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A class-D amplifier that amplifies an input signal comprises
a control circuit configured to generate a control signal that
varies in accordance with a level of the input signal, a first
generating circuit configured to generate a first pulse, and a
second generating circuit configured to generate a second
pulse. A pulse width of the first pulse becomes narrower as
the signal level of the input signal becomes smaller, and the
pulse width of the first pulse becomes wider as an instan-
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pulse width of the second pulse becomes narrower as the
signal level of the input signal becomes smaller, and the
pulse width of the second pulse becomes wider as an
instantaneous magnitude of the input signal becomes
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CLASS-D AMPLIFIER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of International Application No. PCT/JP2021/034128,
filed on Sep. 16, 2021, which claims priority to Japanese
Patent Application No. 2020-161667, filed on Sep. 28, 2020.
The entire contents of these applications are incorporated
herein in their entirety.

BACKGROUND ART

[0002] This disclosure relates to a class-D amplifier con-
figured to drive a load by a pulse modulated by pulse width
modulation based on an input signal.

[0003] There has been known a class-D amplifier config-
ured to generate a first pulse and a second pulse, and drive
a load such as a speaker by the first pulse and the second
pulse. A width of the first pulse becomes wider in accor-
dance with a variation of an input signal in a positive
direction. A width of the second pulse becomes wider in
accordance with a variation of the input signal in a negative
direction. It is noted that “a signal” in the present disclosure
indicates the signal itself or a voltage of the signal. A current
of a signal is clearly described as “the current of the signal”.
[0004] In a certain kind of a filter-less type class-D ampli-
fier, an area of the input signal in which the first pulse is
output and an area of the input signal in which the second
pulse is output are overlapped with each other in a small-
signal area in which an instantaneous magnitude of the input
signal(the input voltage) is nearly zero.

[0005] In the small-signal area in which an absolute value
of the input signal is small, the input signal remains between
the lower limit of the input signal above which the first pulse
can be generated and the upper limit of the input signal
below which the second pulse can be generated. In the
small-signal area, both the width of the first pulse and the
width of the second pulse become narrow, and it is possible
to reduce power consumption.

SUMMARY

[0006] Inthe above described conventional class-D ampli-
fier, however, the first pulse whose width of the pulse
becomes wider in accordance with the variation of an
instantaneous magnitude of the input signal in the positive
direction and the second pulse whose width of the pulse
becomes narrower in accordance with the variation of the
instantaneous magnitude of the input signal in the positive
direction are outputted in the small-signal area. In a large-
signal area other than the small-signal area, only one of the
first pulse and the second pulse is outputted. As a result of
this, the small-signal area is a high-gain area in which an
open-loop gain of the class-D amplifier is high, and the
large-signal area in which the absolute value of the input
signal is large is a low-gain area in which the open-loop gain
of the class-D amplifier is lower than that of the high gain
area. Input-output characteristics of the large-signal area of
the class-D amplifier are nonlinear and have a lot of total
harmonic distortion.

[0007] Related to a technique of suppressing distortion of
the output signal of the class-D amplifier, an offset voltage
in accordance with the distortion occurred at the output stage
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of the class-D amplifier is given to the input signal of a
pulse-width modulator of the class-D amplifier.

[0008] However, the distortion caused by the non-linear
characteristics of the output stage of the above described
conventional class-D amplifier cannot be suppressed even if
the amount of shift (the amount of offset) of the input signal
is adjusted.

[0009] An aspect of the disclosure relates to a class-D
amplifier capable of suppressing deterioration of a total
harmonics distortion rate and reducing power consumption
in the small-signal area.

[0010] In one aspect of the disclosure, a class-D amplifier
that amplifies an input signal comprises a control circuit
configured to generate a control signal that varies in accor-
dance with a level of the input signal, a first generating
circuit configured to generate a first pulse, and a second
generating circuit configured to generate a second pulse. A
pulse width of the first pulse becomes narrower in accor-
dance with the control signal as the signal level of the input
signal becomes smaller, and the pulse width of the first pulse
becomes wider in accordance with the control signal as an
instantaneous magnitude of the input signal becomes larger.
A pulse width of the second pulse becomes narrower in
accordance with the control signal as the signal level of the
input signal becomes smaller, and the pulse width of the
second pulse becomes wider in accordance with the control
signal as an instantaneous magnitude of the input signal
becomes smaller.

