EP 3376 777 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
19.09.2018 Bulletin 2018/38

(21) Application number: 18161321.7

(22) Date of filing: 12.03.2018

(11) EP 3376 777 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

HO4R 11/02(2006.07) HO4R 7/04 (2006.07)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 13.03.2017 JP 2017047768

(71) Applicant: Onkyo Corporation
Osaka 572-0028 (JP)

(72) Inventor: FUJITANI, Takeshi
Osaka, Osaka 572-0028 (JP)

(74) Representative: Horn Kleimann Waitzhofer
Patentanwélte PartG mbB
Ganghoferstrasse 29a
80339 Miinchen (DE)

(54)

(67)  There are provided an electroacoustic dia-
phragm and an electroacoustic transducer suitable for a
balanced armature electroacoustic transducer employ-
ing an electromagnetic drive method. The electroacous-
tic diaphragm includes a substantially flat plate-shaped
diaphragm portion and a drive rod connection portion
formed at an end portion of the diaphragm portion and
connected to adrive rod. The diaphragm portion includes
multiple dimples formed in such a manner that a base
material forming the diaphragm portion is deformed in a
thickness direction thereof such that one side of the base
material is recessed and protrudes to the other side, and
a flat portion formed among the multiple dimples such
that the base material is not deformed in the thickness
direction.

ELECTROACOUSTIC DIAPHRAGM AND ELECTROACOUSTIC TRANSDUCER USING SAME

Fig.2

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 376 777 A1 2

Description
BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

[0001] The present invention relates to an electroa-
coustic diaphragm of an electroacoustic transducer used
forearphones attachedto user’s ears to reproduce audio,
and specifically relates to an electroacoustic diaphragm
suitable for a balanced armature electroacoustic trans-
ducer.

2. DESCRIPTION OF THE RELATED ART

[0002] A compact lightweight electroacoustic trans-
ducer used for earphones attached to user’s ears to re-
produce audio has been demanded, and a balanced ar-
mature electroacoustic transducer as an electromagnetic
type electroacoustic transducer has been sometimes
used. The electromagnetic type electroacoustic trans-
ducer is configured such that an electroacoustic dia-
phragm connected to a vibratable armature through a
drive rod vibrates to convertan electric signalintoa sound
wave.

[0003] Inthe balanced armature electroacoustic trans-
ducer, the electroacoustic diaphragm vibrates in a com-
pact case. For this reason, a standing wave is easily gen-
erated in a sound path, and great pressure is applied to
the diaphragm. Strength is demanded for the diaphragm,
andtherefore, a metal-based material such as aluminum,
titanium, or stainless steel is often used. For holding the
strength of the diaphragm, ribs are sometimes provided.
[0004] For example, JP-A-2012-004850 discloses an
electroacoustic transduction device including a dia-
phragm unit. The diaphragm unit includes: a drive unit
having a pair of magnets arranged facing each other, a
yoke attached to the pair of magnets, a coil to which a
drive currentis supplied, and an armature with a vibration
portion vibrating upon supply of the drive current to the
coil and arranged between the magnets in a pair through
the coil; a holding frame with an opening; a resin film
bonded to the holding frame to cover the opening of the
holding frame; a diaphragm held in the holding frame with
the diaphragm being bonded to the resin film; and a beam
portion formed integrally with the diaphragm and having
a tip end portion coupled to the vibration portion of the
armature to transmit vibration of the vibration portion to
the diaphragm.

[0005] Paragraph 0089 of JP-A-2012-004850 disclos-
es as follows: the diaphragm 22 is made of a thin metal
material such as aluminum or stainless steel, and is
formed in such a rectangular shape that an outer shape
thereof is slightly smaller than an inner shape of the hold-
ing frame 20; and reinforcement ribs 22a positioned apart
from each other in a right-to-left direction are provided to
extend in a front-to-back direction at the diaphragm 22,
and are formed in an upwardly-protruding shape. As de-
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scribed above, when the ribs are provided at the dia-
phragm in the balanced armature electroacoustic trans-
ducer, these ribs are provided only on an upper side to
avoid contact with the drive unit. For this reason, there
is a problem that sufficient strength cannot be obtained.
[0006] Moreover, in manufacturing of the balanced ar-
mature electroacoustic transducer, variation in sound
pressure sensitivity is great, leading to a quality control
problem. A main cause for such a situation is that the
relative position of the diaphragm in a sound path is not
stabilized in a case of the balanced armature electroa-
coustic transducer. That is, when the diaphragm ap-
proaches the case forming the sound path to decrease
a relative distance, a reproduced sound pressure level
might be extremely increased, and for this reason, falls
outside an acceptable range in quality control. With the
upwardly-protruding ribs at the diaphragm, a similar prob-
lem is easily caused.

SUMMARY OF THE INVENTION

[0007] The present invention has been made to solve
the above-described problem of the typical technique.
An object of the present invention is to provide an elec-
troacoustic diaphragm of an electroacoustic transducer
used for earphones attached to user’s ears to reproduce
audio, and specifically provides an electroacoustic dia-
phragm suitable for a balanced armature electroacoustic
transducer employing an electromagnetic drive method.
[0008] The electroacoustic diaphragm of the present
invention includes a substantially flat plate-shaped dia-
phragm portion and adrive rod connection portion formed
at an end portion of the diaphragm portion and connected
to a drive rod. The diaphragm portion includes multiple
dimples formed in such a manner that a base material
forming the diaphragm portion is deformed in a thickness
direction thereof such that one side of the base material
is recessed and protrudes to the other side, and a flat
portion formed among the multiple dimples such that the
base material is not deformed in the thickness direction.
[0009] Preferably, in the electroacoustic diaphragm of
the present invention, the outer shape of a recessed or
raised portion defining each dimple is a circular shape or
a polygonal shape with substantially equal width and
length dimensions.

[0010] Preferably, in the electroacoustic diaphragm of
the present invention, the recessed or raised portions
defining the multiple dimples are arranged in line in any
of longitudinal, transverse, and diagonal directions.
[0011] Preferably, in the electroacoustic diaphragm of
the present invention, all of the raised portions defining
the multiple dimples are formed on the one side of the
base material forming the diaphragm portion.

