobbin is formed of paper, having the
Young’s modulus on the order of 1.5 to 2 (GPa) and
being of low toughness, it is impossible to transmit the
oscillations satisfactorily to the diaphragm. If the bob-
bin is formed of aluminum, the eddy current is gener-
ated in the voice coil bobbin due to electrical conduc-
tivity of the material to interfere with high fidelity re-
production. While a proposal has recently been made
of using the high molecular material, it is difficult to
transmit the vibrations to the diaphragm satisfactor-
ily. Besides, the metal including aluminum or the high
molecular material has a higher value of Q such that
sufficient acoustic properties cannot be realized.

It is, therefore, an object of the present invention
to provide a loudspeaker which overcomes the above
mentioned problems.

According to the present invention, there is pro-
vided a loudspeaker having a diaphragm, a bobbin, a
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voice coil and a magnetic circuit. The bobbin is con-
nected to the diaphragm and is formed of cellulose
produced by culturing bacteria. The voice coil is
mounted on the bobbin and a magnetic circuit is ar-
ranged for facing the voice coil.

According to the present invention, there is also
provided a loudspeaker including a diaphragm, a
voice coil and a magnetic circuit. The diaphragm has
a diaphragm proper and a bobbin. The diaphragm
proper and the bobbin are formed as one unit from
cellulose produced by bacterial cultivation. The voice
coil is wound on the bobbin and the magnetic circuit
is arranged facing the coil. A plate member is also se-
cured to the diaphragm proper.

According to the present invention, since at least
the bobbin wound by the voice coil is formed of cel-
lulose produced by bacterial cultivation, the bobbin is
lightweight and improved in toughness, while having
alower Q value and alower electrical conductivity. As
a result thereof, the driving force of the diaphragm
produced in the bobbin may be satisfactorily trans-
mitted to the diaphragm, while the unusual sound
proper to the bobbin material becomes less liable to
be produced. In this manner, the loudspeaker may be
provided which exhibits satisfactory acoustic charac-
teristics from the low-frequency sound range up to
the high-frequency sound range and high fidelity in
sound reproduction.

The invention will be more readily understood
with reference to the accompanying drawing, where-
in:

Fig. 1 is a schematic cross-sectional view show-
ing a loudspeaker according to a first embodiment of
the present invention.

Fig. 2 is a cross-sectional view showing the
structure of a diaphragm of a loudspeaker according
to a second embodiment of the present invention.

Fig. 3 is a cross-sectional view showing the
structure of a diaphragm of a loudspeaker according
to a third embodiment of the present invention.

Fig. 4 is a cross-sectional view showing the
structure of a diaphragm of a loudspeaker according
to a fourth embodiment of the present invention.

Fig. 5 is a cross-sectional view showing the
structure of a diaphragm of a loudspeaker according
to a fifth embodiment of the present invention.

Fig. 6 is a cross-sectional view showing the
structure of a diaphragm of a loudspeaker according
to a sixth embodiment of the present invention.

Fig. 7 is a cross-sectional view showing the
structure of a diaphragm of a loudspeaker according
to a seventh embodiment of the present invention.

Fig. 8 is a cross-sectional view showing the
structure of a diaphragm of a loudspeaker according
to a seventh embodiment of the present invention.
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DESCRIPTION OF THE INVENTION

Referring to the drawings, concrete embodi-
ments of the presentinvention will be explained in de-
tail.

