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FEEDFORWARD AMPLIFIER CIRCUIT,
AUDIO AMPLIFIER AND AUDIO PLAYING
DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to the field of feed-
forward amplifier circuits, and in particular, to a feedforward
amplifier circuit, an audio amplifier and an audio playing
device.

BACKGROUND ART

[0002] Inthe existing feedforward amplifier circuits, when
selecting circuit component parameters, it is necessary to
consider the impact on the open-loop frequency-amplitude
characteristics and the feedback loop of the main amplifier,
such that the determination of circuit component parameters
has cumbersome process, and the selected target circuit
components may be costly, and the final generated feedfor-
ward amplifier circuit is of more complex structure.

SUMMARY

[0003] The present disclosure provides a feedforward
amplifier circuit, an audio amplifier and an audio playing
device, wherein the circuit structure and the selection of
component parameters are simplified and the costs are
saved, by getting rid of the dependence on the open-loop
frequency-amplitude characteristic and the feedback loop of
the main amplifier.

[0004] The present disclosure provides a feedforward
amplifier circuit, comprising: a main amplifier circuit, an
adder circuit, a sub-amplifier circuit and a subtractor circuit,
wherein the main amplifier circuit adds distortion to a first
input signal to output a distorted signal, and inputs the
distorted signal to the adder circuit and the subtractor circuit
for performing feedforward correction; the sub-amplifier
circuit amplifies a second input signal and serves as a
positive input of the subtractor, so that a signal gain output
by the subtractor is equal to a signal gain of the main
amplifier; the subtractor circuit, with the distorted signal as
a negative input, reversely amplifies the distorted signal and
then performs feedforward; and the adder circuit superim-
poses the distorted signal output by the main amplifier
circuit and the reversely amplified distorted signal output by
the subtractor, so as to output a distortion-free signal.
[0005] Optionally, the main amplifier circuit comprises a
main amplifier, an impedance Z1 and a first feedback
impedance, and the first feedback impedance comprises an
impedance r and an impedance R, wherein the first input
signal enters from a positive input end of the main amplifier,
an output end of the main amplifier is connected to one end
of'the impedance Z1, and the other end of the impedance 71
is connected to one end of the impedance r, the other end of
the impedance r is respectively connected to one end of the
impedance R and a negative input end of the main amplifier,
and the other end of the impedance R is grounded.

[0006] Optionally, the sub-amplifier circuit comprises a
sub-amplifier and a second feedback impedance, and the
second feedback impedance comprises an impedance r and
an impedance R, wherein the second input signal enters from
a positive input end of the sub-amplifier, an output end of the
sub-amplifier is respectively connected to the subtractor and
one end of the impedance r, and the other end of the
impedance r is respectively connected to one end of the
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impedance R and a negative input end of the sub-amplifier,
and the other end of the impedance R is grounded.

[0007] Optionally, the subtractor circuit comprises a sub-
tractor and a third feedback impedance, and the third feed-
back impedance comprises an impedance r2 and an imped-
ance rl, wherein a positive input end of the subtractor is
connected to an output end of the sub-amplifier in the
sub-amplifier circuit, and a negative input end of the sub-
tractor is connected to one end of the impedance r1 and one
end of the impedance r2, the other end of the impedance rl
is connected to the main amplifier circuit, and the other end
of the impedance r2 is connected to the output end of the
subtractor. Optionally, the adder circuit comprises an imped-
ance Z1, an impedance Z2 and an impedance Z3, wherein
one end of the impedance 71 is respectively connected with
an output end of the main amplifier in the main amplifier
circuit and the other end of the impedance rl in the sub-
tractor circuit, the other end of the impedance 71 is respec-
tively connected with one end of the impedance 72 and one
end of an impedance r of the main amplifier, the other end
of the impedance 72 is respectively connected to the output
end and one end of the impedance 73, and the other end of
the impedance Z3 is connected to an output end of the
subtractor in the subtractor circuit.

[0008] Optionally, an amplification factor of a first feed-
back impedance of the main amplifier circuit and an ampli-
fication factor of a second feedback impedance of the
sub-amplifier circuit are equal to each other or in same ratio.
[0009] Optionally, the subtractor in the subtractor circuit
has an amplification factor of 1 for the distortion-free signal,
while has an amplification factor of -(r2/r1) for point
distortion between the impedance Z1 and an output end of
the main amplifier in the main amplifier circuit.

[0010] Optionally, impedance in the adder circuit satisfies
following relationship: (r2/r1) (Z1+72)=73.

[0011] Optionally, it further comprises an input end and an
output end, wherein the input end is configured to provide
the input signal, and the output end outputs a distortion-free
signal.

