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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a vibration as-
sembly, and more particular to a vibration assembly for
use in a speaker, which includes a hard speaker radiating
diaphragm with a light-curable voice coil attachment. The
present invention also relates to a speaker including a
hard speaker radiating diaphragm with a light-curable
voice coil attachment.

BACKGROUND OF THE INVENTION

[0002] A speaker is a device for converting an electrical
audio signal into a corresponding sound. A variety of
speakers have been developed and continue to be im-
proved since the nineteenth century.
[0003] In general, an electrodynamic, direct-radiating
speaker is mainly composed of a magnetic circuit assem-
bly, a voice coil partially or wholly inside the magnetic
circuit assembly, and a sound-radiating diaphragm me-
chanically attached to the voice coil; and in most cases,
together with other supporting parts like the diaphragm
surround, suspension, also referred to as the spider or
the suspension, frame, etc. As a magnetic field resulting
from the alternating current flowing through the coil in-
teracts with a magnetic field from the magnetic-circuit
assembly according to Fleming’s rules, the voice coil ac-
tuates the attached portion of the diaphragm, thus the
portion of the diaphragm vibrates, and propagates such
vibration to the rest of the diaphragm area not directly
adjacent to the voice coil. As a result, the sound radiates
from the whole diaphragm area in a very complex manner
due to the frequency-dependent and non-linearity in the
sound-propagation, absorption (damping), and bounda-
ry reflection process. Therefore, the material, structure
and configuration of the diaphragm significantly influenc-
es the sound quality of the speaker.
[0004] For example, European Patent Publication No.
EP 2268058A1 discloses micro speakers, for example
for use in reproducing sound in microelectronic equip-
ment such as mobile phones, cellular phones, camcord-
ers, PDAs, digital cameras, notebook computers, LCD
TVs, DVDs and the like. The vibration system of the
speaker comprises a voice coil 8 fitted into a gap between
a permanent magnet P and the inner diameter of a yoke
4, as shown in FIG. 1. A speaker membrane M is bonded
to the voice coil 8. The membrane M comprises an elas-
tomer of thickness less than 0.3mm and with a Young’s
modulus below 100MPa, e.g. silicone. The elastomer
membrane can be bonded to the coil 8 using conventional
adhesives. As known to those skilled in the art, UV-curing
adhesives are preferable as rapid curing is essential in
automated manufacturing. Since the vibration system of
the prior art further comprises a stiffening element 16
provided on the opposite side of the membrane M to the
voice coil 8, the stiffening element 16, which is commonly

made of an opaque material such as metal or a composite
material including metal, or a polymer sheet formed with
a relatively large thickness, might adversely affect the
UV-curing of the adhesive. Even if the polymer sheet is
light transmissible and applicable to the UV-curing proc-
ess, some problems are still encountered. For example,
without pre-treatment of the polymer surface (by primers,
or plasma treatment), the vice-coil/polymer adhesion is
weak and subject to peeling-off, especially under heat
generated from the voice coil. Although JP 2006/229656
A discloses a central vibration part having optical trans-
parency and made of a hard resin member, the stiffness
of a hard resin member is still not satisfying in some ap-
plications.

SUMMARY OF THE INVENTION

[0005] The present invention provides a vibration as-
sembly as defined in claim 1.
[0006] In an aspect, the present invention provides a
vibration assembly for use in a speaker, which compris-
es: a supporting member; a light-transmissive rigid and
hard diaphragm vibrating and propagating vibration for
sound radiation in response to an actuating force; a flex-
ible membrane having a first portion coupled to the rigid
and hard diaphragm and configured to vibrate with the
rigid and hard diaphragm, and having a second portion
coupled to the supporting member for positioning the rigid
and hard diaphragm; and a voice coil coupled to the rigid
and hard diaphragm with a light-curing adhesive, and
flowing therein an alternating current and passing there-
through magnetic lines of force generated by a magnet
to provide the actuating force by working in conjunction
with the time-varying lines of force from the voice coil.
[0007] To achieve the desired performance, the light-
transmissive rigid and hard diaphragm in this invention
has significant transmittance in UV-A band sufficient to
allow curing of the light-curing adhesive, i.e. over 50 per-
cent (>50%), a Young’s modulus value over 50 GPa, to-
gether with a Mohs hardness value over 5.0.
[0008] Common materials that can meet with these
three physical criteria include, but not limited to, single-
crystal diamond, single-crystal alumina (optical-clear
Sapphire), single-crystal Zirconia, many other metals’ ox-
ides or nitrides in single-crystal form, single-crystal silica
(quartz), and amorphous silicon dioxide (glass). For cost
and ease-of-manufacturing reasons, preferably, the rigid
and hard diaphragm is formed of a substantially homo-
geneous amorphous material. For example, the rigid and
hard diaphragm may be a glass sheet.
[0009] For exemplification only, the rigid and hard di-
aphragm may be a substantially flat sheet, a substantially
bowl-shaped sheet or a substantially dome-shaped
sheet. Alternatively, the rigid and hard diaphragm may
be configured to include a downward or an upward curved
inner portion and a flat surround portion where the voice
coil is coupled, or the rigid and hard diaphragm is con-
figured to be slightly downward curved in an inner portion
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and more aggressively downward curved in a surround
portion outside a magnetic circuit assembly of the speak-
er, which includes the magnet.
[0010] For exemplification only, the flexible membrane
may be formed of a soft polymeric material.
[0011] The flexible membrane and the voice coil may
be disposed at opposite sides of the rigid and hard dia-
phragm. Alternatively, the rigid and hard diaphragm and
the voice coil are disposed at opposite sides of the flexible
membrane.
[0012] The rigid and hard diaphragm may entirely or
partially overlap with the first portion of the flexible mem-
brane.
[0013] In an embodiment, the vibration assembly fur-
ther comprises an auxiliary layer coupled to the rigid and
hard diaphragm and/or the flexible membrane for en-
hancing heat-dissipating capability and/or modifying
acoustic performance.
[0014] For example, the auxiliary layer is an aluminum
foil, a deposited metal layer or a graphite sheet.
[0015] In another aspect, the present invention pro-
vides a speaker for sound radiation, as defined in claim
11.
[0016] For exemplification only, the magnetic circuit
assembly may include a magnet disposed in a hollow
center of the voice coil, and/or a magnet surrounding the
voice coil. Alternatively, the magnetic circuit assembly
includes a plurality of pieces of magnets disposed in a
circular trench of the yoke together with the voice coil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will become more readily appar-
ent to those ordinarily skilled in the art after reviewing the
following detailed description and accompanying draw-
ings, in which:

FIG. 1 is a cross-sectional view schematically illus-
trating a prior art vibration system for use in a speak-
er;
FIG. 2 is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a first example useful for un-
derstanding the present invention;
FIG. 3 is a cross-sectional view schematically illus-
trating a first example of speaker comprising the vi-
bration assembly as illustrated in FIG. 2;
FIG. 4 is a cross-sectional view schematically illus-
trating an example of the rigid and hard diaphragm
used in vibration assembly of FIG. 2;
FIG. 5 is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a second example useful for
understanding the present invention;
FIG. 6 is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a third example useful for un-
derstanding the present invention;

FIG. 7A is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a fourth example useful for un-
derstanding the present invention;
FIG. 7B is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a fifth example useful for un-
derstanding the present invention;
FIG. 7C is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a sixth example useful for un-
derstanding the present invention;
FIG. 7D is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a seventh example useful for
understanding the present invention;
FIG. 7E is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to an eighth example useful for
understanding the present invention;
FIG. 8A is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a ninth example useful for un-
derstanding the present invention;
FIG. 8B is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a tenth example useful for un-
derstanding the present invention;
FIG. 8C is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to an eleventh example useful for
understanding the present invention;
FIG. 8D is a cross-sectional view schematically illus-
trating a vibration assembly adapted to be used in a
speaker according to a twelfth example useful for
understanding the present invention;
FIG. 9A is a cross-sectional view schematically illus-
trating a second example of a speaker comprising
the vibration assembly as illustrated in FIG. 2;
FIG. 9B is a cross-sectional view schematically illus-
trating a third example of a speaker comprising the
vibration assembly as illustrated in FIG. 2;
FIG. 9C is a cross-sectional view schematically illus-
trating a fourth example of a speaker comprising the
vibration assembly as illustrated in FIG. 2; and
FIG. 9D is a cross-sectional view schematically illus-
trating a fifth example of a speaker comprising the
vibration assembly as illustrated in FIG. 2.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0018] The invention will now be described more spe-
cifically with reference to the following example useful
for understanding the invention. It is to be noted that the
following descriptions of examples useful for understand-
ing this invention are presented herein for purpose of
illustration and description only. It is not intended to be
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exhaustive or to be limited to the precise form disclosed.
[0019] Referring to FIG. 2, a cross-section view of a
vibration assembly adapted to be used in a speaker ac-
cording to an example useful for understanding the
present invention is illustrated. The vibration assembly
10 includes a rigid and hard diaphragm 100, a flexible
membrane 101, a supporting member 102 and a voice
coil 103. In this example, the rigid and hard diaphragm
100 is made of light-transmissible material, and the voice
coil 103 is secured onto a surface 1001 of the rigid and
hard diaphragm 100 with a light curable adhesive 104.
An inner portion 1011 of the flexible membrane 101 is
attached on a surface 1002 of the rigid and hard dia-
phragm 100 opposite to the surface 1001 where the voice
coil 103 is disposed, and entirely overlaps with the rigid
and hard diaphragm 100. The flexible membrane 101 is
further coupled to the supporting member 102 with a sur-
rounding portion 1012 extending outwards from the inner
portion 1011.
[0020] Please refer to FIG. 3. A cross-sectional view
of a partial speaker, which comprises the vibration as-
sembly 10 as described above, is schematically illustrat-
ed. The speaker 1, in addition to the vibration assembly
10, further includes a magnet-pot 21, a permanent mag-
net 22, a top-plate 23, and a frame 24. The magnet-pot
21 is, for example, U-shaped and made of steel for re-
ceiving the vibration assembly 10. The permanent mag-
net 22 is received in the magnet-pot 21, and covered by
the top-plate 23, which is, for example, made of steel,
and disposed as a core of the voice coil 103. The vibration
assembly 10, the magnet-pot 21, the permanent magnet
22, and the top-plate 23 are accommodated in the frame
24, which is, for example, made of a plastic material, and
configured to serve as the supporting member for the
surrounding portion 1012 of the flexible membrane 101
to rest.
[0021] The permanent magnet 22 generates magnetic
flux 105 radially through the coil 103 as indicated by the
arrows in FIG. 2. Due to the interaction between the mag-
netic flux 105 from the permanent magnet and the flux
resulting from the current flowing through the voice coil
103, the vibration assembly, including the rigid and hard
diaphragm 100, the flexible membrane 101 and the voice
coil 103, conducts a corresponding mechanical move-
ment 106 as indicated by the arrow in FIG. 2.
[0022] In this example, the flexible membrane is made
of a soft polymeric material, which permits deformation
to a desired extent and assures of recovery to the original
state. The rigid and hard diaphragm 100 is a thin glass
sheet, which is transparent to light up to most of the UV
ranges, so the vibration assembly 10 can be formed by
stacking the voice coil 103, the glass sheet 100 and the
flexible membrane 101 in sequence with a UV-curing ad-
hesive, thereby speeding up the automated curing proc-
ess. Advantageously, heat can be applied to the voice-
coil/glass adhesion to accelerate the curing process as
glass will not permanently deform nor melt under normal
heat-curing temperature of the adhesive, which is nor-

