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Description
Field of the invention

[0001] Theinventionrelates an electrostatic speaker system, and more specifically, to an electrostatic speaker system
comprising a pulse modulator, a high voltage switching output stage amplifying the pulse modulated signal and an
extraction filter demodulating the amplified pulse modulated high voltage signal, a filter for attenuating high frequencies
of the amplified pulse modulated high voltage signal and an electrostatic speaker element coupled to an output of thefilter.

Description of the Related and Prior Art

[0002] An electrostatic speaker element utilizes the electrostatic principle in order to generate an acoustic signal. For
example, the most common embodiment of an electrostatic speaker element comprises two electrical conductive and
perforated plates, also known as the stators and in addition a thin electrical conductive diaphragm disposed between
the two stators with on either side a small air gap with respect to the stators. Subsequently the electrical conductive
diaphragm will be held on a constant electrical charge with respect to the stators by means of a high DC bias voltage
in order to meet the desired electrical field strength. The stators are connected to an AC high voltage analogue signal,
in which the stators will be driven in counter phase, also called a "push pull" configuration, resulting in a proportional
and uniform electrostatic field between both stators, which generates sufficient field strength in order to cause a force
on the electrical charged diaphragm, providing movement of the diaphragm and subsequently the surrounding air. In
contrast to the electro dynamic cone speaker, which is a low impedance device, an electrostatic speaker will yield a
capacitive load exhibiting a high impedance device.

[0003] In order to reproduce an acoustical source signal, a modular system of components may be required, in which
each component provides a specific functionality.

[0004] Ingeneral such a modular system, constituted with an electrostatic speaker system, is made up of the following
components, namely,

- An audio reproduction device, such as for example a CD player.

- An audio power amplifier providing gain to an audio signal in order to drive a low impedance device, such as for
example an electro dynamic cone speaker.

- An audio power transformer performing the necessary impedance matching in order to drive a high impedance
device, namely the capacitive load of an electrostatic speaker element, inwhich the audio power transformer converts
the low AC voltage signal into an AC high voltage analogue signal.

- An electrostatic speaker element driven with the AC high voltage analogue signal derived from the audio power
transformer, resulting in for example an alternating electrical field between the stators, in which the electrical charged
diaphragm will follow.

[0005] The secondary side of an audio power transformer, connected to an electrostatic speaker element, may result
in very low and a complex impedance on the primary side of the transformer connected to an audio power amplifier as
described above. Therefore the audio power amplifier may not perform well as designed, due to the very low and complex
impedance, resulting in increased distortion products and the possibility of instable and perturbing behaviour. As a result
a stable and very powerful audio amplifier may be necessary.

[0006] The keyrole of anaudio power transformer is to provide a constant transformation ratio over the total operational
audio bandwidth. The combination of leak inductance and the parasitic capacitance, arising from the secondary layer
windings of a power transformer, in conjunction with the capacitive load of a connected electrostatic speaker element
results in a LC low pass filter, which may define the frequency response negatively. The power handling is another
limiting factor in the configuration of an audio power transformer, due to a mix of properties. As a result the construction
of an audio power transformer is critical, because the necessity for a compromise between the diversity of properties is
inevitable. Furthermore the constituted electrostatic speaker element in conjunction with an audio power transformer
will be designed towards a standard audio power amplifier, resulting in a narrowed flexibility of design, construction and
optimization possibilities. Subsequently it is apparent that an audio power transformer has physical limitations in an
approach that allows driving an electrostatic speaker element.

[0007] To overcome the deficiencies of driving an electrostatic speaker element with a standard audio power amplifier
in conjunction with a power transformer, there can be taken advantage of a high voltage audio power amplifier, which
is capable of driving the capacitive load of an electrostatic speaker element directly, withoutthe use of a power transformer.
A high voltage audio power amplifier designed in order to drive a capacitive load of an electrostatic speaker element
directly, is in principle better than driving an electrostatic speaker element with a standard audio power amplifier in
conjunction with a power transformer. A high voltage audio power amplifier may be constituted with the use of semi-
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conductor technology or thermionic valves technology (Vacuum tubes).

[0008] The diversity of semi-conductor based active components, such as for example a Bipolar Junction Transistor
(BJT), a Metal Oxide Semiconductor Field Effect Transistor (MOSFET) or an Insulated Gate Bipolar Junction Transistor
(IGBT), can be connected in series in order to meet the desired AC high voltage output signal, in which the bridged
voltage may be divided equally across the constituted semi-conductors. A high voltage audio power amplifier, designed
with the use of class-A/B technology, has two basic flaws namely bias current adjustment and power dissipation. In
order to reduce cross over distortion employing class-A/B technology, bias current adjustment will be required, in which
the optimum will be achieved in a class-A setting. As a result of an increasing bias current in order to reduce cross over
distortion, the power dissipation will increase accordingly. Subsequently a class-A setting will be difficult to obtain in an
embodiment of a high voltage audio power amplifier, because of the resulting heavy power requirements. In addition,
by employing a complex load, such as the capacitive load of an electrostatic speaker element, the power dissipation will
increase further as well as the possibility of instable behaviour. Therefore this concept has no optimum, which implicates
a compromise.

[0009] Another option in order to constitute a high voltage audic power amplifier is the use of thermionic valves
technology (vacuum tubes) as mentioned above. In general, employing thermionic valves technology has additional
drawbacks with respect to semi-conductor technology as described above, such as for example the sensitivity for ageing
and the relatively poor reliability.

[0010] As described above, the diversity of prior art amplification techniques have much in common related to the
driving capability of a capacitive load, namely,

- Feedback and a high bias current are necessary in order to aim at a linear transfer;
- Stability is limited by employing a capacitive load;

- Very low energy efficiency:

- Further increase of power dissipation by employing a capacitive load;

- High variance of temperature and therefore a shift of parameters;

- Expensive due to a high energetic power supply and cooling means.

[0011] A switching audio amplifier also called a pulse modulation amplifier and more specific called for example a
pulse width modulation amplifier or a class-D amplifier, forms, with respect to energy efficiency and the interrelated
subjects, an exception to the low voltage amplification concepts capable of driving a low impedance device, such as for
example an electro dynamic cone speaker as described above. The concept of a switching amplifier may achieve an
efficiency of 90% and higher, which is inherent to the principle. WO00072627 A1 discloses a switching amplifier driving
a capacitive transducer.

Summary of the invention

[0012] According to the above stated deficiencies that exist with prior art arrangements, the objective of the present
invention is to provide an improved electrostatic speaker system, which is capable of driving a capacitive load of an
electrostatic speaker element directly showing a high level of quality in sound reproduction.

[0013] The presentinvention provides an electrostatic speaker system according to claim 1 and a method for driving
a respective electrostatic speaker element according to claim 11. Further embodiments are defined in the dependent
claims.

[0014] According to the present invention, the electrostatic speaker system comprises:

- ahigh voltage switching power amplifier,

- an extraction filter having an input coupled to an output of the high voltage switching amplifier, and

- an electrostatic speaker element having a capacitive load and an input coupled to an output of the extraction filter,
wherein the combination of the extraction filter and capacitive load form a filter circuitry having at least a first filter
stage and a second filter stage,

the first filter stage comprising a RLC circuit having a resonant frequency o0 and a quality factor Q > 1/2 and the second
filter stage being a low pass filter having at least one electrical element for damping a signal component at the resonant
frequency »0 of the RLC circuit at the output of the extraction filter.

[0015] The present invention provides a system of driving the capacitive load of an electrostatic speaker element
directly allowing a wide operational bandwidth with a flat frequency response, stability, reliability, flexibility, and a very
energy efficient concept, in which the amplified analogue AC high voltage signal can be processed very precise obtaining
high fidelity. Furthermore the approach of the present invention allowing a very energy efficient concept may resultin a
low energetic power supply, less cooling means and therefore smaller enclosing means and in addition a low temperature
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variance resulting in a low shift of parameters and a long life cycle of the resided components.

[0016] The objective of the invention is a well designed extraction filter obtained in accordance with the presented
methods, circuitry, equations and components in the manner described later, in which the extraction filter may act as a
passive integrator, provided that the frequency of the pulse modulated switching signal presented at the input of the
extraction filter is at least an order of magnitude higher with respect to the operational bandwidth of the extraction filter.
Subsequently the analogue AC output signal, defined within the operation bandwidth of the extraction filter, is equal to
the average value of the pulse modulated switching input signal, wherein the amplified analogue AC output signal will
be the proportional replica of the analogue source signal. The capacitive load of an electrostatic speaker element,
connected to the output of the extraction filter, will form an integral part of the extraction filter configuration in order to
obtain an approach that allows in the frequency domain as well as in the signal domain a wide operational bandwidth
with a flat frequency response, a narrow filter roll-off with sufficient attenuation of the switching frequency and its har-
monics, good impulse response, stable, in which the analogue signal will be reconstructed very precise.

[0017] Furthermore the invention provides an approach of segmenting an electrostatic speaker element electrically
in conjunction with an extraction filter and therefore providing a technigue that allows adapting the electrostatic speaker
element acoustically.

[0018] Further embodiments of the invention are indicated by the dependent claims.

[0019] Based onthediscussion givenin the presentinvention, the open loop characteristics of a high voltage switching
power amplifier, connected to the capacitive load of an electrostatic speaker element, may be very good in order to
obtain a high level of quality in sound reproduction. This novel approach of the preferred embodiment will be achieved
by means of a highly alleviated and subsequently very stable high voltage power supply providing high resolution vaoltage
levels and therefore exhibiting very low Total Harmonic Distortion (THD) characteristics, obtained in accordance with
an employed high impedance device as a load, the implemented high efficient switching topology, and a high reactive
power component inherent to a capacitive load, in which the reactive energy may be regenerated in conjunction with
the extraction filter and the high voltage DC power supply. In addition very fast switching of the high voltage switching
output stage may be accomplished with a minimum of dead time by means of driving a high impedance device, in which
the high impedance device will comprise an extraction filter including the capacitive load. Furthermore a well designed
extraction filter may conduce to very good open loop characteristics of the preferred high voltage switching power
amplifier. As a result the present invention provides a digital front end high voltage switching power amplifier driving the
capacitive load of an electrostatic speaker element, without the use of any feedback means.

[0020] In general a designer, employing the present invention, is provided with the flexibility in choosing the various
operating topologies as will be presented hereinafter in order to match the desired parameters of an electrostatic speaker
setting. Subsequently it is to be noted that an embodiment of a high voltage switching power amplifier in the scope of
the present invention is capable of operating at various high voltage levels in conjunction with various power levels, at
various performance levels, with various pulse modulation techniques in conjunction with various analogues and digital
input formats, with various output stage switching topologies, and with various extraction filter configurations.

Short description of drawings

[0021] The presentinvention will be discussed in more detail below, using a number of exemplary embodiments, with
reference to the attached drawings that are intended to illustrate the invention but not to limit its scope which is defined
by the annexed claims and its equivalent embodiment, in which

Figure 1 illustrates a conceptual block diagram of an electrostatic speaker system according to the invention,
Figure 2a illustrates an electrical circuit diagram of a voltage feedback signal,

Figure 2b illustrates an electrical circuit diagram of a current feedback signal,

Figure 3a illustrates the circuit configuration of a gradient switching power topology,

Figure 3b illustrates the circuit configuration of a more complex gradient switching power topology,
Figure 4 illustrates a simple passive single ended low pass first order filter,

Figure 5 illustrates a passive differential low pass first order filter,

Figure 6 illustrates a single ended low pass second order filter,

Figure 7 illustrates a differential low pass second order filter,

Figure 8 illustrates a single ended low pass third order filter,

Figure 9 illustrates a differential low pass third order filter,

Figure 10 illustrates a single ended low pass third order filter in another form,

Figure 11 illustrates a differential low pass third order filter in another form,

Figure 12 illustrates a single ended low pass fourth order filter,

Figure 13 illustrates a differential low pass fourth order filter,

Figure 14 illustrates the preferred single ended extraction filter embodiment,
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Figure 15 illustrates the preferred differential extraction filter embodiment,

Figure 16 illustrates the preferred single ended extraction filter supplemented with a parallel resonant filter,

Figure 17 illustrates the preferred differential extraction filter supplemented with two parallel resonant filters,
Figure 18 illustrates the preferred single ended extraction filter supplemented with one or several further low pass
filters being parallel connected to the main second filter stage,

Figure 19 illustrates the preferred differential extraction filter supplemented with one or several further low pass
filters being parallel connected to the main second filter stage, and

Figure 20 illustrates a more practical circuit configuration of a single ended band pass filter comprising a high pass
first order filter in conjunction with a low pass third order filter.

Detailed description of exemplary embodiments

[0022] A basic conceptual block structure of an electrostatic speaker system is shown in Figure 1, comprising a pulse
modulator (Block1), a control unit (Block2), a transmission link (Block3), a high voltage switching output stage (Block4),
a high voltage DC power supply (Block5), an extraction filter (Block6) and a capacitive load (Block7).

[0023] The invention provides an embodiment that may receive one or several analogue audio signals as well as
digital audio signals as an input, emanated from for example a pre-amplifier or an audio reproduction device, such as
a CD player, and connected to a pulse modulator Figure 1; Block1. The digital audio signal can be in any suitable digital
audio format such as: SPDIF, AAC, DTS, Quicktime, WMA, MP3.

[0024] Forexample, a pulse modulator and more specific a Pulse Width Modulator (PWM) is provided with an analogue
audio formatted input signal and a reference triangular signal, in which the frequency of the reference triangular signal
is at least an order of magnitude higher with respect to the operational bandwidth of the analogue audio formatted input
signal. Subsequently the pulse width modulator will convert the analogue audio formatted input signal, by comparison
of the analogue input signal with the reference triangular signal in an analogue way, into a pulse width modulated signal
exhibiting a fundamental equal to the triangular signal frequency, in which the average value of the pulse modulated
signal will be the equivalent of the analogue audio formatted input signal.

[0025] The pulse modulation technique is not limited to straight pulse width modulation as described in an example
above and includes other pulse modulation means optimized for audio applications, such as an analogue or digital pulse
modulator employing a multi-bit pulse modulated topology as will be described below in more detail. A pulse modulation
topology Figure 1: Block1 may be configured for compensating the characteristic corresponding to a feedback signal,
which feeds back the condition of for example the switching output stage in order to obviate distortion due to timing errors.
[0026] The capacitive load of an electrostatic speaker element may provide feedback to a pulse modulation topology
as well, based on voltage feedback as well as current feedback.

[0027] As illustrated in Figure 2a, an input terminal Uin may receive a ground referenced AC high voltage analogue
signal and is connected to the capacitive load Cese of an electrostatic speaker element that is series connected to a
ground referenced capacitor Cfb providing a ground referenced voltage feedback signal Ufba, in which the capacitive
load Cese will form a capacitive voltage divider with respect to a much higher capacitance valued capacitor Cfb in order
to set a proper feedback ratio. As illustrated in Figure 2b, an input terminal Uin may receive a ground referenced AC
high voltage analogue signal and is connected to the capacitive load Cese of an electrostatic speaker element that is
series connected to a ground referenced resistor Rfb providing a ground referenced current feedback signal Ufbb, in
which the feedback signal Ufbb will be the equivalent ratio of the current flowing through the capacitive load Cese.
[0028] ltis to be noted, that the designer, employing the invention, is provided with the flexibility in choosing the various
pulse modulation topologies, such as for example sigma delta modulation, self oscillating class D modulation or a digital
modulator like Equibit from Texas Instruments and class Z from Zetex. Furthermore the various pulse modulation topol-
ogies may be combined in conjunction with feed forward means as well as feedback means implemented in the analogue
domain as well as in the digital domain.

[0029] An electrostatic speaker system according to the invention could optionally comprise a control unit Block 2
implementing for example a delay timing control and a limiter function, due to the practical limitations of the components
constituted in a switching power topology. In general a delay timing control will adjust the timing of the pulse modulated
signal generated by the modulator, in which the adjusted time, called dead time, avoids cross conduction during transition
in the switching output stage. Furthermore the pulse width of the pulse modulated signal can be limited to be within an
acceptable minimum pulse width by means of a limiter function in order to obtain save operation of the switching output
stage.

[0030] The control unit Block 2 is not limited to the examples of the feed forward control methods as described above
and could include other control means, such as feedback means, which eliminates errors resulting in a more efficient
and reliable operation of the electrostatic speaker system.

[0031] In general a switching power topology exhibits a circuit configuration of one or several switching elements,
wherein these switching elements may be floating with respect to each other as well as other enclosed components
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including a ground reference. Subsequently there may be taken advantage of one or several galvanically decoupled
transmission links as shown in Figure 1; Block3 for each switching element in order to drive the constituted switching
elements maintaining the floating properties. For example a galvanically decoupled transmission link may comprise a
transmitter, constituted of a light emitting diode with an enclosed driver circuit, provided with a one-bit digital signal as
an input, wherein the transmitter may be connected by means of an optic cable to a suitable receiver, such as a pho-
totransistor enclosed in an driver circuit. Subsequently the receiver will be capable of driving a switching element in
either a conductive or in a blocked condition corresponding to the one-bit digital input signal.

