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(54) HIGH-LINEARITY AMPLIFIER

(57) A high-linearity amplifier (400) including a main
operational amplifier (op_amp), a feedback circuit (Rf1,
Rf2), and a compensation circuit (Rc1, Rc2) is shown.
The feedback circuit (Rf1, Rf2) couples an output signal
of the main operational amplifier (op_amp) to an input
port of the main operational amplifier (op_amp). The
compensation circuit (Rc1, Rc2) is coupled to the input

port of the main operational amplifier (op_amp) to com-
pensate for the non-linearity of the feedback circuit (Rf1,
Rf2). A signal coupled to the input port of the main oper-
ational amplifier (op_amp) through the compensation cir-
cuit (Rc1, Rc2) has an inverse phase compared to the
output signal of the main operational amplifier (op_amp).
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Description

Field of the Invention

[0001] The present invention relates to operational amplifiers.

Description of the Related Art

[0002] Operational amplifiers (op amps) are among the most widely used electronic devices today, being used in a
vast array of consumer, industrial, and scientific devices. For example, a headphone amplifier may be implemented
using an operational amplifier.
[0003] FIG. 1 depicts a conventional amplifier 100 implemented by an operational amplifier op_amp. Due to the velocity
saturation effect, the resistance of the feedback resistor Rf is seriously affected (e.g., 2nd-order voltage coefficient in
the resistance of the feedback resistor Rf) by a large voltage swing across the feedback resistor Rf, which results in
serious odd harmonics (e.g., HD3, HD5, HD7, and so on) in the amplification.
[0004] One conventional solution is to use a large-sized feedback resistor Rf to sustain the large voltage swing.
However, the improvement is not efficient. The width of the feedback resistor Rf is increased by 2N times, the third-order
harmonic HD3 is only improved by N∗12dB. Targeted at -130dBc third-order harmonic (HD3), the feedback resistor Rf
is too huge in size. The circuit size of the entire amplifier is very large.

BRIEF SUMMARY OF THE INVENTION

[0005] A reasonable-sized amplifier with high-linearity is introduced.
[0006] An amplifier in accordance with an exemplary embodiment of the present invention includes a main operational
amplifier, a feedback circuit, and a compensation circuit. The feedback circuit couples an output signal of the main
operational amplifier to an input port of the main operational amplifier. The compensation circuit is coupled to the input
port of the main operational amplifier to compensate for the non-linearity of the feedback circuit. Specifically, a signal
coupled to the input port of the main operational amplifier through the compensation circuit has an inverse phase
compared to the output signal of the main operational amplifier.
[0007] In an exemplary embodiment, the amplifier is a fully-differential amplifier. The main operational amplifier has
a non-inverting input terminal, an inverting input terminal, a positive output terminal, and a negative output terminal. The
feedback circuit includes a first feedback resistor coupled between the positive output terminal and the inverting input
terminal of the main operational amplifier, and a second feedback resistor coupled between the negative output terminal
and the non-inverting input terminal of the main operational amplifier. The compensation circuit includes a first compen-
sation resistor coupled between the negative output terminal and the inverting input terminal of the main operational
amplifier, and a second compensation resistor coupled between the positive output terminal and the non-inverting input
terminal of the main operational amplifier. The compensation circuit provides a positive feedback path for the amplification.
[0008] In another exemplary embodiment, the compensation circuit provides a feed-forward path to compensate for
the non-linearity of the feedback circuit. The non-inverting input terminal of the main operational amplifier is coupled to
a positive output terminal of a former-stage circuit of the amplifier, and the inverting input terminal of the main operational
amplifier is coupled to a negative output terminal of the former-stage circuit of the amplifier. The compensation circuit
includes a first compensation resistor coupled between the positive output terminal of the former-stage circuit of the
amplifier and the inverting input terminal of the main operational amplifier, and a second compensation resistor coupled
between the negative output terminal of the former-stage circuit of the amplifier and the non-inverting input terminal of
the main operational amplifier.
[0009] In the forgoing fully-differential architecture, the resistance of the first compensation resistor is greater than the
resistance of the first feedback resistor, and the resistance of the second compensation resistor is greater than the
resistance of the second feedback resistor. In some exemplary embodiments, the size of the first compensation resistor
is smaller than the size of the first feedback resistor, and the size of the second compensation resistor is smaller than
the size of the second feedback resistor.
[0010] In an exemplary embodiment, the resistance of the first compensation resistor is N times the resistance of the
first feedback resistor, and N is greater than 1. The length and width of the first feedback resistor are L1 and W1,

respectively. The length and width of the first compensation resistor are L2 and W2, respectively. L2 is  and