Fig. 1 shows, in a schematic cross-sectional
view, a loudspeaker having a cone-type diaphragm
according to a first embodiment of the present inven-
tion. The loudspeaker according to the first embodi-
ment includes a conical-shaped diaphragm 1 having
an opening la at an apex, a voice coil bobbin 3 which
is a cylinder dimensioned to be fitted in the opening
la and a voice coil 4 as a driving coil wound on the
bobbin 3. The diaphragm 1 and the bobbin 3 are bond-
ed to each other at 1b and 3a such as with an adhe-
sive. The voice coil 4 is magnetically coupled to a
magnetic circuit 2 and placed in a uniform magnetic
field, so that, when the current based on acoustic sig-
nals is caused to flow in the voice coil 4, the voice coil
bobbin 3 is excited into vibrations. As a result thereof,
the vibrations of the bobbin 3 are transmitted to the
diaphragm 1 for outputting the reproduced sound
based on the acoustic signals. The diaphragm 1 has
its other end Ic bonded at 5a to an edge member 4,
and is connected via the edge member 5 to a frame
6. A damper 7 is mounted between the magnetic cir-
cuit 2 and an upper portion of the voice coil bobbin 3
or the bonded portion of the diaphragm 1 to the voice
coil bobbin 3. The diaphragm 1 and the bobbin 3 are
supported by the damper 7 and the edge member 3
for being oscillated in a vertical direction in Fig. 1.
With the loudspeaker according to the first embodi-
ment of the present invention, the diaphragm 1 is
formed of paper, high molecular material or alumi-
num, while the voice coil bobbin 3 is formed of bac-
terial cellulose produced by culturing bacteria.

The bacterial cellulose is formed by highly crys-
talline a-cellulose and, because of its extremely high
surface orientation characteristics, exhibits extreme-
ly high toughness. It is also tenuous, being 0.02 to
0.04 (um) in thickness. While differing with the man-
ufacture methods, the Young’s modulus of the bacter-
ial cellulose is not less than 5 to 20 (GPa). Besides,
the bacterial cellulose has a sharpness of resonance
Q on the same order as that of paper.

The bacteria capable of producing the bacterial
cellulose may be typified by acetic acid bacteria. Ex-
amples of these bacteria include Acetobacter aceti,
Acetobacter xylinum, Acetobacter rancens, Sarcina
ventriculi, Bacterium xyloides, Acetobacter pasteuria-
nus, Agrobacterium tumefacien and further the genus
Pseudomonas and the genus Rhizobium. The bacter-
ial cellulose may be produced by a method of gener-
ating a thickened material of a certain thickness in an
interface between air and the culture medium, or by
aerated and agitated culturing. As for the bacterial
cellulose, reference is had to U.S. Patent No. 4, 742,
164.
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The magnetic circuit 2 is made up of a yoke 2a
having a center pole 2b, a permanent magnet 2c and
a plate 2d, as shown in Fig. 1. The upper end of the
center pole 2b is introduced into the opening la. In
other words, an assembly of the bobbin 3 and the
voice coil 4 is inserted into the gap defined between
the center pole 2b and the plate 2d. As a result there-
of, the voice coil 4 is positioned in a DC magnetic field
of the magnetic circuit 2 and the alternating current
based on the acoustic signals is supplied to the coil
4 to generate a driving force whereby the bobbin 3 is
moved to and from in the oscillating direction, that is
towards above and below in Fig. 1, as described
above. The frame 6 has its lower end secured to the
upper surface of the plate 2d, while the damper 7 has
its one end fastened to the frame 6, which in turn is
secured to the plate 2d such as with an adhesive or
set screws.

The voice coil bobbin is produced from the cellu-
lose produced by the above mentioned bacteria in the
following manner.

After beating and disaggregation, the cellulose
as produced is processed into a liquid suspension in
readiness for paper-making-like process. The cellu-
lose in the state of liquid suspension is processed by
a paper-making-like process into a sheet-like mem-
ber. The sheet-like member, containing the moisture,
is dried and pressed with a heated press. The sheet-
like member, thus pressed and dried, is severed to
bobbin blanks each having a suitable size. The bobbin
blanks as severed are wound on a cylindrical-shaped
winding jig into a tubular form. With the bobbin blanks
thus wound on the winding jig, a lead wire having an
adhesive coated thereon is wound on the bobbin
blanks. The junction areas of the as-severed bobbin
blanks are bonded with an adhesive or the like. When
the lead wire is completely wound on the bobbin
blanks, wound on the winding jig, the resulting as-
sembly is heated and dried in this situation. By the
heating, the adhesive coated on the surface of the
lead wire is cured to bond the turns of the lead wire
to one another while bonding the bobbin blanks to the
lead wire. After completion of heating and drying, the
winding jig is extracted to complete the voice coil bob-
bin.