[0032] The galvanically decoupled transmission technique used is not limited to the example of a data transmission
link as described above and could include other galvanic separation means, such as an integrated opto-isolator or a
transformer, which are optimized for high speed in conjunction with high voltage operation. It is to be noted that the
accuracy of the galvanically decoupled driver arrangement will be very important to the end system performance.
[0033] It is desired to employ a gradient switching topology as a switching power output stage Block4 in order to
provide a stable and reliable method capable of generating a high voltage switching output signal. The high voltage
switching output signal could have an output voltage on the order of magnitude from a few hundred up to a few thousand
volts and will exhibit in addition high efficiency, which is inherent to the principle. In general a gradient switching power
topology exhibits a well known method by one skilled in the art, wherein a number of cascaded switching output units
will result in a switching output voltage, which may be the sum of voltages generated by the number of the switching
output units, in which each switching output unit by itself may have a predetermined switching output voltage. By deter-
mining the output voltage of a switching output unit as well as selecting the number of the cascade connected switching
output units, the desired maximum switching output voltage of a gradient switching output stage can be easily obtained.
[0034] The switching power output stage implemented with a gradient switching power topology will enclose two or
several switching output units, in which an output unit will comprise a plurality of switching elements, wherein a switching
element may be any suitable type of semiconductor, such as for example a Metal Oxide Semiconductor Field Effect
Transistor (MOSFET) oraBipolar Junction Transistor (BJT) in conjunction with a clamp diode. Furthermore each switching
output unit will comprise a DC power supply which may be constituted of for example one suitable capacitor or more in
parallel.

[0035] It isto be noted, that a gradient switching power topology can be implemented in various circuit configurations,
of which two exemplary constituted circuits are shown in Figure 3a and Figure 3b. As illustrated in Figure 3a the circuit
configuration of a gradient switching power topology will provide a switching output voltage equal to the summed voltages
of the switching output units with respect to ground. Furthermore, the second and following DC power supplies of the
cascaded switching output units will be charged by the main and initial DC power supply of the first switching output unit
connected to ground. In the case a switching output signal without a DC voltage component is required with respect to
ground, decoupling can be implemented by means of for example a DC blocking capacitor or a DC bias voltage. Referring
to Figure 3b the circuit configuration of a more complex gradient switching power topology is shown providing a switching
output signal without a DC voltage offset component with respect to ground. In addition each switching output unit may
be implemented with a characteristic switching output voltage by means of an adapted DC power supply voltage.
[0036] Inthe case a gradient switching arrangement is constituted in a modular form in contradiction to an integrated
approach, each implemented module can provide a switching output unit as described above supplemented with for
example connector means as well as enclosure means and cooling means resulting in increased system versatility in
choosing for example the desired switching output voltage or the resolution in voltage output steps by selecting the
number of the switching output modules cascaded in a stacked form. Furthermore increased system versatility by means
of a modular design may allow optimum cost to performance ratios with respect to the production of a high voltage
switching amplifier.

[0037] Itistobe noted, thateach switching output unit of a gradient switching arrangement, separate and yet interrelated
multi-bit pulse modulated control schemes may be implemented, in order to provide a combination of switching output
voltages and currents at different levels, in which each switching output unit independently of one ancother can be switched
at different times and frequencies, provided that the switching frequency of at least one switching output unit is at least
anorder of magnitude higherwithrespectto the analogue operational signal bandwidth. A gradient switching arrangement
employing multi-bit pulse modulated control schemes as described above may be used for example to optimize filtering
performance in order to enhance extracting a high voltage analogue signal from the multi-bit pulse modulated high
voltage switching signal.

[0038] The gradient switching power topologies according to the exemplary circuit configurations shown in Figure 3a
and Figure 3b illustrate a half bridge topology.

[0039] However in other presented embodiments of the invention a full bridge or H bridge topology will be employed
as well, in which two gradient switching arrangements are set on opposite sites of one another as described below in
more detail.

[0040] The gradient switching power topology used in the preferred embodiment of the invention is not limited to the
exemplary circuit configurations of the two gradient switching arrangements as described above and includes other
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switching topology means, such as for example the most elementary well known switching half-bridge and full-bridge
topologies, which are optimized for a well shaped block wave output signal and high voltage operation.

[0041] Considering the capacitive load of a high voltage power amplifier, the handled apparent power may consist of
a dominant reactive power part over the real power part as will be described below in more detail. Subsequently itis an
objective of a well designed high DC voltage power supply, indicated in Figure 1 by Block5, to handle the apparent power
in order to drive the capacitive load of an electrostatic speaker element maintaining an accurate and stable DC voltage
under varying load conditions, in which the high DC voltage of the power supply will obviate inter-modulation with the
block wave output signal of the switching output stage and therefore the related analogue output signal to a desired
minimum, which may result in very good total harmonic distortion (THD) characteristics even in an open loop setting in
accordance with an employed high impedance device as a load, the constituted high efficient switching topology, and
a high reactive power component inherent to a capacitive load.

[0042] A DC power supply deriving energy from the AC mains may be implemented by means of well-known design
topologies such as for example a bridge rectifier in conjunction with one stabilizing capacitor or more in parallel or a
switched mode power supply (SMPS).

[0043] In the case of a DC power supply, in which the DC voltage can be adjusted between zero and the maximum
voltage, a main volume analogue output signal control will be obtained. Hence an analogue or digital audio formatted
inputs signal maintaining maximum signal resolution throughout the circuitry of the high voltage switching power amplifier.
As aresult, small signal amplification will be improved, noise will be reduced and a further increase of efficiency will be
obtained, with respect to for example regular main volume control of an analogue or digital audio formatted signal at the
input of a high voltage switching power amplifier.

[0044] An objective of the invention is a well designed extraction filter, indicated in Figure 1 by Block6. Below some
examples of extraction filter topologies will be described and the method how to derive the optimal component values
for the respective extraction filter topologies. The presented methods, circuitry, equations and components enables a
skilled person inthe artto obtain an extraction filter that will exhibit two primary filtering requirements described hereinafter
which provides in the frequency domain as well as in the signal domain a wide operational bandwidth with a flat frequency
response, a narrow filter roll-off with sufficient attenuation of the switching frequency and its harmonics, a good impulse
response, a stable filter, in which the analogue signal will be reconstructed very precise. It is to be noted, that the
characteristic capacitive load of an electrostatic speaker element, indicated in Figure 1 by Block7, that is connected to
the output of the extraction filter, will form an integral part of the extraction filter configuration in order to obtain the above
stated objectives and will present in addition the starting point in extraction filter calculation. Therefore in the following
description Block6 and Block7 are discussed simultaneously.

[0045] According to the first requirement, the extraction filter will be forced to act as a passive integrator, provided that
the frequency of the generated high voltage switching output signal, typically between 250 kHz to 1.5 MHz, presented
at the input of the extraction filter is at least an order of magnitude higher, typical a ratio factor between 5 and 10, with
respect to the operational bandwidth of the extraction filter. Subsequently the analogue output signal, defined within the
operation bandwidth of the extraction filter, is equal to the average value of the pulse modulated switching input signal,
wherein the amplified analogue output signal will be the proportional replica of the analogue source signal.

[0046] Accordingtothe second requirement, the extraction filter will be forced to minimize electromagneticinterference
(EMI), generated by the high voltage switching output stage. In general a high voltage output stage will provide a high
voltage as well as a high frequency block wave signal with fast moving transient edges containing spectral energy at
the switching frequency in conjunction with the integer multiples of the fundamental. As a result, an extraction filter is
required, in which the switching frequency and its harmonics of the high voltage switching signal will be sufficient
attenuated in order to minimize EMI from being radiated as well as conducted and in addition to guarantee compliance
with applicable regulations.

[0047] For example Spread spectrum modulation can be employed in conjunction with an extraction filter in order to
obtain proper EMI performance. In general spread spectrum modulation is obtained by dithering or randomizing the
fundamental of a pulse modulated signal, rather than a fixed pulse modulated signal frequency. As a result the total
amount of energy present in the frequency output spectrum of the extraction filter will remain the same employing spread
spectrum modulation, but the total spectral energy is effectively spread out over a wider bandwidth and therefore not
concentrated at a fixed switching frequency and its harmonics.

[0048] In generalitis an objective to minimize electrical energy from being dissipated in the preferred extraction filter
embodiment of the presentinvention. Furthermore the preferred extraction filter embodiment depends on various design
issues in order to match the desired parameters, such as for example the design and construction of an electrostatic
speaker element or the format of the pulse modulated signal that is being processed as will be covered by the present
invention.

[0049] According to the basic construction of an electrostatic speaker element, comprising two electrical conductive
and perforated stators and in addition a thin electrical conductive diaphragm disposed between the two stators with on
either side a small air gap with respect to the stators, the resided capacitive load of an electrostatic speaker element
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may be implemented in a single ended extraction filter configuration employing a half bridge switching topology as well
as in a differential extraction filter configuration employing a full bridge switching topology. It is to be emphasised, that
an employed differential extraction filter will be implemented symmetrical with respect to the capacitive load of an
electrostatic speaker element in order to maintain the balance in the reversibly operating differential extraction filter.
[0050] In the case a single ended configuration is implemented, a half bridge switching topology will be used in
conjunction with a single ended extraction filter, wherein the output of the single ended filter is connected to the electrical
conductive diaphragm of the electrostatic speaker element. Furthermaore both stators of the electrostatic speaker element
are provided with a constant electrical charge complementing each other (a positive and a negative charge) with respect
to the electrical conductive diaphragm. Subsequently the capacitive load of an electrostatic speaker element, imple-
mented in a single ended configuration consists between the electrical conductive diaphragm and the two AC short
circuited stators on either side of the diaphragm of the element.

[0051] In an alternative embodiment of an electrostatic speaker element, provided with a constant electrical charged
diaphragm with respect to the stators, one of either stators may be driven in a single ended configuration with the other
stator connected to for example a common DC reference voltage, in which the capacitive load will consist between the
two stators of the element.

[0052] However in another embodiment, a full bridge or H bridge switching topology may be employed in which two
half bridge topologies are set on opposite sites of one another in order to drive the capacitive load of an electrostatic
speaker element differentially by means of a differential extraction filter. In general the most elementary full bridge
switching topology generates two block wave signals complementing each other, which results in an alternating differential
voltage across the differential extraction filter providing twice the output voltage swing with respect to a half bridge
topology employing the same supply voltage.

[0053] Inthe case adifferential configuration is implemented, a full bridge switching topology will be used in conjunction
with a differential extraction filter exhibiting a "push pull” configuration, wherein the output of the differential extraction
filter is connected to the stators of the electrostatic speaker element. Furthermore the diaphragm of the electrostatic
speaker element is provided with a constant electrical charge with respect to the stators. Subsequently the capacitive
load of an electrostatic speaker element, implemented in a differential configuration consists between the stators of the
element.

[0054] According to a single ended configuration as well as a differential configuration as described above each driving
for example the capacitive load of an identical basic electrostatic speaker element, the resided capacitive load presented
in a single ended configuration will be four times as heavy as the capacitive load resided in a differential configuration.
As a result a basic electrostatic speaker element implemented in a single ended configuration requires one quarter of
an employed analogue high voltage swing with respect to an identical electrostatic speaker element implemented in a
differential configuration in order to generate an equal amount of electrical charge and subsequently equal electrical
field strength.

[0055] It is to be noted, that a half bridge or a full bridge topology comprising a DC voltage offset component, due to
for example a single supply voltage, than this DC voltage offset component can be obviated by means of for example
a DC-blocking capacitor, a positive and negative supply voltage or a DC bias voltage, if an AC high voltage analogue
signal without a DC voltage offset component is required, for example in conjunction with a common reference voltage
implemented in a electrostatic speaker element. Similarly with the half bridge topology comprising a DC voltage offset
component, the full bridge topology will have a DC voltage offset component on each side of the capacitive load with
respect to a common reference voltage.

[0056] The diaphragm area of an electrostatic speaker element may be acoustically adapted by means of segmenting
the diaphragm area into two or several segments, depending on the design and construction of the element in order to
provide for example a wider disbursement of sound waves, in particular within the high frequency audible range. The
approach that allows segmenting a diaphragm area acoustically can be obtained by segmenting one or both stators as
well as the electrical conductive diaphragm area electrically. As a result each segment comprises a characteristic ca-
pacitance which will form the capacitive component employed in an extraction filter embodiment as described below in
more detail. Needless to say that the segmentation technique implemented in an electrostatic speaker element may be
employed in conjunction with a single ended configuration as well as a differential configuration as described above.
[0057] It is to be noted, that an electrostatic speaker element by itself may be interpreted as a segment as well with
respect to for example another electrostatic speaker element. Furthermore the segmenting technique in order to adapt
the operational bandwidth in whole or in part is not limited to an electrostatic speaker element and may include other
audio projecting components, such as an electro dynamic cone speaker element. Nonetheless in the case an electrostatic
speaker element is segmented in multiple sections in order to adapt the electrostatic speaker element acoustically,
providing for example signal filter means or signal delay means, each segmented section by itself may be driven by a
high voltage switching power amplifier, in which each of the multiple high voltage switching power amplifiers may be
provided with an adapted analogue or digital formatted signal as an input distributed by an analogue or digital processing
units enclosed in for example a pre-amplifier topology.
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[0058] The following extraction filter embodiments of the present invention will now be described more specifically. It
is to be emphasised, that the following descriptions of the present invention, with reference to the extraction filter em-
bodiments, are presented herein for purpose of illustration and description only, in which the precise forms disclosed
are not intended to be exhaustive or to be limited. Furthermore the extraction filter embodiments of the present invention
resides not only in any filter configuration taken alone, but rather in the particular combination of all of its structures as
well as all of its interrelationships for the functions specified.

[0059] Figure 4 illustrates the circuit diagram of single ended low pass filter 10a exhibiting a simple passive first order
filter.

[0060] As shown in Figure 4, the low pass filter 10a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN11 with respect to ground, wherein the filter 10a stage comprises a series connection of
resistor R11 and capacitor C11, the series connection connected between the input terminal IN11 and a ground node.
The constituted capacitor C11 in the low pass filter 10a configuration represents the capacitive load of an electrostatic
speaker element.

[0061] Ideally the roll-off of the first order low pass filter 10a setting provides an attenuation of 20dB per decade after
the cut-off frequency. The cut-off frequency expressed in radiant of filter 10a is

1
, ] O =
filterli R“ C“ (El)

[0062] The outputimpedance of filter 10a is defined in accordance with the following

Rll

Zinerind V=TGR € (E2)
A R} |
and the transfer function of filter 10a is defined as

|
H STACE W (E3
)

[0063] Figure 5 illustrates the circuit diagram of differential low pass filter 10b exhibiting a passive first order filter.
[0064] As shown in Figure 5, the low pass filter 10b configuration may receive a high voltage pulse modulated signal
provided at input terminal IN12a with respect to a complemented high voltage pulse modulated signal provided at input
terminal IN12b, wherein the filter 10b stage comprises a series connection of the first resistor R12a, capacitor C12 and
the second resistor R12b, the series connection connected between the first input terminal IN12a and the second input
terminal IN12b. The constituted capacitor C12 in the low pass filter 10b configuration represents the capacitive load of
an electrostatic speaker element.

[0065] The differential filter 10b setting exhibits the equivalent model of the single ended filter 10a setting, which is
implemented in another form. In order to match the filter characteristics of both the single ended filter 10a setting and
the differentialfilter 10b setting, the resistance of resistor R11 is divided by 2, and assigned to the resistors R12a and R12b.
[0066] Forexample, if the resistor value of resistor R11 is calculated to be 10kOhm, then resistor R12a is set to 5kOhm
and resistor R12b is set to 5kOhm. Finally the capacitance of capacitor C11 is equal to the capacitance of capacitor C12
representing the specified capacitive load.

[0067] The single ended filter 10a setting and the equivalent differential filter 10b setting are unconditionally stable,
and may be employed for example in conjunction with other passive filter means of higher order as well as segmenting
means. However, the single ended filter 10a and differential filter 10b configuration may not provide the extraction filter
performance achieving the two stated primary filtering requirements as described above.

[0068] Figure 6 illustrates the circuit diagram of single ended low pass filter 20a exhibiting a passive second order
RLC filter.

[0069] As shown in Figure 6, the low pass filter 20a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN21 with respect to ground, wherein the filter 20a stage comprises a series connection of
resistor R21, inductor L21 and capacitor C21, the series connection connected between the input terminal IN21 and a
ground node. The constituted capacitor C21 in the low pass filter 20a configuration represents the capacitive load of an
electrostatic speaker element.
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[0070] Ideally the roll-off of the low pass second order filter 20a setting provides an attenuation of 40dB per decade
after the cut-off frequency. The damped resonance frequency expressed in radiant of filter 20a is

Oitnerzoa = 1] L,C, 11 (E4)

[0071] The outputimpedance of filter 20a is defined in accordance with the following

Rﬁl+SLq]
Z. . (s)= ) E
filrer20u 1+ s C:l R:l + 85 LZI C:l (ES)

and the transfer function of filter 20a is defined as

1
H.  , (s)= :
filter2 1+s R:l C:l + 5 L:l C:l (E6)

[0072] Figure 7 illustrates the circuit diagram of differential low pass filter 20b exhibiting a passive second order RLC
filter. In the description, the term resonant frequency corresponds to the undamped resonance or natural frequency o
of an RLC circuit and damped resonance frequency is a frequency derived from the natural frequency and the damping
factor of a RLC circuit.