[0012] Optionally, if resistance value of the impedance Z1
is 0, then the main amplifier circuit, the sub-amplifier circuit,
the subtractor circuit and the adder circuit are each discrete.
[0013] Optionally, it further comprises an amplifier
equivalent circuit configured to equivalently replace the
main amplifier circuit and the sub-amplifier circuit.

[0014] Optionally, the amplifier equivalent circuit com-
prises an amplifier, an impedance rl1, an impedance r2 and an
impedance r3.

[0015] Optionally, a positive input end of the amplifier
receives a first input signal, and a negative input end of the
amplifier is respectively connected to one ends of the
impedance r1, the impedance r2 and the impedance 3, the
other end of the impedance rl receives a second input signal,
the other end of the impedance r2 is connected to the output
end of the amplifier, and the other end of the impedance r3
is grounded.

[0016] The present disclosure also provides an audio
amplifier, comprising the feedforward amplifier circuit men-
tioned above.

[0017] The present disclosure also provides an audio play-
ing device, comprising the audio amplifier mentioned above,
further comprising a processing chip and a playing compo-
nent connected to the audio amplifier.
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[0018] The feedforward amplifier circuit, audio amplifier
and audio playing device provided by the present disclosure
have the following beneficial effects.

[0019] The main amplifier and the sub-amplifier have the
inputs which are consistent. The output signal of the sub-
amplifier and the negative input signal output from the main
amplifier are output after passing through the subtractor, and
then synthesized with the output of the main amplifier
through the adder circuit, to obtain the total output signal,
which has small dependence on the negative feedback of the
main amplifier. In addition, the equivalent impedance is
located inside and outside the feedback loop of the main
amplifier. The negative input end of the subtractor receives
a signal (sampling) between the impedance within the loop
and the output of the main amplifier, and the impedance
connected to the output end of the subtractor and the
impedance outside the loop form an adding circuit. The ratio
of the equivalent impedances inside and outside the feed-
back loop of the main amplifier is equal to the reverse
amplification factor of the subtractor. When the output of the
subtractor is the same as the level of the distortion-free
signal of the general output terminal, the impedance Z3 has
no voltage difference of the distortion-free signal, that is, no
distortion-free current flows through the impedance 73, that
is, the output end of the subtractor does not output a
distortion-free current, so that the subtractor does not shunt.
In addition, the impedances of the adder, the sub-amplifier
and the subtractor may be resistors, so as to achieve the
effect of suppressing the distortion and not shunting a large
amount of current in the sub-circuit. Compared with the
prior art, the beneficial effects of the audio amplifier and the
audio playing device provided by the present disclosure are
the same as those of the above-mentioned feedforward
amplifier circuit relative to the prior art, which will not be
repeated here.

BRIEF DESCRIPTION OF DRAWINGS

[0020] In order to describe the technical solutions of the
present disclosure more clearly, the drawings, needed
therein, will be briefly introduced below. It should be
understood that the following drawings only show some
embodiments of the present disclosure, and therefore should
not be regarded as a limitation on the scope. For those skilled
in the art, other related drawings can also be obtained
according to these drawings without any creative efforts.
[0021] FIG. 1 is a diagram of the circuit structure of a
conventional feedforwardless audio amplifier.

[0022] FIG. 2 is a diagram of the circuit structure of a
conventional feedforward amplifier.

[0023] FIG. 3 is diagram of the circuit structure of a
feedforward amplifier provided by the present disclosure.

[0024] FIG. 4 is a schematic diagram of a circuit structure
of a feedforward amplifier provided by the present disclo-
sure.

[0025] FIG. 5 is diagram of the circuit structure of an
equivalent replacement circuit provided by the present dis-
closure.
[0026] FIG. 6 is diagram of the circuit structure of another
equivalent replacement circuit provided by the present dis-
closure.

[0027] Reference Numbers: 1-first circuit structure; 2-sec-
ond circuit structure.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0028] In order to make the objectives, technical solutions
and advantages of the present disclosure clearer, the tech-
nical solutions in the present disclosure will be described
clearly and completely below with reference to the drawings
in the present disclosure. Obviously, the described embodi-
ments are some, but not all, of the embodiments of the
present disclosure. Generally, the components of the present
disclosure described and illustrated in the drawings herein
may be arranged and designed in a variety of different
configurations.

[0029] The terms “first”, “second”, etc. are only used to
describe the distinguishing, and should not be construed to
indicate or imply the importance of relativity. The terms,
“include”, “comprise” or any other variation thereof are
intended to encompass non-exclusive inclusion, such that a
process, method, article or device comprising a list of
elements comprises not only those elements, but also other
elements not expressly listed, or also comprises elements
inherent to such a process, method, article or device. With-
out further limitation, an element qualified by the phrase
“comprising a” does not preclude the presence of additional
identical elements in a process, method, article or device that
comprises the element.