The above constitution of the loudspeaker may
be applied to a loudspeaker having a dome-shaped
diaphragm as shown in Fig. 2. The loudspeaker of the
present second embodiment includes a semi-circular
diaphragm 11, having an opening 11a, a voice coil
bobbin 13 which is a cylindrical-shaped member di-
mensioned to be fitted into the opening 11a and a
voice coil 14 as a driving coil wound on the voice coil
bobbin 13. The diaphragm 11 is bonded to the bobbin
13 atllb and 13a to each other such as with an adhe-
sive. The operating state of the loudspeaker is the
same as described in connection with the preceding
first embodiment. The diaphragm 11 is bonded at 15a
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to a damper 15 on a bonding surface lic thereof op-
posite to its surface having the bonded portion lib.
The damper 15 in turn is bonded to a stationary por-
tion of the loudspeaker. The diaphragm 11 is formed
of paper, a film of a high molecular material, cloth or
a metal material, while the coil bobbin 13 is formed
of bacterial cellulose, as in the preceding first em-
bodiment.

The voice coil bobbin was formed from bacterial
cellulose and its characteristics were evaluated. Thus
it was found that the formed product had a Young’s
modulus on the order of 10 (GPa) which is about five
times that of paper commonly employed as the dia-
phragm material. The formed product also had the
acuteness of resonance Q equal to 30 which is about
one-tenth of that of aluminum commonly employed for
the ordinary diaphragm. Since the loudspeaker of the
present embodiment is higher in toughness and lower
in the acuteness of resonance Q than the loudspeak-
er employing a voice coil bobbin formed of usual ma-
terials, such as paper or aluminum, it exhibits satis-
factory acoustic characteristics and sound reproduci-
bility of high fidelity over a broad range of frequency
from the low-frequency range up to a high-frequency
range.

Recently, a demand has been raised towards
higher fidelity in reproduction characteristics of the
loudspeaker. However, with the loudspeaker in which
the diaphragm and the voice coil bobbin are bonded
to one another with an adhesive as described above,
the adhesive exhibits the toughness which is marked-
ly different from that of the diaphragm or the voice coil
bobbin. Since the oscillations of the voice coil bobbin
are transmitted via the adhesive to the diaphragm,
there is arisk that the oscillations cannot be transmit-
ted correctly to the diaphragm, thus placing limita-
tions in improving the fidelity in sound reproduction.

Thus a proposal has been made for a loudspeak-
er having a diaphragm formed as one with the voice
coil bobbin, and a loudspeaker formed of paper, met-
allic materials or a high molecular weight polymeric
material such as polyprophyline, or polyethylene ter-
ephthalate has been produced. However, if the paper
is employed, sufficient toughness cannot be ach-
ieved, whereas, if the metallic material or the high
polymeric material is employed, the sharpness of res-
onance Q is high so that sufficient acoustic charac-
teristics cannot be realized. With the use of the met-
allic material or the high polymeric material, the
above-described inconveniences with the use of the
separate voice coil bobbin are encountered. In a third
embodiment and a fourth embodiment of the present
invention, now to be described, the present invention
is applied to this type of the loudspeaker.

Figs. 3 and 4 illustrate the embodiments of the
loudspeaker in which the diaphragm is formed as one
with the voice coil bobbin. Fig. 3 shows the third em-
bodiment in which a cone type diaphragm is em-
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ployed. The loudspeaker of the present third embodi-
ment includes a diaphragm 21 having the shape of a
cone an apex of which is opened and extended in the
form of a cylinder to form a cylindrical-shaped portion
21a, and a voice coil 23 as a driving coil wound about
the cylindrical portion 21a. The operation of the loud-
speaker is the same as that of the previously descri-
bed embodiments, that is, the cylindrical portion 21a,
corresponding to the voice coil bobbin, is oscillated
by changes caused in the acoustic current flowing in
the driving coil 23. The oscillations produced in the
cylindrical-shaped portion 2la are transmitted to a
cone-shaped vibrating portion 21b corresponding to
the diaphragm for outputting the reproduced sound
based on the acoustic signals. With the loudspeaker
of the present third embodiment, similarly to the pre-
viously described embodiments, the diaphragm 21
has its other end bonded to an edge member 25 at
21a and 25a such as with an adhesive. Thus the dia-
phragm is secured to a frame, not shown, via the edge
member 25. The diaphragm 21 of the present third
embodiment is formed of bacterial cellulose.