[0073] As shown in Figure 7, the low pass filter20b configuration may receive a high voltage pulse modulated signal
provided at input terminal IN22a with respect to a complemented high voltage pulse modulated signal provided at input
terminal IN22b, wherein the filter 20b stage comprises a series connection of the first resistor R22a, the first inductor
L22a, capacitor C22, the second inductor L22b and the second resistor R22b, the series connection connected between
the first input terminal IN22a and the second input terminal IN22b. The constituted capacitor C22 in the low pass filter
20b configuration represents the capacitive load of an electrostatic speaker element.

[0074] The differential filter 20b setting exhibits the equivalent model of the single ended filter 20a setting, which is
implemented in another form. In order to match the filter characteristics of both the single ended filter 20a setting and
the differential filter 20b setting, the resistance of resistor R21 is divided by 2, and assigned to the resistors R22a and
R22b. Furthermore the inductance of inductor L21 is divided by 2 and assigned to the inductors L22a and L22b, and
finally the capacitance of capacitor C21 is equal to the capacitance of capacitor C22 representing the specified capacitive
load.

[0075] In the case a single ended filter 20a setting is employed, one of the critical factors, involved in designing a
stable functioning extraction filter, is the attenuation characteristics at the resonant frequency. In order to meet the
optimum attenuation characteristics of a low pass filter 20a setting and subsequently the specified optimum damping
requirement, the resonant frequency in radiant defined by equation E4 is set to zero, in which peaking of the attenuation
characteristics at the resonant frequency will be obviated. The specified optimum damping requirement presents a well
balanced condition, in which a filter 20a setting is just yet stable preventing perturbed behaviour and on the other hand
preserving a minimum of attenuation in order to provide a low pass filter 20a setting with an operational bandwidth as
wide and a frequency response as flat as possible.

[0076] If the damped resonance frequency g in radiant defined by equation E4 is set to zero, then equation E4 can
be rewritten in more general terms in accordance with the following

‘g"‘? L \,"“L C (E7)

wherein R is the resistance, L is the inductance and C the capacitance.
[0077] Rearranging equation E7 may result in the following expression on the condition that the damped resonance
frequency oy in radiant defined by equation E4 is set to zero

10
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(E8)

[0078] If equation E8 is solved for R, in which R is the optimum damping resistance value, then R can be expressed
in accordance with the following

R=.2 ;“5
' C (E9)

[0079] The quality factor Q of a damped second order filter as shown in the filter 20a setting can be defined in more
general terms in accordance with the following

L
S C
0=

(E10)

[0080] Substituting expression E9 into expression E10 defining R, in which the damped resonance frequency will be
set to zero as described above, and solved for Q, than Q is equal to the following result

1
0=—
2

(E11)

[0081] Figure 8 illustrates the circuit diagram of single ended extraction filter 30a, which exhibits a passive low pass
third order filter, constituted of a second filter stage and a first filter stage. The second filter stage comprises a RC filter
and the first filter stage comprises a RLC circuit. The component value setting of extraction filter 30a and subsequently
the derived differential filter 30b setting as described hereinafter will be implemented from the point of view of sufficiently
damping the signal component at the resonant frequency emanated from the under damped first filter stage by means
of the constituted damping components resided in the second filter stage.

[0082] As shown in Figure 8, the low pass filter 30a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN31 with respect to ground, wherein a second filter stage of filter 30a comprises a series
connection of a second stage resistor R31 and a second stage capacitor C31, the series connection connected between
a second stage input terminal IN31 and a ground node, and wherein a first filter stage of filter 30a comprises a series
connection of a first stage resistor R32, a first stage inductor L31 and a first stage capacitor C32, the series connection
connected between the second stage input terminal and a ground node, a node between the second stage resistor R31
and the second stage capacitor C31 is coupled to an output node of the second filter stage, the output node is coupled
to the first stage input terminal of the first filter stage. The constituted first stage capacitor C32 in the low pass filter 30a
configuration represents the capacitive load of an electrostatic speaker element.

[0083] Iideally the roll-off of the low pass third order filter 30a setting provides an attenuation of 60dB per decade after
the second cut-off frequency. The output impedance of filter 30a is defined in accordance with the following

(S):

filrer30u

R ,+R,+sL +sR R, C +s R L, C,
l+sR C +sR C,+sR,C,+sR R, C C,+sL C,o+s'R L C,C,

(E12)
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and the transfer function of filter 30a is defined as

tierana(S)

1
l+sR, C, +sR Co+sR,C,+s"R R, ,C Co+s5L C +sR L C,C,

(E13)

[0084] Figure 9 illustrates the circuit diagram of differential extraction filter 30b, which exhibits a passive low pass third
order filter.

[0085] As shown in Figure 9, the low pass filter30b configuration may receive a high voltage pulse modulated signal
provided at input terminal IN32a with respect to a complemented high voltage pulse modulated signal provided at input
terminal IN32b, wherein a second filter stage of filter 30b comprises a series connection of a first second stage resistor
R33a, a second stage capacitor C33 and a second second stage resistor R33b, the series connection connected between
the first second stage input terminal IN32a and the second second stage input terminal IN32b, a first filter stage of filter
30b stage comprises a series connection of a first first stage resistor R34a, a first first stage inductor L32a, a first stage
capacitor C35, a second first stage inductor L32b and a second first stage resistor R34b, the series connection connected
between afirst first stage terminal and a second first stage terminal, a node between the first second stage resistor R33a
and the second stage capacitor C33 is coupled to a first output node of the second filter stage of filter 30b and a node
between the second second stage resistor R33b and the second stage capacitor C33 is coupled to a second output
node of the second filter stage, the first output node of the second filter stage is coupled to the first first stage terminal
and the second output node of the second filter stage is coupled to the second first stage terminal, furthermore the
capacitor C34a is connected between the first output node and a ground node, the capacitor C34b is connected between
the second output node and a ground node. The constituted first stage capacitor C35 in the low passfilter 30b configuration
represents the capacitive load of an electrostatic speaker element.

[0086] The differential filter 30b setting excluding the capacitors C34a and C34b exhibits the equivalent model of the
single ended filter 30a setting, which is implemented in another form.

[0087] Similarly the differential filter 30b setting excluding capacitor C33 exhibits the equivalent model of the single
ended filter 30a setting as well. Subsequently the differential low pass filter 30b configuration may be implemented by
means of a single capacitor C33 excluding the capacitors C34a and C34b, which forms the preferred configuration, by
means of the capacitors C34a and C34b referenced to a DC voltage or ground node excluding capacitor C33 or by
means of a combination of the capacitors C33, C34a and C34b. In order to match the filter characteristics of both the
single ended filter 30a setting and the differential filter 30b setting, the resistance of resistor R31 is divided by 2 and
assigned to the resistors R33a and R33b, and the resistance of resistor R32 is divided by 2 and assigned to the resistors
R34a and R34b, furthermore the inductance of inductor L31 is divided by 2 and assigned to the inductors L32a and
L32b. In the case capacitor C33 is implemented excluding the capacitors C34a and C34b, than the capacitance of
capacitor C31 is equal to the capacitance of capacitor C33. Implementing the capacitors C34a and C34b in the low pass
differential filter 30a configuration excluding capacitor C33, than the capacitance of capacitor C31 is multiplied by 2 and
assigned to the capacitors C34a and C34b. Finally the capacitance of capacitor C32 is equal to the capacitance of
capacitor C35 representing the specified capacitive load.

[0088] In the case a single ended filter 30a setting is employed, one of the critical factors, involved in designing a
stable functioning filter, is to obtain the proper ratio between the capacitance values of capacitor C31 and capacitor C32
in conjunction with the proper damping resistance of the resistors R31 and R32 in order to meet the optimum attenuation
characteristics. In order to obtain the optimum low pass filter 30a setting with an operational bandwidth as wide and a
frequency response as flat as possible, it is desired to eliminate resistor R32 in the filter 30a configuration. However,
due to the practical limitations of inductor L31 a small resistance value will remain, in which resistor R32 may represent
the internal DC resistance of inductor L31. As aresultthe low passfilter 30a configuration becomes a good approximation
to the optimum low pass filter 30a setting. Therefore, without compromising the results, resistor R32 constituted in the
low pass filter 30a configuration will be ignored in the following equations and descriptions disclosed until further notice.
[0089] In order to meet the optimum damping requirement the resistance value of resistor R31 is set equal to the
characteristic impedance of the RLC circuit comprising inductor L31 and capacitor C32 in conjunction with capacitor
C31 as can be expressed in accordance with the following
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. C3l C; (E14)

wherein the capacitance value Cs represents the equivalent value of capacitor C31 series connected to capacitor C32
as can be expressed as

C‘»l Cw
C 31732

sTC+ (.
OIS (E15)

[0090] The proper ratio between the capacitance values of capacitor C31 and capacitor C32 can be obtained by means
of equation E8, in which equation E8 may be rewritten in order to meet the low pass filter 30a setting according to the
following equation

0l 1

R, (CQ1+C;,3) L. C.. (E16)

Y30 T332

[0091] If the proper ratio between the capacitance values of capacitor C31 and capacitor C32 is expressed in a ratio
factor n than the capacitance value of capacitor C32 may be set equal to the following expression

C=nC, (E17)
[0092] Substituting expression E14 and E17 into equation E16 results in the following equation
2 1
L, Ly nC,
- C.+nC, s ’
C’1 n C’1 ( 31 31 )
C 3] 31 (EIS)
O+
nC, - - -
3 C,,+nC,

[0093] If equation E18 is solved for n, in which n is the optimal ratio factor in conjunction with the optimal damping
resistance resided in expression E14 as described above, than n is equal to the following rounded result

=2.754
n 7540 (E19)
and subsequently expression E17 can be written as
C,,=2.7540 C,
& (E20)

[0094] In order to obtain the desired impulse response of the filter 30a setting, the quality factor Q may be adjusted
by means of resistor R32 vielding a lower quality factor Q with increasing resistance of resistor R32. The relationship
between the resistance of resistor R32 and the quality factor Q can be expressed in accordance with the following
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[0095] The single ended filter 30a setting and the equivalent differential filter 30b setting provide an approach that
allows a stable extraction filter obtaining a wider operational bandwidth with a flat frequency response in conjunction
with improved roll-off characteristics with respect to the above described extraction filter embodiments.

[0096] Figure 10 illustrates the circuit diagram of single ended extraction filter 40a, which exhibits a passive low pass
third order filter, constituted of a first filter stage and a second filter stage. The first filter stage comprising a RLC circuit
and the second filter stage comprising a RC circuit. The component value setting of extraction filter 40a and subsequently
the derived differential filter 40b setting as described hereinafter will be implemented from the point of view of damping
the signal component at the resonant frequency emanated from the under damped first filter stage by means of the
constituted damping components resided in the second filter stage.

[0097] Asshown inFigure 10, the low pass filter 40a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN41 with respect to ground, wherein a first filter stage 106 of filter 40a comprises a series
connection of a first stage resistor R41, a first stage inductor L41 and a first stage capacitor C41, the series connection
connected between a first stage input terminal IN41 and a ground node, and wherein the second filter stage of filter 40a
comprises a series connection of a second stage resistor R42 and a second stage capacitor C42, the series connection
connected between a second stage input terminal and a ground node, a node between the first stage inductor L41 and
the first stage capacitor C41 is coupled to an output node of the first filter stage, the output node is coupled to the second
stage input terminal of the second filter stage. The constituted second stage capacitor C42 in the low pass filter 40a
configuration represents the capacitive load of an electrostatic speaker element.

[0098] Ideally the roll-off of the low pass third order filter 40a setting provides an attenuation of 60dB per decade after
the second cut-off frequency. The output function of filter 40a is defined in accordance with the following

ﬁ/rw'-/ﬂu( s)

(R-ll + R-l: ts L-ll ts R-ll R-D C—ll +s° R-l: L-ll C-H ) ( Lts R-ll C—ll ts R-ll C-D
*s R-l: C-D+ S: R-ll R-D C—ll C—D + S: L-ll C-ll + S: L-ll C42+ S3 R-D L-ll C—ll C-D)

and the transfer function of filter 40a is defined as

(s)

filrerdtu

1/(1+5R41 C“+SR41 C’4:+SR4:C’4:+S'R“RQC41 C4:+S'L4l C“+S'L41 C4:

+s R-l: L-ll C-ll C-D )

(E23)

[0099] Figure 11 illustrates the circuit diagram of differential extraction filter 40b, which exhibits a passive low pass
third order filter.

[0100] As shown in Figure 11, the low pass filter40b configuration may receive a high voltage pulse modulated signal
provided at input terminal IN42a with respect to a complemented high voltage pulse modulated signal provided at input
terminal IN42b, wherein a first filter stage 106 of filter 40b comprises a series connection of a first first stage resistor
R43a, a first first stage inductor L42a, a first stage capacitor C43, a second first stage inductor L42b and a second first
stage resistor R43b, the series connection connected between a first first stage input terminal IN42a and a second first
stage input terminal IN42b, a second filter stage of filter 40b stage comprises a series connection of a first second stage
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resistor R44a, a second stage capacitor C44 and a second second stage resistor R44b, the series connection connected
between a first second stage input terminal and a second second stage input terminal, a node between the first first
stage inductor L42a and the first stage capacitor C43 is coupled to a first output node of the first filter stage 106 and a
node between the second first stage inductor L42b and the first stage capacitor C43 is coupled to a second output node
of the first filter stage 106, the first output node is coupled to the first second stage input terminal and the second output
node is coupled to the second second stage input terminal. The constituted second stage capacitor C44 in the low pass
filter 40b configuration represents the capacitive load of an electrostatic speaker element.

[0101] The differential filter 40b setting exhibits the equivalent model of the single ended filter 40a setting, which is
implemented in another form. In order to match the filter characteristics of both the single ended filter 40a setting and
the differential filter 40b setting, the resistance of resistor R41 is divided by 2 and assigned to the resistors R43a and
R43b, the resistance of resistor R42 is divided by 2 and assigned to the resistors R44a and R44b, furthermore the
inductance of inductor L41 is divided by 2 and assigned to the inductors L42a and L42b, the capacitance of capacitor
C43is equal to the capacitance of capacitor C41 and finally the capacitance of capacitor C42 is equal to the capacitance
of capacitor C44 representing the specified capacitive load.

[0102] In the case a single ended filter 40a setting is employed, it is emphasised to obtain the proper ratio between
the capacitance values of capacitor C41 and capacitor C42 in conjunction with the proper damping resistance of the
resistors R41 and R42 in order to meet the optimum attenuation characteristics. In order to obtain the optimum low pass
filter 40a setting with an operational bandwidth as wide and a frequency response as flat as possible, it is desired to
eliminate resistor R41 in the extraction filter 40a configuration. However, due to the practical limitations of inductor L41
a small resistance value will remain, in which resistor R41 may represent the internal DC resistance of inductor L41. As
a result the low pass filter 40a configuration becomes a good approximation to the optimum low pass filter 40a setting.
Therefore, without compromising the results, resistor R41 constituted in the low pass filter 40a configuration will be
ignored in the following equations and descriptions disclosed until further notice.

In order to meet the optimum damping requirement the resistance value of resistor R42 is set equal to the characteristic
impedance of the RLC circuit comprising inductor L41 and capacitor C41 as can be expressed in accordance with the
following

(E24)

[0103] The proper ratio between the capacitance values of capacitor C41 and capacitor C42 can be obtained by means
of equation E8, in which equation E8 may be rewritten in order to meet the low pass filter 40a setting according to the
following equation

2 1
R, C,, LG+ ) (E25)

[0104] If the proper ratio between the capacitance values of capacitor C41 and capacitor C42 is expressed in a ratio
factor n, than the capacitance value of capacitor C42 may be set equal to the following expression

C.=nC
42 41
(E26)
[0105] Substituting expression E24 and E26 into equation E25 results in the following equation
2 |

L © L (C, +nC,)

S | 41 41

P : 2
oGy (E27)

41

15



10

15

20

25

30

35

40

45

50

55

EP 2 215 856 B1

If equation E27 is solved for n, in which n is the optimal ratio factor in conjunction with the optimal damping resistance
resided in expression E24 as described above, than n is equal to the following result

= 1 + :J‘
n '3 (E28)
and subsequently expression E26 can be written as
C,=(1+/3)C, (E29)

[0106] In order to obtain the desired impulse response of the filter 40a setting, the quality factor Q may be adjusted
by means of resistor R41 vielding a lower quality factor Q with increasing resistance of resistor R41. The relationship
between the resistance of resistor R41 and the quality factor Q can be expressed in accordance with the following

R = | e L4l ;0<Ln
e o R Y (£30)

[0107] The single ended filter 40a setting and the equivalent differential filter 40b setting provide an approach that
allows a stable extraction filter obtaining a wide operational bandwidth with a flat frequency response and roll-off char-
acteristics comparable to the single ended filter 30a and differential filter 30b embodiments. It is to be noted that in filter
40a and filter 40b less power will be dissipated by the resistors of the extraction filter as the high frequencies in the signal
supplied to the resistor are attenuated obtaining high efficiency with respect to the above described filter embodiments
shown in figures 4 - 9. In filter 40a and filter 40b less power will be dissipated by the resistors of the extraction filter as
the high frequencies in the signal supplied to the resistor are attenuated.