[0012] Preferably, in the electroacoustic diaphragm of
the present invention, the base material forming the di-
aphragm portion contains at least magnesium or mag-
nesium alloy, and a magnesium hydroxide layer is formed
on a surface of the base material.
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[0013] The electroacoustic transducer of the present
invention includes the above-described electroacoustic
diaphragm, a diaphragm frame portion supporting the
periphery of the electroacoustic diaphragm, a drive rod
portion connected to the drive rod connection portion of
the electroacoustic diaphragm, a magnetic drive portion
including an armature portion configured to vibrate the
drive rod portion, and a case portion housing the mag-
netic drive portion and the diaphragm frame portion and
forming a sound path for guiding a sound wave emitted
from the electroacoustic diaphragm to the opposite side
of the drive rod portion and the magnetic drive portion.
[0014] The electroacoustic transducer of the present
invention is an electroacoustic transducer including an
electroacoustic diaphragm configured such that all of
raised portions defining multiple dimples are formed on
one side of a base material forming a diaphragm portion.
The raised portions of the multiple dimples are arranged
on a sound path side as the one side of the base material.
[0015] Hereinafter, advantageous effects of the
present invention will be described.

[0016] The electroacoustic diaphragm of the present
invention is the electroacoustic diaphragm including the
substantially flat plate-shaped diaphragm portion and the
drive rod connection portion formed at the end portion of
the diaphragm portion and connected to the drive rod.
Thus, the balanced armature electroacoustic transducer
employing the electromagnetic drive method can be con-
figured with the diaphragm frame portion supporting the
periphery of the electroacoustic diaphragm, the drive rod
portion connected to the drive rod connection portion of
the electroacoustic diaphragm, the magnetic drive por-
tion including the armature portion configured to vibrate
the drive rod portion, and the case portion housing the
magnetic drive portion and the diaphragm frame portion
and forming the sound path for guiding the sound wave
emitted from the electroacoustic diaphragm to the oppo-
site side of the drive rod portion and the magnetic drive
portion.

[0017] In the electroacoustic diaphragm, the dia-
phragm portion includes the multiple dimples formed in
such a manner that the base material forming the dia-
phragm portion is deformed in the thickness direction
such that the one side of the base material is recessed
and protrudes to the other side, and the flat portion
formed among the multiple dimples such that the base
material is not deformed in the thickness direction. The
recessed or raised portions defining the multiple dimples
are arranged in line in any of the longitudinal, transverse,
and diagonal directions. Each dimple is defined by the
recessed or raised portion deformed by bending of the
base material of the diaphragm portion, and can enhance
strength of the diaphragm portion as compared to the
case of proving no dimples.

[0018] Thus, even for the electroacoustic diaphragm
suitable for the balanced armature electroacoustic trans-
ducer including the substantially flat plate-shaped dia-
phragm portion, sufficient strength can be obtained. Pref-
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erably, the base material forming the diaphragm portion
contains the magnesium or the magnesium alloy, and
the magnesium hydroxide layer is formed on the surface
of the base material. With this configuration, a sound
pressure level can be increased with broader reproduced
sound pressure frequency properties.

[0019] Inthe balanced armature electroacoustic trans-
ducer, the quality control problem such as a substantial
increase in the reproduced sound pressure level is easily
caused in a case where the relative position of the dia-
phragm in the sound path is not stabilized. In the case
of the typical diaphragm configured such that the contin-
uously-raised or -recessed ribs are provided at the dia-
phragm, such a problem becomes more prominent. With
the continuous ribs at the diaphragm, the ribs approach
an upper surface of the case forming the sound path to
expand an area with a short relative distance, and for this
reason, the diaphragm is substantially close to the upper
surface of the case forming the sound path. However,
with the electroacoustic diaphragm including, as in the
present invention, the multiple dimples and the flat por-
tion formed among the multiple dimples such that the
base material is not deformed in the thickness direction,
variation in the reproduced sound pressure level can be
reduced, and a yield ratio in manufacturing can be im-
proved.

[0020] The outer shape of the recessed or raised por-
tion defining each dimple of the diaphragm portion of the
electroacoustic diaphragm is the circular shape or the
polygonal shape with the substantially equal width and
length dimensions. As a result, the flat portion where the
base material is not deformed in the thickness direction
is formed among the multiple dimples. That is, the mul-
tiple dimples allow the relatively-broad flat portion of the
diaphragm portion without formation of a portion greatly
protruding from the flat portion to the one side or the other
side, such as the continuously-raised or -recessed rib.
Thus, even in a case where the diaphragm portion has
sufficient strength, the volume of the sound path in the
balanced armature electroacoustic transducer can be in-
creased without a decrease in an average relative dis-
tance between the diaphragm and the upper surface of
the case forming the sound path.

[0021] Specifically, in the electroacoustic diaphragm,
all of the raised portions defining the multiple dimples are
preferably formed on the one side of the base material
forming the diaphragm portion. In this case, the electroa-
coustic transducer can be configured such that the raised
portions of the multiple dimples are arranged on the
sound path side as the one side of the base material.
The relative distance between the diaphragm and the
upper surface of the case forming the sound path can be
increased, and a defect such as noise due to contact
between the diaphragm and the magnetic drive portion
can be prevented.

[0022] In the electroacoustic diaphragm of the present
invention, the diaphragm portion has sufficient strength.
Inthe case of using the balanced armature electroacous-
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tic transducer in which the relative position of the dia-
phragm in the sound path is less stabilized, variation in
the reproduced sound pressure level can be reduced,
and the yield ratio in manufacturing can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

Figs. 1A and 1B are a sectional view and a perspec-
tive view of a specific structure of an electroacoustic
transducer of an embodiment of the present inven-
tion;

Fig. 2 is a development view of the specific structure
of the electroacoustic transducer of the embodiment
of the present invention;

Figs. 3A and 3B are perspective views of a specific
structure of an electroacoustic diaphragm of the em-
bodiment of the present invention;

Figs.4Ato 4D are perspective views of specific struc-
tures of electroacoustic diaphragms of comparative
examples;

Fig. 5 shows graphs of sound pressure frequency
properties of the electroacoustic transducer of the
present invention and an electroacoustic transducer
of a comparative example;

Fig. 6 shows graphs of a change in the sound pres-
sure frequency properties due to a change in the
relative position of the diaphragm of the electroa-
coustic transducer of the embodiment of the present
invention in a sound path;

Fig. 7 shows graphs of a change in sound pressure
frequency properties of an electroacoustic transduc-
er of another embodiment of the present invention;
Fig. 8 shows graphs of a change in the sound pres-
sure frequency properties due to a change in the
relative position of the diaphragm of the electroa-
coustic transducer of the comparative example in a
sound path;

