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CLASS AB AMPLIFIER HAVING CASCODE
STAGE WITH FILTER FOR IMPROVING
LINEARITY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of U.S. Provi-
sional Application No. 62/450,104, filed on Jan. 25, 2017,
which is included herein by reference in its entirety.

BACKGROUND

[0002] A static class AB amplifier is widely used in filter
design because of its good efficiency to drive load. However,
the static class AB amplifier generally has a stage positioned
before an output stage to set appropriate DC levels to the
output stage, and because a transconductance and an output
resistance of this stage vary with a signal swing, the varia-
tions of the transconductance and the output resistance will
generate distortion. The distortion cannot be suppressed by
loop gain at high frequency, meaning that a linearity of the
class AB amplifier is dominated by the distortion/nonlinear-
ity of this stage. In addition, because a third-order inter-
modulation distortion (IM3) has a strict requirement in
Federal Communications Commission (FCC) specification,
improving the distortion/nonlinearity of the class AB ampli-
fier to meet the FCC requirement is important.

SUMMARY

[0003] It is therefore an object of the present invention to
provide a class AB amplifier, which can reduce a high
frequency distortion, to solve the above-mentioned problem.

[0004] According to one embodiment of the present inven-
tion, a class AB amplifier includes a cascode stage with a
filter and an output stage. The cascode stage with the filter
is arranged for receiving an input signal to generate a first
driving signal and a second driving signal, wherein the filter
filters the input signal to generate an filtered input signal,
and at least one of the first driving signal and the second
driving signal is generated according to the filtered input
signal. The output stage is coupled to the cascode stage, and
is arranged for generating an output signal according to the
first driving signal and the second driving signal.

[0005] According to another embodiment of the present
invention, a class AB amplifier includes an input stage, a
cascode stage with a filter and an output stage. The input
stage is arranged for receiving an input signal to generate an
amplified input signal. The cascode stage with the filter is
coupled to the input stage, and is arranged for receiving the
amplified input signal to generate a first driving signal and
a second driving signal, wherein the filter filters the ampli-
fied input signal to generate an filtered input signal, and at
least one of the first driving signal and the second driving
signal is generated according to the filtered input signal. The
output stage is coupled to the cascode stage, and is arranged
for generating an output signal according to the first driving
signal and the second driving signal.

[0006] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1is a diagram illustrating a class AB amplifier
according to one embodiment of the present invention.

[0008] FIG. 2 is a diagram illustrating the cascode stage
according to one embodiment of the present invention.

[0009] FIG. 3 is a diagram illustrating the cascode stage
according to another embodiment of the present invention.
[0010] FIG. 4 is a diagram illustrating the cascode stage
according to another embodiment of the present invention.
[0011] FIG. 5 is a diagram illustrating a class AB amplifier
according to another embodiment of the present invention.
[0012] FIG. 6 is a diagram illustrating a class AB amplifier
according to another embodiment of the present invention.

DETAILED DESCRIPTION

[0013] Certain terms are used throughout the following
description and claims to refer to particular system compo-
nents. As one skilled in the art will appreciate, manufactur-
ers may refer to a component by different names. This
document does not intend to distinguish between compo-
nents that differ in name but not function. In the following
discussion and in the claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus
should be interpreted to mean “including, but not limited to
.. ..” The terms “couple” and “couples” are intended to
mean either an indirect or a direct electrical connection.
Thus, if a first device couples to a second device, that
connection may be through a direct electrical connection, or
through an indirect electrical connection via other devices
and connections.

[0014] FIG. 1is a diagram illustrating a class AB amplifier
100 according to one embodiment of the present invention.
As shown in FIG. 1, the class AB amplifier 100 comprises
an input stage 110, two cascode stages 120_1 and 120_2, and
two output stages 130_1 and 130_2. In this embodiment, the
class AB amplifier 100 is a static class AB amplifier,
meaning that the class AB amplifier 100 always operates as
class AB.