[0108] Figure 12 illustrates the circuit diagram of single ended extraction filter 50a, which exhibits a passive low pass
fourth order filter, constituted of a first RLC filter stage 106 and a second RLC filter stage 108, wherein the component
value setting of extraction filter 50a and subsequently the derived differential filter50b setting as described hereinafter
will be implemented from the point of view of damping the signal compconent at the resonant frequency emanated from
the under damped first filter stage by means of the constituted damping components resided in the second filter stage.
[0109] Asshown inFigure 12, the low pass filter 50a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN51 with respect to ground, wherein a first second stage 108 of filter 50a comprises a series
connection of a second stage resistor R51, a second stage inductor L51 and a second stage capacitor C51, the series
connection connected between input terminal IN51 and a ground node, and wherein a first filter stage of filter 50a
comprises a series connection of a first stage resistor R52, a first stage inductor L52 and a first stage capacitor C52,
the series connection connected between a first stage input terminal and a ground node, a node between the second
stage inductor L51 and the second stage capacitor C51 is coupled to the output node of the second filter stage 108, the
output node is coupled to the first stage input terminal of the first filter stage 106. The constituted first stage capacitor
C52 in the low pass filter 50a configuration represents the capacitive load of an electrostatic speaker element.

[0110] Ideally the roll-off of the low pass fourth order filter 50a setting provides an attenuation of 80dB per decade
after the second cut-off frequency. The output function of filter 50a is defined in accordance with the following
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fﬁrw'il'lu( s)
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(E31)

and the transfer function of filter 50a is defined as

(s)

filreritu

N(1+sR, C +sR Co+sR,C,+sR R C, ,C+s L, C +s L, C

3n

+ s L, Csnt s° R\ L G5 Gt s* Ry L, G Cint s* Ly L, €5 Cq)
(E32)

[0111] Figure 13 illustrates the circuit diagram of differential extraction filter 50b, which exhibits a passive low pass
fourth order filter.

[0112] As shown in Figure 13, the low pass filter50b configuration may receive a high voltage pulse modulated signal
provided at first input terminal IN52a with respect to a complemented high voltage pulse modulated signal provided at
second input terminal IN52b, wherein a second filter stage 108 of filter 50b comprises a series connection of a first
second stage resistor R53a, a first second stage inductor L53a, a second stage capacitor C53, a second second stage
inductor L53b and a second second stage resistor R53b, the series connection connected between a first input terminal
IN52a and a second input terminal IN52b, a first filter stage 106 of filter 50b comprises a series connection of a first first
stage resistor R54a, a first first stage inductor L54a, a first stage capacitor C54, a second first stage inductor L54b and
a second first stage resistor R54b, the series connection connected between afirst first stage input terminal and a second
first stage input terminal, a node between the first second stage inductor L53a and the second stage capacitor C53 is
coupled to a first output node of the second filter stage 108 and a node between the second second stage inductor L53b
and the second stage capacitor C53 is coupled to a second output node of the second filter stage 108, the first output
node is coupled to the first first stage input terminal and the second output node is coupled to the second first stage
input terminal. The constituted first stage capacitor C54 in the low pass filter 50b configuration may represent the
capacitive load of an electrostatic speaker element.

[0113] The differential filter 50b setting exhibits the equivalent model of the single ended filter 50a setting, which is
implemented in another form. In order to match the filter characteristics of both the single ended filter 50a setting and
the differential filter 50b setting, the resistance of resistor R51 is divided by 2 and assigned to the resistors R53a and
R53b, the resistance of resistor R52 is divided by 2 and assigned to the resistors R54a and R54b, furthermore the
inductance of inductor L51 is divided by 2 and assigned to the inductors L53a and L53b, the inductance of inductor L52
is divided by 2 and assigned to the inductors L54a and L54b, the capacitance of capacitor C53 is equal to the capacitance
of capacitor C51 and finally the capacitance of capacitor C52 is equal to the capacitance of capacitor C54 representing
the specified capacitive load.

[0114] In case a single ended filter 50a setting is employed, it is emphasised to obtain a first ratio between the
capacitance values of capacitor C51 and capacitor C52 and a second ratio between the inductance values of inductor
L51 and inductor L52, in which the first and second proper ratios in conjunction with the proper damping resistance of
the resistors R51 and R52 will meet the optimum attenuation characteristics. In order to obtain the optimum low pass
filter 50a setting with an operational bandwidth as wide and a frequency response as flat as possible, it is desired to
eliminate resistor R52 in the extraction filter 50a configuration. However, due to the practical limitations of inductor L52
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a small resistance value will remain, in which resistor R52 may represent the internal DC resistance of inductor L52. As
aresult the low pass filter 50a configuration becomes a good approximation to the optimum low pass filter 50a setting.
Therefore, without compromising the results, resistor R52 constituted in the low pass filter 50a configuration will be
ignored in the following equations and descriptions disclosed until further notice.

[0115] In order to meet the optimum damping requirement the resistance value of resistor R51 is set equal to the
characteristic impedance of the first stage RLC circuit comprising inductor L51 and capacitor C51 in conjunction with
quality factor Q51 in order to set the damping of the first stage RLC circuit, and the characteristic impedance of the
second stage RLC circuit comprising inductor L52 in conjunction with the capacitors C51 and C52 as can be expressed
in accordance with the following

L, L,

R, = — + —

ooy o0 GG <oy
R O N

(E33)

wherein the capacitance value Cs represents the equivalent value of capacitor C51 series connected to capacitor C52
as can be expressed as

CSl CSZ

C=—" "
s o+ C.
51 52 (E34)

[0116] The proper ratios between the constituted capacitor and inductor values can be obtained by means of equation
E8, in which equation E8 may be rewritten in order to meet the single ended filter 50a setting according to the following
equation

2 1

Ry (Gt Co) L (C+ Co)+ L, €, (E33)

[0117] If the proper ratios between the constituted capacitor and inductor values are expressed in the ratio factors n
and m, than the capacitance value of capacitor C52 and the inductance value of inductor L52 may be set equal to the
following expressions

C. :11C51

el

(E36)

and

L= L,
a=nmL (E37)

[0118] Substituting expression E33, E36 and E37 into equation E35 results in the following equation
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2
L*l n mL_l =
. ¥ (C, +nCy)
Q51_(C51+” C,) C,nC, s
3 C,+nC,
s C,+nC

{ i ]
AL (C.o+nC.)y+nmL,. nC, 'O<Q51’0<’”’
Yo S 51 51 51 S1

(E38)
[0119] If equation E38 is solved for n, wherein the ratio factor m is set to 1.0 in conjunction with the optimal damping

resistance wherein the quality factor Q51 is set to 1/v2 resulting in an operational bandwidth as wide and a frequency
response as flat as possible, than n is equal to the following rounded result

=275
n 7540 (E39)
subsequently expressions E36 and E37 can be written as
C..,=2.7540 C,
52 51 (E40)
and
L.,=27540 L,
s2 51 (E—“)

[0120] Depending on the specifications of the single ended filter 50a setting, a different ratio factor m as well as a
different quality factor Q51 may be set resulting in a new proper ratio factor n by resolving equation E38 once more.
Therefore, the single ended filter 50a setting would appear a proper working filter as long as the ratio factors m and n
between the constituted capacitor and inductor values in conjunction with a proper damping resistance are set as
described above provided that quality factor Q51 is equal or smaller than 1/+2.

[0121] In order to obtain the desired impulse response of the filter 50a setting, the overall quality factor Q of the filter
50a setting may be adjusted by means of adjusting the quality factors Q51 and Q52, provided that quality factor Q51
equals quality factor Q52, in which the resistance value of resistor R52 will set quality factor Q52 as can be expressed
in accordance with the following

(E42)

[0122] The single ended filter 50a setting and the equivalent differential filter 50b setting provide an approach that
allows a stable extraction filter obtaining a further increase of attenuation of the switching frequency and its harmonics
by means of the additional constituted inductors L52, L54a and L54b in both the single ended filter 50a and differential
filter 50b configurations with respect to the single ended filter 40a and differential filter 40b embodiments.

[0123] Figure 14 illustrates the circuit diagram of single ended extraction filter 60a, which exhibits the preferred passive
low pass fourth order filter embodiment constituted of a first RLC filter stage 106 and a second RLC filter stage 108
similarly to the single ended filter 50a configuration as shown in Figure 12, however with interchanged definition of first
and second filter stage. Similar to the component value setting of single ended filter 50a, the component value setting
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of single ended filter 60a and subsequently the derived differential filter 60b setting as described hereinafter, will be
implemented from the point of view of damping the signal component at the resonant frequency emanated from the
under damped first filter stage by means of the constituted damping components resided in the second filter stage.
[0124] As shown inFigure 14, the low pass filter 60a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN61 with respect to ground, wherein the first filter stage 106 of filter 60a comprises a series
connection of a first stage resistor R61, a first stage inductor L61 and a first stage capacitor C61, the series connection
connected between the input terminal IN61 and a ground node, and wherein the second filter stage 108 of filter 60a
comprises a series connection of a second stage resistor R62, a second stage inductor L62 and a second stage capacitor
C62, the series connection connected between a second filter stage input and a ground node, a node between the first
stage inductor L61 and the first stage capacitor C61 is coupled to the output node of the first filter stage 106, the output
node is coupled to the input of the second filter stage 108. The constituted second stage capacitor C62 in the low pass
filter 60a configuration represents the capacitive load of an electrostatic speaker element.

[0125] Ideally the roll-off of the low pass fourth order filter 60a setting provides an attenuation of 80dB per decade
after the second cut-off frequency. The output function of filter 60a is defined in accordance with the following

Zfi]re'l'ﬁllal( s)

(R + Ryt s Ly +s L+ s Ry R, C 5™ R, Ly C 487 R L, C 57 L L, Gy )
(1+sR, Curs Ry CoutsRLCuFs™ Ry R, € Cut s L G
2 2 3 3 -
5Ly Cout s Ly Gt TR L G Cout 87 Ry L, O Cout 7L L, € Gy )

(E43)

and the transfer function of filter 60a is defined as

(s)

filrer6tu

1/(1+sR. C +sR C.+sR_C.+sR R.C.C . +s°L C +s°L C.
ol ol ol (et [ o0’ ol (et ol o ol ol ol [
2 3 3 A
*s L62 C63 *s R(ﬁ L(ﬂl C6l C63 ts R6l Lo: C6l COZ *s L(ﬂl L63 Cbl Cb: )

(E44)

[0126] Figure 15 illustrates the circuit diagram of differential extraction filter 60b, which exhibits a passive low pass
fourth order filter.

[0127] As shown in Figure 15, the low pass filter60b configuration may receive a high voltage pulse modulated signal
provided at a first input terminal IN62a with respect to a complemented high voltage pulse modulated signal provided
at a second input terminal IN62b, wherein the first filter stage 106 of filter 60b comprises a series connection of a first
first stage resistor R63a, a first first stage inductor L63a, a first stage capacitor C63, a second first stage inductor L63b
and a second first stage resistor R63b, the series connection connected between the first input terminal IN62a and the
second input terminal IN62b, the second filter stage of filter 60b comprises a series connection of a first second stage
resistor R64a, a first second stage inductor L64a, a second stage capacitor C64, a second second stage inductor L64b
and a second second stage resistor R64b, the series connection connected between a first second stage terminal and
a second second stage terminal, a node between the first first stage inductor L63a and the first stage capacitor C63 is
coupled to a first output node of the first filter stage 106 and a node between the second first stage inductor L63b and
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the first stage capacitor C63 is coupled to a second output node of the first filter stage 106, the first output node is coupled
to the first second stage terminal and the second output node is coupled to the second second stage terminal. The
constituted second stage capacitor C64 in the low pass filter 60b configuration represents the capacitive load of an
electrostatic speaker element.

[0128] The differential filter 60b setting exhibits the equivalent model of the single ended filter 60a setting, which is
implemented in another form. In order to match the filter characteristics of both the single ended filter 60a setting and
the differential filter 60b setting, the resistance of resistor R61 is divided by 2 and assigned to the resistors R63a and
R63b, the resistance of resistor R62 is divided by 2 and assigned to the resistors R64a and R64b, furthermore the
inductance of inductor L61 is divided by 2 and assigned to the inductors L63a and L63b, the inductance of inductor L62
is divided by 2 and assigned to the inductors L64a and L64b, the capacitance of capacitor C61 is equal to the capacitance
of capacitor C63 and finally the capacitance of capacitor C62 is equal to the capacitance of capacitor C64 representing
the specified capacitive load.

[0129] In the case a single ended filter 60a setting is employed, it is emphasised to obtain a first ratio between the
capacitance values of capacitor C61 and capacitor C62 and a second ratio between the inductance values of inductor
L61 and inductor L62, in which the first and second proper ratios in conjunction with the proper damping resistance of
the resistors R61 and R62 will meet the optimum attenuation characteristics. In order to obtain the optimum low pass
filter 60a setting with an operational bandwidth as wide and a frequency response as flat as possible, it is desired to
eliminate resistor R61 in the extraction filter 60a configuration. However, due to the practical limitations of inductor L61
a small resistance value will remain, in which resistor R61 may represent the internal DC resistance of inductor L61. As
a result the low pass filter 60a configuration becomes a good approximation to the optimum low pass filter 60a setting.
Therefore, without compromising the results, resistor R61 constituted in the low pass filter 60a configuration will be
ignored in the following equations and descriptions disclosed until further notice.

[0130] In order to meet the optimum damping requirement the resistance value of resistor R62 is set equal to the
characteristic impedance of the first stage RLC circuit comprising inductor L61 and capacitor C61 and the characteristic
impedance of the second stage RLC circuit comprising inductor L62 and the capacitors C61 and C62 in conjunction with
the quality factor Q62 in order to set the damping of the second stage RLC circuit as can be expressed in accordance
with the following

62 ; (E45)

62

wherein the capacitance value Cs represents the equivalent value of capacitor C61 series connected to capacitor C62
as can be expressed as

C C6l C(iZ

ST C 4 C
61 62 (E46)

[0131] The proper ratios between the constituted capacitor and inductor values can be obtained by means of equation
E8, in which equation E8 may be rewritten in order to meet the single ended filter 60a setting according to the following
equation

2 1
_ E47
R63 C63 L(il ( C6l + C62 )+ L62 C62 ( )

[0132] If the proper ratios between the constituted capacitor and inductor values are expressed in the ratio factors m
and n, than the capacitance value of capacitor C62 and the inductance value of inductor L61 may be set equal to the
following expressions
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Co=nC,

(E48)

and

L. =nmlL_
61 62 (E49)

[0133] Combining the expressions E48 and E49 with ratio factor m set to one, the following equation may be written as

L, Cy=L,Cy (E50)

[0134] Substituting expression E45, E48and E49 into equation E47 results in the following equation

2 1
4 1 I Jnm L6:(C6l+n C6l)+Lo,: n Col
: 2 [P
nmlL O .
&4 —e nC
C. C nC. ol
51 61 6l
C,+nC,

0<m!

. 1
wherein ¢+
b < Qo’:“
[0135] If equation E51 is solved for n, wherein the ratio factor m is set to 1.0 in conjunction with the optimal damping
resistance wherein the quality factor Q62 is set to 1/v2 resulting in an operational bandwidth as wide and a frequency

response as flat as possible, than n is equal to the following result

n= 5
" (E52)
subsequently expressions E48 and E49 can be written as
C.,=/2C
62 : 61 (ESS)
and
L, =21,
61 / 62 (E54)

[0136] Depending on the specifications of the single ended filter 60a setting, a different ratio factor m as well as a
different quality factor Q62 may be set resulting in a new proper ratio factor n by resolving equation E51 once more.
Therefore, the single ended filter 60a setting would appear a proper working filter as long as the ratio factors m and n
between the constituted capacitor and inductor values in conjunction with a proper damping resistance are set as
described above provided that quality factor Q62 is equal or smaller than 1/32.