[0011] The objects, features, advantages, and technical
and industrial significance of the present disclosure will be
better understood by reading the following detailed descrip-
tion of the embodiments, when considered in connection
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram illustrating a configura-
tion of a class-D amplifier of an embodiment of the present
disclosure;

[0013] FIG. 2 is a block diagram illustrating a configura-
tion of a control circuit of the class-D amplifier;

[0014] FIG. 3 is a waveform chart illustrating operations
in a first pulse generator and a second pulse generator of the
class-D amplifier:

[0015] FIG. 4 is a view illustrating an example of input-
output characteristics of a level adjuster of the control
circuit; and

[0016] FIG. 5 is a diagram illustrating an example of
operations of the class-D amplifier.

DETAILED DESCRIPTION

[0017] There will be described below an embodiment of
the present disclosure with respect to the drawings.

[0018] FIG. 1 is a block diagram illustrating a configura-
tion of a class-D amplifier 1 of an embodiment of the present
disclosure. A positive side input of a speaker SP is connected
to a first output terminal 151 of the class-D amplifier 1 via
a LC filter 161, and a negative side input of the speaker SP
is connected to a second output terminal 152 of the class-D
amplifier 1 via a LC filter 162. The LC filter 161 and the L.C
filter 162 has a function of removing a high-frequency
component from pulses outputted from the first output
terminal 151 and the second output terminal 152. The



US 2023/0261619 Al

speaker SP is an example of a load, and the speaker SP may
be another load such as a motor or a light-emitting element.

[0019] InFIG. 1, a first stage amplifier includes an opera-
tion portion 111 and an integrator 112. The operation portion
111 subtracts a feedback signal V1, which is outputted from
a feedback portion 170, from an input signal Ain inputted via
an input terminal 101, and the operation portion 111 outputs
a signal indicating a result of the subtraction. The integrator
112 outputs a signal by integrating the output signal of the
operation portion 111. As described above, the first stage
amplifier has a larger gain with lower frequency range, and
the output of the class-D amplifier 1 is given to the input of
the first stage amplifier as a negative feedback. The output
signal of the first stage amplifier is given to each of an
adding portion 121P and an adding portion 121N as an input
signal Vin. The input signal Vin is a signal obtained by
correcting the input signal Ain based on the feedback signal
V1, and the input signal Vim varies so as to follow the input
signal Ain. A control circuit 120 outputs a negative offset
voltage-Vofs and a positive offset voltage+Vofs each as a
control signal. In accordance with the signal level of the
input signal Ain, an absolute value of each of the negative
offset voltage-Vofs and the positive offset voltage+Vofs
becomes smaller as the signal level of the input signal Ain
becomes larger. The signal level is a level indicating inten-
sity of the signal, and the signal level is extracted as, for
example, an envelope of an amplitude of the signal or a peak
level of the signal, and so on. More specifically, in the
present embodiment, an absolute value of each of the
negative offset voltage—Vofs and the positive offset voltage+
Vofs, each as the control signal, becomes small by following
rise of the signal level of the input signal Ain without delay,
and the absolute value of each of the negative offset voltage
—Vofs and the positive offset voltage+Vofs becomes large
gradually by following fall of the signal level of the input
signal Ain with a predetermined time constant. The adding
portion 121P outputs, to a first pulse generator 131P, the
signal Vin-Vofs obtained by adding the negative offset
voltage —Vofs to the input signal Vin. The adding portion
121N outputs, to a second pulse generator 131N, the signal
Vin+Vofs obtained by adding the positive offset voltage+
Vofs to the input signal Vin. It is noted that the adding
corresponds to a voltage shift. That is, the signal Vin-Vofs is
a signal obtained by shifting the original input signal Vim to
a lower side by a magnitude of the control signal Vofs, and
the signal Vin+Vofs is a signal obtained by shifting the
original input signal Vin to an upper side by the magnitude
of the control signal Vofs.