[0015] The input stage 110 comprises two P-type metal
oxide semiconductor (PMOS) MP1 and MP2 and three
current sources 11, 12 and 13, where the current source 11 is
coupled between a supply voltage VDD and source elec-
trodes of the PMOSs MP1 and MP2, and the current sources
12 and I3 are coupled between a ground voltage and drain
electrodes of the PMOSs MP1 and MP2, respectively. The
input stage 110 is arranged to receive differential input
signals Vip and Vin to generate a differential amplified input
signals Von and Vop. The cascode stage 120_1 is arranged
to generate driving signals Von_p and Von_n according to
the amplified input signal Von, and the cascode stage 120_2
is arranged to generate driving signals Vop_p and Vop_n
according to the amplified input signal Vop. The output stage
130_1 comprises a PMOS MOP1 and an NMOS MONT1, and
is arranged to generate an output signal Vout_N according to
the driving signals Von_p and Von_n; and the output stage
130_2 comprises a PMOS MOP2 and an NMOS MON2, and
is arranged to generate an output signal Vout_P according to
the driving signals Vop_p and Vop_n, wherein the output
signals Vout_N and Vout_P are a differential pair.

[0016] Regarding the operations of the cascode stages
120_1 and 120_2, the cascode stage 120_1 is arranged to
generate the driving signals Von_p and Von_n with appro-
priate DC levels to make the output stage 130_1 operate as
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a class AB output stage, and the cascode stage 120_1 further
comprises a filter such as a high-pass filter to make the
driving signals Von_p and Von_n have AC components of
the amplified input signal Von. Similarly, the cascode stage
120_2 is arranged to generate the driving signals Vop_p and
Vop_n with appropriate DC levels to make the output stage
130_2 operate as a class AB output stage, and the cascode
stage 120_2 further comprises a filter such as a high-pass
filter to make the driving signals Vop_p and Vop_n have AC
components of the amplified input signal Von. By making
the driving signals Von_p, Von_n, Vop_p and Vop_n have
the AC components of the amplified input signals Von and
Vop, gains of the output stage 130_1 and 130_2 are
increased at high frequency, and the voltage swings of the
amplified input signals Von and Vop can be reduced to
improve the distortion/nonlinearity of the class AB amplifier
100.

[0017] FIG. 2 is a diagram illustrating the cascode stage
120_1 according to one embodiment of the present inven-
tion. In the embodiment shown in FIG. 2, the cascode stage
120_1 comprises a high-pass filter 222, a PMOS MFP1, an
NMOS MFNI1, and two current sources 14 and I5, wherein
the high-pass filter 222 comprises a capacitor C1 and a
resistor R1. In the operations of the cascode stage 120_1
shown in FIG. 2, a gate electrode of the PMOS MFP1 is
biased by a bias voltage Vbp divided by the resistor R1 and
the capacitor C1, and a gate electrode of the NMOS MFN1
is biased by a bias voltage Vbn, and the PMOS MFP1 and
the NMOS MFNT1 are used to provide an appropriate DC
offset to the driving signal Von_p to make the PMOS MOP1
of the output stage 130_1 operate in a saturation region; and
the amplified input signal Von serves as the driving signal
Von_n. In addition, when the amplified input signal Von has
a high frequency, the high frequency AC component of the
amplified input signal Von is allowed to be inputted into the
gate electrode of the PMOS MFP1, and the PMOS MFP1
works as a source follower to make the driving signal Von_p
have the high frequency AC component provided by the
amplified input signal Von. Therefore, since the driving
signal Von_p has the high frequency AC component pro-
vided by the amplified input signal Von at high frequency,
the cascode stage 120_1 can be considered to provide
additional gain to the output stage 130_1, and the voltage
swing of the amplified input signals Von can be reduced, and
the distortion/nonlinearity of the class AB amplifier 100 is
improved due to the lower voltage swing of the amplified
input signals Von.

[0018] In addition, because the linearity of the class AB
amplifier 100 is good enough when the amplified input
signals Von has low frequency, a corner of the high-pass
filter 222 can be chosen at a higher frequency such as 40
MHz, and the resistor R1 and the capacitor C1 can be
designed to be smaller to save the manufacturing cost.