mally over 120C but less than 200C. Due to the high
specific stiffness of the glass, the rigid and hard dia-
phragm can be made into a very thin sheet while keeping
the required stiffness against diaphragm distortion due
to air pressure difference during vigorous diaphragm vi-
brations. The glass diaphragm can also serve as a heat-
sink for the voice coil due to its relatively high thermal
conductivity over polymer films (Glass ∼1 W/mk vs. PET
∼0.2 W/mk vs. Air ∼0.024 W/mk). Furthermore, the voice-
coil/glass adhesion is highly resistant to peeling off under
shearing force, as both parts are hard. Ultrasonic radia-
tion beyond a human audible range is possible due to
the excellent acoustic properties of glass, less boundary
interface by adhesives, and possible use of hard-after-
curing type of adhesives.
[0023] It is to be noted that the thin glass sheet is only
an example of the rigid and hard diaphragm, and any
other suitable light-transmissible hard speaker radiating
diaphragm, preferably glass-based, can be used in the
present invention, as long as the above-mentioned ad-
vantages can be achieved. For example, in a co-pending
US Patent Application No. 15/673,554 filed by the same
Applicant, a diaphragm structure based upon an amor-
phous compressed skins - tensioned core structure is
proposed. Referring to FIG. 4, an embodiment of the
amorphous compressed skins-tensioned core structure
400 includes an upper surface layer 410, an upper tran-
sition layer 420, a core 430, a lower transition layer 440
and a lower surface layer 450, and each layer comprises
substantially the same hard homogeneous amorphous
material with variations in internal stress resulting from
the density distribution of guest ions in the upper surface
layer 410, upper transition layer 420, lower transition lay-
er 440, and lower surface layer 450, which vary by depth
from the skin, as a result of chemical ion exchange oc-
curring when the untreated piece of glass is immersed
in a high temperature molten salt bath creating the com-
pressive stress layer 410 and 450, and the corresponding
transition layer 420 and 440, and compensating tension
in the core 430, forming the amorphous compressed
skins - tensioned core structure 400. According to the
invention as claimed, the light-transmissive rigid and hard
diaphragm 100 has transmittance in UV-A band over 50
percent (>50%), a Young’s modulus value over 50 GPa,
together with a Mohs hardness value over 5.0.
[0024] FIG. 5 schematically illustrates another exam-
ple of a vibration assembly useful for understanding
the present invention. In this example, the flexible mem-
brane is implemented with a flexible membrane 30, which
is disposed between the voice coil 103 and the rigid and
hard diaphragm 100, and made of a material that has a
good adhesion to voice coil 103 via the light-curing ad-
hesive 104. Meanwhile, the rigid and hard diaphragm
100 is still required to be a light-transmissible hard dia-
phragm for use with the light-curing adhesive 104.
[0025] FIG. 6 schematically illustrates a further exam-
ple of a vibration assembly useful for understanding the
present invention. In this example, the flexible membrane
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is implemented with a flexible membrane 40, which is
disposed at a side of the rigid and hard diaphragm 100
opposite to the voice coil 103. The flexible membrane 40
is a ring-shaped. That is, the flexible membrane 40 has
a hollow inner portion and partially covers the rigid and
hard diaphragm 100, which provides a reduction in mass.
[0026] FIGS. 7A∼7E schematically illustrate still further
examples of vibration assemblies useful for understand-
ing the present invention to further increase the rigidity
of the rigid and hard diaphragm. In the example illustrated
in FIG. 7A, the rigid and hard diaphragm is a bowl-shaped
glass sheet 50. For avoiding contact or collision while the
diaphragm is vibrating, a notch or hole 51 is made in the
top plate 52 at a position corresponding to the bowl bot-
tom of the rigid and hard diaphragm 50. In the example
illustrated in FIG. 7B, the rigid and hard diaphragm is a
dome-shaped glass sheet 53. In the example illustrated
in FIG. 7C, the rigid and hard diaphragm 54 has a down-
ward curved main body 541 and a flat flange 542 for
better adhering operation to the voice coil 103. In the
example illustrated in FIG. 7D, the rigid and hard dia-
phragm 55 has an upward curved main body 551 and a
flat flange 552 for better adhering operation to the voice
coil 103. In the example illustrated in FIG. 7E, the rigid
and hard diaphragm 56 has a slightly downward curved
inner portion 561 and a more aggressively downward
curved surround portion 562, wherein such aggressive
curve shape will not impact the overall speaker thickness
since it is outside the magnet-pot 21. Likewise, a notch
or hole may be provided under any of the rigid and hard
diaphragms, if a reduction of total speaker thickness is
needed.
[0027] Although a light-transmissive rigid and hard di-
aphragm is preferred for use with a light-curing adhesive
to stack with a voice coil, the light-transmissive rigid and
hard diaphragm such as the one proposed in the co-
pending US Patent Application No. 15/673,554 filed by
the same Applicant may also be used with other types
of adhesives. In these examples, an auxiliary layer may
be additionally provided in the vibrating assembly for en-
hancing some physical properties of the vibration assem-
bly. For example, US Patent No. 4,461,930 A discloses
that the honey comb diaphragm material and coupling
elements are composed of metal, such as of thin alumi-
num, for improved heat dissipation. In this embodiment,
as depicted in FIGS. 8A∼8D, the auxiliary layer 60 may
be an aluminum foil, a deposited metal layer or a graphite
sheet, which is advantageous in acting as the heat-
spreader for the heat generated for the voice coil 103,
and has specific effects on modifying acoustic perform-
ance. The auxiliary layer 60 may be arranged in a variety
of positions, depending on practical applications and re-
quirements, wherein FIG. 8A illustrates the position of
the auxiliary layer 60 between the rigid and hard dia-
phragm 100 and the voice coil 103; FIG. 8B illustrates
the position of the auxiliary layer 60 between the rigid
and hard diaphragm 100 and the flexible membrane 101;
FIG. 8C illustrates the position of the auxiliary layer 60