[0020] A carrier wave generator 132 is a circuit configured
to generate a periodic carrier wave C. In the present embodi-
ment, the carrier wave C is a triangular wave including a
segment in which a wave rises from a negative peak value
—-Vin to a positive peak value+Vin in each period and a
segment in which a wave falls from the positive peak
value+Vin to the negative peak value-Vin.

[0021] Each of the first pulse generator 131P and the
second pulse generator 131N is constituted by comparators.
The carrier wave C generated by the carrier wave generator
132 is outputted to each of the first pulse generator 131P and
the second pulse generator 131N. The first pulse generator
131P compares the signal Vin-Vofs outputted from the
adding portion 121P and the carrier wave C, and outputs a
first pulse Vp that becomes ON state (high level) in a period
in which the signal Vin-Vofs is larger than the carrier wave
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C and OFF state (low level) in a period other than the ON
state. Here, the signal Vin is a signal obtained by amplifying
the input signal Ain by the first stage amplifier. Accordingly,
it can be said that the first pulse generator 131P outputs the
first pulse Vp based on the carrier wave C, the control signal
—Vofs and the signal Vim. The first pulse generator 131P
corresponds to a first generating circuit configured to gen-
erate the first pulse Vp, and a pulse width in each period of
the first pulse Vp becomes narrower (the duty ratio becomes
smaller) as the control signal—Vofs becomes smaller, and
the pulse width in each period of the first pulse Vp becomes
wider (the duty ratio becomes larger) as the instantaneous
magnitude of the input signal Vin becomes larger. Moreover,
the second pulse generator 131N compares the signal Vin+
Vofs outputted from the adding portion 121N and the carrier
wave C, and outputs a second pulse Vn that becomes ON
state (high level) in a period in which the signal Vin+Vofs is
smaller than the carrier wave C and OFF state (low level) in
a period other than the ON state. Accordingly, it can be said
that the second pulse generator 131N outputs the second
pulse Vn based on the carrier wave C, the control signal+
Vofs and the signal Vin. The second pulse generator 131N
corresponds to a second generating circuit configured to
generate the second pulse Vn, and a pulse width in each
period of the second pulse Vn becomes narrower (the duty
ratio becomes smaller) as the control signal+Vofs becomes
larger, and the pulse width in each period of the second pulse
Vn becomes wider (the duty ratio becomes larger) as the
instantaneous magnitude of the input signal Vin becomes
smaller. Here, “the signal is large” indicates that the voltage
of the signal is large, and “the signal is small” indicates that
the voltage of the signal is small.

[0022] An output stage 140 amplifies the first pulse Vp and
the second pulse Vn, and outputs a first pulse P and a second
pulse N to the first output terminal 151 and the second output
terminal 152. In the present embodiment, the speaker SP, as
the load, is connected between the first output terminal 151
and the second output terminal 152 of the output stage 140
by BLT (Bridge Tied Load). When a high level signal of the
first pulse P is outputted from the first output terminal 151,
a current flowing from the first output terminal 151 toward
the second output terminal 152 flows through the load by the
first pulse P. Moreover, when a high level signal of the
second pulse N is outputted from the second output terminal
152, a current flowing from the second output terminal 152
toward the first output terminal 151 flows through the load
by the second pulse N. According to this, focusing on the
effect with respect to the load, the first pulse P and the
second pulse N are opposite polarity. That is, a combined
pulse P-N obtained by combining the first pulse P and a
pulse having a phase reverse to the second pulse N is given
to the load. The feedback portion 170 generates the above
described feedback signal Vf by removing the high fre-
quency component from the first pulse P and the second
pulse N. and supplies the feedback signal Vfto the operation
portion 111. A waveform Vsp of the signal given to the
speaker SP by an execution of feedback of the feedback
signal Vf becomes the same waveform as the input signal
Ain.