If the diaphragm and the cylindrical portion are
formed as one from the bacterial cellulose, there is no
portion from the diaphragm up to the cylindrical por-
tion as the voice coil bobbin which is markedly differ-
ent in toughness, so that the oscillations produced in
the cylindrical portion may be transmitted more accu-
rately to the diaphragm.

The dome type diaphragm may also be formed in
the above-described manner. The loudspeaker em-
ploying such diaphragm is shown in Fig. 4. The loud-
speaker of the present fourth embodiment comprises
a diaphragm 31 in the form of a hemisphere an open-
ing end of which is extended apart in the form of a cy-
linder to form a cylindrical portion 31a, and a voice
coil 33 as a driving coil wound on the cylindrical por-
tion 31a corresponding to the voice coil bobbin. The
operation of the loudspeaker according to the present
fourth embodiment is the same as that of the preced-
ing embodiments. With the present embodiment,
similarly to the preceding embodiments, the dia-
phragm 31 is bonded to a damper 35 at 31¢ and 35¢
such as with an adhesive and is secured via the
damper 35 to a stationary part of the loudspeaker, not
shown. The diaphragm 31 is formed of bacterial cel-
lulose. The loudspeaker having the dome-shaped
diaphragm formed as one with the diaphragm from
the bacterial cellulose may be suitably employed as
a speaker for reproducing the high-frequency sound.

The loudspeaker including the diaphragm and
the voice coil bobbin formed as one with each other
is produced in the following manner. The process up
to the step of forming a sheet-like member from the
cellulose produced by bacteria is the same as the
process for producing the voice coil bobbin as descri-
bed above and hence the corresponding description
is not made herein for clarity. The sheet-like member



7 EP 0 610 001 A2 8

is placed on a carrier and the resulting sheet-like
member / carrier unit is introduced into a cavity de-
fined between convex and concave mold halves of a
dome-shaped flash mold so as to be pressed by the
flash mold and heated. The concave mold half is
formed of a high water permeability material permit-
ting high water drainage and water contents are
sucked by a vacuum pump simultaneously with drain-
age by the press. In this manner, the sheet-like mem-
ber is molded after the shape of the mold. The mold
cavity defined between the convex and concave mold
halves is so set as to conform to the cross-sectional
shape of the diaphragm integrated to the bobbin in or-
der to permit the cone or dome-shaped diaphragm to
be molded integrally with the voice coil bobbin, as
shown in Figs. 3 and 4. Since the bottom portion of
the voice coil bobbin of the molded mass produced by
the mold halves still remains solid, this bottom por-
tion is machined for forming an opening therein. A
winding jig is then introduced via the opening in the
same manner as described previously in connection
with the preparation of the voice coil bobbin. A lead
wire is placed around the portion which will prove to
be the voice coil bobbin of the molded mass. In this
manner, a diaphragm-voice coil bobbin assembly in-
cluding the diaphragm molded as one with the portion
of the molded mass which will prove to be the voice
coil bobbin as shown in Figs. 3 and 4 is produced.

The foregoing description has been made of a
one-layer diaphragm. The loudspeaker having a mul-
ti-layer diaphragm of increased thickness, such as
the loudspeaker for mid- and low-frequency sounds,
according to further embodiments of the present in-
vention, is hereinafter explained.