between the rigid and hard diaphragm 40 and the voice
coil 103; and FIG. 8D illustrates the position of the aux-
iliary layer 60 on a surface of the voice coil 103 opposite
to the rigid and hard diaphragm 100. In these examples,
a flat rigid and hard diaphragm is used as an example
for illustrating the disposition of the auxiliary layer 60.
Nevertheless, other configurations of rigid and hard dia-
phragms as described above may also be used for
achieving desired purposes.
[0028] The vibration assemblies as proposed in the
above examples may be used in a speaker together with
various types of magnetic designs. US Patent Publication
No. 2009/0161905 A1 discloses one of the examples of
magnetic designs. In the example of speaker 2 as illus-
trated in FIG. 9A, a ring magnet 70 outside the voice coil
103 is used. The ring magnet 70 is covered with a ring-
shaped top plate 71, seated in a T-yoke 72, which has a
protrusion 721 inside the hollow voice coil 103, and sur-
rounded with a frame 73. The allocation of the magnet
70, the top plate 71 and the T-yoke 72 is not only for
securing the disposition of the magnet 70, but also plays
a role of distributing magnetic lines of force associated
with the magnet 70 in order to optimize the interaction
between the voice coil 103 and the magnetic lines of
force.
[0029] In the example of speaker 3 illustrated in FIG.
9B, a magnetic circuit assembly including a disc magnet
762 and a ring magnet 761 is used. The magnetic circuit
is implemented with a ring-shaped top plate 771, a disc-
shaped top plate 772, and a disc-shaped base plate 78,
with the ring magnet 771 seating in between ring-shaped
top plate 771 and base plate 78, together with the disc
magnet 772 seating in between the top plate 772 and the
base plate 78. The voice coil 103 is placed in the magnetic
gap formed between the ring-shaped top plate 771 and
the disc-shaped top plate 772. This magnetic circuit ar-
rangement can provide a higher magnetomotive force
over the simple magnetic circuit arrangement as illustrat-
ed in FIG. 3 and FIG. 9A.
[0030] In the example of speaker 4 illustrated in FIG.
9C, the magnet 80 is a ring magnet and disposed inside
the voice coil 103. A top plate 81 has a similar ring shape
to a cross section of the magnet 80. The magnet 80 is
seated in a magnet pot 82, which has a hole 820 aligned
with the hollow portions of the magnet 80 and the top
plate 81. Such configuration can reduce the weight of the
speaker assembly, and provide a vent for the back air-
flow.
[0031] In the example of speaker 5 illustrated in FIG.
9D, a plurality of pieces of magnets 83 are used. The
magnets 83 are disposed in a circular trench 821 of a
steel yoke 84, and so is the voice coil 103.
[0032] It is understood from the above descriptions, by
using a hard speaker radiating diaphragm, and more spe-
cifically a light-transmissive hard speaker radiating dia-
phragm, in the vibration assembly, the voice coil attach-
ment can be well performed with, for example, a light-
curing adhesive.
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Claims