[0023] FIG. 2 is a block diagram illustrating a configura-
tion of the control circuit 120. In the control circuit 120, a
full-wave rectifier 122 outputs the input signal Ain in a state
in which the input signal Ain is full-wave-rectified. An
envelope follower 123 outputs a level signal Venv that rises
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by following a peak value of the output signal of the
full-wave rectifier 122 without delay in a period in which the
peak value of the output signal of the full-wave rectifier 122
rises and outputs the level signal Venv that falls by following
the peak value of the output signal of the full-wave rectifier
122 with a predetermined time constant in a period in which
the peak value of the output signal of the full-wave rectifier
122 falls. The level signal Venv indicates a signal level of the
input signal Ain. A level adjuster 124 is a circuit configured
to generate the negative offset voltage —Vofs and the positive
offset voltage+Vofs, each as the control signal, based on the
level signal Venv from the envelope follower 123, and an
absolute value of each of the negative offset voltage —Vofs
and the positive offset voltage+Vofs becomes smaller as the
level signal Venv becomes larger. That is, the control circuit
120 is a circuit configured to generate the negative offset
voltage —Vofs and the positive offset voltage+Vofs, each as
the control signal, an absolute value of each of which
becomes smaller as the signal level of the input signal Ain
becomes larger. More specifically, the level adjuster 124
outputs the positive offset voltage+Vofs obtained by sub-
tracting a value corresponding to the level signal Venv and
a predetermined margin from a value+Vm corresponding to
the positive peak value of the carrier wave C, and outputs the
negative offset voltage—Vofs obtained by reversing the
polarity of the positive offset voltage+Vofs. Here, the posi-
tive offset voltage+Vofs becomes zero in a case where a
subtraction result becomes negative, and the positive offset
voltage+Vofs does not becomes a negative value. Moreover,
the way of determining the margin voltage may be arbitrary.
Moreover, the margin voltage may be a constant value, and
the margin voltage may be changed in accordance with the
level signal Venv. That is, the positive offset voltage+Vofs
and the negative offset voltage —Vofs may be changed in a
curved manner with respect to the change of the level signal
Venv.

[0024] Next, there will be described operations of the
present embodiment. FIG. 3 is a waveform chart illustrating
operations of the first pulse generator 131P and the second
pulse generator 131N. As described above, the first pulse
generator 131P compares the signal Vm-Vofs and the carrier
wave C, and outputs the first pulse Vp that becomes ON state
(high level) in a period in which the signal Vm-Vofs is
larger than the carrier wave C. Moreover, the second pulse
generator 131N compares the signal Vm+Vofs and the
carrier wave C, and outputs the second pulse Vn that
becomes ON state (high level) in a period in which the signal
Vm+Vofs is smaller than the carrier wave C. Accordingly, a
pulse width of the first pulse Vp becomes wider in accor-
dance with the variation of the input signal Vm in the
positive direction, and the pulse width of the first pulse Vp
becomes narrower in accordance with the variation of the
control signal Vofs in the positive direction. Moreover, a
pulse width of the second pulse P becomes wider in accor-
dance with the variation of the input signal Vm in the
negative direction, and the pulse width of the second pulse
P becomes narrower in accordance with the variation of the
control signal Vofs in the positive direction. The first pulse
Vp and the second pulse Vu are amplified at the output stage
140, and are outputted as the first pulse P and the second
pulse N.

[0025] Next, there will be described an area of the input
signal Vii in which the first pulse P is outputted and an area
of the input signal Vm in which the second pulse N is
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outputted. Suppose that the input signal Vm=0V. In this
case, there is a margin Vm-Vofs between a negative peak
—-Vm of the carrier wave C and the signal Vm-Vofs. And, in
a case where the input signal Vm is changed from 0V in the
negative direction by the magnitude of the margin Vm-Vofs,
the pulse width of the first pulse P becomes zero. That is, the
lower limit of the area of the input signal Vm in which the
first pulse P is outputted becomes 0V-(Vm-Vofs). On the
other hand, there is the margin Vm-Vofs between the
positive peak+Vm of the carrier wave C and the signal
Vm+Vofs. And, in a case where the input signal Vm is varied
from OV in the positive direction by the margin Vm-Vofs,
the pulse width of the second pulse N becomes zero. That is,
the upper limit of the area of the input signal Vm in which
the second pulse N is outputted becomes 0V+(Vm-Vofs).
Accordingly, an area, of an area in which the input signal
Vm varies, in which both the first pulse Vp and the second
pulse Vn are outputted is an area from—Vm+Vofs to +Vm-
Vofs, that is, a high-gain area HG.