[0030] It should also be noted that, unless otherwise
expressly specified and limited, the terms, such as “arrange-
ment” and “connection” should be understood in a broad
sense, for example, “connection” may be a fixed connection,
a detachable connection, or an integral connection; it can be
a mechanical connection or an electrical connection; it can
be a direct connection or an indirect connection through an
intermediate medium, and it can be the internal communi-
cation of two components. For those skilled in the art, the
specific meanings of the above terms in the present disclo-
sure can be understood according to specific situations.

[0031] The specific embodiments of the present disclosure
will be described in detail below with reference to the
drawings.

[0032] FIG. 1 shows the common structure of audio
amplifiers without feedforward. Most of the distortion of the
output stage can be eliminated by the negative feedback of
a large loop. For low-power amplifiers, the feedback amount
of an operational amplifier with good performance can
reduce the distortion below 1 kHz to a very low level, which
can meet the application requirements. However, as the
frequency increases, its open-loop multiple decreases rap-
idly, and therefore, the feedback amount decreases rapidly
and the distortion will increase. For high-power amplifiers,
the output stage will produce huge distortion when the
output stage has output of large power in Class B or Class
A and B state, so that the low-frequency distortion cannot be
reduced to a low level. Therefore, the application effect of
such feedforwardless audio amplifier is unsatistying.

[0033] In FIG. 2, a feedforward circuit is added on the
basis of the amplifier shown in FIG. 1 above, and also
impedance 1, impedance 2 and an auxiliary output stage are
added. This structure was first applied in the 1970s and
1980s. The feedforward circuit structure can provide more
distortion suppression amount. Because the distortion sup-
pression effect does not decrease along with the increase of
frequency, it is mainly used to make up for the attenuation
of the distortion suppression amount caused by the attenu-
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ation of the negative feedback amount at high frequencies.
Herein, the auxiliary output stage can be omitted or can be
an independent amplifier.

[0034] The principle of the distortion suppression is as
follows. The distortion at the output point of the output stage
passes through the feedback loop (feedback loop 1 and
feedback loop 2), the input and amplification stage to
become a signal whose phase and amplitude are related to
the aforementioned path, and is output by the auxiliary
output stage, and then after the output signals of the two
output stages pass through the adder circuit formed by the
impedance 1 and the impedance 2 selected according to the
aforementioned path, a signal with suppressed distortion can
be obtained at the output point, and ideally, the distortion can
be completely eliminated.

[0035] According to the above-mentioned existing feed-
forward principle, due to the dependence on the open-loop
frequency-amplitude characteristics and the feedback loop
of the main amplifier, the following shortcomings will occur
in practice.

[0036] 1.Because the impedance 1 and impedance 2 of the
adder circuit are directly related to the parameters of the path
from the feedback point to the output point of the input and
output stage, the frequency-amplitude characteristic curve of
the path should be as straight or regular as possible to
facilitate selection of the impedance 1 and impedance 2.
Assuming that the input and amplifier stage is an operational
amplifier with a very large open-loop multiple, in order to
obtain a relatively straight frequency-amplitude character-
istic line, the feedback loop can be a resistor and a Miller
capacitor. When the selected value is appropriate, the fre-
quency-amplitude characteristic is the ratio of the capaci-
tance impedance to the resistance. Because the impedance 1
is directly connected to the output stage, it has to withstand
a very large current and cannot have large distortion. There-
fore, basically only the resistance and the inductance may be
selected. If it is selected that the impedance 1 is the
resistance, it is best that the impedance 2 is pure capacitance,
and however this requires the auxiliary output stage to have
a good capacitive load capacity, which makes the structure
of the auxiliary output stage more complicated. Alterna-
tively, it is selected that the impedance 2 is formed by a
small resistance and capacitance in series with each other,
which will affect the matching of the adder circuit and the
path, and compensation is needed in the feedback path. If it
is selected that the impedance 1 is the inductance, it should
be selected that the impedance 2 is the resistance, and
however the inductance must have parasitic resistance that
cannot be ignored in this case, which requires that the
impedance 2 and a capacitor are in series, so as to corre-
spond to the parasitic resistance. Moreover, the commonly
used inductor is pure copper, and the parasitic resistance has
a large temperature coeflicient. It is not practical to select a
capacitor with a corresponding temperature coefficient to
perform compensation, because the inductor generates heat
and the capacitor is heated, and the temperature change is
difficult to be predicted. Moreover, the capacitor should be
a high-performance capacitor which does not have such a
large temperature coefficient, the inductor needs to be con-
nected with a resistor that is larger than the resistance value
of the parasitic resistance by an order of magnitude, to
reduce the influence of the temperature drift of the parasitic
resistance. It can be seen that even if the input and output
stages are operational amplifiers with very large open-loop
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multiples that are close to the ideal situation, there are still
many problems in the choice of impedance; and in reality,
the large error of the impedance, especially capacitance and
inductance, directly limits the strength of distortion suppres-
sion.