Fig. 9 shows graphs of a change in the sound pres-
sure frequency properties due to a change in the
relative position of the diaphragm of the electroa-
coustic transducer of the comparative example in
the sound path; and

Fig. 10 shows graphs of a change in the sound pres-
sure frequency properties due to a change in the
relative position of the diaphragm of the electroa-
coustic transducer of the comparative example in
the sound path.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0024] Hereinafter, an electroacoustic diaphragm and
an electroacoustic transducer according to preferred em-
bodiments of the present invention will be described, but
the presentinventionis notlimited to these embodiments.
[0025] Figs. 1A, 1B, and 2 are views of a specific struc-
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ture of an electroacoustic transducer 1 according to one
embodiment of the present invention. Fig. 1B is a per-
spective view of the electroacoustic transducer 1, and
Fig. 1A is a sectional view along an A-A line of Fig. 1B.
Moreover, Fig. 2 is a development view for describing
the configuration of the electroacoustic transducer 1.
Specifically, the electroacoustic transducer 1 is a bal-
anced armature electroacoustic transducer, the bal-
anced armature electroacoustic transducer being an ex-
tremely-small substantially parallelepiped rectangular
structure with an entire length, which includes a protrud-
ing portion, of about 7.35 mm, an entire width of about
3.45 mm, and an entire height of about 3.00 mm. Thus,
the electroacoustic transducer 1 is an electroacoustic
transducer suitable for earphones attached to user’s ears
to reproduce audio, specifically canal earphones etc.
[0026] The electroacoustic transducer 1 includes a di-
aphragm 3 in a case 13 forming a housing of the elec-
troacoustic transducer 1. The electroacoustic transducer
1 is configured to perform electroacoustic conversion of
an audio signal supplied to a terminal 17 to vibrate the
diaphragm 3, thereby reproducing audio from an output
hole 21. A diaphragm unit 2 including the diaphragm 3,
a drive rod 6 connected to the diaphragm unit 2, and a
magnetic drive portion 7 including an armature 8 config-
ured to vibrate the drive rod 6 are housed in the case 13.
[0027] The case 13 includes a substantially parallele-
piped rectangular lower case body 14, an upper case
body 15 covering an upper surface of the lower case
body 14, a nozzle portion 16 defining the output hole 21,
and the terminal 17 to which the audio signal is input.
The lower case body 14, the upper case body 15, and
the nozzle portion 16 are made of a metal material such
as non-magnetic aluminum. The inside of the case 13 is,
with respect to the diaphragm unit 2, separated into a
space 18 where the magnetic drive portion 7 is housed
and a sound path 19 for guiding a sound wave emitted
from the diaphragm 3. The sound path 19 communicates,
through a sound hole 20 provided at the upper case body
15, with the output hole 21 defined by the nozzle portion
16.

[0028] The diaphragm unit 2 includes the substantially
flat plate-shaped diaphragm 3, an edge 4 flexibly sup-
porting the periphery of the diaphragm 3, and a dia-
phragm frame 5 fixing the periphery of the edge 4 to the
case 13. As will be described later, the diaphragm 3 has
a substantially flat plate-shaped diaphragm portion 30
and a drive rod connection portion 31 formed at an end
portion of the diaphragm portion 30 and connected to the
drive rod 6. Moreover, multiple dimples 32 are formed at
the diaphragm 3. The periphery of the diaphragm 3 is
supported by the flexible edge 4, and therefore, the dia-
phragm 3 vibrates in accordance with vibration of the
drive rod 6. The edge 4 is formed of a film material having
a thickness of about 15 gm and using urethane-based
elastomer as a material. The diaphragm frame 5 is made
of a material similar to that of the case 13. The diaphragm
frame 5 fixes an outer peripheral side of the flexible edge
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4, and is fixed to a predetermined inner peripheral side
position of the lower case body 14.

[0029] The drive rod 6 is, at one end side thereof, con-
nected to the diaphragm 3 of the diaphragm unit 2, and
is, at the other end side thereof, connected to the arma-
ture 8 of the magnetic drive portion 7. The drive rod 6 is
a rod-shaped member having a diameter of about 0.05
mm and using stainless steel as a material. The one end
side of the drive rod 6 is fitted in the drive rod connection
portion 31 as a hole formed at the end portion of the
diaphragm portion 30. The other end side of the drive rod
6 is coupled to a vibratable end portion of the armature
8. The armature 8 is a member formed in such a manner
that a plate material of permalloy as ferromagnetic metal
is formed into a predetermined shape and the resultant
is bent in a substantially U-shape or a substantially E-
shape.

[0030] The magnetic drive portion 7 including the ar-
mature 8 further includes an annular coil 9 as a winding
to which the audio signal is supplied from the terminal
17, an annular yoke 10 attached adjacent to the coil 9
and made of magnetic metal, and magnets 11, 12 at-
tached to the inside of the yoke 10. The yoke 10 and the
magnetized magnets 11, 12 generate a direct-current
magnetic field in a magnetic gap formed among these
components. An end side of the armature 8 to which the
drive rod 6 is coupled is, through the inside of the annular
coil 9 and the annular yoke 10, arranged in the magnetic
gap in a vibratable state. On the other hand, the opposite
end side of the armature 8 to which the drive rod 6 is not
coupled is fixed to an upper end surface of the yoke 10.
[0031] In the electromagnetic type electroacoustic
transducer 1, the magnetic field generated in the mag-
netic gap where the armature 8 as a magnetic body is
arranged is changed, and a change in attraction of the
magnetic field is utilized. That is, the armature 8 needs
to be arranged in the vibratable state at a predetermined
position in the magnetic gap with balance between elastic
force of the bent armature 8 and the attraction of the
direct-current magnetic field formed by the magnets 11,
12. When the audio signal is supplied to the coil 9, an
alternate-current magnetic field according to a signal cur-
rent is generated, and the armature 8 as the magnetic
metal is magnetized. One end side of the armature 8 is
arranged in the vibratable state in the magnetic gap
where the direct-current magnetic field is generated, and
therefore, drive force acts to perform push-pull operation
according to a magnetization change. As a result, the
armature 8 vibrates to move the drive rod 6 in an upper-
to-lower direction as viewed in the A-A sectional view of
Fig. 1A.