[0019] The circuits shown in FIG. 2 are for illustrative
purposes only, and they are not limitations of the present
invention. For example, as long as the PMOS MFP1 can
receive the high frequency AC component of the amplified
input signal Von, the high-pass filter 222 may have other
circuit designs or the high-pass filter 222 may be replaced by
a band-pass filter. In addition, one or more transistors can be
positioned between the current source 14 and the source
electrodes of the PMOS MFP1 (drain electrode of the
NMOS MFN1), one or more transistors can be positioned
between the current source I5 and the drain electrode of the
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PMOS MFP1 (source electrode of the NMOS MFN1), one
or more transistors can be positioned between the PMOS
MOP1 and the supply voltage VDD, and/or one or more
transistors are positioned between the NMOS MON1 and
the ground voltage. These alternative designs shall fall
within the scope of the present invention.

[0020] FIG. 3 is a diagram illustrating the cascode stage
120_1 according to another embodiment of the present
invention. In the embodiment shown in FIG. 3, the cascode
stage 120_1 comprises a high-pass filter 322, a PMOS
MFP2, an NMOS MFN2, and two current sources 16 and 17,
wherein the high-pass filter 322 comprises a capacitor C2
and a resistor R2. In the operations of the cascode stage
120_1 shown in FIG. 3, a gate electrode of the NMOS
MFN2 is biased by a bias voltage Vbn divided by the resistor
R2 and the capacitor C2, and a gate electrode of the PMOS
MFP2 is biased by a bias voltage Vbp; and the amplified
input signal Von serves as the driving signal Von_p. In
addition, when the amplified input signal Von has a high
frequency, the high frequency AC component of the ampli-
fied input signal Von is allowed to be inputted into the gate
electrode of the NMOS MFN2, and the NMOS MFN2 works
as a source follower to make the driving signal Von_n have
the high frequency AC component provided by the amplified
input signal Von. Therefore, since the driving signal Von_n
has the high frequency AC component provided by the
amplified input signal Von at high frequency, the cascode
stage 120_1 can be considered to provide additional gain to
the output stage 130_1, and the voltage swing of the
amplified input signals Von can be reduced, and the distor-
tion/nonlinearity of the class AB amplifier 100 is improved
due to the lower voltage swing of the amplified input signals
Von.

[0021] FIG. 4 is a diagram illustrating the cascode stage
120_1 according to another embodiment of the present
invention. In the embodiment shown in FIG. 4, the cascode
stage 120_1 comprises two high-pass filters 422 and 424, a
PMOS MFP3, an NMOS MFN3, and two current sources 18
and 19, wherein the high-pass filter 422 comprises a capaci-
tor C3 and a resistor R3, and the high-pass filter 424
comprises a capacitor C4 and a resistor R4. In the operations
of'the cascode stage 120_1 shown in FIG. 4, a gate electrode
of the PMOS MFP3 is biased by a bias voltage Vbp divided
by the resistor R3 and the capacitor C3, and a gate electrode
of'the NMOS MFN3 is biased by a bias voltage Vbn divided
by the resistor R4 and the capacitor C4. The embodiment
shown in FIG. 4 is a combination of the embodiments shown
in FIG. 2 and FIG. 3, and similarly, the voltage swing of the
amplified input signals Von shown in FIG. 4 can be reduced,
and the distortion/nonlinearity of the class AB amplifier 100
is improved due to the lower voltage swing of the amplified
input signals Von.

[0022] FIG. 5is a diagram illustrating a class AB amplifier
500 according to another embodiment of the present inven-
tion. As shown in FIG. 5, the class AB amplifier 500
comprises an input stage 510, cascode stages 520_1 and
520_2, and output stages 530_1 and 530_2. In this embodi-
ment, the class AB amplifier 500 is a static class AB
amplifier, that is the class AB amplifier 500 is always
operates as class AB.