1. A vibration assembly for use in a speaker, compris-
ing:

a supporting member (102, 24, 73, 79);
a diaphragm (100, 50, 53, 54, 55, 56) vibrating
and propagating vibration for sound radiation in
response to an actuating force, and having
transmittance in UV-A band over 50 percent;
a flexible membrane (101, 30, 40) having a first
portion (1011) coupled to the diaphragm (100,
50, 53, 54, 55, 56) and configured to vibrate with
the diaphragm (100, 50, 53, 54, 55, 56), and
having a second portion (1012) coupled to the
supporting member (102, 24, 73, 79) for posi-
tioning the diaphragm (100, 50, 53, 54, 55, 56);
and
a voice coil (103) flowing therein an alternating
current and passing therethrough magnetic
lines of force generated by a magnet (22, 70,
761, 762, 80, 83) to provide the actuating force,
and
characterized in that the diaphragm (100, 50,
53, 54, 55, 56) is a light-transmissive rigid and
hard diaphragm, which is transmissive by UV-A
light, and has a Young’s modulus value over 50
GPa, and a Mohs hardness value over 5.0; and
the voice coil (103) is coupled to the light-trans-
missive rigid and hard diaphragm (100, 50, 53,
54, 55, 56) with a UV-curing adhesive (104).

2. The vibration assembly according to claim 1, char-
acterized in that the supporting member (102, 24,
73, 79) is a frame of the speaker (1, 2, 3, 4, 5), where
the vibration assembly (10) is accommodated.

3. The vibration assembly according to claim 1, char-
acterized in that the rigid and hard diaphragm (100,
50, 53, 54, 55, 56) is formed of a substantially ho-
mogeneous amorphous material.

4. The vibration assembly according to claim 1, char-
acterized in that the rigid and hard diaphragm (100,
50, 53, 54, 55, 56) is a glass sheet.

5. The vibration assembly according to claim 1, char-
acterized in that the rigid and hard diaphragm is a
substantially flat sheet (100), a substantially bowl-
shaped sheet (50) or a substantially dome-shaped
sheet (53).

6. The vibration assembly according to claim 1, char-
acterized in that the rigid and hard diaphragm (54,
55) is configured to include a downward or an upward
curved inner portion (541, 551) and a flat surround
portion (542, 552) where the voice coil (103) is cou-
pled, or the rigid and hard diaphragm (56) is config-

ured to be slightly downward curved in an inner por-
tion (561) and more aggressively downward curved
in a surround portion (562) outside a magnetic circuit
assembly of the speaker (1, 2, 3, 4, 5), which includes
the magnet (22, 70, 761, 762, 80, 83).

7. The vibration assembly according to claim 1, char-
acterized in that the flexible membrane (101) and
the voice coil (103) are disposed at opposite sides
of the rigid and hard diaphragm (100, 50, 53, 54, 55,
56), or the rigid and hard diaphragm (100) and the
voice coil (103) are disposed at opposite sides of the
flexible membrane (30).

8. The vibration assembly according to claim 1, char-
acterized in that the whole rigid and hard diaphragm
(100, 50, 53, 54, 55, 56) overlaps with the first portion
(1011) of the flexible membrane (100, 30), or the first
portion (1011) of the flexible membrane (40) is ring-
shaped, and the rigid and hard diaphragm (100) is
partially uncovered from the first portion (1011) of
the flexible membrane (40).

9. The vibration assembly according to claim 1, char-
acterized in further comprising an auxiliary layer
(60) coupled to the rigid and hard diaphragm and/or
the flexible membrane for enhancing heat-dissipat-
ing capability and/or modifying acoustic perform-
ance.

10. The vibration assembly according to claim 9, char-
acterized in that the auxiliary layer (60) is an alu-
minum foil, a deposited metal layer or a graphite
sheet.

11. A speaker for sound radiation, comprising:

a frame (102, 24, 73, 79);
a magnetic-circuit assembly for conducting
magnetic lines of force;
a magnet pot (21, 72, 78, 82, 84) receiving there-
in the magnetic-circuit assembly, and accom-
modated in the frame (102, 24, 73, 79); and
a vibration assembly (10) accommodated in the
frame (102, 24, 73, 79), comprising:

a diaphragm (100, 50, 53, 54, 55, 56) vibrat-
ing and propagating vibration for sound ra-
diation in response to an actuating force,
and having transmittance in UV-A band
over 50 percent;
a flexible membrane (101, 30, 40) having a
first portion (1011) coupled to the dia-
phragm (100, 50, 53, 54, 55, 56) and con-
figured to vibrate with the diaphragm (100,
50, 53, 54, 55, 56), and having a second
portion (1012) coupled to the frame (102,
24, 73, 79) for positioning the diaphragm
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(100, 50, 53, 54, 55, 56); and
a voice coil (103) flowing therein an alter-
nating current and passing therethrough
magnetic lines of force generated by a mag-
net (22, 70, 761, 762, 80, 83) to provide the
actuating force, and

characterized in that the diaphragm (100, 50,
53, 54, 55, 56) is a light-transmissive rigid and
hard diaphragm, which is transmissive by UV-A
light, and has a Young’s modulus value over 50
GPa, and a Mohs hardness value over 5.0; and
the voice coil (103) is coupled to the light-trans-
missive rigid and hard diaphragm (100, 50, 53,
54, 55, 56) with a UV-curing adhesive (104).