[0032] Thus, in the electroacoustic transducer 1, the
diaphragm 3 of the diaphragm unit 2 connected to the
drive rod 6 vibrates in the upper-to-lower direction as
viewed in the A-A sectional view of Fig. 1A, thereby gen-
erating the sound wave in the sound path 19. As illus-
trated in the sectional view of Fig. 1A, the sound path 19
is a space defined on an upper side (an F-side) with re-
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spect to a predetermined position Z0 of the diaphragm
unit 2 in the case 13, and communicates with the output
hole 21 as a sound wave outlet. The sound path 19 is an
extremely-small space, and a greater distance between
the diaphragm 3 of the diaphragm unit 2 and an inner
surface of the upper case body 15 results in a greater
volume of the sound path 19.

[0033] Ontheotherhand, the space 18 where the drive
rod 6 and the magnetic drive portion 7 are housed is, as
illustrated in the sectional view of Fig. 1A, necessary on
a lower side of the diaphragm unit 2 in the case 13. The
magnetic drive portion 7 and the armature 8 need to be
sufficiently separated toward a lower side (a B-side) with
respect to the position Z0 of the diaphragm unit 2 such
that no noise is generated due to contact even when the
diaphragm 3 of the diaphragm unit 2 vibrates with a great
amplitude. If the space 18 is expanded, the sound path
19 on the opposite side with respect to the diaphragm
unit 2 is narrowed, and therefore, the space 18 and the
sound path 19 are in an opposing relationship.

[0034] In a typical balanced armature electroacoustic
transducer, a quality control program such as a signifi-
cant increase in a reproduced sound pressure level is
easily caused in a case where the position Z0 of the di-
aphragm 3 of the diaphragm unit 2 is not stabilized at a
manufacturing step. Thatis, when the stationary position
of the diaphragm 3 in the extremely-narrow sound path
19 is slightly moved to the upper side (the F-side) or the
lower side (the B-side) from Z0 as the predetermined
position, the volume of the sound path 19 changes, and
as a result, a problem leading to variation in the repro-
duced sound pressure level is caused. When the dia-
phragm 3 approaches the inner surface of the upper case
body 15 forming the sound path 19 to decrease arelative
distance, the reproduced sound pressure level might be
extremely increased.

[0035] Figs. 3A and 3B are perspective views of a spe-
cific structure of the diaphragm 3 of the present embod-
iment. In the electroacoustic transducer 1 of the present
embodiment, the diaphragm 3 of the diaphragm unit 2
illustrated in Figs. 1A, 1B, and 2 is formed as a diaphragm
3a or a diaphragm 3b provided with the multiple dimples
32 as illustrated in the figures and as described later. In
this manner, the problem caused in the typical balanced
armature electroacoustic transducer is solved. Hereinaf-
ter, the electroacoustic transducer 1 using the diaphragm
3a illustrated in Fig. 3A or the diaphragm 3b illustrated
in Fig. 3B will be described as a specific example of the
diaphragm 3 illustrated in Figs. 1A, 1B, and 2.

[0036] In the diaphragm 3a, 3b of the present embod-
iment, the diaphragm portion 30 is formed of a base ma-
terial containing magnesium or magnesium alloy. The
diaphragm 3a, 3b of the present embodiment is an ex-
tremely-small lightweight diaphragm. The size of the di-
aphragm 3a, 3b is about 3.96 mm in a longitudinal direc-
tion and about 2.20 mm in a transverse direction, and
the thickness of the base material is about 0.045 mm. A
magnesium hydroxide layer is formed on a surface of the
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base material containing the magnesium alloy in the di-
aphragm 3a, 3b. Thus, as compared to the case of form-
ing no magnesium hydroxide layer, surface hardness is
improved, and stiffness is enhanced. Consequently, suf-
ficient strength can be obtained.

[0037] The diaphragms 3a, 3b are common with each
other on the following points: the diaphragm 3a, 3b has
the substantially flat plate-shaped diaphragm portion 30
and the drive rod connection portion 31 formed at the
end portion of the diaphragm portion 30 and connected
to the drive rod 6; the multiple dimples 32 (or 33) are
formed at the diaphragm 3a, 3b; and a flat portion 34
where the base material does not deform in a thickness
direction thereof is formed among the multiple dimples
32. Differences between the diaphragms 3a, 3b are the
number of multiple dimples 32 (or 33) and the direction
and arrangement of the dimples 32 (or 33). The outer
shape of arecessed or raised portion defining the dimple
of the present embodiment is a circular shape, and the
diameter of the outer shape is about 0.30 mm. Moreover,
a distance from the flat portion 34 to a protruding tip end,
i.e., the height of the recessed or raised portion defining
the dimple, is about 0.05 mm.

[0038] In the diaphragm 3a, the total of 25 dimples 32,
33 infive lines and five columns are provided at the sub-
stantially flat plate-shaped diaphragm portion 30. The
dimples 32 are dimples raised toward the upper side (the
F-side). Conversely, the dimples 33 are dimples raised
toward the lower side (the B-side). The dimple described
herein is a portion formed in such a manner that the base
material forming the diaphragm portion 30 is deformed
in the thickness direction thereof such that one side of
the base material is recessed and the other side of the
base material protrudes. Thus, as viewed from the upper
side (the F-side) toward which the dimples 32 protrude
in a raised shape, the dimples 33 are portions formed in
a recessed shape and protruding toward the other side.
In the diaphragm 3a, the raised dimples 32 and the re-
cessed dimples 33 are alternately arranged in the longi-
tudinal or transverse direction. As a result, the raised
dimples 32 or the recessed dimples 33 are sequentially
provided in a diagonal direction. As will be described lat-
er, the diaphragm 3a, the flat portion 34 where the base
material does not deform in the thickness direction there-
of is broadly formed among the multiple dimples.
[0039] Next, in the diaphragm 3b, the total of nine dim-
ples 32 in three lines and three columns are provided at
the substantially flat plate-shaped diaphragm portion 30.
The dimples 32 are dimples raised toward the upper side
(the F-side). As viewed from the upper side (the F-side),
only the dimples 32 protruding in a raised shape are ar-
ranged in the diaphragm 3b. That is, all of the raised
portions defining the dimples 32 are formed on one side
of the base material forming the diaphragm portion 30.
Moreover, in the diaphragm 3b, the flat portion 34 where
the base material does not deform in the thickness direc-
tion thereof is more broadly formed among the multiple
dimples 32.
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[0040] The dimples 32, 33 enhance stiffness of the
substantially flat plate-shaped diaphragm portion 30 in
the diaphragm 3a, 3b, and as a result, stiffness of the
diaphragm 3a, 3b can be enhanced. The outer shape of
the recessed or raised portion defining the dimple in the
present embodimentis the circular shape with a diameter
of about 0.30 mm, but is not limited to the circular shape.
Such an outer shape may be an oval or track shape or
a polygonal shape with substantially equal width and
length dimensions. Alternatively, the outer shape may be
a regular polygonal shape (e.g., a regular triangular
shape, a regular quadrangular shape, a regular pentag-
onal shape, a regular hexagonal shape, a regular octag-
onal shape, and a regular dodecagonal shape). The di-
aphragm 3a, 3b of the present embodiment includes the
dimples 32 and/or the dimples 33 for enhancing the stiff-
ness of the substantially flat plate-shaped diaphragm por-
tion 30. Thus, the flat portion 34 in the diaphragm portion
30 is formed relatively broad without formation of a por-
tion greatly protruding from the flat portion 34 to the one
side or the other side. Consequently, the stiffness is en-
hanced as compared to the case of a typical diaphragm
300 configured such that continuously-protruding ribs are
formed as described later, and the problem leading to
variation in the reproduced sound pressure level can be
avoided.