[0137] In order to obtain the desired impulse response of the filter 60a setting, the overall quality factor Q of the filter
60a setting may be adjusted by means of adjusting the quality factors Q61 and Q62, provided that quality factor Q61
equals quality factor Q62, in which the resistance value of resistor R61 will set quality factor Q61 as can be expressed
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in accordance with the following

ol

| A~ / L(l L(“ !
(-] e 10,=0.0,< L
S la T e 62 (E55)

=61
[0138] The single ended filter 60a embodiment and equivalent differential filter 60b embodiment as described above
exhibit the preferred extraction filter embodiments of the present invention providing an approach that may conduce to
a well designed and stable extraction filter showing very good results in the frequency domain as well as in the signal
domain and will obtain in addition low residual switching energy from being dissipated in the constituted damping resistors
achieving an efficient extraction filter, subsequently the preferred extraction filter may form the desired starting point of
additional filter means as described hereinafter.
[0139] In generalitis to be noted, that the proper damping requirements for the third and higher order extraction filter
embodiments as described in the present invention comprising at least a first low pass filter stage and a second low
pass filter stage, will be obtained from the point of view of damping the signal component at the resonant frequency
emanated from the first filter stage comprising an under damped RLC circuit having a characteristic resonance frequency
»0 and a quality factor Q > ¥ by means of a second filter stage comprising at least one component for damping the
signal component at the resonant frequency of the under damped RLC circuit, wherein an output of the first filter stage
may be coupled to the input of the second filter stage resulting in a second stage capacitor being the capacitive load at
the output of the extraction filter as well as an extraction filter configuration wherein the output of the second filter stage
is coupled to the input of the first filter stage and the capacitive load at the output of the extraction filter will be the first
stage capacitor. However in an alternative third and higher order extraction filter embodiment implemented within the
scope of the present invention comprising at least a first low pass filter stage and a second low pass filter stage, it will
be possible to damp a signal component at the resonant frequency of an uncoupled filter stage by itself comprising an
under damped RLC circuit having a resonant frequency o0 and a quality factor Q > ¥2 implemented with at least one
component for damping the signal component at the resonant frequency of the under damped RLC circuit, still yielding
a stable extraction filter with moderate extraction filter properties provided that the uncoupled filter stage is reconnected.
[0140] Figure 16 illustrates the circuit diagram of single ended extraction filter 70a, which exhibits a low pass filter
encompassing the low pass filter 60a configuration as shown in Figure 14, wherein the second filter stage 108 includes
a further second stage capacitor C73 parallel connected to the second stage inductor L72 implementing a second order
parallel resonant filter also called a notch filter in this configuration.
[0141] Asshown in Figure 16, the low pass filter 70a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN71 with respect to ground, wherein the first filter stage 106 comprises a series connection
of a first stage resistor R71, a first stage inductor L71 and a first stage capacitor C71, the series connection connected
betweenthe inputterminal IN71 and aground node, and wherein the second filter stage 108 comprises aseries connection
of a second stage resistor R72, a second stage inductor L72 and a second stage capacitor C72, the series connection
connected between a second stage input terminal and a ground node, wherein the second filter stage 108 further
comprises a parallel connection of the further second stage capacitor C73 and the second stage inductor L72, a node
between the first stage inductor L71 and the first stage capacitor C71 is coupled to the output node of the first filter stage
106, the output node is coupled to the second stage input terminal of the second filter stage 108. The constituted second
stage capacitor C72 in the low pass filter 70a configuration represents the capacitive load of an electrostatic speaker
element.
[0142] Ideally the roll-off of the low pass fifth order filter 70a setting provides an attenuation of 60dB per decade on
either side of the notch frequency after the second cut-off frequency.
[0143] A low pass filter configuration extended with a parallel resonant filter as shown in the single ended extraction
filter 70a configuration may be implemented employing a pulse modulated signal with a fixed switching frequency, in
which the resonance frequency of the parallel resonance circuit constituted of inductor L72 and capacitor C73 may be
matched with the fundamental of a high voltage pulse modulated signal presented at the input IN71 of the extraction
filter 70a setting. As a result the parallel resonant filter implemented in the extraction filter 70a configuration will block
the fundamental of the pulse modulated signal to some degree attenuating the residual switching voltage across the
capacitive load C72 of an electrostatic speaker element. Furthermore the blocked fundamental of the residual switching
voltage across the parallel resonant filter will decrease the residual switching energy in the series connected damping
resistance R72 from being dissipated obtaining a higher efficiency level. The attenuation in the notch of the narrowband
parallel resonance filter will arise from the series connected impedance value with in this setting resistance R72 in
particular in conjunction with the quality characteristics of the constituted inductor L72 as well as the capacitor C73 each
defined by the quality factor Q as described later in more detail. Subsequently in order to enhance the attenuation in the
notch of the parallel resonance filter in practice, it is required to implement a capacitor C73 and an inductor L72 in
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particular showing a high quality factor Q, in which the internal DC resistance of inductor L72 is as small as physically
possible. In order to match the notch frequency of the parallel resonant filter with the fundamental of a pulse modulated
signal in practice, the capacitance value of capacitor C73 can be made variable in whole or in part by means of a trimmer
capacitor not shown.

[0144] The extraction filter 70a setting can be implemented taken advantage of the working method and the equations
E45, E51 and E55 in the manner described in the low pass filter 60a embodiment. For example the components specified
for the extraction filter 70a setting may be implemented in accordance with the quality factors Q51 and Q52 both set to
2/m and the ratio factor m setto 1.0 in conjunction with an operational bandwidth of approximately 65kHz and a capacitive
load of 400pF represented by capacitor C72 resulting in the following calculated and rounded values; ratio factor n is
1.8218, resistor R71 is set to 9380hm and resistor R72 is set to 11.2kOhm, inductor L71 is set to 12.0mH and inductor
L72 is setto 6.6mH, capacitor C71 is set to 220pF. In the case a pulse modulated signal with a fixed switching frequency
of 400kHz will be employed, of which the resonance frequency of the parallel resonance circuit constituted of inductor
L72 and capacitor C73 may be matched with the fundamental of the presented switching frequency, capacitor C73 can
be calculated with the following equation without compromising the results of the extraction filter 70a setting provided
that the switching frequency is at least an order of magnitude higher with respect to the operational bandwidth of the
extraction filter 70a setting and can be expressed as

S 72 (E56)

[0145] According to a switching frequency of 400kHz and an inductance value of 6.6mH represented of inductor L72
taking advantage of equation E56 results in a rounded capacitance value of 24pF for capacitor C73.

[0146] The extraction filter 70a setting implemented in accordance with the calculated component values as presented
above will conduce to a very good impulse response requirement in conjunction with the fixed frequency pulse modulated
switching signal provided at input terminal IN71 and the capacitive load of an electrostatic speaker element coupled to
the output of the extraction filter. In addition the phase response of the extraction filter 70a setting will be a near perfect
linear function of frequency within the operational bandwidth resulting in an advantageous constant group delay.
[0147] Figure 17 illustrates the circuit diagram of differential extraction filter 70b, which exhibits a low pass filter
encompassing the low pass filter 60b configuration as shown in Figure 15, wherein the second filter stage includes a
first further second stage capacitor C76a parallel connected to the second stage inductor L74a and a second further
second stage capacitor C76b parallel connected to the second stage inductor L74b implementing two second order
parallel resonant filters as described above.

[0148] As shown in Figure 17, the low pass filter70b configuration may receive a high voltage pulse modulated signal
provided at input terminal IN72a with respect to a complemented high voltage pulse modulated signal provided at input
terminal IN72b, wherein the first filter stage 106 comprises a series connection of a first first stage resistor R73a, a first
first stage inductor L73a, a first stage capacitor C74, a second first stage inductor L73b and a second first stage resistor
R73b, the series connection connected between the first input terminal IN72a and the second input terminal IN72b, the
second filter 70b stage comprises a series connection of a first second stage resistor R74a, a first second stage inductor
L74a, a second stage capacitor C75, a second second stage inductor L74b and a second second stage resistor R74b,
the series connection connected between a first second stage input terminal and a second second stage input terminal,
wherein the second filter 70b stage further comprises the first further second stage capacitor C76a parallel connected
to the first second stage inductor L74a and the second further second stage capacitor C76b parallel connected to the
second second stage inductor L74b, a node between the first first stage inductor L73a and the first stage capacitor C74
is coupled to a first output node of the first filter stage 106 and a node between the second first stage inductor L73b and
the first stage capacitor C74 is coupled to a second output node of the first filter stage 106, the first output node is coupled
to the first second stage input terminal and the second output node is coupled to the second second stage input terminal.
The constituted second stage capacitor C75 in the low pass filter 70b configuration represents the capacitive load of an
electrostatic speaker element.

[0149] The differential filter 70b setting exhibits the equivalent model of the single ended filter 70a setting, which is
implemented in another form. The extraction filter 70b setting can be implemented taken advantage of the working
method and the equations E45, E51 and E55 in the manner described in the low pass filter 60a and low pass filter 60b
embodiments. For example the components specified for the extraction filter 70b setting may be implemented in ac-
cordance with the quality factors Q51 and Q52 both set to 2/r and the ratio factor m set to 1.0 in conjunction with an
operational bandwidth of approximately 65kHz and a capacitive load of 100pF represented of capacitor C75 resulting
in the following calculated and rounded values; ratio factor n is 1.8218, the resistors R73a and R73b are setto 1.9kOhm,
the resistors R74a and R74b are set to 22.4kOhm, the inductors L73a and L73b are set to 24mH, the inductors L74a
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and L74b are setto 13.2mH and capacitor C74 is set to 55pF. In the case a pulse modulated signal with a fixed switching
frequency of 400kHz will be employed, in which the resonance frequency of the parallel resonance circuits implemented
in the extraction filter 70b configuration may be matched with the fundamental of the presented switching frequency
taken advantage of equation E56 as described above, than the rounded capacitance value calculated for the capacitors
C76a and C76b is 12pF in a well balanced filter 70b setting.

[0150] The component values presented for the extraction filter 70a and filter 70b settings are provided for example
purposes only, and are not intended to be exhaustive or to be limited as will be understood by those skilled in the arts
based on the discussion given herein. Different values of the ratio factors m and n, switching frequency, capacitive load,
and required bandwidth and impulse response will result in different component values for the components of the
extraction filter. Furthermore the resonance filter technique used in the preferred embodiment of the invention is not
limited to the exemplary parallel resonance filter constituted in the extraction filter 70a and filter 70b configurations as
described above and includes other notch filter means, such as a combination of one or several parallel as well as series
resonant filters, which are optimized for notching one or several frequency components of a high voltage pulse modulated
signal in conjunction with single ended as well as differential extraction filter configurations.

[0151] ltis to be noted, that the implemented filter order enclosed in an extraction filter configuration is not limited to
the number shown in an extraction filter embodiment as is covered by the present invention but rather determined in
accordance with the suppression characteristics of the switching frequency in conjunction with for example the operational
bandwidth and the total capacitive load.

[0152] Figure 18 illustrates the circuit diagram of single ended extraction filter 80a, which exhibits a low pass filter
encompassing single ended extraction filter 60a as shown in Figure 14, comprising M further second filter 80a stages
each yielding a low pass first order filter as shown in Figure 4 and connected in parallel to the main second filter stage
108, in which M is an integer greater or equal to one. The further second filter stages parallel to the second filter stage
108 provide an approach that allows segmenting an electrostatic speaker element in M plus one electrically filtered
segments.

[0153] Asshown inFigure 18, the low pass filter 80a configuration may receive a high voltage pulse modulated signal
provided at input terminal IN81 with respect to ground, wherein a first filter stage 106 comprises a series connection of
a first stage resistor R81, a first stage inductor L81 and a first stage capacitor C81, the series connection connected
between a input terminal IN81 of the low pass filter configuration and a ground node, wherein a main second filter 80a
stage comprises a series connection of a second stage resistor R82, a second stage inductor L82 and a second stage
capacitor C82, the series connection connected between a second filter stage input terminal and a ground node. The
low pass filter configuration further comprising M further second filter stages each comprising a series connection of a
further second stage resistor R83(A,B,C,etc.) and a further second stage capacitor C83(A,B,C,etc), wherein the series
connection is connected between a further second filter stage input terminal and the ground node, a node between the
first stage inductor L81 and the first stage capacitor C81 is coupled to the output node of the first filter 80a stage, the
output node is coupled to the main second stage input terminal and the M further second stage input terminals. The
second stage capacitor C82 and the M further second stage capacitors C83(A,B,C,etc.) implemented in the extraction
filter 80a configuration represents the capacitive loads residing in an electrostatic speaker or element.

[0154] Ideally the main low pass fourth order filter 80a roll-off provides an attenuation of 80dB per decade after the
second cut-off frequency and each further supplemented low pass third order filter roll-off will provide an attenuation of
60dB per decade after the second cut-off frequency.

[0155] The extraction filter 80a setting can be implemented taken advantage of the working method and the equations
E1, E45, E51 and E55 in the manner described in the single ended extraction filter 10a and the single ended extraction
filter 60a embodiments.

[0156] The second stage capacitor C82 and the M further second stage capacitors C83(A,B,C,etc.) exhibit the char-
acteristic capacitance values of the M plus one segments implemented in an electrostatic speaker element, in which the
first segment represented by capacitor C82 will obtain a signal having the total operational bandwidth and the remaining
segments represented by the M further second stage capacitors C83(A,B,C,etc.) will obtain a signal having a specified
part of the operational bandwidth providing for example sub low, low and mid low audio frequency capability. The
characteristic capacitance of the segment projecting the total operational bandwidth represented of capacitor C82 may
form the starting point in filter calculation equal to the single ended extraction filter 60a setting as described above,
ignoring the M further second stage resistors R83(A,B,C,etc.) and the M further second stage capacitors C83(A,B,C,
etc.). Subsequently the remaining characteristic capacities of the segments represented of the M further second stage
capacitors C83(A,B,C,etc) form the capacitive components employed in the M further second stage first order filters
constituted in conjunction with the additional M further second stage resistors R83(A,B,C.etc.), in which the cut-off
frequency of each low pass first order filter may be tuned to a desired part of the operational bandwidth taken advantage
of equation E1 and implemented as the circuit diagram of Figure 18 prescribes.

[0157] The approach of segmenting an electrostatic speaker element electrically providing a technigue that allows a
skilled person adapting the electrostatic speaker element acoustically used in the preferred embodiment of the invention,
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is not limited to the exemplary filtering means in conjunction with the segmentation means as described above and
includes for example analogue signal delay means, in which typical a lower part of the initial operational bandwidth can
be delayed gradual with a specified amount of time by means of a passive delay circuit driving each additional segment
with a desired signal delay time in order to obtain a tapped delay line of segments. Hence a segmented electrostatic
speaker element projecting a signal pattern that is similar for example to a pulsating sphere.

[0158] If taken a retrospective view of Figure 18 illustrating the circuit diagram of single ended extraction filter 80a, a
further second stage inductor (not shown) may be connected between the further second stage resistor R83(A,B,C,etc.)
and the respective further second stage capacitor C83(A,B,C,etc.) forming a second stage passive delay circuit. Sub-
sequently the first segment represented of second stage capacitor C82 comprises the initial operational bandwidth with
minimum signal delay time and the remaining segments, represented by the M further second stage capacitors C83(A,
B,C,etc.), comprise a delayed part of the operational bandwidth each specified in the signal and frequency domain
forming a tapped delay line. Needless to say, that a tapped delay line may be constituted with a plurality of cascade
connected passive delay circuits each comprising the capacitance representing a segment. Furthermore a tapped delay
line comprising an extraction filter embodiment according to the present invention, which is optimized for a specified
signal delay time, may be implemented in conjunction with a parallel connected initial extraction filter as well, enclosing
for example a plurality of other delay as well as extraction filter embodiments driving one or several segments as described
above.

[0159] Figure 19 illustrates the circuit diagram of a differential extraction filter 80b, which exhibits a low pass filter
encompassing differential extraction filter 60b as shown in Figure 15. The circuit diagram further comprising M further
second filter stages each yielding a low pass first order filter as shown in Figure 5. In figure 19 M = 3. The M further
second filter stages are connected in parallel to the main second filter stage 108. The M further second filter stages
provide an approach that allows a person skilled in the art to segment an electrostatic speaker element in M plus one
electrically filtered segments of an electrostatic loudspeaker as described above.

[0160] As shown in Figure 19, the low pass filter80b configuration may receive a high voltage pulse modulated signal
provided at a first input terminal IN82a with respect to a complemented high voltage pulse modulated signal provided
at a second input terminal IN82b, wherein the first filter stage 106 comprises a series connection of a first first stage
resistor R84a, a first first stage inductor L83a, a first stage capacitor C84, a second first stage inductor L83b and a
second first stage resistor R84b, the series connection connected between the first input terminal IN82a and the second
input terminal IN82b. A main second filter stage 108 comprises a series connection of a first second stage resistor R85a,
a first second stage inductor L84a, a second stage capacitor C85, a second second stage inductor L84b and a second
second stage resistor R85b, the series connection connected between a first main second stage input terminal and a
second main second stage input terminal. The low pass filter 80b further comprises M further second filter stages each
comprising a series connection of afirst further second stage resistor R86a(A,B,C,etc.), afurther second stage capacitor
C86(A,B,C,etc.), and a second further second stage resistor R86b(A,B,C,etc.) the series connection connected between
a first further second stage input terminal and a second further second stage input terminal. A node between the first
first stage inductor L84a and the first stage capacitor C84 is coupled to a first output node of the first filter stage 106 and
a node between the second first stage inductor L84b and the first stage capacitor C84 is coupled to a second output
node of the first filter stage 106. The first output node is coupled to the first main second stage input terminal and the
first M further second stage input terminals and the second output node is coupled to the second main second stage
input terminal and the second M further second stage input terminals. The second stage capacitor C85 and the M further
second stage capacitors C86(A,B,C,etc.) implemented in the low pass filter 80b configuration represent the capacitive
loads resided in an electrostatic speaker element.

[0161] The differential filter 80b setting exhibits the equivalent model of the single ended filter 80a setting, which is
implemented in another form. In order to match the filter characteristics of both the single ended filter 80a setting and
the differential filter 80b setting, the extraction filter 80b setting can be implemented taken advantage of the working
method and the equations E1, E45, E51 and E55 in a manner described in the embodiments of filter 10a, filter 10b, filter
60a and filter 60b.