[0026] In the present embodiment, the control circuit 120
controls the high-gain area HG by changing the offset
voltage -Vofs and the offset voltage+Vofs, each as the
control signal, based on the input signal Ain and causes the
class-D amplifier 1 to always operate in the high-gain area
HG.

[0027] FIG. 4 is a view illustrating an example of input-
output characteristics of the level adjuster 124 in the control
circuit 120. In FIG. 4, the horizontal axis indicates the output
voltage Venv of the envelope follower 123, and the vertical
axis indicates the offset voltage—Vofs or the offset voltage+
Vofs.

[0028] In the present embodiment, in a case where the
instantaneous magnitude of the input signal Vm which is
given to the adding portion 121P and the adding portion
121N remains in the area between the lower limit value—
Vm+Vofs and the upper limit value+Vm-Vofs, the class-D
amplifier 1 operates in the high-gain area HG. Accordingly,
it is necessary to make the offset voltage Vofs (the absolute
value) smaller value than the value obtained by subtracting
the signal level of the input signal Vm from the peak
value+Vm of the carrier wave C so as to cause the class-D
amplifier 1 to operate in the high-gain area HG. Then, in the
present embodiment, the level adjuster 124 generates the
positive offset voltage+Vofs (and the negative offset voltage
—-Vofs) based on the value obtained by subtracting the
voltage corresponding to the level signal Venv and further
subtracting the predetermined margin voltage from the posi-
tive peak value+Vm of the carrier wave C.

[0029] In a case where the signal level of the input signal
Ain is under no signal state and the output voltage Venv of
the envelope follower 123 is OV, the absolute value (the
offset voltage Vofs) of each of the positive offset voltage+
Vofs and the negative offset voltage —Vofs becomes a
predetermined maximum value Vofs_max. The maximum
value Vofs_max is a voltage obtained by subtracting a
predetermined margin from the peak value+Vm of the
carrier wave C (for example, 0.9V), and the maximum value
Vofs_max in FIG. 4 is, for example, about 0.76V.

[0030] In a case where the signal level of the input signal
Ain increases and the output voltage Venv of the envelope
follower 123 increases, as illustrated in FIG. 4, the positive
offset voltage+Vofs comes close to OV with respect to
increasing of the output voltage Venv so as to almost linearly
decrease, and the negative offset voltage —Vofs comes close
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to OV so as to almost linearly increase. And, in the example
illustrated in FIG. 4, when the output voltage Venv becomes
a transition voltage (for example, 9V), each of the positive
offset voltage+Vofs and the negative offset voltage—Vofs
reaches OV. 9V of the transition voltage in the present
example is determined based on a maximum value Am (an
absolute value) of the input signal Ain obtained when the
signal Vm outputted from the integrator 112 becomes the
positive peak value+Vm=0.9V or the negative peak value
-Vm=-0.9V of the carrier wave C. Accordingly, in the
example illustrated in FIG. 4, in a case where the input
signal Ain (for example, the absolute value of which is 9V)
obtained by subtracting the margin voltage from the maxi-
mum value Am is given, each of the positive offset voltage+
Vofs and the negative offset voltage —Vofs becomes OV.
Further, the value of the transition voltage may be deter-
mined based on the voltage Vm(an absolute value), the
margin voltage, an open-loop gain of the class-D amplifier
1 (Vsp/Ain), and again after the output of the integrator
(Vsp/Vm). Moreover, the input-output characteristics illus-
trated in FIG. 4 may be determined based on the voltage
Vm(an absolute value) and the determined transition volt-
age.

