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(54) POWER AMPLIFICATION CIRCUIT BASED ON ENVELOPE TRACKING TECHNOLOGY AND
DESIGN METHOD

(57) A power amplifier circuit based on envelope
tracking technology and a design method thereof solve
the problems of difficult efficiency guarantee of the tradi-
tional Doherty architecture power amplifier circuit and
poor linearity at peak power output. The power amplifier
circuit comprises a Doherty architecture and an external
power supply; the external power supply is an ET power
supply or APT power supply; the output terminal of the ET
power supply or APT power supply is connected to a

drain electrode of a first transistor in the Doherty archi-
tecture, and is connected to a gate electrode of a second
transistor through a step-down module; or the output
terminal of the ET power supply or APT power supply
is simultaneously connected to the drain electrodes of the
first transistor and the second transistor in the Doherty
architecture, and is connected to the gate electrode of the
second transistor through the step-down module.
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Description

Technical Field

[0001] The invention belongs to the technical field of
communication base station, in particular to a power
amplifier circuit based on envelope tracking technology
and a design method.

Background Art

[0002] At present, the power amplifier of the base
station is designed with the Doherty architecture power
amplifier circuit, which can balance the efficiency of out-
putting the average power and the linearity of outputting
the peak power.
[0003] The structure principle of the traditional Doherty
architecture power amplifier circuit suitable for narrow-
band signals is shown in FIG. 1, including the Doherty
architecture and the external power supply;

The Doherty architecture includes the first input
matching network conversion module, the second
input matching network conversion module, the first
transistor, the second transistor, the first output
matching network conversion module, the second
output matching network conversion module, the
first load conversion module, the second load con-
version module and the third load conversion mod-
ule;
The output terminal of the first input matching net-
work conversion module is connected to the gate
electrode of the first transistor; the output terminal of
the second input matching network conversion mod-
ule is connected to the gate electrode of the second
transistor;
The first transistor is grounded to the source elec-
trode of the second transistor;
The input terminal of the first output matching net-
work conversion module is connected to the drain
electrode of the first transistor; the input terminal of
the second output matching network conversion
module is connected to the drain electrode of the
second transistor;
The input terminal of the first load conversion module
is connected to the output terminal of the first output
matching network conversion module, and the input
terminal of the second load conversion module is
connected to the output terminal of the second out-
put matching network conversion module;
The input terminal of the third load conversion mod-
ule is connected to the output terminals of the first
load conversion module and the second load con-
version module respectively;
The output terminal of the third load conversion
module is connected to the external load;
The external power supply uses a fixed voltage
module, and the output terminal of the fixed voltage

module is connected to the drain electrode of the first
transistor or connected to the drain electrodes of the
first transistor and the second transistor respectively.

[0004] As the narrow-band characteristics of the tradi-
tional Doherty architecture power amplifier circuit gradu-
ally appear, domestic and foreign experts propose the
double-matching Doherty architecture power amplifier
circuit to solve the problem of narrower bandwidth, as
shown in FIG. 2. The power amplifier circuit can solve the
bandwidth problem well.
[0005] However, both Doherty architecture power am-
plifier circuit suitable for narrow bands and Doherty ar-
chitecture power amplifier circuit suitable for broadbands
have the following problems:

1. Since the fixed voltage module can only provide
the fixed leakage voltage, the back-off of 3dB or 6dB
of average output power expected by the base sta-
tion occurs during operation; at this time, the power
amplifier works in the linear region, and therefore it is
difficult to guarantee the efficiency.
2. For the traditional Doherty architecture power
amplifier circuit, the gate voltage of the first transistor
is generally biased at Class AB, and the gate voltage
of the second transistor is generally biased at Class
C in order to ensure the high efficiency at the rated
power. At the peak power, the first transistor and the
second transistor cannot achieve complete in-phase
power stacking due to different bias of gate voltage,
so that the saturation power achieved by the tradi-
tional Doherty architecture is lower than that
achieved by the first transistor and the second tran-
sistor for balancing the amplifier architecture (two
transistors of the balanced amplifier have the same
gate voltage and leakage voltage, which can achieve
the complete in-phase stacking of two signals),
which greatly reduces the linearity at the peak power,
resulting in difficult improvement in linearity, which is
necessarily achieved by a special pre-distortion al-
gorithm.