First, the loudspeakers having cone diaphragms,
as shown in Figs. 5 and 6, are explained. Each of the
loudspeakers shown in Figs. 5 and 6 includes a dia-
phragm 41 having the shape of a cone an apex of
which is opened and extended in the form of a cylin-
der to form a cylindrical portion 41a and a driving coil
43 wound on the cylindrical portion 41a. The opera-
tion of the loudspeakers is the same as described
above. In the fifth embodiment, shown in Fig. 5, a
second diaphragm material 46 is laminated on the
outer wall of a conical portion 41b of the diaphragm
41. In the sixth embodiment, shown in Fig. 6, a sec-
ond diaphragm material 46 is laminated on the inner
wall of the conical portion 41b of the diaphragm 41.
The diaphragm 41 in each of the fifth and sixth em-
bodiments is formed of bacterial cellulose. As the ma-
terials constituting the second diaphragm 486, any of
commonly employed diaphragm materials, including
paper, films of high molecular materials, mica or high
strength fibers, such as carbon fibers or aromatic
polyamides, may be employed. Of these diaphragm
materials, paper exhibits satisfactory bonding prop-
erties with respect to the bacterial cellulose and
hence is most preferred. In the present fifth and sixth
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embodiments, the outer edge of the diaphragm 41 is
bonded to an edge member 45 which in turn is bond-
ed to a frame, not shown. As a result thereof, the dia-
phragm 41 is supported for free oscillations by a sta-
tionary portion of the loudspeaker.

The second diaphragm 46 of paper may be pro-
vided on the conical portion 41b of the diaphragm 41
with the aid of an adhesive, as described above. How-
ever, the second diaphragm may also be deposited by
a method similar to the paper-making method. In this
case, the second diaphragm 46 of paper is formed in
a cone shape as shown in Figs. 5 and 6 by the process
similar to the paper-making process. The second dia-
phragm 46 thus produced is transferred into a mold
of a larger depth and the diaphragm 41 of bacterial
cellulose is formed on the second diaphragm 46 by
the process similar to the paper-making process. By
the two successive paper-making-like processes, the
conical portion 41b of the diaphragm 41 is bonded to
the second diaphragm 46 by the hydrogen bond.

Thus the diaphragm may be increased in thick-
ness by providing the second diaphragm 46 on the
conical portion 41b of the diaphragm 41. Since the
high-frequency range of frequency characteristics of
the loudspeaker is extended in proportion to the cube
of the diaphragm thickness, the diaphragm of an in-
creased thickness is required for the mid to low-fre-
quency sound. With the diaphragm shown in Figs. 5
or 6, not only the diaphragm 41 is increased in thick-
ness by the provision of the second diaphragm 46 but
also the high-frequency range of the frequency char-
acteristics may be extended further by employing
bacterial cellulose as the material for the diaphragm
41. Although it may be contemplated to produce a dia-
phragm of increased thickness using the bacterial cel-
lulose, this method is not preferred because the pa-
per-making-like process represents a time-
consuming operation.

The properties required of the second diaphragm
46 include high longitudinal wave propagating veloc-
ity and a lower Q value. If paper is used as the mate-
rial for the second diaphragm 46, the characteristics
of the loudspeakers for the mid to low-frequency
sound may be improved as compared to the case of
employing the high strength fibers or mica because
the second diaphragm 46 formed of paper may be
bonded more satisfactorily to the first diaphragm 41
by the hydrogen bond. Besides, the second dia-
phragm 46 formed of paper is desirable in view of pro-
duction costs.

The loudspeakers having dome diaphragms, as
shown in Figs. 7 and 8, are explained. Each of the
loudspeakers shown in Figs. 7 and 8 includes a dia-
phragm 51 having the shape of a hemisphere the low-
er portion of which is opened and extended in the
form of a cylinder to form a cylindrical portion 51a and
a voice coil 53 as a driving coil wound on the cylindri-
cal portion 51a. The operation of the loudspeakers is
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the same as described above in connection with the
second and fourth embodiments. In the seventh em-
bodiment, shown in Fig. 7, a second diaphragm ma-
terial 56 is laminated on the inner wall of a hemisphe-
rical portion 51b of the diaphragm 51. In the eighth
embodiment, shown in Fig. 8, a second diaphragm
material 56 is laminated on the outer wall of the hem-
ispherical portion 51b of the diaphragm 51. The dia-
phragm 51 in each of the fifth and sixth embodiments
is formed of bacterial cellulose. Since the dome dia-
phragm is suited to a loudspeaker for the high-
frequency sound, the second diaphragm 46 is prefer-
ably formed of metal materials, such as Tior Al. In the
present seventh and eighth embodiments, similarly
to the preceding embodiments, the diaphragm 51 is
bonded to an edge member 45 which in turn is bond-
ed to a stationary portion of the loudspeaker, not
shown. As a result thereof, the diaphragm 51 is sup-
ported for free oscillations by the loudspeaker.