[0037] 2. In the above case, the input and amplifier stage
is an ideal operational amplifier, wherein when this stage
uses a discrete circuit designed for itself, the frequency-
amplitude characteristic line is likely to be curved. To obtain
a straighter frequency-amplitude characteristic line, the
Miller capacitance must be sufficiently large, which will
sacrifice a large amount of feedback, which is not worth the
loss. In the above case of using a Miller capacitor for
performing single-pole compensation, if it is desired to
obtain more feedback amount, it is needed to use double-
pole compensation. In order to correspond to the curved
frequency-amplitude characteristic line generated by
double-pole compensation, the adder circuit will be more
complicated.

[0038] 3. According to the principle, the distortion of the
output point of the output stage will be amplified by a large
multiple. If the distortion is large, such as clipping, even a
slight clipping will cause the feedforward to be unable to
work properly. If the amplification factor of the designed
path is very small, for example, the Miller capacitor is
replaced by a resistor that is not too large, the larger
distortion can also be corrected, and a relatively flat fre-
quency-amplitude characteristic line in the audio range can
be obtained, so that the adder circuit only needs two resistors
to suppress the distortion, but this sacrifices a huge amount
of feedback, which is not worth the loss.

[0039] 4. The auxiliary output stage also provides current
to the load. The shunt ratio is the impedance ratio, which is
the amplification factor of the above path. When the load is
very large and the current is very large, the output current of
the auxiliary output stage is the distorted current plus the
shunt current, and therefore there are certain requirements
for current output capacity and scale.

[0040] 5. Existing methods rely heavily on the negative
feedback, and therefore the requirement for the amount of
feedback is relatively high.

[0041] 6. In the existing method, it needs to be able to take
a point from the front of the output stage, which cannot be
applied to an overall amplifier chip, if no input and amplifier
stage with the amplifier chip wrapped in a feedback loop is
added.

[0042] Based on this, the present disclosure provides a
feedforward amplifier circuit, an audio amplifier and an
audio playing device, which can simplify the circuit struc-
ture and selection of component parameters and save costs,
by getting rid of the dependence on the open-loop fre-
quency-amplitude characteristic and feedback loop of the
main amplifier.

[0043] Referring to FIG. 3, the present disclosure provides
a feedforward amplifier circuit, the components of which
comprise: a main amplifier circuit, an adder circuit, a
sub-amplifier circuit and a subtractor circuit. It should be
noted that the impedance in the present disclosure is not
limited to a resistance and can be suitable inductors, capaci-
tors, resistors, or combinations thereof. In the present dis-
closure, it is assumed that the impedances in the circuit
structure are all resistors, and the open-loop amplification
factor of the amplifier is very large, which is for the purpose
of description. Exemplarily, if all the impedances can be
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resistors, the cost is low, the precision is high, the stability
is high, and many values can be selected.

[0044] The main amplifier circuit adds distortion to the
first input signal to output a distorted signal, and inputs the
distorted signal to the adder circuit and the subtractor circuit
for performing feedforward correction. The sub-amplifier
circuit amplifies the second input signal and serves as the
positive input of the subtractor circuit, so that the signal gain
output by the subtractor is equal to the signal gain of the
main amplifier. The subtractor circuit takes the distorted
signal as a negative input, reversely amplifies the distorted
signal, and then performs feedforward. The adder circuit
superimposes the distorted signal output by the main ampli-
fier circuit and the reverse-amplified distorted signal output
by the subtractor, to output a distortion-free signal. In
practical applications, optionally, the main amplifier circuit
outputs a distorted signal and then feeds forward, and at the
same time, the distorted signal and the signal obtained by the
sub-amplifier circuit amplifying and gaining the input signal
are jointly input into the subtractor circuit, and the subtractor
makes the distorted signal reversely amplified and performs
feedforward. The distorted signal fed forward by the main
amplifier is superimposed with the signal obtained by being
reversely amplified by the subtractor and fed forward, and a
signal in an undistorted state is output. Optionally, the
distortion-free signal may include the first input signal, the
second input signal, or the first input signal and the second
input signal. The present disclosure adopts an independent
feedforward circuit to amplify the signal and distortion, and
the dependence on the main amplifier circuit is greatly
reduced. A straight and regular frequency-amplitude char-
acteristic line is not required, so as for facilitating matching
of device parameters in the adder circuit. The main amplifier
does not need to sacrifice too much feedback amount, and
can even use double-pole compensation to further increase
the feedback amount to improve performance. In addition, it
is not necessary to take a point between the output stage and
the amplification stage of the main amplifier to lead out to
connect to the adder, which makes the circuit more flexible
and applicable to a wider range.

