EP 1194 004 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
03.04.2002 Bulletin 2002/14

(21) Application number: 00402687.8

(22) Date of filing: 29.09.2000

(11) EP 1194 004 A1

EUROPEAN PATENT APPLICATION

(51) Intcl.”. HO4R 19/00

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(71) Applicant: Thomson Licensing S.A.
92100 Boulogne-Billancourt (FR)

(72) Inventor: Kim, Geuk Yeon
Yeongdeungpo-Gu, Seoul (KR)

(74) Representative: Bonnans, Arnaud
Thomson multimedia
46, quai Alphonse Le Gallo
92648 Boulogne Billancourt Cedex (FR)

(54) Electrostatic acoustic device

(57)  Inorderto enhance the sound pressure of loud-
speakers there is provided an electrostatic acoustic de-
vice having a first electrode (6) for applying an electrical
field, a diaphragm (8) with a main portion, a peripheral
portion and an elastic portion (9) between the main por-
tion and the peripheral portion and fixing means (10) for
fixing the peripheral portion of the diaphragm (8) to the
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first electrode(6), wherein the main portion of the dia-
phragm (8) is movable by the electrical field and wherein
the elastic portion (9) of the diaphragm (8) is deformed
during movement of the diaphragm (8), whereas the
shape of the main portion of the diaphragm (8) is essen-
tially maintained, when substantially constant surface
force is applied to the entire surface of the diaphragm
(8) by the electrical field.
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Description

[0001] The presentinvention relates to an electrostat-
ic acoustic device and especially to an electrostatic
acoustic device having a first electrode for applying an
electrical field, a diaphragm with a main portion, a pe-
ripheral portion and an elastic portion between the main
portion and the peripheral portion and fixing means for
fixing the peripheral portion of the diaphragm to the first
electrode, wherein the main portion of the diaphragm is
movable by the electrical field.

[0002] Electrostatic acoustic devices in this context
primarily include electrostatic loudspeakers or micro-
phones. A typical electrostatic loudspeaker known in the
art is shown in FIG. 1. In this type of electrostatic loud-
speaker sound pressure can be produced in corre-
spondence with a driving signal by impressing a bias
voltage, for instance direct current biasing, with the driv-
ing signal. More specifically, as shown in FIG. 1, in a
loudspeaker system utilizing an electrostatic speaker,
the driving signal 1 output from a power amplifier is
boosted several times via a step-up transformer 2 an
output signal of which is output to a speaker element 5.
This speaker element 5 consists of stationary electrodes
6, 7 which are electrode plates having multiple holes, or
perforations, therein. These stationary electrodes 6, 7
are arranged opposing each other with a prescribed dis-
tance therebetween. The output signal of the step-up
transformer 2 is impressed between these stationary
electrodes 6, 7.

[0003] Furthermore, the speaker element 5 includes
a diaphragm 8 forming the conductive fine filter on the
polyester film for example, and maintains this dia-
phragm 8 between the stationary electrodes 6, 7.
[0004] The bias voltage of several kV is formed by
boosting the commercial power source at a high voltage
bias circuit 3 and is applied between a secondary side
middle tap of the step up transformer 2 and the dia-
phragm 8. The circuit 3 for forming the bias voltage im-
presses the bias voltage to the diaphragm 8 via resistor
4 having a prescribed resistance value.

[0005] With this arrangement, in the loudspeaker sys-
tem, the driving force F to be expressed by the following
equation is generated on the diaphragm.

[0006] The sound pressure corresponding to the driv-
ing signal can be provided by elastically vibrating the
diaphragm with this driving force F. Here, € is the dielec-
tric constant which, in this case, is 8.85 * 10-12 [F/m], S
is made up of the electrode area [m?], E; and E are bias
voltage [V] and voltage of driving signal [V] respectively,
and d is a distance between the electrodes [m].

[0007] The driving force F expressed by the above
equation is produced on the entire diaphragm equally.
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Since the diaphragm is homogeneous and its outer cir-
cumference is fixedly hold, it is deformed to a circular
arc shape and elastically vibrated as shown by the arrow
in FIG. 2.

[0008] This means that, if the diaphragm 8 is vibrated
with a large amplitude in order to obtain large sound
pressure, the deformation of the diaphragm 8 becomes
larger accordingly and this also means that the center
part of the diaphragm 8 touches the stationary elec-
trodes 6, 7. If the distance between stationary elec-
trodes is made larger, this contact can be avoided. How-
ever, if this distance d is made larger, it will become nec-
essary to make the bias voltage and the voltage of the
driving signal larger in accordance with the above equa-
tion and accordingly the efficiency becomes worse.
[0009] Alternatively, spacers may be employed for
limiting the diaphragm movement to avoid that the dia-
phragm touches the stationary electrodes. However, the
bass response is limited by such spacers.