W2 is  Size of the second feedback resistor may equal size of the first feedback resistor. Size of the
second compensation resistor may equal size of the first compensation resistor.
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[0011] In some exemplary embodiments, the amplifier is implemented as a single-ended amplifier.
[0012] A detailed description is given in the following embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention can be more fully understood by reading the subsequent detailed description and ex-
amples with references made to the accompanying drawings, wherein:

FIG. 1 depicts a conventional amplifier 100 implemented by an operational amplifier op_amp;
FIG. 2A and FIG. 2B depict a solution to the non-linearity of the feedback resistor Rf of FIG. 1, wherein an inverse
paralleling linearization architecture is introduced;
FIG. 3 depicts a single-ended amplifier 300 with the inverse paralleling linearization in a positive feedback loop path;
FIG. 4 depicts a fully-differential amplifier 400 with the inverse paralleling linearization in a positive feedback loop path;
FIG. 5 depicts a single-ended amplifier 500 with the inverse paralleling linearization in a feed-forward signal path; and
FIG. 6 depicts a fully-differential amplifier 600 with the inverse paralleling linearization in a feed-forward signal path.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The following description shows exemplary embodiments carrying out the invention. This description is made
for the purpose of illustrating the general principles of the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the appended claims.
[0015] FIG. 2A and FIG. 2B depict a solution to the non-linearity of the feedback resistor Rf of FIG. 1. An inverse
paralleling linearization architecture is introduced.
[0016] Referring to FIG. 2A, the voltage Vop across the feedback resistor Rf is inverted by an inverting amplification
circuit inv_amp (with an amplitude gain 1) and thereby the voltage across a compensation resistor Rc is in an inverse
phase (Vop) compared to the voltage (+Vop) across the feedback resistor Rf. Such architecture is named the inverse
paralleling linearization. FIG. 2B shows the current-voltage (I-V) plot of the resistors of FIG. 2B. The I-V plot of the
feedback resistor Rf is 202, which contains a 2nd-order degradation, e.g., Rf(1-a(2, Rf)Vop2), where a(2, Rf) is the 2nd-
order non-linearity voltage coefficient of the feedback resistor Rf. The I-V plot of the compensation resistor Rc is 204,
whose 2nd-order harmonic is in another direction, e.g., Rc(1+a(2, Rc)Vop2), where a(2, Rc) is the 2nd-order non-linearity
voltage coefficient of the compensation resistor Rc. According to the inverse paralleling linearization architecture of FIG.
2A, the I-V plot of the equivalent resistance is 206, which approaches the ideal feedback resistor Rf.
[0017] The inverse paralleling linearization architecture may be implemented in a positive feedback loop path of an
amplifier.
[0018] FIG. 3 depicts a single-ended amplifier 300 with the inverse paralleling linearization in a positive feedback loop
path.
[0019] The single-ended amplifier 300 has a main operational amplifier op_amp, a feedback resistor Rf, and a com-
pensation circuit 302 including a compensation resistor Rc and an inverting amplification circuit inv_amp (with an am-
plitude gain 1). The main operational amplifier op_amp has a non-inverting input terminal ’+’, an inverting input terminal
’-’, and a single-ended output terminal outputting the amplified signal Vout. The feedback resistor Rf is coupled between
the single-ended output terminal (Vout) and the inverting input terminal ’-’ of the main operational amplifier op_amp. The
compensation circuit 302 is provided in the positive feedback loop path of the single-ended amplifier 300 to form an
inverse paralleling linearization architecture with the feedback resistor Rf. Thus, non-linearity of the feedback resistor
Rf is compensated by the compensation circuit 302. As shown, the single-ended output terminal (Vout) of the main
operational amplifier op_amp is coupled to an input terminal of the inverting amplification circuit inv_amp, an output
terminal of the inverting amplification circuit inv_amp is coupled to the inverting terminal ’-’ of the main operational
amplifier op_amp through the compensation resistor Rc.
[0020] The single-ended amplifier 300 is an I-V amplifier, whose input signal is a current signal Idac and output signal
is a voltage signal Vout. In the other exemplary embodiments, V-V amplification can also use the compensation circuit 302.
[0021] In the inverse paralleling linearization architecture, the output signal Vout is:
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To achieve the ideal equation Vout≈ IdacRf, the resistance of the compensation resistor Rc is greater than the resistance
of the feedback resistor Rf.
[0022] In an exemplary embodiment, the resistance of the compensation resistor Rc is N times the resistance of the
feedback resistor Rf, and N is greater than 1. The length and width of the feedback resistor Rf are L1 and W1, respectively.
The length and width of the compensation resistor Rc are L2 and W2, respectively. Specifically, the design of the
compensation resistor Rc is: 