[0045] Due to the signal gain effect of the sub-amplifier,
the signal gain of the main amplifier is the same as that of
the subtractor. Here, there is a distorted voltage difference
between the output of the main amplifier circuit and the
output of the subtractor circuit. The sub-amplifier circuit in
the present disclosure can cause that no signal voltage
difference is between the output of the main amplifier circuit
and the output of the subtractor circuit, that is, there is no
signal voltage difference between both ends of the imped-
ance Z3. If there is a voltage difference between the two, it
will make the sub-amplifier circuit also become a load.
[0046] On the basis of the foregoing embodiment, the gain
of'the sub-amplifier can also be higher or lower than the gain
of the output of the main amplifier, and in the following
circuit, it is attenuated or amplified to the gain of the output
of the main amplifier.

[0047] Optionally, in this embodiment, it further com-
prises an input end and an output end, wherein the input end
is configured to provide an input signal, and the output end
outputs a distortion-free signal.

[0048] Here, the main amplifier circuit comprises a main
amplifier, an impedance 71, and a first feedback impedance,
wherein the first feedback impedance comprises an imped-
ance r and an impedance R; the first input signal enters from
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the positive input end of the main amplifier, and the output
end of the main amplifier is connected with one end of the
impedance Z1, the other end of the impedance Z1 is con-
nected to one end of the impedance r, the other end of the
impedance r is connected to one end of the impedance R and
the negative input end of the main amplifier, respectively,
and the other end of the impedance R is grounded. It can be
understood that the main amplifier circuit comprises the first
feedback impedance, composed of an impedance r and an
impedance R, and the impedance r and the impedance R
constitute a voltage division circuit.

[0049] The open-loop of the main amplifier can have a low
open-loop amplification factor. At this time, the value of the
impedance needs to be changed correspondingly to realize
that the subtractor does not shunt.

[0050] Exemplarily, the sub-amplifier circuit comprises a
sub-amplifier and a second feedback impedance, and the
second feedback impedance comprises an impedance r and
an impedance R; the second input signal enters from the
positive input end of the sub-amplifier, and the output end of
the sub-amplifier is connected to the subtractor and one end
of the impedance, respectively. The other end of the imped-
ance r is connected to one end of the impedance R and the
negative input end of the sub-amplifier, respectively, and the
other end of the impedance R is grounded.

[0051] Optionally, the subtractor circuit comprises a sub-
tractor and a third feedback impedance, and the third feed-
back impedance comprises impedance r2 and impedance rl;
the positive input end of the subtractor is connected to the
output end of the sub-amplifier in the sub-amplifier circuit,
and the negative input end of the subtractor is connected
with one end of the impedance rl and one end of the
impedance r2, the other end of the impedance rl is con-
nected to the main amplifier circuit, and the other end of the
impedance r2 is connected to the output end of the subtrac-
tor.

[0052] Here, the subtractor only outputs or absorbs the
distorted current theoretically, and does not need to provide
current to the load, so that requirement on its current output
capability is lower. When the open-loop multiple of the main
amplifier is very large and the impedance 72 is greater than
the impedance Z1, the distorted current is approximately
equal to the distorted voltage at the output end of the main
amplifier without feedforward as shown in FIG. 1 being
divided by Z2. Because the subtractor does not need shunt,
the reverse amplification factor and Z3 do not need to be set
as large values, so that even if the distortion of the main
amplifier circuit is relatively large, it can still feed forward
normally after amplification. When the main amplifier has
minor clipping, the distortion suppression is still possible.
[0053] Optionally, the adder circuit comprises impedance
71, impedance 72 and impedance Z3; one end of impedance
71 is respectively connected with the output end of the main
amplifier in the main amplifier circuit and the other end of
the impedance rl in the subtractor circuit, and the other end
of the impedance 71 is connected to one end of impedance
72 and one end of the impedance r of the main amplifier,
respectively, the other end of impedance Z2 is connected to
the output end and one end of impedance Z3, respectively,
and the other end of impedance 73 is connected to the output
end of the subtractor in the subtractor circuit.