[0010] Furthermore, the diaphragm is stretched in a
frame and, therefore, is flat essentially. Due to such di-
aphragm shape, sherical dispersion is poor.

[0011] Itis also known that a loudspeaker may have
the shape of a portion of a cylinder. The horizontal and
vertical profile of such loudspeaker are shown in FIG. 3
again the arrows indicate the movement of the dia-
phragm. As can be seen immediately the problems dis-
cussed above occur similarly.

[0012] Furthermore, DE-A-196 41 503 describes an
electrostatic loudspeaker with circular dispersion char-
acteristic. The electrodes and the diaphragm have the
shape of a half ball. The periphery of the diaphragm is
fixed to a ring by gluing. Thus, the same problems as
discussed in connection with FIG. 3 occur.

[0013] In order to enhance the sound pressure US-A-
5,471,540 describes an electrostatic loudspeaker hav-
ing electrodes arranging multiple plate electrodes insu-
lated from each other. The driving signal for each elec-
trode is impressed such that the plate electrodes placed
on the outer side have higher voltage. Thus, bigger driv-
ing forces are applied to the outer portions of the dia-
phragm. Since the periphery of the homogeneous dia-
phragm is fixedly hold by a frame, the peripheral sec-
tions of the diaphragm are elastically stretched more
than the central sections of the diaphragm. Consequent-
ly, the diaphragm can be vibrated in the shape of almost
a flat plate, so that the air can be vibrated with larger
volume. However, a complicate structure of the elec-
trodes and a complicate driving circuit is necessary to
obtain this effect of larger sound pressure.

[0014] In view of the above problems it is the object
of the present invention to provide an electrostatic
acoustic device enhanced electro-acoustic efficiency,
whereby the diaphragm of the device does not touch the
electrodes.

[0015] According to the present invention this object
is solved by an electrostatic acoustic device having a
first electrode for applying an electrical field, a dia-
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phragm with a main portion, a peripheral portion and an
elastic portion between the main portion and the periph-
eral portion and fixing means for fixing the peripheral
portion of the diaphragm to the first electrode, wherein
the main portion of the diaphragm is movable by the
electrical field, and wherein the elastic portion of the di-
aphragm is deformed during movement of the dia-
phragm, whereas the shape of the main portion of the
diaphragm is essentially maintained, when substantially
constant surface force is applied to the entire surface of
the diaphragm by the electrical field.

[0016] The elastic portion is deformable easier than
other portions of the diaphragm. Thus, if force is applied
to the diaphragm, primarily the elastic portion is de-
formed and the main portion of the diaphragm maintains
its shape. In other words, the movement of the dia-
phragmis very linear, i.e. parallel to the electrodes, com-
pared to the prior art. Consequently a loudspeaker using
such technique has a better linear response. Further-
more, high sound pressure level is obtainable since the
air volume vibrated by the diaphragm is similar to that
of US-A-5,471,540.

[0017] In a preferred embodiment the electrostatic
acoustic device further includes a second electrode po-
sitioned opposite to the first electrode, wherein the dia-
phragm is fixed between the first and the second elec-
trode. Additionally, the electrode or the electrodes as
well as the diaphragm each may have the shape of a
spherical, cylindrical or pyramidal dome. Such shape of
the diaphragm would increase the low frequency range
and high frequency range for reproduction, since these
specific shapes strengthen the diaphragm tremendous-
ly. Additionally, thinner or lighter material can be used
for the diaphragm compared to the prior art.

[0018] When the shape of the diaphragm is the same
like that of the electrodes and the main portion of the
diaphragm is moveable parallelly to both electrodes, a
larger volume of air can be vibrated by the diaphragm
without the risk that the diaphragm touches the elec-
trode. As a result, for providing the same sound pres-
sure level as in the prior art no spacers are needed for
preventing a contact between the diaphragm and the
electrode inside of a speaker module, for example.
[0019] Further advantages of the dome shape of the
diaphragm are the wide spatial dispersion and the eas-
iness of production and handling of such diaphragm.
[0020] Exemplary embodiments of the invention are
illustrated in the drawings and are explained in more de-
tail in the following description. In the figures:

FIG. 1 shows a principal diagram of an electrostatic
loudspeaker according to the prior art;

FIG. 2is a sectional view of an electrostatic acoustic
device according to the prior art showing the dia-

phragm movement;

FIG. 3 is a sectional view of another electrostatic
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loudspeaker of the prior art;

FIG. 4 is a sectional, perspective and top view to an
electrostatic acoustic device according to the
present invention;

FIG. 5 is a sectional view showing the movement of
the diaphragm according to the present invention;

FIG. 6 is a sectional view of another embodiment of
the present invention; and

FIG. 7 is a sectional view of still another embodi-
ment of the present invention.