[0162] Figure 20 illustrates the circuit diagram of single ended extraction filter 90, which exhibits a more practical circuit
of a band passfilter configuration comprising a first order high pass filter ideally providing a roll-off showing an attenuation
of 20dB per decade before the low cut-off frequency in conjunction with the equivalent low pass filter 40a configuration
yielding a third order low pass filter ideally providing a roll-off showing an attenuation of 60dB per decade after the second
high cut-off frequency.

[0163] As shown, the band pass filter 90 configuration may receive a high voltage pulse modulated signal provided
at input terminal IN91 with respect to ground, wherein a first filter stage 106 comprises a series connection of first stage
resistors R91(a,b,c,etc.), first stage inductors Lreal91(a,b,c,etc.), and a first stage capacitor Creal91. The series con-
nection is connected between the input terminal IN91 and a ground node. A second filter stage 108 comprises a series
connection of second stage resistors R92(a,b,c,etc.), second stage capacitors C92(a,b,c,etc.) each parallel connected
to resistors R93(a,b,c,etc.) and second stage resistors R94(a,b,c,etc.) parallel connected to capacitor C93. The series
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connection connected between a second filter stage input and a ground node, a node between the final first stage
inductor Lreal91 and the first stage capacitor Creal91 is coupled to the output node of the first filter stage 1086, the output
node is coupled to the input of the second filter stage 108. The constituted capacitor C23 in the band pass filter 90
configuration represents the capacitive load of an electrostatic speaker element.

[0164] In order to obtain a more improved designed extraction filter in accordance with the present invention, it is
emphasised to select the constituted real components with the right characteristic qualifications, affecting the final
performance. Itis to be noted that in practise printed circuit board layout means, enclosing means as well as connecting
means such as a connector, an electrical (shielded) cable or a feed through capacitor may be implemented as an integral
real componentin the preferred embodiment of an extraction filter in the present invention. Furthermore it is an objective
of an extraction filter embodiment to implement real components showing an overallimpedance tolerance, which deviates
as little as physically possible from the target impedance under the influence of the various conditions such as for example
fabrication, temperature, frequency, current, voltage and aging, preserving final filter performance.

[0165] Ingeneralto meetthe applicable voltage requirements of a passive real component, in the case a higher voltage
has to be bridged, two or several real components with the same impedance value for example may be connected in
series splitting the applied voltage into an applicable voltage value across each real component and subsequently splitting
the total loss in the real components as well provided that the real components put in series achieve the same total
impedance value as the calculated impedance value for an ideal component.

[0166] As illustrated in Figure 20 the real resistors R91(a,b,c,etc.) are series connected splitting the calculated resist-
ance value for a single resistor into lower resistance valued real resistors to achieve the same total resistance value in
order to meet the applicable voltage and loss requirements for the constituted real resistors.

[0167] The constituted real resistors R91(a,b,c,etc.) may serve as a resistive impedance compconent in order to adjust
the overall quality factor Q of the band pass filter 90 setting obtaining the desired impulse response as described above.
Furthermore it is desired to implement a real resistor represented of for example the real resistor R91a as illustrated in
Figure 20 showing a low parasitic capacitance, good impulse response as well as low noise properties, in which the
parasitic inductance will be of less importance affecting filter performance. According to the overall design objectives of
an implemented real resistor, a thick film resistor for example with an aluminium-oxide substrate may be selected,
representing the real resistors R91(a,b,c,etc.).

[0168] As illustrated in Figure 20 the real inductors Lreal@1(a,b,c,etc.) are series connected splitting the calculated
inductance value of a single inductor into lower inductance valued real inductors obtaining the same total inductance
value in order to meet the applicable voltage and loss requirements for the constituted real inductors. Additionally,
besides splitting the voltage and loss as described above, the current flowing through a real inductor can be met as well
by means of connecting real inductors in series, in which a real inductor should be operated well below its maximum
current rating and saturation current preserving the effectiveness of the real inductor taking account of a DC current if
employed superimposed on the analogue AC signal current and the high frequency ripple current.

[0169] The constituted real inductors Lreal91(a,b,c,etc.) will serve alongside a filter component for low pass signal
filtering as an electrical energy buffer and will furthermore smooth the current flowing through the real inductors. In order
to obtain an efficient energy buffer as well as the optimum in extraction filter design, it is required to implement a real
inductor for example Lreal91 a as illustrated in Figure 20 showing a high quality factor @, in which the quality factor Q
of a real inductor is defined as the ratio of the ideal inductive reactance represented of Lideal91a to the sum of all its
losses represented of Rloss91a and is frequency dependent. Needless to say that the total loss resistance of a real
inductor consisting of for example the losses in the core material and the DC resistance of copper wire must be kept to
a minimum in order to operate as loss-free as physically possible and acting accordingly preserving the effectiveness
and performance of the implemented real inductor.

[0170] The construction of the employed real inductors represented of the real inductors Lreal91(a,b,c,etc.) may be
based on for example a wire wound inductor comprising a high-quality Nickel-Zinc (NiZn) powder core showing very low
loss, wherein individual powder particles of the ferrite core are insulated from one another resulting in equally distributed
air gaps providing an enhanced energy storage capability and temperature stability in which the leakage magnetic flux
will be kept small. Furthermore the employed real inductor may be a magnetically shielded component provided that the
inductor remains linear.

[0171] Another important issue affecting the performance of a real inductor is the capacitive coupling arising from its
windings. The parasitic capacitance for example capacitor Cpar91a as illustrated in Figure 20 will form a parallel resonant
circuit with the ideal inductor Lideal91a, in which the applicability of the real inductor Lreal21a will be limited due to the
introduced self-resonant frequency. In practice the implemented real inductors Lreal91 (a,b,c,etc.) should be operated
well below the self-resonant frequency, due to the introduced parasitic parallel resonant circuits acting as a notch filter
in the extraction filter 90 configuration in order to avoid distortion. Subsequently it is an objective of the preferred real
inductor showing a parasitic capacitance value as low as physically possible in order to shift the introduced self-resonance
frequency of the preferred real inductor to an applicable frequency as well as mitigating current spikes during the fast
moving transient edges of the high voltage block wave signal provided at the input terminal IN91 of the extraction filter
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90 configuration. As illustrated in Figure 20 the real inductors Lreal91(a,b,c,etc.) are series connected splitting the
calculated inductance value of a single real inductor into lower inductance valued real inductors obtaining the same total
inductance, in which the parasitic capacitance of a single real inductor will be split as well into the lower capacitance
valued parasitic capacitors Cpar91(a,b,c,etc.) achieving in addition by means of series connection a highly decreased
overall parasitic capacitance across the total employed ideal inductance value obtaining enhanced extraction filter per-
formance.

[0172] In the case resonance phenomena occur due to additional parasitic elements in conjunction with for example
the parasitic capacitance of a real inductor the high frequency resonance effects may be mitigated by means of one or
several EMI suppression ferrite beads trimmed for high losses series connected with an implemented real inductor in
order to minimize EMI from being conducted or radiated. Needless to say, that the implemented real resistors R91(a,b,
c,etc.) as illustrated in Figure 20 may attenuate EMI adequately, in which additionally the internal DC resistance of the
constituted real inductors Lreal91(a,b,c,etc.) can be compensated by lowering the calculated total resistance specified
for the resistors R91(a,b,c,etc.), with the total resided internal DC resistance specified for the real inductors Lreal91(a,
b,c,etc.) preserving extraction filter performance.

[0173] The constituted real capacitor Creal91 will serve alongside a filter component for low pass signal filtering as a
passive integrator averaging the smoothed current derived from the real inductors Lreal91(a,b,c,etc.) and therefore
extracting the employed high voltage pulse modulated signal provided at the input terminal IN91 in which the DC offset
voltage if employed, the analogue AC signal voltage and the residual switching voltage will be superimposed across the
real capacitor Creal91.

[0174] In order to obtain proper high frequency properties, it is required to implement a real capacitor Creal91 as
illustrated in Figure 20 showing a low equivalent series inductance (ESL) Lpar84 and a low equivalent series resistance
(ESR) Rloss94. Needless to say, that the low ESR of a real capacitor consisting of for example the losses in the dielectric
material and lead resistance will provide a high quality factor Q. In general the ESL will form a series resonant circuit
with the capacitance of a real capacitor, in which the applicability of the real capacitor will be limited due to the introduced
self-resonant frequency. In practice the introduced self-resonance frequency of the real capacitors Creal91 will be at a
much higher frequency than the self-resonant frequency of the real inductors Lreal91(a,b,c,etc.), in which the parasitic
series resonant circuit of the constituted real capacitor acts as a notch filter as well in the extraction filter 90 configuration.
In order to enhance the high frequency properties the real capacitor Creal91 as illustrated in Figure 20 may be employed
for example as a single real capacitor provided with two input leads separated from two output leads (not shown), in
which the common parasitic inductance Lpar91 and common loss resistance Rloss91 may be decreased to a common
parasitic impedance value as small as physically possible.

[0175] 1t is to be noted that two or several real capacitors connected in series in stead of the single real capacitor
Creal91 asillustrated in Figure 20, splitting the calculated capacitance value for a single capacitor into higher capacitance
valued real capacitors to achieve the same total capacitance value in order to meet the applicable voltage and loss
requirements for the series connected real capacitors, may result in an increase of parasitic inductance deteriorating
the high frequency characteristics. Furthermore a resistors network required in order to balance the voltages across the
series connected real capacitors will introduce an undesired RC high pass cut-off frequency. As a result only a single
real capacitor Creal91 as illustrated in Figure 20 will be preferred, if necessary made on specification.

[0176] Inthe casetworeal capacitors are connected in parallelin stead of the single real capacitor Creal91 as illustrated
in Figure 20, splitting the calculated capacitance value for a single capacitor into lower capacitance valued real capacitors
in order to achieve the same total capacitance value, one of the paralleled real capacitors may represent for example
a feed through capacitor maintaining the separation between two shielded compartments, in which the signal path
between the paralleled capacitors may be interrupted by means of for example a ferried bead forming a pi filter in order
to obtain additional EMI suppression.

[0177] Inthe casefor example a class-l ceramic capacitor represented of Creal91 as illustrated in Figure 20 is employed
showing a near perfect real capacitor, a predetermined temperature drift can be supplemented in order to compensate
the temperature drift of other filter components preserving the characteristic filter properties.

[0178] It is to be emphasised that the ground reference (DGND) of a high voltage switching arrangement strictly
separated from the analogue ground reference (AGND) will be coupled at a single connection point preferably at the
ground reference connection of the real capacitor Creal921 as illustrated in Figure 20.

[0179] As illustrated in Figure 20 the real resistors R92(a,b,c,etc.) are series connected splitting the calculated resist-
ance value for a single resistor into lower resistance valued real resistors to achieve the same total resistance value in
order to meet the applicable voltage and loss requirements for the constituted real resistors.

[0180] The constituted real resistors R92(a,b,c,etc.) will serve as a constant high resistive impedance component over
the desired operational bandwidth in order to damp, the residual switching frequency and the resonance frequencies of
the resonant circuits constituted by the series connected real inductors Lreal91(a,b,c,etc.) in conjunction with the real
capacitors Creal91 and C93 as described above providing a stable extraction filter.

[0181] Similarly to the real resistors R91(a,b,c,etc.), it is desired to implement the real resistors R92(a,b,c,etc.) as
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illustrated in Figure 20 showing low parasitic capacitance, good impulse response as well as low noise properties, in
which the parasitic inductance will be of less importance affecting filter performance. According to the overall design
objectives of an implemented real resistor, a thick film resistor for example with an aluminium-oxide substrate may be
selected, representing the real resistors R92(a,b,c,etc.).

[0182] Itis to be noted, thatin the case the capacitive load represented of capacitor C93 will be doubled, in which the
filter components will be adapted as well, maintaining the characteristic filter properties, the pulse modulated high voltage
signal, provided at input terminal IN91 resulting in an analogue high voltage signal swing across the capacitive load,
may be halved in order to generate an equal amount of electrical charge resided in the capacitive load and subsequently
will result in half the losses caused in the real resistors R91(a,b,c,etc.) and R92(a,b,c,etc.).

[0183] As illustrated in Figure 20 the real capacitors C92(a,b,c,etc.) are series connected splitting the calculated
capacitance value for a single capacitor into higher capacitance valued real capacitors to achieve the same total capac-
itance value in order to meet the applicable voltage requirements for the constituted real capacitors.

[0184] The constituted real capacitors C92(a,b,c,etc.) will serve as a DC-blocking capacitor decoupling the DC-offset
voltage component if employed of the high voltage pulse modulated signal provided at the input terminal IN91 with
respect to the ground reference resulting in the analogue AC signal voltage and the residual switching voltage super-
imposed across the real capacitive load represented of C93 as shown in Figure 20.

[0185] As illustrated in Figure 20 the resistance network constituted of the very high resistance valued real resistors
R93(a,b,c,etc.) implemented in order to balance the DC voltages across the relative high capacitance valued real ca-
pacitors C92(a,b,c,etc.) in which the resulting RC high pass cut-off frequency is at least an order of magnitude lower
with respect to the RC high pass cut-off frequency constituted by means of the real capacitors C92(a,b,c,etc.) in con-
junction with the high resistance valued real resistors R24(a,b,c,etc.) providing a ground referenced analogue AC signal
voltage and residual switching voltage superimposed across the real capacitive load represented by capacitor C93.
[0186] It is to be noted that a constituted real capacitor for example C92a employed as a DC-blocking capacitor as
illustrated in Figure 20 shows in accordance with its function a relatively high capacitive value in the filter setting and
subsequently resultingin decreased high frequency properties. Nonetheless in an alternative extraction filter embodiment
one or several DC-blocking real capacitors in series may be placed even at the input of an extraction filter and therefore
to the direct output of the high voltage switching output stage in order to obtain a proper working filter design.

[0187] In general the RC high pass cut-off frequency constituted by means of the real capacitors C92(a,b,c,etc.) in
conjunction with real resistors R94(a,b,c,etc.) may provide for example a cross over filter matching subwoofer charac-
teristics as well as mitigating the resonance frequency of the diaphragm resided in an electrostatic speaker element.
According to the overall design objectives of a DC-blocking real capacitor representing the real DC-blocking capacitors
C92(a,b,c,etc.), a metallized polypropylene film capacitor may be selected showing low dielectric losses.

[0188] ltisto be noted that two or severalreal load capacitors may be connected in series as well as in parallel resulting
in a total real capacitive load value represented of real capacitor C93 as illustrated in Figure 20, in which the enclosed
parasitic inductance and resistance will be of less importance affecting the filter performance as long as the proper ratios
between the constituted capacitor and inductor values in conjunction with a proper damping resistance are set in the
extraction filter setting as described above. Needless to say that the resulting total real capacitive load value may be
defined as a capacitive reactance component predominating the impedance value over the operational bandwidth of
interest wherein the capacitive reactance component is at least an order of magnitude higher valued with respect to the
inductive reactance component as well as the resistance component.

[0189] Considering the input impedance of the band pass extraction filter 90 setting as illustrated in Figure 20, the
handled apparent power, required in order to drive the input impedance by means of a high voltage switching output
stage in conjunction with a high voltage power supply, may consist of a predominant reactive power component over
the active power component also called the real power component, provided that the AC operational power bandwidth
is a defined part of for example 20Hz to 22kHz within the AC operational signal bandwidth. Subsequently the constituted
inductor and capacitor components as illustrated in Figure 20, acting as energy storage elements, provided with an
alternating current flow by means of the high voltage pulse modulated signal presented at the input terminal IN91 will
result in a periodic reversal of the direction of energy flow, in which a predetermined part of the delivered energy over
a half cycle of the AC analogue signal waveform will be transferred back during the other half cycle into the high voltage
power supply with the regulated intervention of a high voltage switching output stage showing the reactive power com-
ponent of the apparent power. The active power component of the apparent power on the other hand will arise mainly
due to the loss of electrical energy in the damping resistors R91(a,b,c,etc.) and R92(a,b,c,etc.) as illustrated in Figure
20 as well as parasitic loss components as described above. It is to be noted, that the high voltage power supply only
needs to supply the active power component of the apparent power wherein the energy of the reactive power component
will be regenerated. Hence a highly alleviated power supply providing a less complex and very stable high voltage power
supply with respect to for example an analogue high voltage amplifier design approach.

[0190] The high voltage output stage will generate high voltage block wave signals containing a large amount of
spectral energy at the fundamental in conjunction with its harmonics, which results in a high electrical field component
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of the EMI and subsequently the susceptibility for capacitive coupling. In order to decrease capacitive coupling effects
and therefore the EMI between the constituted components and its surroundings shielding may be implemented forming
for example various compartments of metal with high electrical conductivity such as silvered copper or aluminium cas-
caded in a stacked form each residing a component group part of the extraction filter configuration as well as part of the
high voltage switching arrangement, in which separation will be maintained channelling the EMI in a predetermined route
in order to guarantee extraction filter performance and compliance with applicable regulations.