[0031] FIG. 5 is a diagram illustrating operations of the
class-D amplifier 1 performed under the above described
control by the control circuit 120. An upper side of FIG. 5§
indicates diagrams each illustrating the input-output char-
acteristics of the class-D amplifier 1 in a state in which the
signal level of the input signal Ain is changed. In the
diagrams, the horizontal axis indicates the signal Vm, and
the vertical axis indicates a width of pulse of each of the first
pulse P, the second pulse N or the combined pulse P-N
obtained by combining the first pulse P and the second pulse
N

[0032] First, there will be described operations of the
class-D amplifier 1 performed when the input signal Ain
gradually rises from the signal level in the no-signal state. In
a state in which the signal level of the input signal Ain is
nearly zero (in the no-signal state), the output voltage Venv
which is given to the level adjuster 124 becomes 0V, and, as
described above, the positive offset voltage+Vofs becomes a
maximun value+Vofs_max, and the negative offset volt-
age—Vofs becomes—Vofs_max which is obtained by revers-
ing the polarity of the maximum value+Vofs. As a result of
this, the lower limit of the area of the input signal Vm in
which the first pulse P is outputted becomes —Vm+Vofs_
max, and the upper limit of the area of the input signal Vm
in which the second pulse N is outputted becomes+Vm-
Vofs_max. Accordingly, the input-output characteristics of
the class-D amplifier 1 become a graph illustrated in a left
part of the upper side in FIG. 5.

[0033] As described above, in the state in which the input
signal Ain is in the no-signal state or nearly in the no-signal
state, each of the lower limit and the upper limit of the
high-gain area HG becomes a value that comes close to 0V
and a width of the high-gain area HG becomes a minimum
value when the offset voltage Vofs, as the control signal,
becomes the maximum value (+Vofs_max). And, the input
signal is in the no-signal state, since the input signal Vm
given to the adding portion 121P and the adding portion
121N becomes nearly 0V, the input signal given to the first
pulse generator 131P becomes Vm-Vofs=—Vofs_max, and
the input signal give to the second pulse generator 131N
becomes Vm+Vofs=+Vofs_max. Accordingly, in the
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example illustrated in the left part of the upper side in FIG.
5, the duty ratio of each of the first pulse P and the second
pulse N becomes about 10%. As a result, according to the
present embodiment, it is possible to reduce power con-
sumption of the class-D amplifier 1 in the no-signal state.
[0034] In a state in which the signal level of the input
signal Ain somewhat increases and the signal level of the
input signal Ain is half of the maximun value Am, the
input-output characteristics of the class-D amplifier 1
becomes a graph illustrated in a central part of the upper side
in FIG. 5.

[0035] Here, the width of the high-gain area HG becomes
wider gradually as the signal level of the input signal Ain
increases. More specifically, when the signal level of the
input signal Ain increases and the output voltage Venv given
to the level adjuster 124 increases, the offset voltage Vofs
that determines the lower limit —-Vm+Vofs and the upper
limit+Vm-Vofs of the high-gain area HG is decreased so
that the signal Vm remains within the high-gain area HG.
Accordingly, the signal Vm always remains within the
high-gain area HG in a course in which the signal level of
the input signal Ain increases, and the class-D amplifier 1
always operates within the high-gain area HG. Accordingly,
according to the present embodiment, it is possible to
suppress deterioration of a total harmonics distortion rate.
[0036] When the signal level of the input signal Ain
further increases and the output voltage Venv given to the
level adjuster 124 reaches the transition voltage (9V in the
example illustrated in FIG. 4), each of the positive offset
voltage+Vofs and the negative offset voltage—Vofs
becomes OV. As a result of this, the lower limit of the area
of the input signal Vm in which the first pulse P is outputted
becomes —Vm+Vofs=—Vm+0V=-Vm, and the upper limit
of'the area of the input signal Vm in which the second pulse
Vn is outputted becomes+Vm-Vofs=+Vm. Accordingly, the
input-output characteristics of the class-D amplifier 1
become a graph illustrated in a right part of the upper side
in FIG. 5. In this case, the duty ratio of each of the first pulse
P and the second pulse N when the instantaneous magnitude
of the input signal Vm is zero becomes 50%.

