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Self oscillating class D amplification device.

The present invention is related to an amplification device, comprising: a device input for receiving a
device input signal; an amplifier unit comprising a zero crossing detector unit, an output filter and a lead-
lag compensation network. The zero crossing detector unit is arranged for comparing said device input
signal with a reference potential and for switching a pulse width modulated detector output signal
between a first voltage level and a second voltage level dependent on said comparison. The amplifier unit
is arranged for providing an actual device output signal, said actual device output signal being an
amplified reprasentation of said device input signal. The amplification device further comprises a device
output for providing said actual device output signal, and a control loop bridging said amplifier unit and
comprising a forward filter for increasing loop gain for improving a signal-to-noise ratio of said actual
device output signal. The forward filter comprises an integrating filter. The amplification device further
comprises a deviation detection unit arranged for detecting overmodulation of said amplifier unit, wherein
said amplification device is arranged for disabling the functioning of said forward filter for said
amplification device upon occurrence of overmodulation of said amplifier unit.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en

a1 schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Title

Self oscillating class D amplification device.

Field of the invention

The present invention is aimed at an amplification device,
comprising a device input for receiving a device input signal, an amplifier unit
comprising a zero crossing detector unit, an output filter and a lead-lag
compensation network, said zero crossing detector unit being arranged for
comparing said device input signal with a reference potential and switching a pulse
width modulated detector output signal between a first voltage level and a second
voltage level dependent on said comparison, wherein said amplifier unit is arranged
for providing as an actual device output signal an amplified representation of said
device input signal, and said amplification device comprising a device output for

providing said actual device output signal.

Background of the invention

Pulse width modulation is a technique that can be used for
converting an analogue signal into a binary signal, by comparing the analogue signal
with a periodic reference signal. Pulse width modulation is amongst others applied in
class D amplifiers, which are often used in portable audiovisual appliances. Class D
amplifiers are known for their relatively high power efficiency (energy losses are
small), and relatively straightforward circuit design. This allows these amplification
devices to be small, and makes them suitable for portable applications. Class D
amplifiers are based on the principle that an incoming signal is compared with a
periodic reference signal, such as a saw tooth or triangle wave. The amplification
device comprises a switched amplifier which switches between a first and second
voltage level dependent on whether the input voltage is higher or lower than the
reference voltage than the voltage level of the reference signal.

The output of this switched amplifier is a high-frequency square
wave with varying duty cycle. Prior to delivery to the load, this signal is first low-pass
filtered by an LC low pass filter. The low pass filter prevents the fast on/off portion of
the signal from reaching the load, while passing the average value without
attenuation.

An amplifier constructed in this manner suffers from various
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imperfections. The first and second voltage levels are normaily not stable and affect
the overall gain dynamically. The switched output stage takes a finite time to switch
from the first to second voltage levels and back, and the output state is uncertain
during this interval. This manifests itself in harmonic distortion. Moreover, the LC
output filter, as seen from the load, constitutes a parallel resonant circuit that has a
high output impedance near the cut-off frequency of the filter. A low output
impedance is desirable to make the frequency response of the amplifier independent
of the load impedance.

These problems are most efficiently addressed using feedback error
control. Apart from improving the reproduction quality of a class D amplifier, the
feedback loop can also be advantageously used to cause a controlled oscillation,
thus operating the amplifier in a self-oscillating mode, obviating the need to provide
an external periodic reference signal, e.g. provided by a triangle wave oscillator.

High order control loops having at least one amplitude-limited state
variable usually have several stable limit cycles (oscillation conditions) or "modes".
In linear (i.e. non-switching) systems, operation at any of these limit cycles is
considered "instability". In switching systems, intentional operation at one of these
modes is called "self-oscillation". In particular, self-oscillation can be applied in class
D amplifiers as a means of significantly increasing their loop gain. Since in a self-
oscillating class D amplifier it is no longer necessary to provide a periodic reference
signal, the design may be simplified considerably.

Self-oscillating control loops only work well when operating in one
particular mode, usually the highest frequency mode. Operation at another mode will
either result in greatly deteriorated performance or may even be destructive. Self-
oscillation is achieved by closing a suitable feedback loop around a zero crossing
detector, i.e. around for example a class D amplifier.

The oscillation modes of a self-oscillating class D amplifier are
usually calculated using the following two criteria, which are based on the

Barkhausen criterium for sinewave oscillators:
Arg( H(j-2'mf)) =0 (Eq. 1a)

and
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wherein H(s) is the loop function of the oscillation loop and f is the frequency. What
this formula basically says is that the system can oscillate at a frequency where the
phase shift of the loop is 2m (or 0) radians. These criteria settle at several
frequencies, also known as modes of operation.