[0021] The presentinvention will be described in more
detail by the preferred embodiment shown in FIG 4.
[0022] FIG. 4 includes a sectional view of an electro-
static loudspeaker on the left side, a perspective view
in the middle and a topview of the inventive loudspeaker
on the right side. Similar to the prior art loudspeaker of
FIG. 2, the inventive loudspeaker of FIG. 4 is built up
with a first electrode 6, a second electrode 7 and a dia-
phragm 8 therebetween. Both electrodes are provided
with throughholes so that the air vibrated by the dia-
phragm 8 can pass the electrodes 6 and 7. The dia-
phragm 8 is fixed between the electrodes 6 and 7 by
fixing means 10. Thus, a parallel structure of the elec-
trodes 6 and 7 and the diaphragm 8 is obtained.
[0023] The fixing means 10 includes two fixing rings
which also serve as spacers between the electrodes 6
and 7 and the diaphragm 8, respectively. The diaphragm
8 is sandwiched between the two fixing rings.

[0024] In this embodiment the fixing means 10 is re-
alized by two identical, electrically insulating rings. How-
ever, the fixing means 10 may also include ring sections,
pins, bolts or the like. This means that the diaphragm
may be fixed on a couple of points of its circumference.
The diaphragm 8 may also include tongues at its periph-
ery for fixing the diaphragm 8 to the fixing means 10.
Further, it is possible that the fixing rings shown in FIG.
4 are integrally formed with the electrodes 6 and 7, so
that the diaphragm 8 may be clamped between the elec-
trodes, wherein electric insulation is provided by coating
the electrodes 6 and 7 and/or the diaphragm 8. In other
words, the fixing means may be part of one or both of
the electrodes 6 and 7.

[0025] The main part of the diaphragm 8 corresponds
to a sphere section. At the periphery of the sphere sec-
tion there is provided a collar. This collar is integral with
the sphere section and represents an elastic portion 9.
The function of this elastic portion 9 will be described in
connection with FIG. 5, 6 and 7.

[0026] The perspective and top views of FIG. 4 show
a spherical dome shaped loudspeaker. Such a shaped
loudspeaker has an improved spherical dispersion char-
acteristic. In contrast to that loudspeakers with a flat di-
aphragm have poor spatial dispersion. Similarly, loud-
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speakers of the one forth cylinder type have good hori-
zontal but bad vertical dispersion.

[0027] The shape of the dome may also be that of a
pyramid, cone, ellipsoid, hyperboloid or the like.
[0028] The advantage of the dome shaped diaphragm
8 is on the one hand that, as already mentioned, the
spherical dispersion of the acoustic emission is im-
proved compared to flat or cylindrical loudspeakers. On
the other hand the dome shape of the diaphragm 8 im-
proves its mechanical strength. Therefore, the thickness
of the diaphragm can be reduced to 0,02 mm or less.
Such a thin diaphragm may be realized by a transparent
mylar film which is very flexible. Additionally, lighter ma-
terial for the diaphragm can be employed because of
the inherent strength of the dome shape diaphragm.
[0029] A further advantage of the dome shaped dia-
phragm 8 is that it must not be stretched between the
electrodes to be kept centered between them. The
dome shaped diaphragm has to be fixed only perpen-
dicular to the surface or the diaphragm by spacers, for
example. Thus, no or only very low central forces per-
pendicular to the moving direction are applied to the
dome shaped diaphragm 8, so that the degree of free-
dom for choosing the material of the diaphragm is en-
larged.