[0037] When the signal level of the input signal Ain
further increases and the output voltage Venv given to the
level adjuster 124 becomes larger than the transition voltage,
each of the positive offset voltage+Vofs and the negative
offset voltage—Vofs keeps at OV. In this case, the input-
output characteristics of the class-D amplifier 1 become the
graph illustrated in the right part of the upper side in FIG. 5,
and, when the signal level of the input signal Ain becomes
larger than the maximum value Am, each of the first pulse
generator 131P and the second pulse generator 131N is in a
clipped state in which the output of each of the first pulse
generator 131P and the second pulse generator 131N is
clipped. The operations in the clipped state are the same
operations as the normal class-D amplifier.

[0038] Next, there will be described operations of the
class-D amplifier 1 performed in a state in which the signal
level of the input signal Ain gradually falls. In a state in
which the signal level of the input signal Ain rises, it is
necessary to immediately decrease the offset voltage Vofs so
as to prevent the occurrence of the clipped state. However,
in the state in which the signal level of the input signal Ain
falls, since the clipped state does not occur, it is not
necessary to immediately decrease the offset voltage Vofs.
Conversely, there is a possibility that, the distortion in the
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output signal of the class-D amplifier 1 increases, in the case
where the offset voltage Vofs is immediately decreased and
a frequency of variation of the offset voltage Vofs is
increased. Accordingly, since the envelope follower 123 is
provided in the control circuit 120 of the present embodi-
ment, the offset voltage Vofs, as the control signal, decreases
so as to follow the rise of the signal level of the input signal
Ain without delay, and gradually increases so as to follow
the fall of the signal level of the input signal Ain with the
predetermined time constant. In a case where the class-D
amplifier 1 is applied to acoustic signals, the time constant
between 10 seconds to 30 seconds are applicable. That is, in
the case where the signal level of the input signal Ain falls,
the input-output characteristics of the class-D amplifier 1
gradually shift from the graph illustrated in the right part of
the upper side in FIG. 5 to the graph illustrated in the central
part of the upper side in FIG. 5, further from the graph
illustrated in the central part of the upper side in FIG. 5 to
the graph illustrated in the left part of the upper side in FIG.
5. Accordingly, according to the present embodiment, it is
possible to avoid the situation in which the distortion
increases due to increase of the frequency of the variation of
the offset voltage Vofs.

[0039] As described above, according to the present
embodiment, in the class-D amplifier 1, it is possible to
suppress deterioration of the total harmonics distortion rate
and reduce power consumption in a small-signal area.

[0040] As described above, there has been the embodi-
ment of the present disclosure, however, the present disclo-
sure includes other embodiments. For example, the follow-
ing embodiments may be applicable.

[0041] The present disclosure is applicable to a broad
range of class-D amplifiers such as a high-power class-D
amplifier, the power of which is larger than 100 W or a
low-power class-D amplifier installed on a mobile phone. In
the low-power class-D amplifier, the LC filter 161 and the
LC filter 162 may be eliminated.

[0042] Inthe present embodiment, the first pulse generator
131P generates the pulse by comparing the signal obtained
by adding the negative offset voltage to the input signal and
the carrier wave, and the second pulse generator 131N
generates the pulse by comparing the signal obtained by
adding the positive offset voltage to the input signal and the
carrier wave. Alternatively, the first pulse generator 131P
may generate the pulse by comparing the input signal and
the signal obtained by adding the positive offset voltage to
the carrier wave, and the second pulse generator 131N may
generate the pulse by comparing the input signal and the
signal obtained by adding the negative offset voltage to the
carrier wave. That is, the first pulse generator 131P may
generate the first pulse Vp by comparing the input signal Vm
and the carrier wave C+Vofs obtained by shifting the origi-
nal carrier wave C by the magnitude of the control signal,
and the second pulse generator 131N may generate the
second pulse Vn by comparing the input signal Vm and the
carrier wave C—Vofs obtained by shifting the original
carrier wave C by the magnitude of the control signal.
Alternatively, the first pulse generator 131P and the second
pulse generator 131N may generate the pulse by comparing
(1) each of the signals obtained by adding the positive or
negative offset signal and the carrier wave to the input signal
and (i1) a predetermined threshold.
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[0043] In the above described embodiment, the triangle
wave is used as the carrier wave, however, a saw-tooth wave
may be used.