[0041] Figs. 4A to 4D are perspective views of a spe-
cific structure of the diaphragm 300 of a comparative ex-
ample. Specifically, Figs. 4A to 4D each illustrate dia-
phragms 300a to 300d of comparative examples com-
mon with the diaphragms 3a, 3b of the present embodi-
ment on such a point that the diaphragm portion 30 is
formed of the base material containing the magnesium
or the magnesium alloy. For example, the diaphragm
300a of Fig. 4A is different from the embodiment and
other comparative examples in that the substantially flat
plate-shaped diaphragm portion 30 does not include the
structure for enhancing the stiffness, such as the dimples
or the ribs. Thus, the diaphragm 300a of the comparative
example is, needless to say, not provided with the portion
greatly protruding from the flat portion 34 of the dia-
phragm portion 30 to the one side or the other side.
[0042] Next, the diaphragms 300b to 300d of the com-
parative examples are different from the diaphragms 3a,
3b of the embodiment in that the stiffness enhancing
structure provided at the diaphragm portion 30 is not the
multiple dimples but the ribs with a greater length than a
width. Fig. 4B is the perspective view of the diaphragm
300b configured such that three ribs 35 elongated in the
longitudinal direction are provided at the substantially flat
plate-shaped diaphragm portion 30. All of the three ribs
35 of the diaphragm 300b are ribs protruding in a raised
shape as viewed from the upper side (the F-side). A dis-
tance from the flat portion 34 to a protruding tip end, i.e.,
the height of the rib 35, is about 0.08 mm.

[0043] Thus,inthe diaphragm 300b of the comparative
example, the ribs 35 greatly protruding to the upper side
from the flat portion 34 are formed, and therefore, the flat
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portion 34 in the diaphragm portion 30 is relatively nar-
row. Moreover, in the diaphragm 300b, the ribs 35 are
closer to the inner surface of the upper case body 15
forming the sound path 19, and therefore, a relative dis-
tance between the diaphragm 300b and the inner surface
of the upper case body 15 is substantially smaller than
that in the case of the embodiment.

[0044] Next, Fig. 4C is the perspective view of the di-
aphragm 300c configured such that three ribs 36 elon-
gated in the longitudinal direction are provided at the sub-
stantially flat plate-shaped diaphragm portion 30. All of
the three ribs 36 of the diaphragm 300c are ribs formed
in a recessed shape as viewed from the upper side (the
F-side) and protruding in a raised shape as viewed from
the lower side (the B-side). The height of the rib 36 is the
same as that of the above-described rib 35. Thus, the
ribs 36 greatly protruding to the lower side from the flat
portion 34 are formed at the diaphragm 300c of the com-
parative example, and therefore, the flat portion 34 in the
diaphragm portion 30 is relatively narrow. Moreover, in
the diaphragm 300c, the ribs 36 are further from the inner
surface of the upper case body 15 forming the sound
path 19, and therefore, a relative distance between the
diaphragm 300c and the inner surface of the upper case
body 15 is substantially larger than that in the case of the
embodiment.

[0045] Further, Fig. 4D is the perspective view of the
diaphragm 300d configured such that three ribs 35, 36,
35 elongated in the longitudinal direction are provided at
the substantially flat plate-shaped diaphragm portion 30.
The two ribs 35 of the diaphragm 300d are ribs protruding
in the raised shape as viewed from the upper side (the
F-side), and the rib 36 is a rib formed in the recessed
shape as viewed from the upper side (the F-side) and
protruding in the raised shape as viewed from the lower
side (the B-side). Thus, the ribs 35 greatly protruding to
the upper side from the flat portion 34 and the rib 36
greatly protruding to the lower side from the flat portion
34 are formed at the diaphragm 300d of the comparative
example, and therefore, the flat portion 34 in the dia-
phragm portion 30 is relatively narrow. Moreover, in the
diaphragm 300d, the ribs 35 are closer to the inner sur-
face of the upper case body 15 forming the sound path
19, and on the other hand, the rib 36 is further from such
an inner surface.

[0046] Fig.5shows graphs of sound pressure frequen-
cy properties of the electroacoustic transducer 1 of the
present embodiment and a (not-shown) electroacoustic
transducer of a comparative example. Specifically, the
electroacoustic transducer 1 is that including the dia-
phragm 3a of the above-described embodiment, and is
indicated by a thick solid line of the graph. On the other
hand, the electroacoustic transducer of the comparative
example is that including the diaphragm 300a or the di-
aphragm 300b of the above-described comparative ex-
amples instead of the diaphragm 3a of the embodiment.
The case of the diaphragm 300a of the comparative ex-
ample is indicated by a thin dashed line, and the case of
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the diaphragm 300b of the comparative example is indi-
cated by a thin chain line. Note that the graphs of Fig. 5
show, common to the cases of the embodiment and the
comparative examples, a case where a tube (an inner
diameter of about 1.4 mm X a length of about 10 mm) is
attached to the nozzle portion 16 defining the output hole
21, assuming an embodiment of earphones.