[0030] FIG. 5 shows the operation of the electrostatic
loudspeaker according to the present invention. Both
electrodes 6, 7 and the diaphragm 8 have nearly the
same shape. Thus, in the zero position of operation the
diaphragm 8 is centered between the electrodes 6 and
7. During vibration the dome shaped diaphragm 8 line-
arly moves between the first and the second electrode.
Due to the enhanced mechanical strength of the dia-
phragm obtained by the dome shape the main part of
the diaphragm within the elastic portion 9 does not
change its shape essentially. Compared to the main por-
tion of the diaphragm 8 the elastic portion 9 is very flex-
ible in the direction of the center axis of the loudspeaker,
i.e. vertical in the figure. This means that the main por-
tion and the flexible portion 9 of the diaphragm have dif-
ferent flexibilities in the direction of the center axis al-
though both portions are of the same material. The rea-
son for this difference is that the elastic portion 9 is
aligned perpendicular to the center access, whereas the
portions of the dome have at least components parallel
to the center axis.

[0031] As a result the main portion of the diaphragm
8 having the dome shape vibrates parallel between the
electrodes 6, 7 and only the elastic portion 9 is deformed
particularly near the fixing means 10.

[0032] FIG. 6 shows a further embodiment of the
presentinvention. The elastic portion 9 of the diaphragm
8 is corrugated in the form of one sine wave. Such shape
of the elastic portion 9 enhances the flexibility particu-
larly in the direction perpendicular to the center axis of
the loudspeaker.

[0033] FIG. 7 shows still another embodiment of the
present invention including an elastic portion 9 having
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the shape of one half of a sine wave. This shape also
improves the flexibility of the diaphragm 8 so that the
parallellity of the movement of the diaphragm with re-
spect to the electrodes 6 and 7 is improved compared
to the embodiment of FIG. 5. Furthermore, the periph-
eral portion 11 of each electrode is formed parallel to the
elastic portion 9 of the diaphragm 8. Such a form of the
peripheral portion 11 serves for preventing touching of
the electrode by the diaphragm more effectively. As in
the preceding figures the arrow in the figure indicates
the amplitude of the vibration movement of the dia-
phragm 8.

[0034] The corrugation shape of the elastic portion 9
of the diaphragm 8 is described as one sine wave or half
of a sine wave. However, the corrugation of the elastic
portion 9 may be realized by any other profile like half
circular or zigzag. In any case this elastic portion ena-
bles parallel movement of the dome shaped main por-
tion of the diaphragm 8 so that higher sound pressures
and better spatial dispersion can be obtained compared
to the prior art.

[0035] The above described embodiments show elec-
trostatic loudspeakers employing the present invention.
However, the present invention may also be applied to
electrostatic microphones or similar transducers.

Claims
1. Electrostatic acoustic device having

a first electrode (6) for applying an electrical
field, a diaphragm (8) with a main portion, a pe-
ripheral portion and an elastic portion (9) be-
tween the main portion and the peripheral por-
tion and

fixing means (10) for fixing the peripheral por-
tion of the diaphragm (8) to the first electrode
(6), wherein the main portion of the diaphragm
(8) is movable by the electrical field,

characterized in that

the elastic portion (9) of the diaphragm (8) is
deformed during movement of the diaphragm
(8), whereas the shape of the main portion of
the diaphragm (8) is essentially maintained,
when substantially constant surface force is ap-
plied to the entire surface of the diaphragm (8)
by the electrical field.

2. Electrostatic acoustic device according to claim 1,
further including a second electrode (7) positioned
opposite to the first electrode (6), wherein the dia-
phragm (8) is fixed with the fixing means (10) be-
tween the first and the second electrode.

3. Electrostatic acoustic device according to claim 1
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or 2, wherein the electrode or electrodes (6, 7) as
well as the diaphragm (8) each have the shape of
a spherical, cylindrical, pyramidal etc. dome.

Electrostatic acoustic device according to claim 1, 5
2 or 3, wherein the profile of the elastic portion (9)

of the diaphragm (8) is linear or corrugated, and,
preferably, edge portions (11) of the electrode(s)
have a corresponding profile.

10
Electrostatic acoustic device according to one of the
preceding claims, wherein the elastic portion (9)
completely or partially surrounds the main portion
of the diaphragm.
15

Electrostatic acoustic device according to one of the
preceding claims, wherein the alignment of the
elastic portion (9) of the diaphragm is different from
the alignment of a section of the main portion of the
diaphragm to which the elastic portion is attached. 20

Electrostatic acoustic device according to one of the
preceding claims, wherein the thickness of the dia-
phragm (8) is 0,02 mm or less.

25
Electrostatic acoustic device according to one of the
preceding claims, wherein the material of the elastic
portion (9) is the same like that of the main portion
of the diaphragm (8).
30
Electrostatic speaker or microphone including an
electrostatic acoustic device according to one of the
preceding claims.
35
40
45
50
55
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