Content of Invention

[0006] Aiming at the problems of difficult efficiency
guarantee of the traditional Doherty architecture power
amplifier circuit and poor linearity at peak power output,
the invention proposes a power amplifier circuit based on
envelope tracking technology.
[0007] Meanwhile, the invention provides a design
method of the circuit.
[0008] The purpose of the invention is realized by
adopting the following technical proposal:

A power amplifier circuit based on envelope tracking
technology comprise a Doherty architecture and an
external power supply; the external power supply is
an ET power supply or APT power supply; the output
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terminal of the ET power supply or APT power supply
is connected to a drain electrode of a first transistor in
the Doherty architecture, and is connected to a gate
electrode of a second transistor through a step-down
module;
Or the output terminal of the ET power supply or APT
power supply is simultaneously connected to the
drain electrodes of the first transistor and the second
transistor in the Doherty architecture, and is con-
nected to the gate electrode of the second transistor
through the step-down module.

[0009] The ET power supply or APT power supply
regulates the gate voltage of the second transistor to
ensure that the gate electrode of the second transistor is
biased at Class C during rated power output to obtain the
maximum efficiency and biased at Class AB during peak
power output to ensure that the second transistor and the
first transistor maintain the in-phase power stacking and
then achieve the balanced amplifier effect to obtain the
maximum saturation power.
[0010] Further, the step-down module comprises a
resistor and an operational amplifier.
[0011] Further, the Doherty architecture is suitable for
narrow-band signals, or a double-matching Doherty ar-
chitecture suitable for broadband signals.
[0012] The invention also provides a design method of
the power amplifier circuit based on envelope tracking
technology, which includes the following steps:

Step 1: Determine the saturation power P1 of the
power amplifier circuit according to the given input
signal peak-to-average ratio (PAR) and average ef-
fective output Pave;

Step 2: Determine the saturation power value P1/2 of
a single transistor in the Doherty architecture;
Step 3: Perform loadpull simulation by using the
simulation software and calling a single transistor
model, adjust the leakage voltage of the single tran-
sistor model, record the corresponding leakage vol-
tage value of the transistor model when the satura-
tion power of the transistor model is P1/2, take the
leakage voltage value as the maximum voltage value
Vmax of the ET power supply or APT power supply,
record the corresponding leakage voltage value of
the transistor model when the saturation power of the
transistor model is Pave, and take the leakage vol-
tage value as the average effective voltage Vrms of
the ET power supply or APT power supply;
Step 4: Get the minimum voltage valueVmin of the ET
power supply or APT power supply through the
maximum voltage value Vmax and the average ef-
fective voltage value Vrms, and obtain the voltage
range of the ET power supply or APT power supply to

select the appropriate ET power supply or APT
power supply;

[0013] The specific calculation formula is as follows:

[0014] Wherein, P1 and P2 are positive factors whose
values are both more than 0 and less than 1;

Step 5: Match the ET power supply or APT power
supply with the transistor;
Step 5.1: Obtain the impedance R2 at the end face of
Plan A of the output terminal for the transistor current
source when the transistor outputs the average
power according to the optimal load value R1 of
the selected ET power supply or APT power supply
and the drain efficiency DE when the transistor out-
puts the rated power;

[0015] The specific calculation formula is as follows:

[0016] Wherein, V1 is the characteristic voltage of the
transistor, and the drain efficiency DE for the transistor to
output the rated power is obtained when Step 3 is per-
formed.

Step 5.2: Convert the impedance of the load to the
impedance R2 at the end face of Plan A of the output
terminal for the transistor current source based on
the Smith chart impedance transformation method to
realize the matching of ET power supply or APT
power supply with the transistor;
Step 6: The building of power amplifier circuit based
on envelope tracking technology is completed.