[0047] Thus, the graphs of Fig. 5 show a diaphragm
stiffness improvement effect exerted by the multiple dim-
ples 32, 33 of the diaphragm 3a of the above-described
embodiment. In the case of the diaphragm 3a including
the multiple dimples 32, 33, there is an advantage that
the reproduced sound pressure level is increased as
compared to the case of the diaphragm 300a not having
the stiffness enhancing structure such as the ribs at the
substantially flat plate-shaped diaphragm portion 30 in a
frequency band of equal to or lower than about 3 kHz.
Moreover, a peak frequency in a secondary resonance
mode is about 6 kHz in the case of the diaphragm 300a
of the comparative example, and is about 8 kHz in the
case of the diaphragm 300b of the comparative example.
On the other hand, such a peak frequency increases to
about 10 kHz in the diaphragm 3a of the embodiment.
This shows that the stiffness of the diaphragm portion 30
is highest in the case of the diaphragm 3a of the embod-
iment, and shows that a frequency band reproducible by
the electroacoustic transducer 1 including the diaphragm
3a is extended to a higher frequency band than that of
the case of the comparative examples.

[0048] Next, Fig. 6 shows graphs of an exhibited
change in the sound pressure frequency properties in a
case where the relative position of the diaphragm 3a of
the electroacoustic transducer 1 of the embodiment has
changed in the sound path 19. Specifically, the electroa-
coustic transducer 1 is common on such a point that the
electroacoustic transducer 1 includes the diaphragm 3a
of the above-described embodiment. A graph indicated
by a thick solid line shows F:0.26/B:0.60 in the case of
the diaphragm 3a at the standard position Z0, and shows
a case where a distance from the diaphragm 3a to the
upper case body 15 forming the sound path 19 is about
0.26 mm. On the other hand, a graph indicated by a thin
dashed line shows F:0.10/B:0.76 in the case of the dia-
phragm 3a at a position slightly on the upper side with
respect to the standard position Z0, and shows a case
where the distance from the diaphragm 3a to the upper
case body 15 forming the sound path 19 is shortened by
a difference of about 0.16 mm. Similarly, a graph indicat-
ed by a thin chain line shows F:0.43/B:0.43 in the case
of the diaphragm 3a at a position slightly on the lower
side with respect to the standard position Z0, and shows
a case where the distance from the diaphragm 3a to the
upper case body 15 forming the sound path 19 is in-
creased by a difference of about 0.17 mm.

[0049] Thatis, the graphs of Fig. 6 show a range where
variation in the reproduced sound pressure level might
be caused in a case where the stationary position of the
diaphragm 3ain the extremely-narrow sound path 19 has
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moved to the upper side (the F-side) or the lower side
(the B-side) from Z0 as the predetermined position. The
case of the thin dashed line shows that the sound pres-
sure level might increase by about 10 dB in a frequency
band of equal to or lower than about 8 kHz as a main
audio reproduction band when the diaphragm 3a is at-
tached to a position slightly on the upper side (the F-side)
from Z0 as the predetermined position. On the other
hand, the case of the thin chain line shows that the sound
pressure level might decrease by about 5 dB when the
diaphragm 3a is attached to a position slightly on the
lower side (the B-side) from Z0 as the predetermined
position. Preferably, regardless of the stationary position
of the diaphragm 3a, no change is, with less variation in
the reproduced sound pressure level, made from the
thick solid line indicating the case of the diaphragm 3a
at Z0 as the predetermined position.

[0050] Next, Fig. 7 shows, as in the case of Fig. 6, an
exhibited change in the sound pressure frequency prop-
erties in a case where the relative position of the dia-
phragm 3b of the electroacoustic transducer 1 of the
present embodiment in the sound path 19 has changed.
As in the case of the diaphragm 3a of the above-de-
scribed embodiment, a graph indicated by a thick solid
line shows F:0.26/B:0.60 in the case of the diaphragm
3b at the standard position Z0, a graph indicated by a
thin dashed line shows F:0.10/B:0.76 in the case of the
diaphragm 3b at a position slightly on the upper side with
respect to the standard position Z0, and a graph indicated
by a thin chain line shows F:0.43/B:0.43 in the case of
the diaphragm 3b at a position slightly on the lower side
with respect to the standard position Z0.

[0051] The graphs of Fig. 7 similarly show a range
where variation in the reproduced sound pressure level
might be caused in a case where the stationary position
of the diaphragm 3b of the embodiment in the extremely-
narrow sound path 19 has moved to the upper side (the
F-side) or the lower side (the B-side) from Z0 as the pre-
determined position. However, a difference between the
graph indicated by the thin dashed line and the graph
indicated by the thin chain line is not different much from
that in the case of Fig. 6 in a frequency band of equal to
or lower than about 8 kHz as the main audio reproduction
band. As will be described later, in the case of the dia-
phragm 3a or the diaphragm 3b of the embodiment, var-
iation in the reproduced sound pressure level is relatively
small even when the diaphragm shifts from the predeter-
mined position.

[0052] Next, Fig. 8 shows, as in the case of Fig. 6 or
7, an exhibited change in the sound pressure frequency
properties in a case where the relative position of the
diaphragm 300b of the electroacoustic transducer of the
comparative example in the sound path 19 has changed.
A graph indicated by a thick solid line shows
F:0.26/B:0.60 in the case of the diaphragm 300b at the
standard position Z0, a graph indicated by a thin dashed
line shows F:0.10/B:0.76 in the case of the diaphragm
300b at a position slightly on the upper side with respect
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to the standard position Z0, and a graph indicated by a
thin chain line shows F:0.43/B:0.43 in the case of the
diaphragm 300b at a position slightly on the lower side
with respect to the standard position Z0.

[0053] The graphs of Fig. 8 show that the range of var-
iation in the reproduced sound pressure level might be
increased as compared to the case of the diaphragm 3a
or the diaphragm 3b of the embodiment as illustrated in
Fig. 6 or 7 in a case where the stationary position of the
diaphragm 300b in the extremely-narrow sound path 19
has moved to the upper side (the F-side) or the lower
side (the B-side) from Z0 as the predetermined position.
The graphs of Fig. 8 show that a difference between the
graph indicated by the thin dashed line and the graph
indicated by the thin chain line is greater than that in the
case of Fig. 6 or 7 in a frequency band of equal to or
lower than about 8 kHz as the main audio reproduction
band. Thus, there is a probability that variation in the
reproduced sound pressure level is greater than that in
the case of the embodiment.

