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(57) Abstract: The invention relates to a plate-like electrostatic actuator which comprises at least one plate-like stator (2) with an
electrode (4) formed on its surface and at least one moving diaphragm (3), and in which a signal is transmitted to the electrode
along a signal line (5). In the solution of the invention, the delay directing the sound field of the actuator is formed at least partly
of an RC circuit composed of components of the actuator.
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1
DIRECTING SOUND FIELD OF ACTUATOR

BACKGROUND OF THE INVENTION

[0001] The invention relates to a plate-like electrostatic actuator
which comprises at least one plate-like stator with an electrode formed on its
surface and at least one moving diaphragm, and in which a signal is transmit-
ted to the electrode along a signal line.

[0002] The invention further relates to a method for directing the
sound field of a plate-like electrostatic actuator which comprises at least one
plate-like stator with an electrode formed on its surface and at least one mov-
ing diaphragm, and in which a signal is transmitted to the electrode along a
signal line.

[0003] Today, the directing of a radiation sound field is typically im-
plemented by forming several sound sources and feeding a signal to each
sound source by using a different delay and/or signal amplitude. The delay and
frequency filtration of the signal is established by using either a constant-value
or adjustable RC circuit, or alternatively by muiti-channel analogue or digital
signal processing. The use of several sound sources requires several delay‘
circuits, and it is possibly necessary to use several amplification channels.
Therefore, the system becomes complex and the number of required compo-
nents large.

[0004] Publication US 4 338 489 discloses a structure used mainly
in headsets for directing the radiation field of an actuator. In this solution, the
sound-producing diaphragm is divided into several sections and a signal di-
rected to the different sections is delayed differently. Publication JP 2 265 400
discloses a solution for adjusting the directivity of a loudspeaker. In this solu-
tion, a large number of vibrators are arranged on the same plane, and the sig-
nal coming to each vibrator is directed through its own delay device. Directivity
is provided by adjusting the phase delay angles of the delay devices appropri-
ately. Both solutions do, however, require separate delay devices or circuits for
forming the delay for different parts of the diaphragm or separate vibrators,
which increases the number of components and the complexity of the system.

BRIEF DESCRIPTION OF THE INVENTION

[0005] It is an object of the present invention to provide a novel and
improved way of directing the radiation sound field of an actuator. -
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[0006] The method of the invention is characterised by providing di-
rectivity by forming the delay directing the sound field with an RC circuit that is
at least partly composed of components of the actuator.

[0007] The device of the invention is characterised in that the delay
directing the sound field is at least partly formed of an RC circuit composed of
components of the actuator.

[0008] The idea of the invention is that, instead of several sound
sources and several delay circuits and amplification channels needed to con-
trol them, the plate-like electrostatic actuator itself is at least partly used. In the
solution of the invention, the directivity of the sound field is based on forming
the delay directing the sound field with an RC circuit that is at least partly com-
posed of components of the electrostatic actuator. According to an embodi-
ment, the electrostatic actuator itself serves as the capacitor of the RC circuit,
which is possible, because the stators are so close to each other, preferably at
less than 0.5 mm apart, that the capacitance of the electrostatic actuator is
quite high. Further, according to an embodiment, the resistor of the RC circuit
is in turn formed by making the electrode, that is, the surface of the stator, of a
somewhat resistive material.

[0009] The invention provides the advantage that the number of re-
quired components decreases and both the structure and control become sig-
nificantly simpler in comparison with when the corresponding directing is im-
plemented using the prior art. This is achieved, because separate resistors, for
instance, are not necessarily needed and the structure as such is at least
partly used as the components.

[0010] Another advantage of the solution of the invention is that,
with it, it is possible to achieve good directivity and plane waveform, whereby
for instance the reflection of sound from walls, ceilings, and other correspond-
ing elements can be efficiently prevented or utilised as necessary.

[0011] Yet another advantage of the invention is the optimisation of
the listening area and the number of loudspeakers, since the same technology
is capable of producing very different, exactly specified sound fields according
to application from very narrow to very wide.