12. The speaker according to claim 11, characterized
in that the magnetic-circuit assembly includes a
magnet (22, 762, 80, 83) disposed in a hollow center
of the voice coil (103), or the magnetic-circuit assem-
bly includes a magnet (70, 761) outside the voice
coil (103).

13. The speaker according to claim 12, wherein the mag-
net (70, 761, 80) is a ring magnet.

14. The speaker according to claim 13, characterized
in that the magnetic-circuit assembly includes a plu-
rality of pieces of magnets (83) disposed in a circular
trench (821) of the magnet pot (84) together with the
voice coil (103).

Patentansprüche

1. Schwingungsanordnung zur Verwendung in einem
Lautsprecher, die Folgendes umfasst:

ein Halteelement (102, 24, 73, 79);
ein Diaphragma (100, 50, 53, 54, 55, 56), das
als Reaktion auf eine Betätigungskraft schwingt
und Schwingungen zur Schallstrahlung verbrei-
tet, und eine Durchlässigkeit im UVA-Band von
über 50 Prozent aufweist;
eine flexible Membran (101, 30, 40), die einen
ersten Abschnitt (1011) aufweist, der mit dem
Diaphragma (100, 50, 53, 54, 55, 56) gekoppelt
ist und dazu ausgelegt ist, mit dem Diaphragma
(100, 50, 53, 54, 55, 56) zu schwingen, und ei-
nen zweiten Abschnitt (1012) aufweist, der mit
dem Halteelement (102, 24, 73, 79) zum Posi-
tionieren des Diaphragmas (100, 50, 53, 54, 55,
56) gekoppelt ist; und
eine Schwingspule (103), in der ein Wechsel-
strom fließt und durch die magnetische Kraftli-
nien führen, die durch einen Magneten (22, 70,
761, 762, 80, 83) erzeugt werden, um die Betä-
tigungskraft bereitzustellen, und

dadurch gekennzeichnet, dass das Diaphrag-
ma (100, 50, 53, 54, 55, 56) ein lichtdurchlässi-
ges starres und hartes Diaphragma ist, das für
UVA-Licht durchlässig ist und ein Elastizitäts-
modul über 50 GPa und einen Mohsschen Här-
tewert über 5,0 aufweist; und die Schwingspule
(103) mit dem lichtdurchlässigen starren und
harten Diaphragma (100, 50, 53, 54, 55, 56) mit
einem UV-härtenden Klebstoff (104) gekoppelt
ist.

2. Schwingungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass das Halteelement (102, 24,
73, 79) ein Rahmen des Lautsprechers (1, 2, 3, 4,
5) ist, in dem die Schwingungsanordnung (10) auf-
genommen ist.

3. Schwingungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass das starre und harte Dia-
phragma (100, 50, 53, 54, 55, 56) aus einem im We-
sentlichen homogenen amorphen Material gebildet
ist.

4. Schwingungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass das starre und harte Dia-
phragma (100, 50, 53, 54, 55, 56) eine Glasscheibe
ist.

5. Schwingungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass das starre und harte Dia-
phragma eine im Wesentlichen flache Scheibe
(100), eine im Wesentlichen schalenförmige Schei-
be (50) oder eine im Wesentlichen kuppelförmige
Scheibe (53) ist.

6. Schwingungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass das starre und harte Dia-
phragma (54, 55) dazu ausgelegt ist, einen nach un-
ten oder einen nach oben gekrümmten Innenab-
schnitt (541, 551) und einen flachen Umrandungs-
abschnitt (542, 552) zu beinhalten, an den die
Schwingspule (103) gekoppelt ist, oder dass das
starre und harte Diaphragma (56) dazu ausgelegt
ist, in einem Innenabschnitt (561) leicht nach unten
gekrümmt zu sein und in einem Umrandungsab-
schnitt (562) außerhalb einer Magnetkreisanord-
nung des Lautsprechers (1, 2, 3, 4, 5), die den Ma-
gneten (22, 70, 761, 762, 80, 83) beinhaltet, stärker
nach unten gekrümmt zu sein.

7. Schwingungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass die flexible Membran (101)
und die Schwingspule (103) an gegenüberliegenden
Seiten des starren und harten Diaphragmas (100,
50, 53, 54, 55, 56) angeordnet sind oder das starre
und harte Diaphragma (100) und die Schwingspule
(103) an gegenüberliegenden Seiten der flexiblen
Membran (30) angeordnet sind.
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8. Schwingungsanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass das gesamte starre und har-
te Diaphragma (100, 50, 53, 54, 55, 56) mit dem
ersten Abschnitt (1011) der flexiblen Membran (100,
30) überlappt oder der erste Abschnitt (1011) der
flexiblen Membran (40) ringförmig ist, und das starre
und harte Diaphragma(100) teilweise nicht von dem
ersten Abschnitt (1011) der flexiblen Membran (40)
bedeckt ist.

9. Schwingungsanordnung nach Anspruch 1, ferner
dadurch gekennzeichnet, dass sie eine Hilfs-
schicht (60) umfasst, die mit dem starren und harten
Diaphragma und/oder der flexiblen Membran zum
Verbessern des Wärmeabgabevermögens
und/oder zum Modifizieren der akustischen Leistung
gekoppelt ist.