[0191] In afinal disclosed exemplary embodiment, a sound projecting arrangement will be constituted of two electro-
static speakers each actively driven with an integrated high voltage switching amplifier. Subsequently each integrated
high voltage switching amplifier may be provided with an analogue as well as a digital audio formatted signal as an input
with additional control signals distributed for example by electrical wire, by fibre optics or by air emanated from a central
base unit and more specific from a pre-amplifier. The central pre-amplifier may comprise various function blocks, such
as for example an analogue to digital converter as well as a digital to analogue converter and furthermore one or several
enclosed analogue as well as digital processing units in order to provide the capability of for example volume and tone
control but also various audio settings for home cinema operating modes including multi-channel capability. In addition
a central pre-amplifier may comprise a single power supply component as well supplying the power by means of electrical
wire to each integrated sub unit and more specific to a high voltage switching amplifier integrated in each electrostatic
speaker. Needless to say, that a high voltage switching amplifier by itself may comprise the various function blocks as
well, defined for a pre-amplifier as described above.

[0192] Although the invention has been explained towards the driving capability of the capacitive load resided in an
electrostatic speaker element by means of a high voltage switching power amplifier with additional features, similar
embodiments are suitable wherein a capacitive load can be driven with the advantages of the high voltage switching
topologies in conjunction with an extractionfilter as disclosed above. Itis to be noted, that the methods, circuits, equations
and components exhibited inthe presentinventionwith reference tothe enclosed exemplary embodiments, are presented
for purpose of illustration and description only, in which the precise forms disclosed are not intended to be exhaustive
or to be limited. It is to be emphasised, that the invention for the functions specified may be implemented by means of
hardware as well as software, in which both hardware and software means may interrelate in one or several equivalent
items as disclosed in the present invention. Subsequently it will be apparent to those skilled in the art that the scope of
the present invention resides not only in any novel feature taken alone, but rather in the particular combination of all of
its structures as well as all of its interrelationships for the functions specified.

[0193] The described embodiments were chosen in order to best explain the principles of the invention and its practical
application to thereby enable others skilled in the art to best utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated. It is intended that the scope of the invention be defined
by the claims appended hereto.

Claims
1. An electrostatic speaker system comprising

- a high voltage switching power amplifier having at least one high voltage switching output stage (100),

- an extraction filter (102) having an input coupled to an output of the at least one high voltage switching output
stage (100), and

- an electrostatic speaker element having a capacitive load (104) coupled to an output of the extractionfilter (102),

characterised in that,

the capacitive load (104) forms a part of the extraction filter (102), the extraction filter being a low pass Nth order
filter having at least a first filter stage (106) and a second filter stage (108), the first filter stage comprising a RLC
circuit having a resonant frequency 0 and a quality factor Q > V2, the second filter stage having at least one electrical
element for damping a signal component at the resonant frequency of the RLC circuit at the output of the extraction
filter (102), and N being an integer larger than or equal to three.

2. An electrostatic speaker system according to claim 1, wherein the extraction filter is a single ended low pass Nth
order filter, the first filter stage comprising a series connection of a first stage inductor and a first stage capacitor,
the series connection of the first filter stage connected between a first filter stage input and a ground node, and the
second filter stage comprising a series connection of a second stage resistor and a second stage capacitor, the
series connection of the second filter stage connected between a second filter stage input and a ground node.

3. An electrostatic speaker system according to claim 2, wherein a node between the second stage resistor and the
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second stage capacitor is coupled to an output of the second filter stage, the output of the second filter stage is
coupled to the input of the first filter stage, and wherein the capacitive load is the first stage capacitor.

An electrostatic speaker system according to claim 2, wherein a node between the first filter stage inductor and first
stage capacitor is coupled to an output of the first filter stage, the output of the first stage is coupled to the input of
the second filter stage, and wherein the capacitive load is the second stage capacitor.

An electrostatic speaker system according to claim 4, wherein the resistance value of the second stage resistor is
defined by the following equation:

wherein Ry, = the resistance value of the second stage resistor,
C,41 = the capacitance value of the first stage capacitor, and
L44 = the inductance value of the first stage inductor, and

the capacitance value of the first stage capacitor is defined by the following equation: C42 - (] + ﬁ)gﬂ wherein

C,» = the capacitance value of the second stage capacitor, and

wherein the relation between the resistance value of the RLC circuit and a quality factor Q is defined by the following
equation:

R - 1 /5 / L41 { Q < L}
a- g TN \ C,,+C, ﬁ
wherein R44 = the resistance value of the RLC circuit, and

Q = the quality factor of the filter setting.

An electrostatic speaker system according to claim 4, wherein the second filter stage includes a second stage
inductor connected between the second stage resistor and the second stage capacitor.

An electrostatic speaker system according to claim 6, wherein
the resistance value of the second stage resistor is defined by the following equation:

1
4 — L
/ 2 | ~e2 1
R = / 61 95, {5<Q62}
62 /\V C6l - Cs
wherein
C = C61 C62
3 C6l + C62
and

Re> = the resistance value of the second stage resistor, and
Qgo= the second quality factor of the filter setting,

wherein the ratios between the capacitance values of the first stage capacitor and the second stage capacitor and
between the inductance values of the first stage inductor and the second stage inductor are expressed in the ratio
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factors n and m defined by the following equations:

Ca=nCy
and
L61 =nm L62
and wherein

the relation between n and m is defined by the equation:

1
w _
4 62 4 nmL62(C6l+nC61)+L62nC61
nmL Q62
% / ~+ C, nC, 7 Co
\/ C61+”C61

1
l§< Q62,O<m}

wherein Cg4 = the capacitance value of the first stage capacitor,
Ceg,= the capacitance value of the second stage capacitor,

Lg¢ = the inductance value of the first stage inductor,

Ls,= the inductance value of the second stage inductor,
nandm> 0and Qg, > ¥, and

wherein the relation between the resistance value of the RLC circuit and the first quality factor of the filter setting is
defined by the following equation:

(1 L, 62 B
o7 (Qm_ ﬁ] /\/ Cor* Cor ' Cor a* 2 }

wherein Rg4 =the resistance value of the RLC circuit, and
Qg = the first quality factor of the filter setting.

An electrostatic speaker system according to claim 1, wherein the extraction filter is a differential low pass Nth order
filter, the first filter stage comprising a series connection of a first first stage resistor (R34a, R73a), a first first stage
inductor (L32a, L73a), a first stage capacitor (C35, C74), a second first stage inductor (L32b, L73b) and a second
first stage resistor (R34b, R73b), the series connection of the first filter stage connected between a first first filter
stage terminal (IN72a) and a second first filter stage terminal (IN72b), the second filter stage comprising a series
connection of a first second stage resistor (R33a, R74a), a second stage capacitor (C33, C75) and a second second
stage resistor (R33b, R74b), the series connection of the second filter stage connected between a first second filter
stage terminal (IN32a) and a second second filter stage terminal (IN32b), and wherein the electrostatic speaker
element comprises the first stage capacitor (C35) or the second stage capacitor(C75).

An electrostatic speaker system according to claim 8, wherein a node between the first second stage resistor (R33a)
and the second stage capacitor (C33) is coupled to a first output node of the second filter stage and a node between
the second second stage resistor (R33b) and second stage capacitor (C33) is coupled to a second output node of
the second filter stage, the first output node is coupled to the first first filter stage terminal and the second output
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node is coupled to the second first filter stage terminal, and wherein the capacitive load is the first stage capacitor
(C35).

An electrostatic speaker system according to claim 8, wherein a node between the first first stage inductor (L73a)
and the first stage capacitor (C74) is coupled to a first output node of the first filter stage and a node between the
second first stage inductor (L73b) and the first stage capacitor (C74) is coupled to a second output node of the first
filter stage, the first output node is coupled to the first second filter stage terminal and the second output node is
coupled to the second second filter stage terminal, and wherein the capacitive load is the second stage capacitor
(C75).

A method for driving an electrostatic speaker element of an electrostatic speaker system comprising:

- receiving an audio formatted input signal representing an analogue source signal, the audio formatted input
signal provided at an input of a high voltage switching power amplifier;

- generating a high voltage pulse modulated signal provided at an output of at least one high voltage switching
output stage (100);

- extracting the high voltage pulse modulated signal to reconstruct an amplified analogue output signal as a
propartional replica of the analogue source signal; and,

- providing the amplified analogue output signal at an output of an extraction filter (102), the output of the
extraction filter (102) coupled to a capacitive load (104) of the electrostatic speaker element,

characterised in that,

the capacitive load (104) forms a part of the extraction filter (102), the extraction filter being a low pass Nth order
filter having at least a first filter stage (106) and a second filter stage (108), the first filter stage comprising a RLC
circuit having a resonant frequency ©0 and a quality factor Q > V2, the second filter stage having at least one electrical
element for damping a signal component at the resonant frequency of the RLC circuit at the output of the extraction
filter (102), and N being an integer larger than or equal to three.

A method according to claim 11, further comprising:

- segmenting the electrostatic speaker element in M plus one electrically filtered segments to adapt the elec-
trostatic speaker element acoustically, wherein each one of the M plus one electrically filtered segments com-
prises a capacitive load being a part of the extraction filter and exhibiting a characteristic capacitance for tuning
a cut-off frequency of each one of the M electrically filtered segments defined within an initial operational
bandwidth of a first segment, for analogue signal delay means of each one of the M electrically filtered segments
defined within an initial operational bandwidth of a first segment or for a combination thereof, and M being an
integer larger than or equal to one.

A method according to claim 11, further comprising:

- implementing at least one resonant filter in the extraction filter for attenuating a residual switching voltage at
afundamental of the high voltage pulse modulated signal, for attenuating a residual switching voltage at several
other frequency components of the high voltage pulse modulated signal or for a combination thereof.

A method according to claim 11, further comprising:

- implementing a high pass filter providing a band pass extraction filter having at least one DC blocking capacitor
for decoupling a DC offset voltage component, for providing a high pass cut-off frequency or for a combination
thereof.

A method according to claim 11, wherein the capacitive load of the electrostatic speaker element is implemented
in the extraction filter being a single ended low pass Nth order filter, or wherein a capacitive load of the electrostatic
speaker element is implemented in the extraction filter being a differential low pass Nth order filter.

Patentanspriiche

1.

Elektrostatisches Lautsprechersystem, umfassend:
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- einen Hochspannung-Schaltleistungsverstarker, der mindestens eine Hochspannung-Schaltausgangsstufe
(100) aufweist,

- ein Extrahierungsfilter (102), das einen Eingang aufweist, der mit einem Ausgang der mindestens einen
Hochspannung-Schaltausgangsstufe (100) gekoppelt ist, und

- ein elektrostatisches Lautsprecherelement, das eine kapazitive Last (104) aufweist, die mit einem Ausgang
des Extrahierungsfilter (102) gekoppelt ist,

dadurch gekennzeichnet, dass

die kapazitive Last (104) einen Teil des Extrahierungsfilters (102) bildet, wobei das Extrahierungsfilter ein Tiefpass-
filter N-ter Ordnung ist, das mindestens eine erste Filterstufe (106) und eine zweite Filterstufe (108) aufweist, die
erste Filterstufe einen RLC-Kreis umfasst, der eine Resonanzfrequenz o0 und einen Qualitatsfaktor Q > 2 aufweist,
die zweite Filterstufe mindestens ein elektrisches Element zum Dampfen einer Signalkomponente an der Reso-
nanzfrequenz des RLC-Kreises am Ausgang des Extrahierungsfilters (102) aufweist, und N eine Ganzzahl groRer
oder gleich drei ist.

Elektrostatisches Lautsprechersystem nach Anspruch 1, wobei das Extrahierungsfilter ein einpoliges Tiefpassfilter
N-ter Ordnung ist, wobei die erste Filterstufe eine Reihenschaltung eines ersten Stufeninduktors und eines ersten
Stufenkondensators umfasst, wobei die Reihenschaltung der ersten Filterstufe zwischen einem ersten Filterstufen-
eingang und einem Masseknoten geschaltet ist, und der zweiten Filterstufe eine Reihenschaltung eines zweiten
Stufenresistors und eines zweiten Stufenkondensators umfasst, wobei die Reihenschaltung der zweiten Filterstufe
zwischen einem zweiten Filterstufeneingang und einem Masseknoten geschaltet ist.

Elektrostatisches Lautsprechersystem nach Anspruch 2, wobei ein Knoten zwischen dem zweiten Stufenresistor
und dem zweiten Stufenkondensator mit einem Ausgang der zweiten Filterstufe gekoppelt ist, der Ausgang der
zweiten Filterstufe mit dem Eingang der ersten Filterstufe gekoppelt ist, und wobei die kapazitive Last der erste
Stufenkondensator ist.

Elektrostatisches Lautsprechersystem nach Anspruch 2, wobei ein Knoten zwischen dem ersten Filterstufeninduktor
und dem ersten Stufenkondensator mit einem Ausgang der ersten Filterstufe gekoppelt ist, der Ausgang der ersten
Filterstufe mit dem Eingang der zweiten Filterstufe gekoppelt ist, und wobei die kapazitive Last der zweite Stufen-
kondensator ist.

Elektrostatisches Lautsprechersystem nach Anspruch 4, wobei der Widerstandswert des zweiten Stufenresistors
durch die folgende Gleichung definiert wird:

wobei Ry,= der Widerstandswert des zweiten Stufenresistors,
C,41= der Kapazitatswert des ersten Stufenkondensators, und
L44= der Induktivitatswert des ersten Stufeninduktors ist, und

der Kapazitatswert des ersten Stufenkondensators durch die folgende Gleichung definiert wird:

C42 = (1 + \/g)czu

wobei Cy, = der Kapazitatswert des zweiten Stufenkondensators, und
wobei das Verhaltnis zwischen dem Widerstandswert des RLC-Kreises und einem Qualitatsfaktor Q durch die
folgende Gleichung definiert wird:

T |
R41:[é_’ﬁj/\/€41+6‘42 {Qﬁﬁ}
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wobei R, = der Widerstandswert des RLC-Kreises, und Q = der Qualitatsfaktor der Filtereinstellung.

Elektrostatisches Lautsprechersystem nach Anspruch 4, wobei die zweite Filterstufe einen zweiten Stufeninduktor
aufweist, der zwischen dem zweiten Stufenresistor und dem zweiten Stufenkondensator geschaltet ist.

Elektrostatisches Lautsprechersystem nach Anspruch 6, wobei der Widerstandswert des zweiten Stufenresistors
durch die folgende Gleichung definiert wird:

1
4 — L
2 | ™62 1
R = L, N 9, {§< O}
62 /\/ C61 Cs
wobei
C = C61 C62
’ C61 + C62
und

Rgo = der Widerstandswert des zweiten Stufenresistors, und
Qgo = der zweite Qualitatsfaktor der Filtereinstellung,

wobei die Verhaltnisse zwischen den Kapazitdtswerten des ersten Stufenkondensators und des zweiten Stu-
fenkondensators und zwischen den Induktivitdtswerten des ersten Stufeninduktors und des zweiten Stufenin-
duktors in den Verhaltnisfaktoren n und m ausgedriickt werden, die durch die folgenden Gleichungen definiert

werden:
Cp=nCy
und
L61 =nm L62
und wobei

das Verhaltnis zwischen n und m durch die Gleichung definiert wird:

V2 ~ !
4 12 L62 4nmL62(C6l+nC61)+L62nC61
/ nmlLg Q62 c
4 / C61 C61” C61 " e
\/ C,, +nC,

35



10

15

20

25

30

35

40

45

50

55

10.

11.

EP 2 215 856 B1

wobei Cgy = der Kapazititswert des ersten Stufenkondensators,
Ce = der Kapazitatswert des zweiten Stufenkondensators,

Lg1 = der Induktivitatswert des ersten Stufeninduktors,

Ls, = der Induktivitatswert des zweiten Stufeninduktors,

nund m> 0 und Qg, > %2, und

wobei das Verhaltnis zwischen dem Widerstandswert des RLC-Kreises und dem ersten Qualitatsfaktor der Filter-
einstellung durch die folgende Gleichung definiert wird:

1 L, L, 1
R =| -2 / + {O < =}
ol [Qm } Av CatCa Ca o2

wobei Rgq = der Widerstandswert des RLC-Kreises, und Qg = der erste Qualitatsfaktor der Filtereinstellung.

Elektrostatisches Lautsprechersystem nach Anspruch 1, wobeidas Extrahierungsfilter ein differentiales Tiefpassfilter
N-ter Ordnung ist, wobei die erste Filterstufe eine Reihenschaltung eines ersten ersten Stufenresistors (R34a,
R73a), eines ersten ersten Stufeninduktors (L32a, L73a), eines ersten Stufenkondensators (C35, C74), eines zweiten
ersten Stufeninduktors (L32b, L73b) und eines zweiten ersten Stufenresistors (R34b, R73b) umfasst, wobei die
Reihenschaltung der ersten Filterstufe zwischen einem ersten ersten Filterstufenanschluss (IN72a) und einem
zweiten ersten Filterstufenanschluss (IN72b) geschaltet ist, die zweite Filterstufe eine Reihenschaltung eines ersten
zweiten Stufenresistors (R33a, R74a), eines zweiten Stufenkondensators (C33, C75) und eines zweiten zweiten
Stufenresistors (R33b, R74b) umfasst, wobei die Reihenschaltung der zweiten Filterstufe zwischen einem ersten
zweiten Filterstufenanschluss (IN32a) und einem zweiten zweiten Filterstufenanschluss (IN32b) geschaltet ist, und
wobei das elektrostatische Lautsprecherelement den ersten Stufenkondensator (C35) oder den zweiten Stufenkon-
densator (C75) umfasst.