BRIEF DESCRIPTION OF THE INVENTION

[0012] Some embodiments of the invention are described in more
detail in the attached drawings, in which
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Figure 1 is a schematic representation of the structure of an electro-
static actuator, such as loudspeaker, _

Figure 2 is a schematic representation of a sound field formed by a
prior-art electrostatic actuator,

Figure 3 is a schematic side view of a directed sound field formed
using an electrostatic actuator of the invention,

Figure 4 is a schematic front view of the directed sound field formed
using the electrostatic actuator of the invention shown in Figure 3, _

Figure 5 is a schematic front view of a sound field that is directed
with an embodiment of an electrostatic actuator of the invention, in which the
input site of the signal is on the midline of the actuator,

Figure 6 is a schematic representation of a sound field of a prior-art
dipole actuator hung close to the ceiling of a passageway, and

Figure 7 is a schematic representation of a sound field of a dipole
actuator of the invention hung close to the ceiling of a passageway.

[0013] In the figures, some embodiments of the invention are shown
simplified for the sake of clarity. Similar parts are marked with the same refer-
ence numbers in the figures.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Figure 1 is a schematic representation of the structure of an
electrostatic actuator, such as loudspeaker. The electrostatic actuator 1 com-
prises at least one plate-like stator 2 and a moving diaphragm 3. In the em-
bodiment of Figure 1, there are two stators 2, and the moving diaphragm 3 is
arranged between the stators. Electrodes 4 are formed on the surface of the
stators 2. Signéls are transmitted to the electrodes along a signal line 5.

[0015] Figure 2 shows a sound field formed by a prior-art electro-
static actuator. In the prior-art solution, the electrode 4 conducts electricity ex-
tremely well, that is, the surface 4 of the stator 2 is metal-coated, for instance,
to be electrically conductive. A signal then does not, in practice, have a propa-
gation time delay in the electrostatic actuator even though it is inputted on the
edge of the actuator. The sound field then becomes as shown in Figure 2.

[0016] Figures 3 and 4 are schematic representations of a directed
sound field formed using an electrostatic actuator of the invention, when a sig-
nal is inputted on the left edge of the actuator 1. Figure 3 is a side view of the
sound field of the embodiment, and Figure 4 is a front view of the sound field.
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The sound field then opens and turns more to the right. In other embodiments,
a signal may, if required, also be inputted at some other point of the actuator,
whereby the location of the connecting point in the actuator affects the values

of the RC circuit and the shape of the radiation field, of which examples are

shown in Figures 4 and 5.

[0017] In the solution of the invention, the directivity of a sound field
is based on forming the delay directing the sound field with an RC circuit that is
at least partly composed of components of the electrostatic actuator 1. The
electrostatic actuator 1 itself serves as the capacitor of the RC circuit, because
the stators 2 are so close to each other, preferably less than 1 mm apart, es-
pecially preferably less than 0.5 mm apart, that the capacitance of the electro-
static actuator 1 is quite high. In embodiments of the invention with only one
stator, the capacitance is formed between the stator and diaphragm. The dis--
tance between the stator and diaphragm in a one-stator embodiment is pref-
erably less than 0.5 mm.

[0018] The resistor of the RC circuit is in turn formed by making the
electrode 4, that is, the surface of the stator 2, of a somewhat resistive material
in such a manner that the resistance measured from the stator surface be-
tween the connecting point and the point of the same surface furthest away
from it is at least 1 kQ. The size of the actuators and naturally also the dis-
tances between the connecting points and the most distant point may vary in
the embodiments from one centimetre to several metres, for instance. Because
the forming capacitance may be adjusted in the manufacturing process, the
desired specific resistance of the stator surface may extend on a wide area be
1*107-1*10° Q*m, for example. The resistive material of the stator surface -
may then be formed of chromium, titan, stainless steel, or an electroconductive
or semiconductive polymer, for instance, thus enabling several manufacturing
methods. The capacitance and resistance and consequently also delay of the
circuit may be adjusted even during the final manufacturing process, since the
internal shapes of the electrostatic element affect the capacitance, and the re-
sistance may also be adjusted by the selection of the length and location of the .
electric conductor. In addition, it is possible to add to the circuit separate resis-
tors, capacitors, coils, and other corresponding components as desired.