[0017] Further, Further, Advanced Design System is
used as the simulation software.
[0018] Compared with the prior art, the invention has
the following beneficial technical effects:

1. Compared with the traditional Doherty architec-
ture power amplifier circuit and the double-matching
Doherty architecture power amplifier circuit, the
power amplifier circuit proposed by the invention
can realize the effective matching between the Doh-
erty architecture and ET power supply or APT power
supply; when the optimal load value of the ET (En-
velope Tracking) power supply or APT (Average
Power Tracking power supply and the equivalent
resistance value of the transistor current source
meet the matching conditions, the optimal matching
effect between the ET power supply or APT power
supply and the transistors can be achieved, so that
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the overall efficiency of the whole ET power supply or
APT power supply + transistors is optimal; when the
output power is 3dB or 6dB back-off of the rated
power, the power amplifier also works in the satura-
tion state at the back-off power due to the use of a
lower voltage value than the fixed leakage voltage,
which can effectively improve the efficiency at the
output power.
2. The ET power supply or APT power supply of the
invention is connected to the gate electrode of the
second transistor through the step-down module to
regulate the gate voltage of the second transistor,
ensure that the gate electrode of the second tran-
sistor is biased at Class C during rated power output
to obtain the maximum efficiency and biased at Class
AB during peak power output, ensure that the sec-
ond transistor and the first transistor maintain the in-
phase power stacking and then achieve the ba-
lanced amplifier effect to obtain the maximum sa-
turation power; after verification, the invention can
effectively improve the overall efficiency of the
ET/APT power supply + Doherty at the rated power
during power back-off; in addition, the invention also
greatly improves linearity, thus realizing the effective
combination of ET/APT power supply + Doherty.

Description of Drawings

[0019] Various other advantages and benefits of the
invention will become clear to the ordinary technicians in
the field by reading the detailed description in the pre-
ferred embodiments below. The drawings to the specifi-
cation are used only for the purpose of illustrating the
preferred embodiments, but not considered to be a lim-
itation to the invention. Obviously, the drawings de-
scribed below only illustrate some embodiments of the
invention, and other drawings may be obtained by the
ordinary technicians in the field without creative effort
according to these drawings. The same parts are repre-
sented by the same signs throughout the drawings.

FIG. 1 is the structure diagram of the traditional
power amplifier circuit based onDoherty architecture
suitable for narrow bands;
FIG. 2 is the structure diagram of the traditional
power amplifier circuit based onDoherty architecture
applicable to broadbands;
FIG. 3 is the structure diagram of the power amplifier
circuit of the invention;
FIG. 4 is the comparison diagram of the power and
efficiency relationship between the power amplifier
circuit of the invention and the traditional Doherty
architecture, the balanced amplifier architecture and
the low leakage voltage Doherty architecture;
FIG. 5 is the comparison diagram of the power and
efficiency relationship between the power amplifier
circuit of the invention and the traditional Doherty
architecture, the balanced amplifier architecture and

the architecture with the ET/APT power supply that
only regulates the Doherty drain voltage.

Embodiments

[0020] The embodiments of the invention are de-
scribed in more detail with reference to the drawings
below. Although the embodiments of the invention are
illustrated in the drawings, it should be understood that
the invention may be realized in various forms and should
not be limited by the embodiments set forth herein. On the
contrary, the embodiments are provided to enable a more
thorough understanding of the invention and a complete
communication of the scope of the invention to the tech-
nicians in the field.
[0021] It should be noted that certain terms are used in
the specification and claims to refer to specific compo-
nents. It should be understood by the technicians in the
field that technicians may refer to the same component
using different terms. In the specification and claims, the
components are not distinguished by differences in
terms, but distinguished by differences in component
functions. For example, "comprise" or "include" men-
tioned throughout the specification and claims is an open
term, so it should be interpreted as " including but not
limited to". The subsequent description of the specifica-
tion is the preferred embodiment of the invention, but the
description is for the purpose of the general principles of
the specification and is not intended to limit the scope of
the invention. The scope of protection of the invention
should be subject to the definition of the claims.
[0022] To understand the embodiments of the inven-
tion, the embodiments are further explained below in
combination with the drawings, and the drawings do
not constitute a limitation to the embodiments of the
invention.
[0023] Envelope Tracking (ET) technology or Average
Power Tracking (APT) technology can adjust the drain
voltage of the power amplifier based on the size of the RF
signal inputted by the power amplifier, which can ensure
both the high linearity of peak signals and the high
efficiency of mean signals and small signals.