[0054] Next, Fig. 9 shows, as in the cases of Figs. 6 to
8, an exhibited change in the sound pressure frequency
properties in a case where the relative position of the
diaphragm 300c of the electroacoustic transducer of the
comparative example in the sound path 19 has changed.
A graph indicated by a thick solid line shows
F:0.26/B:0.60 in the case of the diaphragm 300c at the
standard position Z0, a graph indicated by a thin dashed
line shows F:0.10/B:0.76 in the case of the diaphragm
300c at a position slightly on the upper side with respect
to the standard position Z0, and a graph indicated by a
thin chain line shows F:0.43/B:0.43 in the case of the
diaphragm 300c at a position slightly on the lower side
with respect to the standard position Z0.

[0055] The graphs of Fig. 9 show that the range of var-
iation in the reproduced sound pressure level might be
increased as compared to the case of the diaphragm 3a
or the diaphragm 3b of the embodiment as illustrated in
Fig. 6 or 7 in a case where the stationary position of the
diaphragm 300c in the extremely-narrow sound path 19
has moved to the upper side (the F-side) or the lower
side (the B-side) from Z0 as the predetermined position.
The graphs of Fig. 9 show that there is, in a frequency
band of equal to or lower than about 8 kHz as the main
audio reproduction band, almost no difference between
the graph indicated by the thick solid line and the graph
indicated by the thin chain line and there is even a fre-
quency band where such a relationship is inverted. This
shows the probability of reaching the lower limit in an
acceptable range in quality control even when the dia-
phragm 300c is arranged at Z0 as the predetermined
position, and a problem that improvement of a yield ratio
in manufacturing cannot be expected might be caused.
[0056] Next, Fig. 10 shows, as in the cases of Figs. 6
to 9, an exhibited change in the sound pressure frequen-
cy properties in a case where the relative position of the
diaphragm 300d of the electroacoustic transducer of the
comparative example in the sound path 19 has changed.
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A graph indicated by a thick solid line shows
F:0.26/B:0.60 in the case of the diaphragm 300d at the
standard position Z0, a graph indicated by a thin dashed
line shows F:0.10/B:0.76 in the case of the diaphragm
300d at a position slightly on the upper side with respect
to the standard position Z0, and a graph indicated by a
thin chain line shows F:0.43/B:0.43 in the case of the
diaphragm 300d at a position slightly on the lower side
with respect to the standard position Z0.

[0057] The graphs of Fig. 10 show that the range of
variation in the reproduced sound pressure level might
be significantly increased as compared to the case of the
diaphragm 3a or the diaphragm 3b of the embodiment
as illustrated in Fig. 6 or 7 in a case where the stationary
position of the diaphragm 300d in the extremely-narrow
sound path 19 has moved to the upper side (the F-side)
or the lower side (the B-side) from Z0 as the predeter-
mined position. The graphs of Fig. 10 show that a differ-
ence between the graph indicated by the thin dashed line
and the graph indicated by the thin chain line is greater
than those in the case of other embodiments and other
comparative examples in a frequency band of equal to
or lower than about 8 kHz as the main audio reproduction
band. Thus, variation in the reproduced sound pressure
level is greater, and therefore, a problem that improve-
ment of the yield ratio in manufacturing cannot be ex-
pected might be caused.

[0058] Note that the graphs of Figs. 6 to 10 show, com-
mon to the cases of the embodiment and the comparative
examples, a case where the tube attached to the nozzle
portion 16 defining the output hole 21 in the case of the
graphs of Fig. 5 is not attached.

[0059] Study has been conducted based on compari-
son among the graphs of Figs. 6 to 10. In the case of the
embodiment of Figs. 6 and 7, the diaphragm 3a, 3b of
the embodiment includes the multiple dimples 32 (or 33)
formed in such a manner that the base material forming
the diaphragm portion 30 is deformed in the thickness
direction such that the one side of the base material is
recessed and protrudes to the other side, and the flat
portion 34 formed among the multiple dimples such that
the base material is not deformed in the thickness direc-
tion. On the other hand, in the case of the comparative
examples of Figs. 8 to 10, the diaphragm 300b, 300c,
300d of the comparative example includes, at the dia-
phragm portion 30, the continuously-raised or -recessed
ribs 35, 36. This is because of the following reason: in a
case where the stationary position of the diaphragm 3b
in the extremely-narrow sound path 19 has moved to the
upper side (the F-side) or the lower side (the B-side) from
Z0 as the predetermined position, when the continuous
ribs 35, 36 are provided at the diaphragm portion 30, a
change in the volume of the sound path 19 is relatively
greater than that in the case of providing the dimples 32,
33, and as a result, the range of variation in the repro-
duced sound pressure level is increased.

[0060] Thus, at the electroacoustic diaphragm 3 suit-
able for the balanced armature electroacoustic transduc-

10

15

20

25

30

35

40

45

50

55

er 1 including the substantially flat plate-shaped dia-
phragm portion 30, the multiple dimples 32, 33 formed
in such a manner that the base material forming the di-
aphragm portion 30 is deformed in the thickness direction
such that the one side of the base material is recessed
and protrudes to the other side are more preferably pro-
vided than the continuous ribs 35, 36. The flat portion 34
where the base material is not deformed in the thickness
direction can be provided broadly among the multiple
dimples. Thus, even in a case where the diaphragm 3
approaches the inner surface of the upper case body 15
forming the sound path 19 to decrease the relative dis-
tance, a substantial increase in the reproduced sound
pressure level can be prevented. Consequently, variation
in the reproduced sound pressure level of the electroa-
coustic transducer 1 can be reduced, leading to improve-
ment of the yield ratio in manufacturing.

[0061] Specifically, in the case of the diaphragm 3b of
the embodiment, all of the raised portions defining the
total of nine dimples 32 are formed on the upper side (the
F-side) as the one side of the base material forming the
diaphragm portion 30. Thus, in the electroacoustic trans-
ducer 1 of the embodiment, the raised portions of the
multiple dimples 32 are arranged on a sound path 19
side in the case 13. In this case, no raised portions pro-
trude on the lower side (the B-side) of the diaphragm 3b.
Thus, in the electroacoustic transducer 1 of the embod-
iment, a defect such as noise due to contact of the dia-
phragm 3b with a fixed portion of the armature 8 at an
upper end surface of the magnetic drive portion 7 can be
prevented. Moreover, in the case of the diaphragm 3b of
the embodiment, even when the diaphragm shifts from
the predetermined position, variation in the reproduced
sound pressure level can be reduced, and the yield ratio
in manufacturing can be improved.