High order loop control entails several problems. Firstly, when an
amplifier containing one or multiple integrators is overmodulated (clipped), the error
between input and output is large. The integrators will keep integrating this error for
the entire time the output spends in clip. Once the input signal returns to the normal
range, the output remains clipped until the integrated error becomes zero again.
Recovery from clipping therefore happens rather slowly, causing a distortion in the
output signal that lasts until the circuit is fully recovered.

Secondly, in view of the Barkhausen criterium a loop may be
potentially capable of oscillating at unwanted frequencies. This is will almost
certainly happen when the loop is optimised for maximum loop gain. A designer then
counts on gain margin (the surplus gain over unity in a loop magnitude response
being greater than unity when the phase difference is at (multiples of) 2 m), not
phase margin, to prevent the circuit from oscillating at unwanted frequencies.
However, when a high order control loop is clipped, gain margin effectively collapses
giving the circuit the opportunity to oscillate at a lower (unstable) frequency mode.

Thirdly, a control loop has only enough degrees of freedom for a
designer to fix either the closed loop response (out of which the open loop response
follows) or the open loop response (out of which the closed loop response follows)
but not both. The normal procedure in class D amplifiers is to design for loop gain

and to correct the frequency response externally.

Summary of the invention

The present invention has for its object to alleviate the above-
mentioned problems, and to provide a stable self-oscillation driven amplification
device, based on a zero crossing detector unit.

These and other objects are achieved by the present invention in
that there is provided an amplification device, comprising: a device input for

receiving a device input signal; an amplifier unit comprising a zero crossing detector
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unit, an output filter and a lead-lag compensation network, said zero crossing
detector unit being arranged for comparing said device input signal with a reference
potential and for switching a pulse width modulated detector output signal between a
first voltage level and a second voltage level dependent on said comparison,
wherein said amplifier unit is arranged for providing an actual device output signal
said actual device output signal being an amplified representation of said device
input signal; and a device output for providing said actual device output signal;
wherein said amplification device further comprises a control loop placed around
said amplifier unit and comprising a forward filter for increasing loop gain for
improving a signal-to-noise ratio of said actual device output signal, said forward
filter comprising an integrating filter; and a deviation detection unit arranged for
detecting overmodulation of said amplifier unit; wherein said amplification device is
arranged for disabling the functioning of said forward filter for said amplification
device upon occurrence of overmodulation of said amplifier unit.

In the device of present invention, the functioning of forward filter
for the amplification device is disabled as soon as the amplifier unit is
overmodulated. In particular, upon occurrence of overmodulation the forward filter
ceases its normal operation such as to prevent contributing to maintaining the
effects of overmodulating. This may be achieved in a number of different manners.
The forward filter may for example be saturated such as to cease any integration of
a large disturbance. Alternatively, the forward filter may switch itself into a mode
wherein it does not provide a meaningful or significant contribution to the
amplification unit. For example, this can be achieved by disabling the integrator
function, or disabling the forward filter function, or by switching off the whole control
loop. In that case, the amplifier unit of the amplification device is left only responding
to a device input signal, while the control loop merely provides a DC component
(which is ideally as small as possible) or no signal at all. This enables fast recovery
from clipping.

Since the closed loop response of the amplification device is
independent from the the transfer function of the forward filter, the closed loop
response and the open loop response can be fixed independently from each other.
The frequency response of the amplification device only depends on the transfer
function of the amplifier unit, while the loop gain depends only on the forward filter

response, resolving the design issues substantiated above for prior art class D



10

16

20

25

30

amplifier designs.

According to an embodiment of the invention, the deviation
detection unit comprises a detection filter arranged for receiving the device input
signal, and for modifying this device input signal such as to provide an expected
device output signal corresponding to the actual device output signal of the amplifier
unit, preferably but not essentially without imperfections. In particular, the expected
device output signal resembles the output from the amplifier unit without clipping, or
with clipping at a higher voltage level. This enables detection of a deviation between
the actual device output signal of the amplifier unit and the expected device output
signal from the deviation detection unit.

According to a further embodiment, the detection unit or the control
loop is arranged for comparing the expected device output signal with the actual
device output signal, and for providing an error signal upon deviation of the
expected device output signal from the actual device output signal. This may simply
be embodied by injecting the expected device output signal into the control loop,
e.g. by means of a subtraction unit wherein the expected device output signal is
subtracted from the actual device output signal received through the control loop, or
vice versa.

The forward filter is dimensioned such as to saturate upon providing
a forward filter output signal in response to said received error signal, having a
voltage level that exceeds the saturation threshold. This saturation threshold may be
arbitrarily chosen, but may also be chosen as small as possible such as to respond
to clip efficiently. In this respect, however, it is noted that for achieving the desired
functionality it is not required or essential that the saturation threshold is minimal,
however it does provide the additional advantage of efficient response to clipping. It
is also noted that the function of the forward filter is to improve the signal-to-noise
ratio (wherein ‘noise’ in the present meaning may comprise distortions), since it
improves the overall loop gain. Therefore, a certain amount of tolerance of the
forward filter towards the small signal received at the input thereof may be desirable,
in order to prevent the forward filter from saturating too quickly. Once the forward
filter is saturated, the control loop no longer contributes to the loop gain.