The invention provides a power amplifier circuit
based on envelope tracking technology, which com-
prises a Doherty architecture and an external power
supply; the circuit is mainly improved in the following
aspects: the external power supply is an ET power
supply or APT power supply; the output terminal of
the ET power supply or APT power supply is con-
nected to a drain electrode of a first transistor in the
Doherty architecture, and is connected to a gate
electrode of a second transistor through a step-down
module;
Or the output terminal of the ET power supply or APT
power supply is simultaneously connected to the
drain electrodes of the first transistor and the second
transistor in the Doherty architecture, and is con-
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nected to the gate electrode of the second transistor
through the step-down module.

[0024] The ET power supply or APT power supply
regulates the gate voltage of the second transistor to
ensure that the gate electrode of the second transistor is
biased at Class C during rated power output to obtain the
maximum efficiency and biased at Class AB during peak
power output to ensure that the second transistor and the
first transistor maintain the in-phase power stacking and
then achieve the balanced amplifier effect to obtain the
maximum saturation power.
[0025] When the ET power supply or APT power sup-
ply is connected to the drain electrode of the first tran-
sistor, the matching between the ET power supply or APT
power supply and the first transistor is only needed; when
the ET power supply or APT power supply is connected to
the drain electrodes of the first transistor and the second
transistor simultaneously, the envelope tracking power
supply is required to be matched with the first transistor
and the second transistor respectively.
[0026] However, the invention is not a simple combina-
tion of ET power supply or APT power supply and Doherty
architecture. To achieve the optimal matching between
the ET power supply or APT power supply and the
Doherty architecture to ensure the output efficiency of
the transistors and realize the optimal overall efficiency of
the entire ET/APT + transistors, the invention also pro-
vides a design method of the circuit, including the follow-
ing steps:

Step 1: Determine the saturation power P1 of the
power amplifier circuit according to the given input
signal peak-to-average ratio (PAR) and average ef-
fective output Pave;

Step 2: Determine the saturation power value P1/2 of
a single transistor in the Doherty architecture;
Step 3: Perform loadpull simulation by using the
simulation software (Advanced Design System)
and calling a single transistor model, adjust the
leakage voltage of the single transistor model, record
the corresponding leakage voltage value of the tran-
sistor model when the saturation power of the tran-
sistor model is P1/2, take the leakage voltage value
as the maximum voltage valueVmax of the ET power
supply or APT power supply, record the correspond-
ing leakage voltage value of the transistor model
when the saturation power of the transistor model
is Pave, and take the leakage voltage value as the
average effective voltage Vrms of the ET power sup-
ply or APT power supply;
Step 4: Get the minimum voltage valueVmin of the ET
power supply or APT power supply through the
maximum voltage value Vmax and the average ef-

fective voltage value Vrms, and obtain the voltage
range of the ET power supply or APT power supply to
select the appropriate ET power supply or APT
power supply;

[0027] The specific calculation formula is as follows:

[0028] Wherein, P1 and P2 are positive factors whose
values are both more than 0 and less than 1;

Step 5: Match the ET power supply or APT power
supply with the transistor;
Step 5.1: Obtain the impedance R2 at the end face of
Plan A of the output terminal for the transistor current
source when the transistor outputs the average
power according to the optimal load value R1 of
the selected ET power supply or APT power supply
and the drain efficiency DE when the transistor out-
puts the rated power;

[0029] The specific calculation formula is as follows:

[0030] Wherein, V1 is the characteristic voltage of the
transistor, and the drain efficiency DE for the transistor to
output the rated power is obtained when Step 3 is per-
formed.

Step 5.2: Convert the impedance of the load to the
impedance R2 at the end face of Plan A of the output
terminal for the transistor current source based on
the Smith chart impedance transformation method to
realize the matching of ET power supply or APT
power supply with the transistor;
Step 6: The building of power amplifier circuit based
on envelope tracking technology is completed.