[0054] Optionally, the amplification factors of the first
feedback impedance of the main amplifier circuit and the
second feedback impedance of the sub-amplifier circuit are
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the same or in the same ratio, wherein the main amplifier can
also be reversed amplification, and correspondingly, the
sub-amplifier should be changed to the reversed amplifica-
tion.

[0055] Exemplarily, the subtractor in the subtractor circuit
has an amplification factor of 1 for the distortion-free signal,
and the amplification factor of —(r2/r1) for the point distor-
tion between the impedance Z1 and the output end of the
main amplifier in the main amplifier circuit. The impedances
71~73 in the adder circuit satisty the following relationship:
(r2/r1)x(Z1+72)=73. In addition, the impedance in the
adder circuit can also comprise the following relationship:
72/71=r2/r1, where the impedance Z1 and the impedance
72 generally are set as the smaller impedance values,
because they have to bear a large current.

[0056] Herein, when only (r2/r1)x(Z1+72)=73 is satis-
fied, but Z2/71=r2/r1 is not satisfied, there is still a very
good distortion correction effect, but the auxiliary output
stage will participate in the shunt.

[0057] In the present disclosure, since the dependence on
the feedback of the main amplifier is greatly reduced, the
impedance does not need to be valued strictly according to
the properties of the main amplifier. For the main amplifier
with a large open-loop amplification factor, it is only nec-
essary to know its closed-loop amplification factor. The
reverse amplification factor of the substractor can be set by
itself, and the value of the adder circuit is also in the simple
relationship described above.

[0058] When the impedance satisfies the above relation-
ship and it is assumed that both the sub-amplifier and the
subtractor have no distortion to the input signal, after the
distorted signal at the output end of the main amplifier is
reversely amplified by the subtractor and the adder performs
the positive and negative cancellation, the output point has
no distortion. It is also assume that the output current of the
main amplifier is I, the input is u, and the distortion-free
signal at the negative feedback point is U, then the voltage
drop of 71 is IxZ1, and the voltage drop of Z2 is xZ2, that
is, Ix(r2/r1)xZ1, so that the output signal is (U-Ix(r2/r1)x
71). The voltage drop of Z1 is amplified reversely by (r2/r1)
times by the subtractor, so that the output distortion-free
signal of the subtractor is (U-Ix(r2/r1)xZ1), which is the
same as that at the output point, so that the subtractor does
not output the current of the distortion-free signal or does not
carry a load.

[0059] Optionally, if the resistance value of the impedance
71 is 0, the main amplifier circuit, the sub-amplifier circuit,
the subtractor circuit and the adder circuit are each discrete,
and the point of the subtractor is actually outside the main
amplifier loop, and there is no dependency on the negative
feedback of the main amplifier.

[0060] When Z1 is 0 and (r2/r1) Z2=73, there is still a very
good distortion correction effect and it does not rely on the
negative feedback of the main amplifier at all, so that the
output stage can be separately subjected to the distortion
correction and then added with a negative feedback loop.
[0061] In the present disclosure, as shown in FIG. 4, the
feedforward amplifier circuit can be divided into two parts,
including a first circuit structure 1 and a second circuit
structure 2.

[0062] Optionally, the first circuit structure 1 can be
equivalently replaced with the circuit structure shown in
FIG. 5. At this time, the impedance is of the following
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relationship, (r1/(rl1+r2))x7=71, (r2/(t1+r2))x7=72, r=rl/
r2, where r1//12 represents the value of the impedance r1 and
the impedance r2 in parallel.

[0063] Optionally, the second circuit structure 2 can also
be replaced with the amplifier equivalent circuit shown in
FIG. 6. Herein, the amplifier equivalent circuit is configured
to equivalently replace the main amplifier circuit and the
sub-amplifier circuit. The amplifier equivalent circuit com-
prises an amplifier, impedance r1, impedance r2, and imped-
ance r3. The positive input end of the amplifier receives the
first input signal, the negative input end of the amplifier is
respectively connected to one ends of the impedance r1, the
impedance r2 and the impedance r3, the other end of the
impedance rl receives the second input signal, and the other
end of the impedance r2 is connected to the output end of the
amplifier, and the other end of the impedance r3 is grounded.
At this time, the impedance in the sub-amplifier is of the
following relationship, r=r2, R=r1//r3.

[0064] Optionally, the sub-amplifier or subtractor can also
achieve corresponding equivalent substitution effects in an
equivalent parallel manner.

[0065] Optionally, both the main amplifier and the sub-
amplifier can use inverting input or differential input.
[0066] The present disclosure also provides an audio
amplifier, including the above-mentioned feedforward
amplifier circuit, which is applied in the technical field of
audio amplification, solving the same technical problems
and achieves the same technical effects as the foregoing
feedforward amplifier circuit, which will not be repeated
here.