[0023] The input stage 510 comprises two NMOS MN1
and MN2, and three current sources I1', 12' and 13", where the
current source 11' is coupled between the ground voltage and
source electrodes of the NMOSs MN1 and MN2, and the
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current sources 12' and 13' are coupled between the supply
voltage VDD and drain electrodes of the NMOSs MN1 and
MN2, respectively. The input stage 510 is arranged to
receive differential input signals Vip and Vin to generate a
differential amplified input signals Von and Vop. The cas-
code stage 520_1 is arranged to generate driving signals
Von_p and Von_n according to the amplified input signal
Von, and the cascode stage 5120_2 is arranged to generate
driving signals Vop_p and Vop_n according to the amplified
input signal Vop. The output stage 530_1 comprises a PMOS
MOP1 and an NMOS MONT1, and is arranged to generate an
output signal Vout_N according to the driving signals Von_p
and Von_n; and the output stage 530_2 comprises a PMOS
MOP2 and an NMOS MON?2, and is arranged to generate an
output signal Vout_P according to the driving signals Vop_p
and Vop_n, wherein the output signals Vout_N and Vout_P
are a differential pair.

[0024] The class AB amplifier 500 is similar to the class
AB amplifier 100 shown in FIG. 1 except for the input stage
510, and the operations and circuit designs of the cascode
stages 520_1 and 520_2 may be implemented according to
the embodiments shown in FIGS. 2-4. Further descriptions
are therefore omitted here.

[0025] FIG. 6 is a diagram illustrating a class AB amplifier
600 according to another embodiment of the present inven-
tion. As shown in FIG. 6, the class AB amplifier 600
comprises an input stage 610, cascode stages 620_1 and
620_2, and output stages 630_1 and 630_2. In this embodi-
ment, the class AB amplifier 600 is a static class AB
amplifier, that is the class AB amplifier 600 is always
operates as class AB.

[0026] The input stage 610 comprises two PMOSs MP1'
and MP2', two NMOSs MN1' and MN2', and two current
sources 11" and 12", where the current source 11" is coupled
between the supply voltage VDD and source electrodes of
the PMOSs MP1 and MP2, and the current source 12" is
coupled between the ground voltage and source electrodes
of the NMOSs MN1 and MN2. The input stage 610 is
arranged to receive differential input signals Vip and Vin to
generate a differential amplified input signals. The cascode
stage 620_1 is arranged to generate driving signals Von_p
and Von_n according to the amplified input signal, and the
cascode stage 620_2 is arranged to generate driving signals
Vop_p and Vop_n according to the amplified input signal.
The output stage 630_1 comprises a PMOS MOP1 and an
NMOS MONT1, and is arranged to generate an output signal
Vout_N according to the driving signals Von_p and Von_n;
and the output stage 630_2 comprises a PMOS MOP2 and
an NMOS MON2, and is arranged to generate an output
signal Vout_P according to the driving signals Vop_p and
Vop_n, wherein the output signals Vout_N and Vout_P are a
differential pair.

[0027] The class AB amplifier 600 is similar to the
embodiments shown in FIGS. 1 and 5 except for the input
stage 610, wherein the input stage 610 is a complementary
input stage comprising NMOS and PMOS. The operations
and circuit designs of the cascode stages 620_1 and 620_2
may be implemented according to the embodiments shown
in FIGS. 2-4. Further descriptions are therefore omitted here.
[0028] Briefly summarized, in the class AB amplifier of
the present invention, by using a cascode stage with a
high-pass filter, the AC component are inputted to a gate
electrode of one or more transistors within the cascode stage
to increase the gain of the class AB amplifier, and the voltage
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swing of signal at the cascode stage can be reduced, and the
distortion/nonlinearity of the class AB amplifier is improved
due to the lower voltage swing.

[0029] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A class AB amplifier, comprising:

a cascode stage with a filter, for receiving an input signal
to generate a first driving signal and a second driving
signal; wherein the filter filters the input signal to
generate an filtered input signal, and at least one of the
first driving signal and the second driving signal is
generated according to the filtered input signal; and

an output stage, coupled to the cascode stage, for gener-
ating an output signal according to the first driving
signal and the second driving signal.

2. The class AB amplifier of claim 1, wherein the filter is

a high-pass filter.