The size of the compensation resistor Rc is smaller than the size of the feedback resistor Rf. The single-ended amplifier
300 is a reasonable-sized amplifier with high-linearity.
[0023] In an exemplary embodiment, to perfectly minimize the noise contribution or instability introduced through the
positive feedback loop path, N is greater than 10. For example, N may be 29. When W1 is 32m and L1 is 189m, W2 is
0.2m and L2 is 35.1m. Both feedback resistor Rf and the compensation resistor Rc are small-sized resistors.
[0024] In another exemplary embodiment, the inverting amplification circuit inv_amp of the compensation circuit 302
may have a magnitude gain k greater than 1. In such an example, the resistance of the compensation resistor Rc is k∗N
times the resistance of the feedback resistor Rf, and N is greater than 1. Specifically, the design of the compensation
resistor Rc is: 

[0025] The size of the compensation resistor Rc is further shrunk by k. In the example wherein N is 29, W1 is 32m,
L1 is 189m, and k is 2, W2 is 0.072m and L2 is 24.8m. The size of compensation resistor Rc is smaller than the forgoing
example.
[0026] In the other exemplary embodiments, the feedback resistor Rf is also manufactured in a small size. For example,
the feedback resistor Rf may be implemented by multiple small-sized resistors which are coupled in parallel.
[0027] FIG. 4 depicts a fully-differential amplifier 400 with the inverse paralleling linearization in a positive feedback
loop path.
[0028] The fully-differential amplifier 400 has a main operational amplifier op_amp, a feedback circuit including a first
feedback resistor Rf1 and a second resistor Rf2, and a compensation circuit including a first compensation resistor Rc1
and a second compensation resistor Rc2. The main operational amplifier op_amp has a non-inverting input terminal ’+’,
an inverting input terminal ’-’, a positive output terminal (Vout_p), and a negative output terminal (Vout_n). The amplified
signal is (Vout_p - Vout_n). The first feedback resistor Rf1 is coupled between the positive output terminal (Vout_p) and
the inverting input terminal ’-’ of the main operational amplifier op_amp, and the second feedback resistor Rf2 is coupled
between the negative output terminal (Vout_n) and the non-inverting input terminal ’+’ of the main operational amplifier
op_amp. The first compensation resistor Rc1 is coupled between the negative output terminal (Vout_n) and the inverting
input terminal ’-’ of the main operational amplifier op_amp, and the second compensation resistor Rc2 is coupled between
the positive output terminal (Vout_p) and the non-inverting input terminal ’+’ of the main operational amplifier op_amp.
Inverse paralleling linearization is successfully performed on both the first and second feedback resistors Rf1 and Rf2
[0029] In an exemplary embodiment, the resistance of the first compensation resistor Rc1 is greater than the resistance
of the first feedback resistor Rf1, the size of the first compensation resistor Rc1 is smaller than the size of the first
feedback resistor Rf1, the resistance of the second compensation resistor Rc2 is greater than the resistance of the
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second feedback resistor Rf2, and the size of the second compensation resistor Rc2 is smaller than the size of the
second feedback resistor Rf2.
[0030] In an exemplary embodiment, the resistance of the first compensation resistor Rc1 is N times the resistance
of the first feedback resistor Rf1, and N is greater than 1. The length and width of the first feedback resistor Rf1 are L1
and W1, respectively. The length and width of the first compensation resistor Rc1 are L2 and W2, respectively. L2 is