The input signal received at the device input is not only provided to
the deviation detection unit, but is also provided to the amplifier unit for normal

operation. According to an embodiment, the output of the forward filter is combined
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with the input signal received at het device input and is used as an input signal to the
amplifier unit. The means for combining the input signal from the device input with
the output signal of the forward filter may comprise an additional unit as will be
understood by the skilled person.

According to a further embodiment of the present invention, the
zero crossing detector may comprise a correction feedback loop for reducing
disturbance caused by the comparator. In addition to the above, it is noted that the
present invention provides a convenient and straightforward means of controlling the
occurrence of clipping in self-oscillating class D amplifiers. The resulting circuit
design is relatively plain and elegant and may therefore be kept small. In particular,
the deviation detection circuit, which is to mimic the behaviour of the amplifier unit of
the invention, may simply comprise a further amplifier unit. A plain RC circuit may do
well, but alternatives may also be considered. A further amplifier circuit based on a
further zero crossing detector, which is set to clip at a higher voltage level, may also
work, although this is from a viewpoint of simplicity not the most preferred solution.
This further amplification unit is then only used for error detection and not for
amplification purposes as such.

The integrator of the forward filter may be dimensioned such as to
saturate at the first onset of an error signal to be received, completely blocking
operation of the control loop, leaving the amplification unit to operate in its own, one
remaining oscillating mode. Operation in this one oscillation mode is stable. The
main amplifier unit quickly recovers, without the effect of the high order control loop
to sustain the overmodulation.

In addition to the above, it is noted that the teachings of the
invention are not limited to only one control loop. Higher order systems, comprising
several integrating units and control loops, may be operated using the teachings of
the present invention, by applying the expected device output signal to each of the
integrating units and causing each of them to saturate upon clipping.

Brief description of the drawings

The invention will further be described by means of specific, non-
limiting, embodiments thereof with reference to the enclosed drawings, wherein:
Figure 1 illustrates a high order controlled self-oscillation class D

amplifier device known from prior art;
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figure 2A discloses schematically the same amplifier device as
figure 1;

figure 2B discloses a high order controlled self oscillating class D
amplifier device according to the present invention;

figure 3A discloses the phase-frequency plot of a device according
to the present invention under normal conditions;

figure 3B discloses a phase-frequency plot of a device according to
the present invention during saturation;

figure 4 discloses a further embodiment of the present invention;

figure 5A through 5C describe embodiments of a forward filter unit

for use with the invention.

Detailed description of the drawings

In figure 1 there is shown a high order controlied self-oscillating
class D amplification device 1 according to prior art. In this illustration the device
comprises an amplifier unit 5 which is based on a zero crossing detector unit, and
comprises a comparator 7 and an output filter 15. Comparator 7 receives an
incoming signal 8 which is compared to a reference signal V. 9. Lead-lag
compensation loop 13 is placed around comparator 7 and output filter 14. The lead-
lag compensation loop 13, with filter Heomp 14, together with low-pass filter 15 and
the propagation delay of comparator 7, enables the amplifier unit 5 to operate in a
self oscillating mode. Since the amplification device 1 is self-oscillating, the
reference signal V., usually will be a DC signal, in particular a reference potential,
usually ground. Although it is under regular conditions and common applications not
expected to be contributive, the skilled person has the liberty to use any arbitrary
reference signal, not necessarily ground as a fixed potential, and not necessarily a
DC signal.

If the voltage level of incoming signal 8 is above the voltage level of
V.., comparator 7 on output 10 provides a signal at voltage level V,. If the voltage
level of incoming signal 8 is smaller than the voltage level of V., 9, a voltage level V.
is provided at output 10. The voltage levels for switching (V., V) are provided to
comparator 7 via inputs 11 and 12, i.e. the supply voltages of the final stage of
comparator 7, which is also the power stage of the amplification device. A pulse
width modulated (PWM) signal V,,, is thereby provided at the output of the
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comparator 7. Output filter 15 converts this PWM signal into output signal V,,,, which
is an amplified representation of the input signal V,. V., may for example be
provided to a speaker (not shown) as audio output.

From output 17, a control loop 19 feeds the output signal V,,, back
to the beginning of the loop and adds this signal via adder 21 to the device input V,,
of input 3. The loop comprises a forward filter 20 with transfer function H(s). Forward
filter 20 may be any suitable type of filter that increases the order of the loop by at
least one. Forward filter 20 may for example be an integrator. The function of
integrating forward filter 20 is to improve the loop gain by integrating the noise
signal thereby increasing the signal-to-noise ratio.