[0031] Based on the above description of the circuit
improvement idea and design method of the invention,
the invention is introduced in detail according to the
specific structure of the circuit:

The embodiment provides a narrowband power am-
plifier circuit structure based on envelope tracking
technology, as shown in FIG. 3, comprising a first
input matching network conversion module, a sec-
ond input matching network conversion module, a
first transistor, a second transistor, an ET power
supply or APT power supply, a first output matching
network conversion module, a second output match-
ing network conversion module, a first load conver-
sion module, a second load conversion module and
a third load conversion module;
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The output terminal of the first input matching net-
work conversion module is connected to the gate
electrode of the first transistor; the output terminal of
the second input matching network conversion mod-
ule is connected to the gate electrode of the second
transistor;
The first transistor is grounded to the source elec-
trode of the second transistor; the first transistor and
the second transistor respectively comprise an inter-
nal current source output terminal Plan A and an
external output terminal Plan B;
The output terminal of the ET power supply or APT
power supply is simultaneously connected to the
drain electrodes of the first transistor and the second
transistor, and is connected to the gate electrode of
the second transistor through the step-down module
to regulate the gate voltage of the second transistor,
ensure that the gate electrode of the second tran-
sistor is biased at Class C during rated power output
to obtain the maximum efficiency and biased at Class
AB during peak power output, ensure that the sec-
ond transistor and the first transistor maintain the in-
phase power stacking and then achieve the ba-
lanced amplifier effect to obtain the maximum sa-
turation power.
The input terminal of the first output matching net-
work conversion module is connected to the drain
electrode of the first transistor; the input terminal of
the second output matching network conversion
module is connected to the drain electrode of the
second transistor;
The input terminal of the first load conversion module
is connected to the output terminal of the first output
matching network conversion module, and the input
terminal of the second load conversion module is
connected to the output terminal of the second out-
put matching network conversion module;
The input terminal of the third load conversion mod-
ule is connected to the output terminals of the first
load conversion module and the second load con-
version module respectively;
The output terminal of the third load conversion
module is connected to the external load;
In the embodiment, the functions of all components
are as follows:

The first input matching network conversion
module and the second input matching network
conversion module are used to match the max-
imum gain impedance of the first transistor and
the second transistor to the preset impedance;
The first transistor and the second transistor are
used for signal amplification to facilitate signal
transmission;
The ET power supply or APT power supply is
used to provide variable voltage to the first an-
d/or second transistors to improve the efficiency
of the power amplifier;

The first output matching network conversion
module and the second output matching net-
work conversion module are used to match the
maximum power point impedance of the first
transistor and the second transistor to the preset
impedance respectively;
The first load conversion module is used to
realize the high efficiency of the power amplifier
when the first transistor outputs the rated power
output;
The second load conversion module is used to
realize no effect on the circuit (namely, from the
first input matching network conversion module
to the load) where the first transistor is located
when the second transistor circuit is connected;
any effect will cause the efficiency for the first
transistor to output the rated power to become
low;
The third load conversion module is used to
convert the load impedance to the input point
impedance of the third load conversion module.

[0032] In the embodiment, the first output matching
network conversion module and the second output
matching network conversion module, the first input
matching network conversion module and the second
input matching network conversion module are com-
posed of microstrip lines and capacitors; the first tran-
sistor and the second transistor respectively comprise an
equivalent resistor, a voltage-controlled current source, a
parasitic inductor and a parasitic capacitor.
[0033] In the embodiment, during operation, the first
input matching network conversion module matches the
load impedance of 50 ohms to the maximum gain im-
pedance of the first transistor; the first output matching
network conversion module matches the load of 50 ohms
to the maximum power point (end face of Plan B) im-
pedance of the first transistor; the first load conversion
module and the third load conversion module work to-
gether to match the load of 50 ohms to 100 ohms, and the
first output matching network conversion module
matches the resistance of 100 ohms to the end face of
Plan A.
[0034] The first output matching network conversion
module matches the converted resistance of 100 ohms to
the end face of Plan A, which is different from the tradi-
tional embodiment in which the converted resistance of
100 ohms is matched to the maximum efficiency point of
the power amplifier (end face of Plan B) impedance.
[0035] In FIG. 3, the end face of Plan A represents the
output terminal of the internal current source for the first
transistor, namely the node of the dotted line and the solid
line of Plan A in FIG. 3; the end face of Plan B represents
the external output terminal of the first transistor, namely
the node of the dotted and the solid line of Plan B in FIG. 3.
[0036] In order to verify the effect, the invention also
provides the following specific comparison and explana-
tion:
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As shown in FIG. 4, the horizontal coordinate repre-
sents the leakage voltage, the vertical coordinate
represents the gate voltage, and Vgs(carry) repre-
sents the gate voltage of the first transistor;
Vgs(Peak) represents the gate voltage of the second
transistor;
Wherein, Po1 represents the saturation power of the
power amplifier circuit based onDoherty architecture
(the external power supply is a fixed electrical mod-
ule, ET power supply or APT power supply) in the
state of low leakage voltage; Po2 represents the
saturated power of the power amplifier circuit based
on the balanced amplifier; Po3 represents the satu-
rated power of the traditional Doherty power ampli-
fier circuit (the external power supply is a fixed vol-
tage module); Po4 represents the maximum satura-
tion power that can be achieved when the ET power
supply or APT power supply modulates Doherty
leakage voltage and the gate voltage of the second
transistor;
PAE1 represents the efficiency of the power amplifier
circuit based on the Doherty architecture (the exter-
nal power supply is a fixed module or ET power
supply or APT power supply) when outputting the
rated power under the low leakage voltage state;
PAE2 represents the efficiency of the power amplifier
circuit based on the balanced amplifier when out-
putting the rated power; PAE3 represents the effi-
ciency of the traditional Doherty power amplifier
circuit (the external power supply is a fixed voltage
module) when outputting the rated power; PAE4
represents the efficiency when the ET power supply
or APT power supply modulates Doherty leakage
voltage and the gate voltage of the second transistor
and then outputs the rated power.