[0062] Note thatinthe diaphragm 3a or the diaphragm
3b of the above-described embodiment, the dimples 32,
33 in five lines and five columns or three lines and three
columns are provided at the substantially flat plate-
shaped diaphragm portion 30. However, the number of
multiple dimples, the directions of the raised and re-
cessed portions of the multiple dimples, and arrangement
of the multiple dimples are not limited to those in the case
of the above-described embodiment. The multiple dim-
ples may be two or more dimples. The multiple dimples
may be arranged to form lines, or may be arranged dis-
persively, i.e., randomly, at the diaphragm portion 30.
The multiple dimples may be formed in such a manner
that the base material forming the diaphragm portion 30
is deformed in the thickness direction such that the one
side of the base material is recessed and protrudes to
the other side, and the outer shape of each of the re-
cessed or raised portions may be in the circular shape
or the polygonal shape with the substantially equal width
and length dimensions. In this manner, the flat portion
34 where the base material is not deformed in the thick-
ness direction may be formed among the multiple dim-
ples. In a case where the diaphragm portion 30 has suf-
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ficient strength, the multiple dimples allow the relatively-
broad flat portion 34 in the diaphragm portion 30.
[0063] Moreover, the outer shape of the recessed or
raised portion defining the dimple 32, 33 at the diaphragm
3a, 3b is not limited to the circular shape as in the em-
bodiment. As described above, the dimple may be in oth-
er polygonal shapes, and may be a recessed or raised
shape with substantially equal width and length dimen-
sions such that no continuously-protruding ribs are
formed. The height of each dimple may be such a dimen-
sion that the base material forming the diaphragm portion
30 is not ruptured even when deformed in the thickness
direction such that the one side of the base material is
recessed and protrudes to the other side.

[0064] Further, in the diaphragm 3a or the diaphragm
3b of the above-described embodiment, the diaphragm
portion 30 is formed of the base material containing the
magnesium or the magnesium alloy. Note that the base
material of the diaphragm may be other lightweight high-
stiffness metal-based materials providing strength, such
as aluminum, titanium, and stainless steel. Note that in
the diaphragm 3a, 3b, the magnesium hydroxide layer is
formed on the surface of the base material containing
the magnesium or the magnesium alloy so that the stiff-
ness can be enhanced by further weight reduction and
improvement of the surface hardness. As a result, in the
electroacoustic transducer 1 including the diaphragm 3a,
3b of the embodiment, the reproduced sound pressure
level can be enhanced, and the reproducible frequency
band can be extended to a higher frequency band as
compared to that in the case of the comparative exam-
ples. Needless to say, the thickness dimension of the
base material of the diaphragm 3a, 3b, the outer diameter
dimension of the base material of the diaphragm 3a, 3b,
and the configurations and arrangement of the dia-
phragm portion 30 and the drive rod connection portion
31 are not limited to those of the above-described em-
bodiment.

[0065] The electromagnetic type electroacoustic
transducer using the electroacoustic diaphragm accord-
ing to the presentinvention is notlimited to the earphones
attached to the user’s ears to reproduce audio, specifi-
cally the canal earphones. The electromagnetic type
electroacoustic transducer may be employed for other
overhead type headphones each including housings and
head bands. The electroacoustic diaphragm and the
electroacoustic transducer according to the present in-
vention are not limited to monaural reproduction, stereo
reproduction, or multichannel surround reproduction for
home use, but are also applicable to electroacoustic
transducers used for audio reproduction of portable elec-
tronic equipment such as portable audio equipment, mo-
bile phones, and smart phones.

Claims

1. An electroacoustic diaphragm comprising:
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10

a substantially flat plate-shaped diaphragm por-
tion; and

a drive rod connection portion formed at an end
portion of the diaphragm portion and connected
to a drive rod,

wherein the diaphragm portion includes:

multiple dimples formed in such a manner
that a base material forming the diaphragm
portion is deformed in a thickness direction
thereof such that one side of the base ma-
terial is recessed and protrudes to the other
side, and

a flat portion formed among the multiple
dimples such that the base material is not
deformed in the thickness direction.

The electroacoustic diaphragm according to claim
1, wherein
an outer shape of a recessed or raised portion de-
fining each dimple is a circular shape or a polygonal
shape with substantially equal width and length di-
mensions.

The electroacoustic diaphragm according to claim
1, wherein

recessed or raised portions defining the multiple dim-
ples are arranged in line in any of longitudinal, trans-
verse, and diagonal directions.

The electroacoustic diaphragm according to claim
1, wherein

all of raised portions defining the multiple dimples
are formed on the one side of the base material form-
ing the diaphragm portion.

The electroacoustic diaphragm according to claim
1, wherein

the base material forming the diaphragm portion con-
tains at least magnesium or magnesium alloy, and
a magnesium hydroxide layer is formed on a surface
of the base material.

An electroacoustic transducer comprising:

the electroacoustic diaphragm according to any
one of claims 1 to 5;

a diaphragm frame portion supporting a periph-
ery of the electroacoustic diaphragm;

a drive rod portion connected to the drive rod
connection portion of the electroacoustic dia-
phragm;

a magnetic drive portion including an armature
portion configured to vibrate the drive rod por-
tion; and

a case portion housing the magnetic drive por-
tion and the diaphragm frame portion and form-
ing a sound path for guiding a sound wave emit-
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ted from the electroacoustic diaphragm to an op-
posite side of the drive rod portion and the mag-
netic drive portion.

7. An electroacoustic transducer comprising: 5

the electroacoustic diaphragm according to
claim 4;

a diaphragm frame portion supporting a periph-

ery of the electroacoustic diaphragm; 10
a drive rod portion connected to the drive rod
connection portion of the electroacoustic dia-
phragm;

a magnetic drive portion including an armature
portion configured to vibrate the drive rod por- 15
tion; and

a case portion housing the magnetic drive por-

tion and the diaphragm frame portion and form-

ing a sound path for guiding a sound wave emit-

ted from the electroacoustic diaphragmtoanop- 20
posite side of the drive rod portion and the mag-
netic drive portion,

wherein the raised portions of the multiple dim-
ples are arranged on a sound path side as the

one side of the base material. 25
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