Amplifier unit 5 has a transfer function K(s), but adds a disturbance
indicated by € to the output signal. The error term € is no part of the transfer
function, as the skilled person will appreciate. The error term € will also be present
in the control signal V... Which is integrated by forward filter 20. Under normal
conditions, this error term does not lead to instabilities in the oscillation frequency of
the loop (i.e. the loop tending to shift towards a lower oscillation mode). However, a
problem arises when amplifier unit 5 is overmodulated and the error term € becomes
large.

The amplification device is said to be overmodulated when the duty
cycle of the PWM output signal reaches either 0% or 100%. In that case, the input
signal is too strong for the device to convert it into a meaningful PWM signal. If the
input is above the maximum allowed level, the PWM duty cycle will be at 100%, and
V,,, will be fixed at its maximum level. When the amplifier unit 5 is overmodulated
and the system is clipping, a relatively large error term in the output signal V,, is fed
back via control loop 19 towards adding unit 21 where it is added (with a phase
difference) to the input signal device input 3. Forward filter 20 makes the situation
worse by integrating the error prior to applying it via input 8 to comparator 7. The
clipping condition is thereby sustained and it takes a long time for the device to
recover.

Figure 2B illustrates an amplification device according to the
present invention. For comparison, figure 2A illustrates schematically the
amplification device of figure 1 wherein for purposes of clarity, components have
been replaced by filter units. The invention is best understood by comparing figures
2A and 2B in the light of the description hereinbelow. Note however that the
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embodiment of figure 2B is to be interpreted as merely an embodiment, and
alternatives are possible such as illustrated in figure 4, falling within the scope of the
present invention.

In figure 2A forward filter unit 20 and amplifier unit 5 are illustrated
with their transfer functions H(s) and K(s) respectively. Amplifier unit 5 adds a
disturbance € to the output signal. The device input 3 receiving input signal V;, is
combined with the control signal from the control loop 19 in adding unit 21, and is
applied to forward filter 20. After filtering, the signal is applied to amplifier unit 5,
providing the actual device output signal V,,, at the device output 17. This actual
device output signal V,,, is fed back via control loop 19 and offered as control signal
V..o t0 @adding unit 21, for combination with input signal V,, of device input 3.

In figure 2B, the input signal V,, is led via connection 24 to adding
unit 27 where it is combined with the signal coming from forward filter 20, and
provided to amplifier unit 5. Just as described above in relation to figures 1 and 2A,
amplifier unit 5 has a transfer function K(s) and adds a (usually small) disturbance €
to the actual output signal V,,. The actual device output signal V,,, enters control
loop 19 from device output 17 back towards adding unit 26. The control loop 19, with
forward filter 20, significantly improves the loop gain of the amplification device
illustrated in figure 2B. The lead-lag compensation 14, together with zero-crossing
detector 7 and output filter Hout creates a self-oscillating amplification unit 5 with a
well-defined gain and frequency response K(s). The oscillation mode for self-
oscillation is the highest possible frequency causing a phase difference of 2m (i.e. 0)
radians.

In the amplification device of the present invention, a deviation
detection unit 28 contains detection unit 25 having a transfer function K'(s). This
detection unit receives input signal V,, from device input 3. Since transfer function
K'(s) mimics or simulates the transfer function K(s) of amplifier unit 5 at the output of
detection filter 25, the signal is an idealized version of V,,, without the error term €.
Subtraction unit 26 subtracts the output signal from detection filter 25 from the
signal received via control loop 19. Therefore, forward filter 20 only receives the
disturbance ¢, i.e. the difference between the signal received via the control loop 19
and the signal received from detection filter 25. The disturbance € is under normal
conditions considered small. and therefore the output of forward filter 20 will be

small as well. Detection unit 25 may be implemented as a straightforward RC filter.
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When amplification device 1 is overmodulated, the duty cycle of the
PWM output signal has reached its limits, and no longer provides a meaningful
representation of the voltage level of the input signal V;,. As a result the error term €
becomes relatively large. Therefore, the difference between the signal received
through control loop 19 deviates from the signal received through detection filter 25
to a relatively large extent. The relatively large error term € is received by forward
filter 20.

In accordance with an embodiment, forward filter 20 is dimensioned
such that it will saturate relatively quickly upon receipt of an error signal € which is
on average stronger than an error signal € that is received under normal conditions.
Therefore, as soon as the amplification device 1 is overmodulated and starts
clipping, since € becomes large, forward filter 20 H(s) saturates and will no longer
contribute to the input signal provided to the amplifier unit 5. In particular, saturation
causes the output of filter 20 to provide a continuous DC component (which is ideally
as small as possible). Therefore, the effect of the control loop is destroyed and the
amplification device operates as a lower order system. The input signal received by
amplifier unit 5 contains only device input signal V,, as a variable component.
Therefore, since the control loop does not contribute during saturation of forward
filter 20, the undesired effect of sustaining the clipping effect is not present in an
amplification device of the present invention. The device quickly recovers from
overmodulation.