10. Schwingungsanordnung nach Anspruch 9, dadurch
gekennzeichnet, dass die Hilfsschicht (60) eine
Aluminiumfolie, eine aufgebrachte Metallschicht
oder eine Graphitschicht ist.

11. Lautsprecher zur Schallstrahlung, der Folgendes
umfasst:

einen Rahmen (102, 24, 73, 79);
eine Magnetkreisanordnung zum Leiten mag-
netischer Kraftlinien;
einen Magnettopf (21, 72, 78, 82, 84), in dem
die Magnetkreisanordnung (102, 24, 73, 79) ent-
halten ist, und der in dem Rahmen (102, 24, 73,
79) aufgenommen ist; und
eine Schwingungsanordnung (10), die in dem
Rahmen (102, 24, 73, 79) aufgenommen ist, und
Folgendes umfasst:

ein Diaphragma (100, 50, 53, 54, 55, 56),
das als Reaktion auf eine Betätigungskraft
schwingt und Schwingungen zur Schall-
strahlung verbreitet, und eine Durchlässig-
keit im UVA-Band von über 50 Prozent auf-
weist;
eine flexible Membran (101, 30, 40), die ei-
nen ersten Abschnitt (1011) aufweist, der
mit dem Diaphragma (100, 50, 53, 54, 55,
56) gekoppelt ist und dazu ausgelegt ist, mit
dem Diaphragma (100, 50, 53, 54, 55, 56)
zu schwingen, und einen zweiten Abschnitt
(1012) aufweist, der mit dem Rahmen (102,
24, 73, 79) zum Positionieren des Diaphrag-
mas (100, 50, 53, 54, 55, 56) gekoppelt ist;
und
eine Schwingspule (103), in der ein Wech-
selstrom fließt und durch die magnetische
Kraftlinien führen, die durch einen Magne-
ten (22, 70, 761, 762, 80, 83) erzeugt wer-
den, um die Betätigungskraft bereitzustel-

len, und
dadurch gekennzeichnet, dass das Dia-
phragma (100, 50, 53, 54, 55, 56) ein licht-
durchlässiges starres und hartes Diaphrag-
ma ist, das für UVA-Licht durchlässig ist und
ein Elastizitätsmodul über 50 GPa und ei-
nen Mohsschen Härtewert über 5,0 auf-
weist; und die Schwingspule (103) mit dem
lichtdurchlässigen starren und harten Dia-
phragma (100, 50, 53, 54, 55, 56) mit einem
UV-härtenden Klebstoff (104) gekoppelt ist.

12. Lautsprecher nach Anspruch 11, dadurch gekenn-
zeichnet, dass die Magnetkreisanordnung einen
Magneten (22, 762, 80, 83) beinhaltet, der in einem
hohlen Zentrum der Schwingspule (103) angeordnet
ist, oder die Magnetkreisanordnung einen Magneten
(70, 761) außerhalb der Schwingspule (103) bein-
haltet.

13. Lautsprecher nach Anspruch 12, wobei der Magnet
(70, 761, 80) ein Ringmagnet ist.

14. Lautsprecher nach Anspruch 13, dadurch gekenn-
zeichnet, dass die Magnetkreisanordnung eine
Vielzahl von Magnetstücken (83) beinhaltet, die in
einem kreisförmigen Kanal (821) des Magnettopfs
(84) zusammen mit der Schwingspule (103) ange-
ordnet sind.

Revendications

1. Ensemble de vibration pour son utilisation dans un
haut-parleur, comprenant :

un organe de support (102, 24, 73, 79) ;
un diaphragme (100, 50, 53, 54, 55, 56) vibrant
et propageant une vibration pour un rayonne-
ment de son en réponse à une force
d’actionnement ; et ayant une transmittance en
bande UV-A supérieure à 50 pour cent ;
une membrane flexible (101, 30, 40) ayant une
première portion (1011) couplée au diaphragme
(100, 50, 53, 54, 55, 56) et configurée pour vibrer
avec le diaphragme (100, 50, 53, 54, 55, 56), et
ayant une seconde portion (1012) couplée à l’or-
gane de support (102, 24, 73, 79) pour position-
ner le diaphragme (100, 50, 53, 54, 55, 56) ; et
une bobine acoustique (103) faisant circuler à
l’intérieur un courant alternatif et faisant passer
au travers des lignes de force magnétiques gé-
nérées par un aimant (22, 70, 761, 762, 80, 83)
pour fournir la force d’actionnement, et
caractérisé en ce que le diaphragme (100, 50,
53, 54, 55, 56) est un diaphragme rigide et dur
transmettant la lumière, qui est transmissif par
lumière UV-A, et a une valeur de module de
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Young supérieure à 50 GPa, et une valeur de
dureté Mohs supérieure à 5,0 ; et la bobine
acoustique (103) est couplée au diaphragme ri-
gide et dur transmettant la lumière (100, 50, 53,
54, 55, 56) via un adhésif durcissable par UV
(104).

2. Ensemble de vibration selon la revendication 1, ca-
ractérisé en ce que l’organe de support (102, 24,
73, 79) est un cadre du haut-parleur (1, 2, 3, 4, 5),
où l’ensemble de vibration (10) est logé.

3. Ensemble de vibration selon la revendication 1, ca-
ractérisé en ce que le diaphragme rigide et dur (100,
50, 53, 54, 55, 56) est formé d’un matériau amorphe
sensiblement homogène.