 and W2 is  The size of the second feedback resistor Rf2 may be equal the size of the first
feedback resistor Rf1. The size of the second compensation resistor Rc2 may be equal the size of the first compensation
resistor Rc1.
[0031] In the other exemplary embodiments, the feedback resistors Rf1 and Rf2 are also manufactured in a small
size. For example, the feedback resistor Rf1/Rf2 may be implemented by multiple small-sized resistors which are coupled
in parallel.
[0032] In some exemplary embodiments, the inverse paralleling linearization architecture may be implemented in a
feed-forward signal path rather than based on feedback of the amplifier.
[0033] FIG. 5 depicts a single-ended amplifier 500 with the inverse paralleling linearization in a feed-forward signal
path. In comparison with the single-ended amplifier 300 of FIG. 3, the compensation circuit 502 of the single-ended
amplifier 500 is coupled between a former-stage circuit of the single-ended amplifier 500 and the inverting input terminal
’-’ of the main operational amplifier op_amp.
[0034] In an exemplary embodiment, the former-stage circuit provides the single-ended amplifier 500 with a current
signal Idac as an input signal of the single-ended amplifier 500. In addition to the compensation resistor Rc, the com-
pensation circuit 502 further has a converter 504 that converts the input signal Idac of the single-ended amplifier 500 to
an inverted signal compared to the output signal Vout of the single-ended amplifier 500. In an exemplary embodiment,
the converter 504 generates a voltage (≈-Iout∗Rf=-Vout) to be coupled to the inverting input terminal ’-’ of the main
operational amplifier op_amp through the compensation circuit Rc.
[0035] In this structure shown in FIG. 5, inverse paralleling linearization is successfully performed in a feed-forward
signal path. The resistance of the compensation resistor Rc is greater than the resistance of the feedback resistor Rf,
and the size of the compensation resistor Rc is smaller than the size of the feedback resistor Rf. In an exemplary
embodiment, the resistance of the compensation resistor Rc is N times the resistance of the feedback resistor Rf, and
N is greater than 1. The length and width of the feedback resistor Rf are L1 and W1, respectively. The length and width

of the compensation resistor Rc are L2 and W2, respectively. L2 is  and W2 is W1/(N•  ).
[0036] In another exemplary embodiment, the converter 504 further includes an amplification circuit with a gain, k,
greater than 1. The inverted signal (≈-Iout∗Rf=-Vout) is amplified k times and then coupled to the inverting input terminal
’-’ of the main operational amplifier op_amp through the compensation circuit Rc. In such an example, the resistance of
the compensation resistor Rc is k∗N times the resistance of the feedback resistor Rf, and N is greater than 1. Specifically,

the design of the compensation resistor Rc is:  and  The size
of the compensation resistor Rc is further shrunk by k.
[0037] In the other exemplary embodiments, the feedback resistor Rf is also manufactured in a small size. For example,
the feedback resistor Rf may be implemented by multiple small-sized resistors which are coupled in parallel.
[0038] FIG. 6 depicts a fully-differential amplifier 600 with the inverse paralleling linearization in a feed-forward signal
path. In comparison with the single-ended amplifier 400 of FIG. 4, the first compensation resistor Rc1 is coupled between
a positive output terminal FS_p of a former-stage circuit 602 of the fully-differential amplifier 600 and the inverting input
terminal ’-’ of the main operational amplifier op_amp, and a second compensation resistor Rc2 is coupled between a
negative output terminal FS_n of the former-stage circuit 602 of the fully-differential amplifier 600 and the non-inverting
input terminal ’+’ of the main operational amplifier op_amp. The former-stage circuit 602 uses the positive and negative
output terminals FS_p and FS_n to transfer a voltage signal into the fully-differential amplifier 600 as the input signal of
the fully-differential amplifier 600. There is a first input resistor Rin1 coupled between the positive output terminal FS_p
of the former-stage circuit 602 and the non-inverting input terminal ’+’ of the main operational amplifier op_amp, and a
second input resistor Rin2 coupled between the negative output terminal FS_n of the former-stage circuit 602 and the
inverting input terminal ’-’ of the main operational amplifier op_amp.
[0039] In this structure shown in FIG. 6, inverse paralleling linearization is successfully performed in a feed-forward
signal path. The resistance of the first compensation resistor Rc1 is greater than the resistance of the first feedback
resistor Rf1, the size of the first compensation resistor Rc1 is smaller than the size of the first feedback resistor Rf1, the
resistance of the second compensation resistor Rc2 is greater than the resistance of the second feedback resistor Rf2,
and the size of the second compensation resistor Rc2 is smaller than the size of the second feedback resistor Rf2.
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[0040] In an exemplary embodiment, the resistance of the first compensation resistor Rc1 is N times the resistance
of the first feedback resistor Rf1, and N is greater than 1. The length and width of the first feedback resistor Rf1 are L1
and W1, respectively. The length and width of the first compensation resistor Rc1 are L2 and W2, respectively. L2 is