The embodiment described above uses saturation in order to
disable the effect of the control loop 19. The skilled person may appreciate that in
general, the invention is directed to inhibiting normal operation of the integrating
control loop as soon as disturbance represented by error signal € becomes too
large. This may be implemented by saturating the forward filter, but also by means
of disabling the loop or its effect or by limiting or fixing its output. As an alternative to
the embodiment described above, the skilled person may appreciate that the error
signal € may be used to drive a switch, e.g. in the form of a transistor, that disables
the effect of the control loop. This may for example be designed by closing a short
circuit that resets the forward filter 20 at the moment that € becomes too large. In
that case, integration of error term ¢ does not occur. Alternatively, the effect of
control loop 19 with forward filter 20 may be disabled by using error signal € to drive
a transistor into conduction such that a connection is closed between the input of
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forward filter 20 and ground. In this case, forward filter 20 will no longer receive an
input signal as soon as overmodulation in the amplifier unit 5 occurs.

In general, and unlike the criterium used in prior art systems which
is described herein above in the prior art section, the following exact equation

precisely predicts the oscillation frequency as a function of the duty cycle:

2 (1- nj2ahy 1- nj 2.7 (1-h) o

5507 n=0 2 ‘h
nj '2-7r'h) . (1 _ en'j-2-7r-(l—h))

d[Arg[ 1imi(1_e > Hn-j-2-7- f) " f)j

507 n=0

L daf

<0

(Eq. 2)
In the above formula, h is the duty cycle.

Figures 3A and 3B illustrate the phase-frequency plot of an
amplification device under normal conditions (figure 3A) and under saturated
conditions (figure 3B). In both figures 3A and 3B, reference numeral 30 indicates the
frequency axis and reference numeral 31 indicates the phase axis. The frequency
axis has a logarithmic scale The phase-frequency response of the device is
dependent on the duty cycle of the signal. Therefore, both figures 3A and 3B contain
multiple phase-frequency curves 32 and 33 for different duty cycles.

Figure 3A illustrates the left hand side of the first of two equations in
the above-mentioned formulae, which corresponds to the behaviour of the
amplification device of the present invention under normal conditions (when the
forward filter is not saturated or disabled).

Upon saturation, figure 3B shows the phase-frequency plot of the
amplification device and it is ciear that it only contains one oscillation solution (duty
cyle dependent) which is given by 34 for different duty cycles. Therefore, upon
saturation, the amplification device is clearly forced to operate in a self-oscillatory
mode since this is the only stable mode available to the system.

Figure 4 discloses an embodiment of the present invention. The
figures 5A through 5C have been added in order to illustrate a number of alternative
implementations of forward filter 45 of the present invention. Each of the alternative

and specific components may be implemented in the circuit design individually,
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independently or in combination, replacing or embodying the specific units and
components schematically illustrated in figure 2B. Although figures 4 and 5A through
5C disclose the combinations of specific units, the embodiments of these figures are
not intended to limit the scope of the invention. For example, the detection filter unit
48 may be implemented as any specific electronic unit that simulates operation of
amplification unit 37 under regular (i.e. no overmodulation) conditions. The amplifier
unit 37 may be any type of self-oscillating class D amplifier unit.

In figure 4, amplifier unit 37 comprises an output filter H,,, 41 which
for example may be embodied as a low pass filter. A lead-lag compensation loop
comprising compensation filter 40 with transfer function H.,q, is added to the circuit
design in order to force unit 37 into a self-oscillating mode of operation and to obtain
a defined response K(s). Amplifier unit 37 is based on a switched type comparator
unit 39 that receives the input signal V,,, and compares it to a reference signal V.
V., may simply be a DC-signal, and is usually ground. At the output of comparator
39 there is provided a pulse width modulated signal that switches between two
voltage levels dependent on whether the voltage level of V,, is higher or lower than
the voltage level of V 4.

The actual device output signal V., is provided to loop 44 and
forward filter 45. Summing unit 46 receives the device output V,, and an improved
or idealized version of the output signal V,,, from detection filter 48. In fact, detection
filter 48 may be a copy of the circuit design of amplifier unit 37, although a regular
RC based filter may be sufficient and may be preferred in view of simplicity of the
design. Summing unit 46 provides of error term € to forward filter 45.