For mounting the diaphragm 46 of a metal mate-
rial to the diaphragm 51, as shown in Figs. 7 or 8, itis
possible to employ a sputtering method, instead of
employing an adhesive.

If the second diaphragm 46 formed of a metallic
material is formed on the diaphragm 51, as shown in
Figs. 7 or 8, the high-frequency range of the frequen-
cy characteristics of the loudspeaker may be extend-
ed by virtue of the metallic material of the second dia-
phragm 46. Simultaneously, the acute peak of reso-
nance generated in the high-frequency range of the
frequency characteristics due to the use of the met-
allic material of the second diaphragm 46 may be al-
leviated by the use of the bacterial cellulose as the
diaphragm material. If the loudspeaker shown in Figs.
7 or 8 is employed as a tweeter, a loudspeaker having
satisfactory response characteristics may be realized
because the rise time responsive to input signals is
faster than with the use of materials other than the
bacterial cellulose on account of the reduced weight
of the diaphragm 51 itself and also because attenua-
tion of the oscillations on sound interruption is incur-
red more quickly on account of the lower value of Q
of the bacterial cellulose constituting the diaphragm
51.

By integrally molding the diaphragm and the coil
bobbin from bacterial cellulose and laminating the
second diaphragm material on the diaphragm, it be-
comes possible to provide a loudspeaker exhibiting
high fidelity in reproduction and satisfactory acoustic
characteristics over a wide span of the frequency
from the range of low-frequency sound up to the
range of high-frequency sound.

Although the foregoing description has been
made of the embodiments of the loudspeaker em-
ploying a diaphragm of a multilayer structure in which
the diaphragm and the coil bobbin are molded in one
unit, the present invention may also be applied to a
loudspeaker in which the diaphragm is bonded to the

10

15

20

25

30

35

40

45

50

55

10

coil bobbin with an adhesive.

Claims

1.

A loudspeaker comprising:

a diaphragm;

a bobbin connected to said diaphragm;

a voice coil wound on said bobbin; and

a magnetic circuit arranged facing said
voice coil, wherein said bobbin is formed of cel-
lulose produced by culturing bacteria.

Aloudspeaker according to claim 1, wherein said
bobbin is formed together with said diaphragm, of
cellulose produced by bacterial cultivation.

A loudspeaker according to claim 1 or 2, wherein
a second diaphragm material is deposited on a vi-
brating portion of said diaphragm.

A loudspeaker comprising:

a diaphragm having a diaphragm proper
and a bobbin portion which are molded as one
from cellulose produced by bacterial cultivation;

a voice coil wound on said bobbin portion;
and

a magnetic coil arranged facing said voice
coil.

A loudspeaker comprising:

a diaphragm having a diaphragm proper
and a bobbin portion which are molded as one
from cellulose produced by bacterial cultivation;

a voice coil wound on said bobbin portion;

a magnetic coil arranged facing said voice
coil; and

a plate member secured to said diaphragm
proper.

Aloudspeaker according to claim 5, wherein said
plate member is formed of paper.

Aloudspeaker according to claim 5, wherein said
plate member is formed of a metallic material.

A loudspeaker according to any one of the pre-
ceding claims, wherein said cellulose is a-cellu-
lose.

Aloudspeaker according to claim 8, wherein said
cellulose is produced by a microorganism belong-
ing to the genus Acetobacter, the genus Pseudo-
monas or the genus Agrobacterism.
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