 and W2 is  The size of the second feedback resistor Rf2 may equal the size of the first
feedback resistor Rf1. The size of the second compensation resistor Rc2 may equal the size of the first compensation
resistor Rc1.
[0041] In the other exemplary embodiments, the feedback resistors Rf1 and Rf2 are also manufactured in a small
size. For example, the feedback resistor Rf1/Rf2 may be implemented by multiple small-sized resistors which are coupled
in parallel.
[0042] There may be various modifications of the amplifier architecture. Any amplifier with a compensation circuit
coupled to the input port of the main operational amplifier to compensate for the non-linearity of the feedback circuit
should be considered within the scope with the present invention. A signal coupled to the input port of the main operational
amplifier through the compensation circuit has an inverse phase compared to the output signal of the main operational
amplifier.
[0043] While the invention has been described by way of example and in terms of the preferred embodiments, it should
be understood that the invention is not limited to the disclosed embodiments. On the contrary, it is intended to cover
various modifications and similar arrangements (as would be apparent to those skilled in the art). Therefore, the scope
of the appended claims should be accorded the broadest interpretation so as to encompass all such modifications and
similar arrangements.

Claims

1. An amplifier (300, 400, 500, 600), comprising:

a main operational amplifier (op_amp);
a feedback circuit (Rf, Rf1, Rf2), coupling an output signal of the main operational amplifier to an input port of
the main operational amplifier; and
a compensation circuit (302, Rc1, Rc2, 502), coupled to the input port of the main operational amplifier to
compensate for non-linearity of the feedback circuit,
wherein a signal coupled to the input port of the main operational amplifier through the compensation circuit
has an inverse phase compared to the output signal of the main operational amplifier.

2. The amplifier as claimed in claim 1, wherein:

the main operational amplifier has a non-inverting input terminal, an inverting input terminal, a positive output
terminal, and a negative output terminal;
the feedback circuit includes a first feedback resistor (Rf1) coupled between the positive output terminal and
the inverting input terminal of the main operational amplifier, and a second feedback resistor (Rf2) coupled
between the negative output terminal and the non-inverting input terminal of the main operational amplifier; and
the compensation circuit includes a first compensation resistor (Rc1) coupled between the negative output
terminal and the inverting input terminal of the main operational amplifier, and a second compensation resistor
(Rc2) coupled between the positive output terminal and the non-inverting input terminal of the main operational
amplifier.

3. The amplifier as claimed in claim 1, wherein:

the main operational amplifier has a non-inverting input terminal, an inverting input terminal, a positive output
terminal, and a negative output terminal, the non-inverting input terminal of the main operational amplifier is
coupled to a positive output terminal of a former-stage circuit (602) of the amplifier, and the inverting input
terminal of the main operational amplifier is coupled to a negative output terminal of the former-stage circuit of
the amplifier (602);
the feedback circuit includes a first feedback resistor (Rf) coupled between the positive output terminal and the
inverting input terminal of the main operational amplifier, and a second feedback resistor (Rf2) coupled between
the negative output terminal and the non-inverting input terminal of the main operational amplifier; and
the compensation circuit includes a first compensation resistor (Rc1) coupled between the positive output
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terminal of the former-stage circuit of the amplifier and the inverting input terminal of the main operational
amplifier, and a second compensation resistor (Rc2) coupled between the negative output terminal of the former-
stage circuit of the amplifier and the non-inverting input terminal of the main operational amplifier.

4. The amplifier as claimed in claim 2 or claim 3, wherein:

resistance of the first compensation resistor (Rc1) is greater than resistance of the first feedback resistor (Rf1);
and
resistance of the second compensation resistor (Rc2) is greater than resistance of the second feedback resistor
(Rf2).

5. The amplifier as claimed in claim 4, wherein:

a size of the first compensation resistor (Rc1) is smaller than a size of the first feedback resistor (Rf1); and
a size of the second compensation resistor (Rc2) is smaller than a size of the second feedback resistor (Rf2).