Elektrostatisches Lautsprechersystem nach Anspruch 8, wobei ein Knoten zwischen dem ersten zweiten Stufenre-
sistor (R33a) und dem zweiten Stufenkondensator (C33) mit einem ersten Ausgangsknoten der zweiten Filterstufe
gekoppelt ist und ein Knoten zwischen dem zweiten zweiten Stufenresistor (R33b) und dem zweiten Stufenkonden-
sator (C33) miteinem zweiten Ausgangsknoten der zweiten Filterstufe gekoppeltist, wobeider erste Ausgangsknoten
mit dem ersten ersten Filterstufenanschluss gekoppelt ist und der zweite Ausgangsknoten mit dem zweiten ersten
Filterstufenanschluss gekoppelt ist, und wobei die kapazitive Last der erste Stufenkondensator (C35) ist.

Elektrostatisches Lautsprechersystem nach Anspruch 8, wobei ein Knoten zwischen dem ersten ersten Stufenin-
duktor (L73a) und dem ersten Stufenkondensator (C74) mit einem ersten Ausgangsknoten der ersten Filterstufe
gekoppeltist und ein Knoten zwischen dem zweiten ersten Stufeninduktor (L73b) und dem ersten Stufenkondensator
(C74) mit einem zweiten Ausgangsknoten der ersten Filterstufe gekoppelt ist, wobei der erste Ausgangsknoten mit
dem ersten zweiten Filterstufenanschluss gekoppelt ist und der zweite Ausgangsknoten mit dem zweiten zweiten
Filterstufenanschluss gekoppelt ist, und wobei die kapazitive Last der zweite Stufenkondensator (C75) ist.

Verfahren zum Antreiben eines elektrostatischen Lautsprecherelements eines elektrostatischen Lautsprechersys-
tems, umfassend:

- Empfangen eines audioformatierten Eingangssignals, das ein analoges Quellensignal darstellt, wobei das
audioformatiertes Eingangssignal an einem Eingang eines Hochspannung-Schaltleistungsverstarkers bereit-
gestellt wird;

- Generieren eines pulsmodulierten Hochspannungssignals, das an einem Ausgang mindestens einer Hoch-
spannung-Schaltausgangsstufe (100) bereitgestellt wird;

- Extrahieren des pulsmodulierten Hochspannungssignals, um ein verstérktes analoges Ausgangssignal als
eine proportionale Replik des analogen Quellensignals zu rekonstruieren; und

- Bereitstellen des verstarkten analogen Ausgangssignals an einem Ausgang eines Extrahierungsfilters (102),
wobei der Ausgang des Extrahierungsfilters (102) mit einer kapazitiven Last (104) des elektrostatischen Laut-
sprecherelements gekoppelt ist,

dadurch gekennzeichnet, dass
die kapazitive Last (104) einen Teil des Extrahierungsfilters (102) bildet, wobei das Extrahierungsfilter ein Tiefpass-
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filter N-ter Ordnung ist, das mindestens eine erste Filterstufe (106) und eine zweite Filterstufe (108) aufweist, die
erste Filterstufe einen RLC-Kreis umfasst, der eine Resonanzfrequenz @0 und einen Qualitatsfaktor Q > ¥z aufweist,
die zweite Filterstufe mindestens ein elektrisches Element zum Dampfen einer Signalkomponente an der Reso-
nanzfrequenz des RLC-Kreises am Ausgang des Extrahierungsfilters (102) aufweist, und N eine Ganzzahl gréRer
oder gleich drei ist.

Verfahren nach Anspruch 11, ferner umfassend:

- Segmentieren des elektrostatischen Lautsprecherelements in M plus eins elektrisch gefilterte Segmente, um
willen das elektrostatische Lautsprecherelement akustisch zu adaptieren, wobei jedes der M plus eins elektrisch
gefilterten Segmente eine kapazitive Last umfasst, die ein Teil des Extrahierungsfilters bildet und die eine
charakteristische Kapazitat aufweist flr das Optimieren einer Sperrfrequenz jedes der M elektrisch gefilterten
Segmente, wobei jedes der M elektrisch gefilterten Segmente innerhalb einer anfanglichen Betriebsbandbreite
eines ersten Segments definiert ist, flr ein Mittel zum Verzégern eines analogen Signals jedes der M elektrisch
gefilterten Segmente, wobei jedes der M elektrisch gefilterten Segmente innerhalb einer anfanglichen Betriebs-
bandbreite eines ersten Segments definiert ist oder fir das aufweisen eines Kombination davon, und M eine
Ganzzahl gréRer oder gleich Eins ist.

Verfahren nach Anspruch 11, ferner umfassend:

- Implementieren mindestens eines ResonanZfilters in dem Extrahierungsfilter fir das Abschwachen einer Rest-
schaltspannung an einer Grundfrequenz des pulsmodulierten Hochspannungssignals, fir das Abschwachen
einer Restschaltspannung an mehreren anderen Frequenzkomponenten des pulsmodulierten Hochspannungs-
signals oder fiir das aufweisen eines Kombination davon.

Verfahren nach Anspruch 11, ferner umfassend:

- Implementieren eines Hochpassfilters, der ein Bandpass-Extrahierungsfilter mit mindestens einem DC-Spert-
kondensator bereitstellt fir das Entkoppeln einer DC-Offsetspannungskomponente, fir das Bereitstellen einer
Hochpass-Sperrfrequenz oder fir das aufweisen eines Kombination davon.

Verfahren nach Anspruch 11, wobei die kapazitive Last des elektrostatischen Lautsprecherelements in dem Extra-
hierungsfilter implementiert ist, wobei das Extrahierungsfilter ein einpoliges Tiefpassfilter N-ter Ordnung ist, oder
wobei eine kapazitive Last des elektrostatischen Lautsprecherelements in dem Extrahierungsfilter implementiert
ist, wobei das Extrahierungsfilter ein differentielles Tiefpassfilter N-ter Ordnung ist.

Revendications

1.

Systéme de haut-parleur électrostatique comprenant

- un amplificateur de puissance de commutation haute tension présentant au moins un étage de sortie de
commutation haute tension (100),

- un filtre d’extraction (102) présentant une entrée couplée a une sortie de I'au moins un étage de sortie de
commutation haute tension (100), et

- un élément de haut-parleur électrostatique comportant une charge capacitive (104) couplée a une sortie du
filtre d’extraction (102),

caractérisé en ce que,

la charge capacitive (104) fait partie du filtre d’extraction (102), le filtre d’extraction étant un filtre passe-bas de Niéme
ordre comportant au moins un premier étage de filtre (106) et un second étage de filtre (108), le premier étage de
filtre comprenant un circuit RLC ayant une fréquence de résonance »0 et un facteur de qualité Q > 2, le second
étage de filtre comportant au moins un élément électrique pour atténuer une composante de signal a2 la fréquence
de résonance du circuit RLC a la sortie du filtre d’extraction (102), et N étant un entier supérieur ou égal a trois.

Systéme de haut-parleur électrostatique selon la revendication 1, dans lequel le filtre d’extraction est un filtre passe-

bas de niéme ordre asymétrique, le premier étage de filtre comprenant une connexion série d’une bobine d’induction
de premier étage etd’un condensateur de premier étage, la connexion série du premier étage de filtre étant connectée
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entre une entrée de premier étage de filtre et un noeud de masse, et le second étage de filtre comprenant une
connexion série d’'une résistance de second étage et d’'un condensateur de second étage, la connexion série du
second étage de filtre étant connectée entre une entrée de second étage de filtre et un noeud de masse.

Systéme de haut-parleur électrostatique selon la revendication 2, dans lequel un noeud entre la résistance de
second étage et le condensateur de second étage est couplé a une sortie du second étage de filtre, la sortie du
second étage de filtre est couplée a I'entrée du premier étage de filtre, et dans lequel la charge capacitive est le
condensateur de premier étage.

Systéme de haut-parleur électrostatique selon la revendication 2, dans lequel un noeud entre la bobine d’induction
de premier étage de filtre et le condensateur de premier étage est couplé a une sortie du premier étage de filtre, la
sortie du premier étage est couplée a I'entrée du second étage de filtre, et dans lequel la charge capacitive est le
condensateur de second étage.

Systéme de haut-parleur électrostatique selon larevendication 4, dans lequel la valeur de résistance de larésistance
de second étage est définie par I'équation suivante :

dans lequel
R4, = la valeur de résistance de la résistance de second étage,
C4, = la valeur de capacité du condensateur de premier étage, et

L44 = la valeur d’inductance de la bobine d'induction de premier étage, et

la valeur de capacité du condensateur de premier étage est définie par I'équation suivante :

C42 = (1 + \/g)czu

dans lequel

C4, = la valeur de capacité du condensateur de second étage, et

dans lequel la relation entre la valeur de résistance du circuit RLC et un facteur de qualité Q est définie par 'équation
suivante :

A (o< Ly
a=lg v C,+C, |2
dans lequel

Ry¢ = la valeur de résistance du circuit RLC, et
Q = le facteur de qualité du réglage de filtre.

Systéme de haut-parleur électrostatique selon la revendication 4, dans lequel le second étage de filtre comporte
une bobine d’'induction de second étage connectée entre la résistance de second étage et le condensateur de

second étage.

Systéme de haut-parleur électrostatique selon la revendication 6, dans lequel
la valeur de résistance de la résistance de second étage est définie par léquation suivante :

38



10

15

20

25

30

35

40

45

50

55

EP 2 215 856 B1

1
4 — L
2 | 62 1
R - / L, N 9, {§<Q62}
62 /\/ C61 Cs
dans lequel
C = C61 C62
: C61 + C62
et

Rg, = la valeur de résistance de la résistance de second étage, et
Qg = le second facteur de qualité du réglage de filtre,

dans lequel les rapports entre les valeurs de capacité du condensateur de premier étage et du condensateur de

second étage et entre les valeurs d’inductance de la bobine d’induction de premier étage et la bobine d’'induction
de second étage sont exprimés dans les facteurs de rapport n et m définis par les équations suivantes:

C =1 Cy

et

L61:nmL62

et dans lequel
la relation entre n et m est définie par I'éguation :

V2 ~ !
/ 4 12 L, sfnmL (Co+nC)+L,nC
h mL62 Q62
/x / C6l C6l h C6] " C61
/ C. +nC,

1
{§< Oy 0<m}

dans lequel

Cg1 = la valeur de capacité du condensateur de premier étage,

Cgp = la valeur de capacité du condensateur de second étage,

Lg¢ = la valeur d’inductance de la bobine d'induction de premier étage,
Ls, = la valeur d'inductance de la bobine d'induction de second étage,
netm>0etQg > %, et

dans lequel la relation entre la valeur de résistance du circuit RLC et le facteur de qualité de premier réglage de
filtre est définie par I'équation suivante :
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1 / L, Lg, 1
R61:(_ﬁ]”v c +C_ "¢ 0= =}

61 62 62 W/ 2

dans lequel

Rgq = la valeur de résistance du circuit RLC, et
Qg1 = le premier facteur de qualité du réglage de filtre.

Systéme de haut-parleur électrostatique selon la revendication 1, dans lequel le filtre d’extraction est un filtre passe-
bas de Ni¢me ordre différentiel, le premier étage de filtre comprenant une connexion série d’une premiére résistance
de premier étage (R34a, R73a),d’une premiére bobine d’'induction de premier étage (L32a, L73a), d’'un condensateur
de premier étage (C35, C74), d’'une seconde bobine d’induction de premier étage (L32b, L73b) et d'une seconde
résistance de premier étage (R34b, R73b), la connexion série du premier étage de filtre étant connectée entre une
premiére borne de premier étage de filtre (IN72a) et une seconde borne de premier étage de filtre (IN72b), le second
étage de filtre comprenant une connexion série d'une premiére résistance de second étage (R33a, R74a), d’'un
condensateur de second étage (C33, C75) et d’'une seconde résistance de second étage (R33b, R74b), la connexion
série du second étage de filtre étant connectée entre une premiére borne de second étage de filtre (IN32a) et une
seconde borne de second étage defiltre (IN32b), et dans lequel I'élément de haut-parleur électrostatique comprend
le condensateur de premier étage (C35) ou le condensateur de second étage (C75) .

Systéme de haut-parleur électrostatique selon la revendication 8, dans lequel un noeud entre la premiére résistance
de second étage (R33a) et le condensateur de second étage (C33) est couplé a un premier noeud de sortie du
second étage de filtre et un noeud entre la seconde résistance de second étage (R33b) et le condensateur de
second étage (C33) est couplé a un second noeud de sortie du second étage de filtre, le premier noeud de sortie
est couplé a la premiere borne de premier étage de filtre et le second noeud de sortie est couplé a la seconde borne
de premier étage de filtre, et dans lequel la charge capacitive est le condensateur de premier étage (C35).

Systéme de haut-parleur électrostatique selon la revendication 8, dans lequel un noeud entre la premiére bobine
d’induction de premier étage (L73a) et le condensateur de premier étage (C74) est couplé a un premier noeud de
sortie du premier étage de filtre et un noeud entre la seconde bobine d’induction de premier étage (L73b) et le
condensateur de premier étage (C74) est couplé a un second noeud de sortie du premier étage de filtre, le premier
noeud de sortie est couplé a la premiére borne de second étage de filtre et le second noeud de sortie est couplé a
la seconde borne de second étage de filtre, et dans lequel la charge capacitive est le condensateur de second étage
(C75).

Procédé de commande d'un élément de haut-parleur électrostatique d’un systéme de haut-parleur électrostatique
comprenant :

- la réception d’un signal d’entrée audio formaté représentant un signal de source analogique, le signal d’entrée
audio formaté étant fourni a une entrée d’'un amplificateur de puissance de commutation haute tension ;

- la génération d’un signal haute tension a modulation d’'impulsions fourni a une sortie d’au moins un étage de
sortie de commutation haute tension (100) ;

- ’extraction du signal haute tension a modulation d’impulsions pour reconstruire un signal de sortie analogique
amplifié en tant que réplique proportionnelle du signal de source analogique ; et,

- la fourniture du signal de sortie analogique amplifié a une sortie d’un filtre d’extraction (102), la sortie du filtre
d’extraction (102) étant couplée a une charge capacitive (104) de I'élément de haut-parleur électrostatique,

caractérisé en ce que,

la charge capacitive (104) fait partie du filtre d’extraction (102), le filtre d’extraction étant un filtre passe-bas de Nieme
ordre comportant au moins un premier étage de filtre (106) et un second étage de filtre (108), le premier étage de
filtre comprenant un circuit RLC ayant une fréquence de résonance »0 et un facteur de qualité Q > 2, le second
étage de filtre comportant au moins un élément électrique pour atténuer une composante de signal & la fréquence
de résonance du circuit RLC a la sortie du filire d’extraction (102), et N étant un entier supérieur ou égal a trois.

Procédé selon la revendication 11, comprenant en outre :
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- la segmentation de I'élément de haut-parleur électrostatique en M plus un segments filtrés électriquement
pour adapter I'élément de haut-parleur électrostatique acoustiquement, dans lequel chacun des M plus un
segments filtrés électriquement comprend une charge capacitive faisant partie dufiltre d’extraction et présentant
une capacité caractéristique pour accorder une fréquence de coupure de chacun des M segments filtrés élec-
triguement définis dans une largeur de bande opérationnelle initiale d’'un premier segment, pour des moyens
de retard de signal analogique de chacun des M segments filtrés électriquement définis dans une largeur de
bande opérationnelle d’'un premier segment ou pour une combinaison de ceux-ci, et M étant un entier supérieur
ou égal a un.

Procédé selon la revendication 11, comprenant en outre :

- la mise en oeuvre d’au moins un filtre résonnant dans le filtre d'extraction pour atténuer une tension de
commutation résiduelle a une fréquence fondamentale du signal modulé en impulsions haute tension, pour
d'atténuer une tension de commutation résiduelle a plusieurs autres composantes de frégquence du signal
modulé en impulsions haute tension ou pour une combinaison de ceux-ci.

Procédé selon la revendication 11, comprenant en outre :

- la mise en oceuvre d'un filtre passe-haut fournissant un filtre d’extraction passe-bande comportant au moins
un condensateur de blocage C.C. pour découpler une compaosante de tension de décalage C.C., pour de fournir
une fréquence de coupure passe-haut ou pour une combinaison de ceux-ci.

Procédé selon la revendication 11, dans lequel la charge capacitive de I'élément de haut-parleur électrostatique
est mise en oeuvre dans le filtre d’extraction étant un filire passe-bas de Ni#me ordre asymétrigue, ou dans lequel
une charge capacitive de 'élément de haut-parleur électrostatique est mise en oeuvre dans le filtre d’extraction
gtant un filtre passe-bas de N¢Me ordre différentiel.
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Fig 38 Prior Art
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Fig 4 Filter 10a
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