[0019] Contrary to the prior-art solution, in the solution of the inven-
tion, the stator surface 4 is thus somewhat resistive, which is why differing from
the prior-art solution, the delay of the signal increases in relation to the dis-
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tance of the signal from its input site. Therefore, when the signal is inputted on
the edge of the actuator 1 and the electrode 4 forms the RC circuit together
with the actuator, the audio signal from a location further away from the signal
input site 7 is delayed more than from a location closer to the signal input site
7; in the embodiment of Figure 3, the signal on the opposite edge to the signal
input site 7 is thus delayed, and the actuator 1 produces the directed sound
field according to Figure 3. The signal input site 7 is the point from which the
signal is inputted to the actuator. The terms connecting point or connector may
also be used to refer to the connecting site 7, as well as the term input point
when referring specifically to a point-like input site.

[0020] Directing a sound field solely or primarily with actuator com-
ponents reduces the number of required components and simplifies both struc-
ture and control. This is possible, because the static surfaces are very close to
each other, which is why the capacitance of the actuator is high contrary to
conventional solutions in which the static surfaces are distant from each other.
When the capacitance is low, as is the case in the conventional solutions, the
resistance needs to be high to obtain a corresponding time delay. In addition,
due to a sufficiently high actuator capacitance, time delays required to direct a
sound field are achieved already with electrode resistance values that do not
weaken the sound quality, width of the frequency band, or energy efficiency to
a significant extent.

[0021] Figure 5 is a schematic representation of an example illus-
trating the changing of the directivity of a sound field in comparison with the
sound field shown in Figure 4 in a second embodiment of the invention, when
the signal input site 7 is altered. In this embodiment, the input site 7 is on the
midline of the actuator 1, whereby the sound field opens more to the sides than
upward and downward.

[0022] One embodiment of the invention is illustrated in Figures 6
and 7, which show schematically a dipole actuator 1 that is hung close to the
ceiling 6 of a passageway and radiates sound into two different directions. The
signals are brought to the electrodes along a signal line 5. Figure 6 shows a
prior-art sound field that partly hits the ceiling 6 and thus incurs interfering re-
flections. Figure 7 in turn shows a sound field in which the actuator 1 is made
sound-directing in accordance with the invention in such a manner that the
sound field is directed away from the input edge of the signal. This way, the
arrangement of Figure 7 is capable of avoiding the interfering reflection from
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the ceiling 6. This is especially advantageous in acoustically demanding loca-
tions, such as passageways and tunnels, as well as stores, shopping centres,
and airports. ,

[0023] In different embodiments of the invention, the radiation field
may also be expanded and directed into another direction than the normal of
the radiation surface as desired. In addition, it is possible to produce separate
sound fields by using two or more actuator or loudspeaker elements. These
separate sound fields may, depending on their purpose, be summed into dif-
ferent directivity fields, they may be directed to the same target or to several
different targets. This way, for instance flat loudspeakers that transmit a wave
front generally perpendicular to the amplification surface may create sound
field of very different types. Further, by combining the directivity of a sound
field obtained by a delay and the bending of the element in the direction of the
time delay, for example, or perpendicular to it and/or to the arrangement of the
elements into groups in parallel or series, the listening area and directivity of
the sound field and the sound environments obtained thereby may be adjusted
in an even more versatile manner.

[0024] The actuator of the invention is especially useful in applica-
tions where the location of the actuator cannot be made optimal in relation to
the listeners or the position of the actuator needs to be defined on manufactur-
ing-engineering or visual grounds. An example of such an embodiment is a
projection surface that also needs to serve as a loudspeaker. The surface has
to be straight, but the sound radiation pattern may need to open asymmetri-
cally. An optimally active surface area is also large, but the narrow radiation
beam resulting from it needs to be expanded to suit a wider listening area. An-
other working example is loudspeakers in cars. Their optimal positioning and
directing is often not possible, in which case the optimisation of the radiation
beam with an actuator of the invention improves the experienced sound quality
and system usability. A third example is headsets in which the actuator of the
invention may achieve exactly regulated sound field properties close to the ear
and outer auditory canal.

[0025] Further, in an embodiment of the invention, it is possible to
form a spherical radiator for acoustic measurements. In this embodiment, by
utilising the solution of the invention it is possible to form a polyhedron made of
planes, whose radiation field properties may be balanced electrically without
using multi-channel technology. This type of radiator is easier to manufacture
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than solutions based on the prior art, and acoustically it resembles a spherical
radiator more closely.