6. The amplifier as claimed in claim 2 or 3, wherein:

resistance of the first compensation resistor is N times resistance of the first feedback resistor, and N is greater
than 1;
a length and a width of the first feedback resistor are L1 and W1, respectively;
a length and a width of the first compensation resistor are L2 and W2, respectively; and

L2 is  and W2 is  

7. The amplifier as claimed in claim 6, wherein:

size of the second feedback resistor equals size of the first feedback resistor; and
size of the second compensation resistor equals size of the first compensation resistor.

8. The amplifier as claimed in any one of claims 4 to 7, further comprising:

a first input resistor, coupled between the positive output terminal of the former-stage circuit of the amplifier and
the non-inverting input terminal of the main operational amplifier; and
a second input resistor, coupled between the negative output terminal of the former-stage circuit of the amplifier
and the inverting input terminal of the main operational amplifier.

9. The amplifier as claimed in claim 1, wherein:

the main operational amplifier (op_amp) has a non-inverting input terminal, an inverting input terminal, and a
single-ended output terminal;
the feedback circuit includes a feedback resistor (Rf) coupled between the single-ended output terminal and
the inverting input terminal of the main operational amplifier; and
the compensation circuit includes an inverting amplification circuit (inv_amp) and a compensation resistor (Rc),
the single-ended output terminal of the main operational amplifier is coupled to an input terminal of the inverting
amplification circuit, an output terminal of the inverting amplification circuit is coupled to the inverting terminal
of the main operational amplifier through the compensation resistor.

10. The amplifier as claimed in claim 9, wherein:

an amplitude gain of the inverting amplification circuit is 1;
resistance of the compensation resistor is N times resistance of the feedback resistor, and N is greater than 1;
a length and a width of the feedback resistor are L1 and W1, respectively;
a length and a width of the compensation resistor are L2 and W2, respectively; and

L2 is  and W2 is  
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11. The amplifier as claimed in claim 9, wherein:

an amplitude gain of the inverting amplification circuit is k, and k is greater than 1;
resistance of the compensation resistor is k∗N times resistance of the feedback resistor, and N is greater than 1;
a length and a width of the feedback resistor are L1 and W1, respectively;
a length and a width of the compensation resistor are L2 and W2, respectively; and

L2 is  and W2 is  

12. The amplifier as claimed in claim 1, wherein:

the main operational amplifier has a non-inverting input terminal, an inverting input terminal, and a single-ended
output terminal;
the feedback circuit includes a feedback resistor coupled between the single-ended output terminal and the
inverting input terminal of the main operational amplifier; and
the compensation circuit includes a compensation resistor coupled between a former-stage circuit of the amplifier
and the inverting input terminal of the main operational amplifier.

13. The amplifier as claimed in any one of claims 9 to 12, wherein:
resistance of the compensation resistor is greater than resistance of the feedback resistor; and optionally:
a size of the compensation resistor is smaller than a size of the feedback resistor.

14. The amplifier as claimed in claim 12, wherein:

the former-stage circuit provides the amplifier with an input signal of the amplifier, and the compensation circuit
converts the input signal of the amplifier to an inverted signal of a signal at the single-ended output terminal of
the main operational amplifier and couples the inverted signal to the inverting input terminal of the main oper-
ational amplifier through the compensation resistor;
resistance of the compensation resistor is N times resistance of the feedback resistor, and N is greater than 1;
a length and a width of the feedback resistor are L1 and W1, respectively;
a length and a width of the compensation resistor are L2 and W2, respectively; and

L2 is  and W2 is  

15. The amplifier as claimed in claim 12, wherein:

the compensation circuit further includes an amplification circuit with a gain k, and k is greater than 1;
the former-stage circuit provides the amplifier with an input signal of the amplifier, and the compensation circuit
converts the input signal of the amplifier to an inverted signal of a signal at the single-ended output terminal of
the main operational amplifier and couples the inverted signal to the amplification circuit, and an output terminal
of the amplification circuit is coupled to the inverting input terminal of the main operational amplifier through the
compensation resistor;
resistance of the compensation resistor is k∗N times resistance of the feedback resistor, and N is greater than 1;
a length and a width of the feedback resistor are L1 and W1, respectively;
a length and a width of the compensation resistor are L2 and W2, respectively; and

L2 is  and W2 is  
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