Since upon overmodulation of amplifier unit 37 the disturbance €
will be large, the signal on input 50 of forward filter 45 may be used for inhibiting
regular operation of integrating forward filter 45, in accordance with the invention.
Filter 45 may be designed such as to drive the forward filter 45 into saturation.
Feedback loop 44 is thereby blocked as a result of saturation of unit 45, and the only
variable component present in the signal at the input of amplifier unit 37 (excluding
the internal feedback signal of unit 37) will be V,. Alternatively, filter 45 may be
designed to switch itself off upon receiving a large disturbance €. Moreover, filter 45
may short-circuit itself, or may otherwise inhibit the integrating effect, such as using
voltage regulation that limits the voltage to a boundary value (Vinax OF Vi)

The output of forward filter 45 is combined within V,, in summing
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unit 38, and provided to the amplifier unit.

Figures 5A through 5C describe three embodiments of forward filter
45, which may be used in combination with the circuit design disclosed in figure 4 or
any other circuit design corresponding with the teachings of the invention.

In figure 5A, a schematic illustration is provided of forward filter 45'.
This unit may be used to replace unit 45 of figure 4. Figure 5A illustrates input 50
and output 51 of forward filter 45'. As a basic building block, forward filter 45’
comprises an active integrator block 52. This integrator block comprises an
operational amplifier 57 with a capacitor 58 placed around it. A resistor 59 is placed
in series with operational amplifier 57 and capacitor 58. The basic block 52 is a
straightforward layout of an active integrating unit known to the skilled person.
Parallel to capacitor 58, forward filter unit 45 comprises two zener-diodes 55 and 56.
If the zener-voltage of zener-diodes 55 and 56 are properly selected (preferably
slightly above the regular voltage level of the disturbances in disturbance signal €,
the zener-diodes 55 and 56 regulate the voltage at output 51 of the forward filter 45",
In particular, once the error term € becomes large as a result of overmodulation of
amplifier unit 37 in figure 4, zener-diodes 55 and 56 will limit the voltage across
operational amplifier 57 at the zener-voltage. At the output 51, there will thus be
provided a DC-signal having its voltage fixed at the zener-voltage until € is again
within its normal operational range. The integrating effect of forward filter 45' is
thereby disabled for the duration of overmodulation.

In figure 5B, a further embodiment of a forward filter 45" is
schematically illustrated. Forward filter unit 45" comprises input 50 and output 51.
Again, the basic building block of forward filter 45" js a regular integrated unit 52,
comprising an operational amplifier 57, a capacitor 58 paralle! to the operational
amplifier 57 between its output and inverting input , and a resistor 59 in series with
the operational amplifier 57 and capacitor 58.

Forward filter unit 45" further comprises a switch 60 which is
operated by a signal provided by a logical OR-gate 65. The input to the logical OR-
gate 65 is provided by two comparator circuits 63 and 64 which compare the input
signal on input 50 with a maximum voltage V,,, and minimum voltage Voin
respectively. If the error term € exceeds the maximum voltage Vax OF drops below
the minimum (negative) voltage level V,,,, the output signal on OR-gate 65 becomes
high, driving the switch 80 in the closed position. This short circuits the capacitor 58
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disabling and resetting the forward unit filter 45”. The order of the integrating
forward filter 45" is thus decreased by taking away the integrating effect of the
forward filter 45" upon receiving a disturbance signal € having a voltage level that
exceeds the thresshold (V. and Vi)

Another alternative embodiment of forward filter unit 45 of figure 4
is presented in figure 5C. Figure 5C illustrates schematically integrating forward
filter block 45", Filter unit 45" comprises input 50 and output 51. The basic building
block of forward filter unit 45" is an integrating filter block 52, such as the active
integrating circuit illustrated in figure 5C. In the present embodiment, it comprises an
operational amplifier 57 in parallel with a capacitor 58, and a resistor 59 in series
therewith.

The input signal on input 50 of forward filter unit 45" is also
provided to comparator circuits 68 and 69 which compare this signal with voltage
levels V,,;, and V,,, respectively. The outputs of circuits 68 and 69 are provided as
input to logical AND-port 70. In operation, when the input signal on input 50, i.e. the
disturbance signal €, is within limits of V., and Vy, both outputs of circuits 68 and
69 respectively will be high, resulting in the output of logical AND-port to become
high. This will cause closing of switch 71, resulting in the control loop 44 of figure 4
to be closed through forward filter unit 45™.

In other words, under normal conditions when the error term € is
relatively small, the switch 71 will be closed and the circuit operates normally. If the
input signal € on input 50 of forward filter unit 45" is larger than V,, or smaller than
V... at least one the outputs of circuits 68 and 69 is low, resulting in the AND-port
70 to provide a low output. This causes the switch 71 to remain in the open position,
disabling forward filter unit 45" of figure 5C, and thereby disabling the integrating
feedback loop 44 of figure 4.