[0026] In addition to the above-mentioned embodiments, the inven-
tion may also be utilised as various applications by utilising a direct or reflected
sound field in other acoustic measuring devices and home sound reproduction
equipment, multi-channel loudspeakers, and other vehicle loudspeakers. It is
also possible to utilise loudspeaker elements as sound sensors (microphones),

" if desired.

[0027] In some cases the features presented in this application may
be used as such regardless of other features. On the other hand, the features
presented in this application may, if necessary, be combined to form various
combinations.

[0028] The drawings and the related description are only intended
to illustrate the idea of the invention. The invention may vary in detail within the
scope of the claims.
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CLAIMS

1. A plate-like electrostatic actuator which comprises at least one
plate-like stator (2) with an electrode (4) formed on its surface and at least one
moving diaphragm (3), and in which a signal is transmitted to the electrode
along a signal line (5), characterised in that a delay directing a sound
field is at least partly formed by an RC circuit composed of components of the
actuator.

2. An actuator as claimed in claim 1, characterised in that
the resistor of the RC circuit is at least partly formed by making the stator sur-
face (4) serving as the electrode from a somewhat resistive material, whereby
the sound signal from a location away from the signal input site (7) is delayed
more than from a location closer to the signal input site. '

3. An actuator as claimed in claim 2, characterised in that
the resistance measured from the stator surface between the input site (7) and
the point of the same surface furthest away from it is at least 1 kQ.

4. An actuator as claimed in any one of the preceding claims,
characterised in that the signal input site (7) is on the edge of the ac-
tuator. '

5. An actuator as claimed in any one of claims 1to 3, charac-
terised inthat the signal input site (7) is on the midline of the actuator.

6. An actuator as claimed in any one of the preceding claims,
characterised in that the electrostatic actuator (1) as such acts at least
partly as the capacitor of the RC circuit.

7. An actuator as claimed in any one of the preceding claims,
characterised in that it comprises two plate-like stators (2) and a mov-
ing diaphragm (3) arranged between them.

8. An actuator as claimed in claim 7, characterised in that
the distance between the stators (2) of the electrostatic actuator (1) acting as
the capacitor of the RC circuit is less than 1.0 mm, preferably less than 0.5
mm.

9. An actuator as claimed in any one of claims 1to 6, charac-
terised in that the distance between the plate-like stator (2) and moving
diaphragm (3) of the electrostatic actuator (1) serves at least partly as the ca-
pacitor of a one-stator RC circuit, and the distance is less than 0.5 mm.
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10. An actuator as claimed in any one of the preceding claims,
characterised inthat the actuator is a loudspeaker.

11. An actuator as claimed in any one of the preceding claims,
characterised in that the actuator is a microphone.

12. A method for directing the sound field of a plate-like electrostatic -
actuator which comprises at least one pléte-like stator with an electrode
formed on its surface and at least one moving diaphragm, and in which a sig-
nal is transmitted to the electrode along a signal line, characterised by
providing directivity by forming the delay directing the sound field with an RC
circuit that is at least partly composed of components of the actuator (1).

13. A method as claimed in claim 12, characterised in that-
the resistor of the RC circuit is formed by making a stator surface (4) serving
as the electrode of a somewhat resistive material, whereby the sound signal
from a location away from the signal input site (7) is delayed more than from a
location closer to the signal input site (7).

14. A method as claimed in claim 13, characterised in that
the resistance measured from the stator surface (4) between the input site (7)
and the point of the same surface furthest away from it is at least 1 kQ.

15. A method as claimed in any one of claims 12to 14, charac-
terised inthat the signal input site (7) is on the edge of the actuator (1).

16. A method as claimed in any one of claims 12 to 14, charac-
terised inthat the signal input site (7) is on the midline of the actuator (1).

17. A method as claimed in any one of claims 12 to 16, charac-
terised in that the electrostatic actuator (1) as such acts at least partly as
the capacitor of the RC circuit.

18. A method as claimed in any one of claims 12to 17, charac-
terised in that the actuator comprises two plate-like stators (2) and a mov-
ing diaphragm (3) arranged between them.
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