4. Ensemble de vibration selon la revendication 1, ca-
ractérisé en ce que le diaphragme rigide et dur (100,
50, 53, 54, 55, 56) est une feuille de verre.

5. Ensemble de vibration selon la revendication 1, ca-
ractérisé en ce que le diaphragme rigide et dur est
une feuille sensiblement plate (100), une feuille sen-
siblement en forme de cuvette (50) ou une feuille
sensiblement en forme de dôme (53).

6. Ensemble de vibration selon la revendication 1, ca-
ractérisé en ce que le diaphragme rigide et dur (54,
55) est configuré pour inclure une portion interne in-
curvée vers le bas ou vers le haut (541, 551) et une
portion d’entourage plate (542, 552) où la bobine
acoustique (103) est couplée, ou le diaphragme ri-
gide et dur (56) est configuré pour être incurvé légè-
rement vers le bas dans une portion interne (561) et
incurvé de façon plus agressive vers le bas dans une
portion d’entourage (562) à l’extérieur d’un ensem-
ble de circuit magnétique du haut-parleur (1, 2, 3, 4,
5), qui comporte l’aimant (22, 70, 761, 762, 80, 83).

7. Ensemble de vibration selon la revendication 1, ca-
ractérisé en ce que la membrane flexible (101) et
la bobine acoustique (103) sont disposées sur des
côtés opposés du diaphragme rigide et dur (100, 50,
53, 54, 55, 56), ou le diaphragme rigide et dur (100)
et la bobine acoustique (103) sont disposés sur des
côtés opposés de la membrane flexible (30).

8. Ensemble de vibration selon la revendication 1, ca-
ractérisé en ce que le diaphragme rigide et dur (100,
50, 53, 54, 55, 56) entier chevauche la première por-
tion (1011) de la membrane flexible (100, 30), ou la
première portion (1011) de la membrane flexible (40)
est de forme annulaire, et le diaphragme rigide et
dur (100) est partiellement découvert de la première
portion (1011) de la membrane flexible (40).

9. Ensemble de vibration selon la revendication 1, ca-

ractérisé en ce qu’il comprend en outre une couche
auxiliaire (60) couplée au diaphragme rigide et dur
et/ou à la membrane flexible pour améliorer une ca-
pacité de dissipation de chaleur et/ou modifier une
performance acoustique.

10. Ensemble de vibration selon la revendication 9, ca-
ractérisé en ce que la couche auxiliaire (60) est une
feuille d’aluminium, une couche métallique déposée
ou une feuille de graphite.

11. Haut-parleur pour un rayonnement de son,
comprenant :

un cadre (102, 24, 73, 79) ;
un ensemble de circuit magnétique pour con-
duire des lignes de force magnétiques ;
un pot magnétique (21, 72, 78, 82, 84) recevant
à l’intérieur l’ensemble de circuit magnétique, et
logé dans le cadre (102, 24, 73, 79) ; et
un ensemble de vibration (10) logé dans le cadre
(102, 24, 73, 79), comprenant :

un diaphragme (100, 50, 53, 54, 55, 56) vi-
brant et propageant une vibration pour un
rayonnement de son en réponse à une force
d’actionnement, et ayant une transmittance
en bande UV-A supérieure à 50 pour cent ;
une membrane flexible (101, 30, 40) ayant
une première portion (1011) couplée au
diaphragme (100, 50, 53, 54, 55, 56) et con-
figurée pour vibrer avec le diaphragme
(100, 50, 53, 54, 55, 56), et ayant une se-
conde portion (1012) couplée au cadre
(102, 24, 73, 79) pour positionner le
diaphragme (100, 50, 53, 54, 55, 56) ; et
une bobine acoustique (103) faisant circuler
à l’intérieur un courant alternatif et faisant
passer au travers des lignes de force ma-
gnétiques générées par un aimant (22, 70,
761, 762, 80, 83) pour fournir la force d’ac-
tionnement, et
caractérisé en ce que le diaphragme (100,
50, 53, 54, 55, 56) est un diaphragme rigide
et dur transmettant la lumière, qui est trans-
missif par lumière UV-A, et a une valeur de
module de Young supérieure à 50 GPa, et
une valeur de dureté Mohs supérieure à
5,0 ; et la bobine acoustique (103) est cou-
plée au diaphragme rigide et dur transmet-
tant la lumière (100, 50, 53, 54, 55, 56) via
un adhésif durcissable par UV (104).

12. Haut-parleur selon la revendication 11, caractérisé
en ce que l’ensemble de circuit magnétique com-
porte un aimant (22, 762, 80, 83) disposé dans un
centre creux de la bobine acoustique (103), ou l’en-
semble de circuit magnétique comporte un aimant
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(70, 761) à l’extérieur de la bobine acoustique (103).

13. Haut-parleur selon la revendication 12, dans lequel
l’aimant (70, 761, 80) est un aimant annulaire.

14. Haut-parleur selon la revendication 13, caractérisé
en ce que l’ensemble de circuit magnétique com-
porte une pluralité de pièces d’aimants (83) disposés
dans une tranchée circulaire (821) du pot magnéti-
que (84) avec la bobine acoustique (103).
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