Although in each of the embodiments illustrated in figures 5A
through 5C, the basic building block of the forward filter unit is an active integrating
filter block 52, the person skilled in the art will appreciate that this may be embodied
by any other integrating filter block, or any other filter block suitable for increasing
the loop gain of a class D self-oscillating amplifier unit. Moreover, even though the
embodiments of figures 5A through 5C disclose a first order integrating filter unit,
this may be replaced by any higher order integrating filter unit for further increasing

loop gain.
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The teachings of the present invention have been explained in
connection with self-oscillating class D amplifiers, as mentioned above. It is noted
here that these teachings may be applied to class D amplifiers that are not designed
to be operating in a self oscillating mode, i.e. wherein the lead-lag compensation
network is not present and a periodic reference signal is applied to the zero-crossing
detector for providing a pulse width modulated signal. The present invention, applied
to such an amplifier, has the effect of stabilising operation of such a
non-self-oscillating class D amplifier.

In the previous detailed description, for purposes of explanation and
not limitation, example embodiments disclosing specific details have been set forth
in order to provide a thorough understanding of embodiments according to the
present teachings. However, it will be apparent to one having ordinary skill in the art
having had the benefit of the present disclosure that other embodiments according
to the present teachings that depart from the specific details disclosed herein may
remain within the scope of the appended claims. Moreover descriptions of well-
known apparati and methods may have been omitted so as not to obscure the
description of the exampie embodiments. Such methods and apparati are clearly

within the scope of the present teachings.
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CONCLUSIES

1. Een versterkingsinrichting omvattende:

een inrichtingsingang voor het ontvangen van een ingangssignaal
voor de inrichting;

een versterkingseenheid omvattende een nuldoorgangsdetectie-
eenheid, een uitgangsfilter en een voorijl-naijl compensatienetwerk, waarbij de
nuldoorgansdetector is ingericht voor het vergelijken van het ingangssignaal van de
inrichting met een referentiepotentiaal en voor het schakelen van een pulsbreedte
gemoduleerd detectoruitgangssignaal tussen een eerste spanningsniveau en een
tweede spanningsniveau afhankelijk van de vergelijking, waarin de
versterkingseenheid is ingericht voor het verschaffen van een werkelijke
uitgangssignaal van de inrichting, waarbij het werkelijke uitgangssignaal van de
inrichting een versterkte voorstelling is van het ingangssignaal van de inrichting;

een inrichtingsuitgang voor het verschaffen van het werkelijke
uitgangssignaal van de inrichting;

waarin de versterkingsinrichting voorts een beheerlus omvat welke
is geplaatst rondom de versterkingseenheid en welke een voorwaarts filter omvat
voor het vergroten van de lusversterking voor het verbeteren van een signaal-ruis-
verhouding van het werkelijke uitgangssignaal van de inrichting, waarbij het
voorwaartse filter een integrerend filter omvat; en

een afwijkingsdetectie-eenheid ingericht voor het detecteren van
oversturing van de versterkingseenheid;,

waarin versterkingsinrichting is ingericht voor het uitschakelen van
het functioneren van het voorwaartse filter voor de versterkingsinrichting bij het
optreden van oversturing van de versterkingseenheid.
2. Versterkingsinrichting volgens conclusie 1, waarin de inrichting is
ingericht voor het uitschakelen van het voorwaartse filter bij het optreden van
oversturing van de versterkingseenheid.
3. Versterkingsinrichting volgens conclusie 1, waarin voor het
uitschakelen van het voorwaartse filter de afwijkingsdetectie-eenheid en de
beheerlus zijn ingericht voor het verschaffen van een filteringangssignaal aan het
voorwaartse filter, voor het in verzadiging sturen van het voorwaartse filter bij het

optreden van oversturing van de versterkingsinrichting.
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4, Versterkingsinrichting volgens een der voorgaande conclusies,
waarin de afwijkingsdetectie-eenheid een detectiefilter omvat ingericht voor het
ontvangen van het ingangssignaal van de inrichting, en voor het modificeren van het
ingangssignaal van de inrichting voor het verschaffen van een verwacht
uitgangssignaal overeenkomend met het werkelijke uitgangssignaal van de
inrichting van de versterkingseenheid.

5. Versterkingsinrichting volgens conclusie 4, waarin de afwijkings-
detectie-eenheid of de beheerlus zijn ingericht voor het vergelijken van het
verwachte uitgangssignaal van de inrichting met het werkelijke uitgangssignaal van
de inrichting, en voor het verschaffen van een foutensignaal bij afwijking van het
verwachte uitgangssignaal van de inrichting ten opzichte van het werkelijke
uitgangssignaal van de inrichting.

6. Versterkingsinrichting volgens conclusie 5, waarin de afwijkings-
detectie-eenheid is verbonden op een zodanige wijze voor het verschaffen van het
verwachte uitgangssignaal van de inrichting in de beheerlus voor het verschaffen
van het foutensignaal aan het voorwaartse filter.