What is claimed is:

1. A class-D amplifier that amplifies an input signal
comprising:

a control circuit configured to generate a control signal
that varies in accordance with a level of the input
signal;

a first generating circuit configured to generate a first
pulse, a pulse width of the first pulse becoming nar-
rower in accordance with the control signal as a signal
level of the input signal becomes smaller, the pulse
width of the first pulse becoming wider in accordance
with the control signal as an instantaneous magnitude
of the input signal becomes larger; and

a second generating circuit configured to generate a
second pulse, a pulse width of the second pulse becom-
ing narrower in accordance with the control signal as a
signal level of the input signal becomes smaller, the
pulse width of the second pulse becoming wider in
accordance with the control signal as an instantaneous
magnitude of the input signal becomes smaller.

2. The class-D amplifier according to claim 1,

wherein a high-gain area in which the first generating
circuit generates the first pulse and the second gener-
ating circuit generates the second pulse, in an area in
which the input signal varies, becomes wider in accor-
dance with the control signal as the signal level of the
input signal becomes larger.

3. The class-D amplifier according to claim 2,

wherein the high-gain area has a predetermined margin
with respect to the signal level of the input signal.

4. The class-D amplifier according to claim 1,

wherein the control circuit is configured to vary the
control signal so as to follow rise of the signal level of
the input signal without delay and follow fall of the
signal level of the input signal with a predetermined
time constant.

5. The class-D amplifier according to claim 4, the control
circuit further comprising an envelope-follower configured
to generate a level signal that rises so as to follow an
absolute value of the input signal without delay while the
absolute value higher than the level signal rises and falls so
as to follow the absolute value of the input signal with a
predetermined time constant while the absolute value lower
than the level signal falls,

wherein the control circuit is configured to generate the
control signal based on the level signal.

6. The class-D amplifier according to claim 1, further
comprising an output stage configured to amplify the first
pulse and supply the amplified first pulse to a positive side
input of a load, the output stage being configured to amplify
the second pulse and supply the amplified second pulse to a
negative side input of the load.

7. The class-D amplifier according to claim 1,

wherein the control signal generated by the control circuit
becomes smaller as the signal level of the input signal
becomes larger.

8. The class-D amplifier according to claim 1, further
comprising a carrier-wave generator configured to generate
a carrier wave and output the carrier wave to the first
generating circuit and the second generating circuit,
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wherein the first generating circuit and the second gen-
erating circuit are configured to respectively generate
the first pulse and the second pulse based on (i) the
carrier wave generated by the carrier-wave generator,
(ii) the control signal generated by the control circuit,
and (iii) an amplified input signal obtained by ampli-
fying the input signal by a first stage amplifier.

9. The class-D amplifier according to claim 7,

wherein the first generating circuit is configured to gen-
erate the first pulse by comparing (i) the amplified input
signal shifted upward from the original amplified input
signal by a level of the control signal and (ii) the carrier
wave, and

wherein the second generating circuit is configured to
generate the second pulse by comparing (i) the carrier
wave and (i1) the amplified input signal shifted down-
ward from the original amplified input signal by the
level of the control signal.

10. The class-D amplifier according to claim 7,

wherein the first generating circuit is configured to gen-
erate the first pulse by comparing (i) the amplified input
signal and (ii) the carrier wave shifted upward from the
original carrier wave by a level of the control signal,
and

wherein the second generating circuit is configured to
generate the second pulse by comparing (i) the carrier
wave shifted downward from the original carrier wave
by the level of the control signal and (ii) the amplified
input signal.
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