3. The class AB of claim 1, wherein both the first driving
signal and the second driving signal comprise AC compo-
nent of the input signal.

4. The class AB amplifier of claim 1, wherein the cascode
stage comprises:

a P-type transistor, wherein the filtered input signal is
inputted into a gate electrode of the P-type transistor to
generate the first driving signal at a source electrode of
the P-type transistor.

5. The class AB amplifier of claim 4, wherein the filter is

a high-pass filter, and the filter comprises:

a capacitor, coupled between the input signal and the gate
electrode of the P-type transistor; and

a resistor, coupled between a bias voltage and the gate
electrode of the P-type transistor.

6. The class AB amplifier of claim 4, wherein the output
stage comprises a P-type output transistor and an N-type
output transistor connected in cascode, wherein the P-type
output transistor receives the first driving signal, and the
N-type output transistor receives the input signal serving as
the second driving signal, to generate the output signal.

7. The class AB amplifier of claim 1, wherein the cascode
stage comprises:

an N-type transistor, wherein the filtered input signal is
inputted into a gate electrode of the N-type transistor to
generate the second driving signal at a source electrode
of the N-type transistor.

8. The class AB amplifier of claim 7, wherein the filter is

a high-pass filter, and the filter comprises:

a capacitor, coupled between the input signal and the gate
electrode of the N-type transistor; and

a resistor, coupled between a bias voltage and the gate
electrode of the N-type transistor.

9. The class AB amplifier of claim 7, wherein the output
stage comprises a P-type output transistor and an N-type
output transistor connected in cascode, wherein the N-type
output transistor receives the second driving signal, and the
P-type output transistor receives the input signal serving as
the first driving signal, to generate the output signal.

10. The class AB amplifier of claim 1, wherein the
cascode stage comprises:
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a P-type transistor, wherein the filtered input signal is
inputted into a gate electrode of the P-type transistor to
generate the first driving signal at a source electrode of
the P-type transistor; and

an N-type transistor, wherein the filtered input signal is
further inputted into a gate electrode of the N-type
transistor to generate the second second driving signal
at a source electrode of the N-type transistor.

11. The class AB amplifier of claim 10, wherein the filter
comprises:

a first capacitor, coupled between the input signal and the
gate electrode of the P-type transistor;

a first resistor, coupled between a bias voltage and the gate
electrode of the P-type transistor;

a second capacitor, coupled between the input signal and
the gate electrode of the N-type transistor; and

a second resistor, coupled between a bias voltage and the
gate electrode of the N-type transistor.

12. The class AB amplifier of claim 10, wherein the output
stage comprises a P-type output transistor and an N-type
output transistor connected in cascode, wherein the P-type
output transistor receives the first driving signal, and the
N-type output transistor receives the second driving signal,
to generate the output signal.

13. The class AB amplifier of claim 1, wherein the class
AB amplifier is a static class AB amplifier.
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14. A class AB amplifier, comprising:

an input stage, for receiving an input signal to generate an
amplified input signal;

a cascode stage with a filter, coupled to the input stage, for
receiving the amplified input signal to generate a first
driving signal and a second driving signal; wherein the
filter filters the amplified input signal to generate an
filtered input signal, and at least one of the first driving
signal and the second driving signal is generated
according to the filtered input signal; and

an output stage, coupled to the cascode stage with the
filter, for generating an output signal according to the
first driving signal and the second driving signal.

15. The class AB amplifier of claim 14, wherein the filter

is a high-pass filter.

16. The class AB of claim 14, wherein both the first
driving signal and the second driving signal comprise AC
component of the amplified input signal.

17. The class AB amplifier of claim 14, wherein the
cascode stage comprises:

a P-type transistor, wherein the filtered input signal is
inputted into a gate electrode of the P-type transistor to
generate the first driving signal at a source electrode of
the P-type transistor.

18. The class AB amplifier of claim 17, wherein the output
stage comprises a P-type output transistor and an N-type
output transistor connected in cascode, wherein the P-type
output transistor receives the first driving signal, and the
N-type output transistor receives the second driving signal,
to generate the output signal.
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