[0067] The present disclosure also provides an audio play-
ing device, including the audio amplifier as described above,
and a processing chip and a playing component connected to
the audio amplifier. The processing chip sends a control
signal, and after the controlled audio signal passes through
the audio amplifier, it is output without distortion, and then
played through the playing component to realize the distor-
tion-free effect of audio playing.

[0068] Finally, it should be noted that the above-men-
tioned embodiments are only specific implementations of
the present disclosure, and used to illustrate the technical
solutions of the present disclosure rather than limit them.
The protection scope of the present disclosure is not limited
thereto. Although the present disclosure is described in
detail by referring to the foregoing embodiments, those
skilled in the art should understand that: any person skilled
in the art who is familiar with the technical field of the
present disclosure can still carry out modifications or easily
conceive of changes to the technical solutions described in
the foregoing embodiments within the technical scope dis-
closed by the present disclosure, or make equivalent replace-
ments to some of the technical features therein. These
modifications, changes or replacements do not make the
essence of the corresponding technical solutions deviate
from the spirit and scope of the technical solutions of the
embodiments of the present disclosure, and should be cov-
ered by the protection scope of the present disclosure.
Therefore, the protection scope of the present disclosure
should be based on the protection scope of the claims.

INDUSTRIAL APPLICABILITY

[0069] The feedforward amplifier circuit of the present
disclosure comprises a main amplifier circuit, an adder
circuit, a sub-amplifier circuit and a subtractor circuit. The
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inputs of the main amplifier and the sub-amplifier are
consistent with each other, and the output signal of the
sub-amplifier and the negative input signal output from the
main amplifier are output after passing through the subtrac-
tor, and then pass through the adder circuit and was synthe-
sized with output of the main amplifier to obtain the total
output signal, and the dependence on the negative feedback
of the main amplifier is small.

1. A feedforward amplifier circuit, comprising: a main
amplifier circuit, an adder circuit, a sub-amplifier circuit and
a subtractor circuit, wherein

the main amplifier circuit adds distortion to a first input

signal to output a distorted signal, and inputs the
distorted signal to the adder circuit and the subtractor
circuit for performing feedforward correction;

the sub-amplifier circuit amplifies a second input signal

and serves as a positive input of the subtractor circuit,
so that a signal gain output by a subtractor in the
subtractor circuit is equal to a signal gain of a main
amplifier in the main amplifier circuit;

the subtractor circuit, with the distorted signal as a nega-

tive input, reversely amplifies the distorted signal and
then performs feedforward; and

the adder circuit superimposes the distorted signal output

by the main amplifier circuit and an reversely amplified
distorted signal output by the subtractor, so as to output
a distortion-free signal.

2. The feedforward amplifier circuit according to claim 1,
wherein the main amplifier circuit comprises the main
amplifier, an impedance Z1 and a first feedback impedance,
and the first feedback impedance comprises an impedance r
and an impedance R,

wherein the first input signal enters from a positive input

end of the main amplifier, wherein an output end of the
main amplifier is connected to one end of the imped-
ance Z1, and the other end of the impedance Z1 is
connected to one end of the impedance r, the other end
of the impedance r is respectively connected to one end
of the impedance R and a negative input end of the
main amplifier, and the other end of the impedance R
is grounded.

3. The feedforward amplifier circuit according to claim 1,
wherein the sub-amplifier circuit comprises a sub-amplifier
and a second feedback impedance, and the second feedback
impedance comprises an impedance r and an impedance R,

wherein the second input signal enters from a positive

input end of the sub-amplifier, an output end of the
sub-amplifier is respectively connected to the subtrac-
tor and one end of the impedance r, and the other end
of the impedance r is respectively connected to one end
of the impedance R and a negative input end of the
sub-amplifier, and the other end of the impedance R is
grounded.

4. The feedforward amplifier circuit according to claim 1,
wherein the subtractor circuit comprises a subtractor and a
third feedback impedance, and the third feedback impedance
comprises an impedance 12 and an impedance rl,

wherein a positive input end of the subtractor is connected

to an output end of the sub-amplifier in the sub-
amplifier circuit, and a negative input end of the
subtractor is connected to one end of the impedance rl
and one end of the impedance 12, the other end of the
impedance r1 is connected to the main amplifier circuit,
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and the other end of the impedance r2 is connected to
an output end of the subtractor.