7. Versterkingsinrichting volgens conclusie 6, waarin de beheerlus een
aftrekeenheid omvat voor het combineren van het verwachte uitgangssignaal van de
inrichting met het werkelijke uitgangssignaal van de inrichting, voor het verschaffen
van het foutensignaal als verschilsignaal tussen het verwachte uitgangssignaal van
de inrichting en het werkelijke uitgangssignaal van de inrichting.

8. Versterkingsinrichting volgens een der voorgaande conclusies,
voorzover afhankelijk van conclusie 3, waarin het voorwaartse filter zodanig is
gedimensioneerd voor het verzadigen daarvan bij het verschaffen van een
voorwaarts filteruitgangssignaal in antwoord op het foutensignaal, welk voorwaarts
filteruitgangssignaal een spanningsniveau heeft welke een verzadigingsgrens-
waarde overschrijdt.

9. Versterkingsinrichting volgens conclusie 8, waarin het voorwaartse
filter zodanig is gedimensioneerd dat de verzadigingsgrenswaarde is
geminimaliseerd.

10. Versterkingsinrichting volgens een der voorgaande conclusies,
verder omvattende middelen voor het combineren van een ingangssignaal van de
inrichtingsingang met een oscilatielusuitgangssignaal van de oscilatielus, en voor

het verschaffen van het gecombineerde signaal aan de versterkingseenheid.
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11. Versterkingsinrichting volgens conclusie 10, waarin de middelen
voor het combineren een opteleenheid omvatten.

12. Versterkingsinrichting volgens een der voorgaande conclusies,
waarin de versterkingseenheid verder een correctieterugkoppellus omvat voor het
reduceren van storing veroorzaakt door de vergelijker.

13. Versterkingsinrichting volgens een der voorgaande conclusies,
waarin het voorwaartse filter is ingericht voor het uitschakelen of belemmeren van
het functioneren van het integrerend filter bij het optreden van oversturing van de
versterkingseenheid.

14, Versterkingsinrichting volgens een der voorgaande conclusies,
waarin het voorwaartse filter een signaalgestuurde schakelaar omvat, waarbij de
signaalgestuurde schakelaar responsief is op een voorwaarts filteringangssignaal

verschaft aan het voorwaartse filter.

1036600
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a. type of material:
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[0 table(s) re.lated to the sequence listing
b. format of material:
O on paper
O in electronic form
¢. time of filingfurnishing:
O contained in the application as filed.
O filed together with the application in electronic form.
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. 1 Inaddition, in the case that more than one version or copy ofa sequénce listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Box No.V Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
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No: Claims
Inventive step Yes: Claims
No: Claims 1-14
Industrial applicability Yes: Claims 1-14
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see separate sheet
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1

2.1

2.2

2.3

2.4

2.5

Reference is made to the following documents:

D1 JP 56 039606 A (MATSUSHITA ELECTRIC IND CO LTD) 15 april
1981 (1981-04-15)

D2 US 2005/083114 A1 (RISBO LARS [DK]) 21 april 2005
(2005-04-21)

D3 US 2006/008095 A1 (TSUJI NOBUAKI [JP]) 12 januari 2006
(2006-01-12)

D4 US 2008/238543 A1 (KOCH RUDOLF [DE]) 2 oktober 2008
(2008-10-02)

The present application does not meet the criteria of patentability, because
the subject - matter of claim 1 does not involve an inventive step.

The closest prior art to the subject-matter of claim 1 is discussed in the
application on page 7 and figure 1. Another example can be found in D1,
which also discloses an amplification device (see D1, figure 5), comprising:

- a self oscillating class-D amplifier (3) with a zero crossing detector (2) and
a lead-lag compensation loop (6, 7) switching between rail voltages, and

« a control loop around said amplifier (11, 12) having an integrating forward
filter (9, 10) for increasing loop gain

The subject-matter of claim 1 therefore differs from this known prior art in that
it has the additional features of:

* a detection unit for overmodulation (or clipping), and

* an arrangement for disabling the integrating forward filter, when
overmodulation is detected.

The improvement by these additional features is a reduced recovery time from
clipping (see a.0. description page 4, lines 15-28). This cannot be considered
as involving an inventive step for the following reasons:

Detection of overmodulation and disabling the integrating forward filter is |
described in document D2 as providing the same advantages as in the
present application. See D2, page 2, especially paragaphs [ 0015] and [0019].

The skilled person would therefore regard it as a normal design option to
include this feature in the amplifier described in document D1 in order to solve
the problem posed.
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3 Dependent claims 2-14 do not contain any features which, in combination with
' the features of any claim to which they refer, meet the requirements of novelty
and/or inventive step, see documents D2, D3 and the corresponding
passages cited in the search report.

Re ltem VIlI
Certain observations on the application
4 Clarity objection:

41 The description on page 15, first paragraph introduces an embodiment that
doesn't fall within the scope of claim 1, namely a clock driven class-D amplifier
that doesn't have the restricting feature of the lead-laf compensation that is
present in claim 1.
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