5. The feedforward amplifier circuit according to claim 1,
wherein the adder circuit comprises an impedance Z1, an
impedance Z2 and an impedance Z3,

wherein one end of the impedance Z1 is respectively
connected with an output end of the main amplifier in
the main amplifier circuit and the other end of the
impedance r1 in the subtractor circuit, the other end of
the impedance Z1 is respectively connected with one
end of the impedance Z2 and one end of an impedance
r of the main amplifier, the other end of the impedance
72 is respectively connected to an output end and one
end of the impedance Z3, and the other end of the
impedance Z3 is connected to an output end of the
subtractor in the subtractor circuit.

6. The feedforward amplifier circuit according to claim 1,
wherein an amplification factor of a first feedback imped-
ance of the main amplifier circuit and an amplification factor
of a second feedback impedance of the sub-amplifier circuit
are equal to each other or in same ratio.

7. The feedforward amplifier circuit according to claim 4,
wherein the subtractor in the subtractor circuit has an
amplification factor of 1 for the distortion-free signal, while
has an amplification factor of —(r2/r1) for point distortion
between the impedance Z1 and an output end of the main
amplifier in the main amplifier circuit.

8. The feedforward amplifier circuit according to claim 1,
wherein impedance in the adder circuit satisfies following
relationship:

(r2/rl)x (Z1 +Z2) = Z3.

9. The feedforward amplifier circuit according to claim 1,
further comprising an input end and an output end, wherein
the input end is configured to provide the input signal, and
the output end outputs the distortion-free signal.

10. The feedforward amplifier circuit according to claim
1, wherein if a resistance value of an impedance Z1 is 0, then
the main amplifier circuit, the sub-amplifier circuit, the
subtractor circuit and the adder circuit are each discrete.

11. The feedforward amplifier circuit according to claim
1, further comprising an amplifier equivalent circuit, con-
figured to equivalently replace the main amplifier circuit and
the sub-amplifier circuit.

12. The feedforward amplifier circuit according to claim
11, wherein the amplifier equivalent circuit comprises an
amplifier, an impedance r1, an impedance r2 and an imped-
ance r3.

13. The feedforward amplifier circuit according to claim
12, wherein a positive input end of the amplifier receives a
first input signal, and a negative input end of the amplifier
is respectively connected to one ends of the impedance rl,
the impedance r2 and the impedance r3, the other end of the
impedance rl receives a second input signal, the other end
of the impedance r2 is connected to an output end of the
amplifier, and the other end of the impedance 13 is grounded.

14. An audio amplifier, comprising the feedforward
amplifier circuit according to claim 1.
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15. An audio playing device, comprising the audio ampli-
fier according to claim 14, further comprising a processing
chip and a playing component connected to the audio
amplifier.

16. The feedforward amplifier circuit according to claim
2, wherein the sub-amplifier circuit comprises a sub-ampli-
fier and a second feedback impedance, and the second
feedback impedance comprises an impedance r and an
impedance R, wherein the second input signal enters from a
positive input end of the sub-amplifier, an output end of the
sub-amplifier is respectively connected to the subtractor and
one end of the impedance r, and the other end of the
impedance r is respectively connected to one end of the
impedance R and a negative input end of the sub-amplifier,
and the other end of the impedance R is grounded.

17. The feedforward amplifier circuit according to claim
2, wherein the subtractor circuit comprises a subtractor and
a third feedback impedance, and the third feedback imped-
ance comprises an impedance 12 and an impedance rl,

wherein a positive input end of the subtractor is connected
to an output end of the sub-amplifier in the sub-
amplifier circuit, and a negative input end of the
subtractor is connected to one end of the impedance rl
and one end of the impedance 12, the other end of the
impedance r1 is connected to the main amplifier circuit,
and the other end of the impedance r2 is connected to
an output end of the subtractor.
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18. The feedforward amplifier circuit according to claim
2, wherein the adder circuit comprises an impedance Z1, an
impedance Z2 and an impedance Z3,

wherein one end of the impedance Z1 is respectively

connected with an output end of the main amplifier in
the main amplifier circuit and the other end of the
impedance r1 in the subtractor circuit, the other end of
the impedance Z1 is respectively connected with one
end of the impedance Z2 and one end of an impedance
r of the main amplifier, the other end of the impedance
72 is respectively connected to an output end and one
end of the impedance Z3, and the other end of the
impedance Z3 is connected to an output end of the
subtractor in the subtractor circuit.

19. The feedforward amplifier circuit according to claim
2, wherein an amplification factor of a first feedback imped-
ance of the main amplifier circuit and an amplification factor
of a second feedback impedance of the sub-amplifier circuit
are equal to each other or in same ratio.

20. The feedforward amplifier circuit according to claim
4, wherein impedance in the adder circuit satisfies following
relationship:

(r2/rl)x (Z1 +Z2) = Z3.