[0037] FIG. 4 shows that Po1<Po3<Po4<=Po2 and
PAE4>PAE1>PAE3>PAE2; obviously, only regulating
the leakage voltage helps to improve the efficiency, but
does not help to improve the linearity, and too large bias
improves the linearity, but causes the efficiency decline.
Therefore, the invention designs a proposal for modulat-
ing the Doherty leakage voltage and the gate voltage of
the second transistor through the ET power supply or
APT power supply, guaranteeing both the high efficiency
at the rated power and the linearity of PA overall perfor-
mance.
[0038] In FIG. 5, the curve 1 is the power and efficiency
curve corresponding to the power amplifier circuit based
on the balanced amplifier, the curve 2 is the power and
efficiency curve corresponding to the traditional Doherty
(the external power supply is a fixed voltage module)
power amplifier circuit (namely, the fixed leakage voltage
Doherty architecture), the curve 3 is the power and
efficiency curve corresponding to the power amplifier
circuit with the architecture that the ET power supply or
APT power supply only modulating the Doherty leakage
voltage, and the curve 4 is the power and efficiency curve

corresponding to the power amplifier circuit of the inven-
tion that the ET power supply or APT power supply
simultaneously modulates the Doherty leakage voltage
and the gate voltage of the second transistor. As shown in
FIG. 5, the ET power supply or APT power supply of the
invention simultaneously modulates the Doherty leakage
voltage and the gate voltage of the second transistor, not
only guaranteeing both the high efficiency at the mean
power, but also ensuring that the linearity at the peak
power is close to the effect of the balanced amplifier,
which are obviously better than the efficiency and linear-
ity of the traditional voltage leakage Doherty.
[0039] Although the embodiments of the invention are
described in combination with the drawings, the invention
is not limited to the embodiments and application fields
described above, and the above embodiments are only
indicative and instructive, rather than restrictive. Inspired
by the specification, the ordinary technicians in the field
can also make a variety of forms without departing from
the scope of protection of the claims of the invention,
which fall within the scope of protection of the invention.

Claims

1. A power amplifier circuit based on envelope tracking
technology, comprising a Doherty architecture and
an external power supply, and characterized in that
the external power supply is an ET power supply or
APT power supply; the output terminal of the ET
power supply or APT power supply is connected to
a drain electrode of a first transistor in the Doherty
architecture, and is connected to a gate electrode of
a second transistor through a step-down module;

Or the output terminal of the ET power supply or
APT power supply is simultaneously connected
to the drain electrodes of the first transistor and
the second transistor in the Doherty architec-
ture, and is connected to the gate electrode of
the second transistor through the step-down
module;
The ET power supply or APT power supply
regulates the gate voltage of the second tran-
sistor to ensure that the gate electrode of the
second transistor is biased at Class C during
rated power output to obtain the maximum effi-
ciency and biased at Class AB during peak
power output to ensure that the second transis-
tor and the first transistor maintain the in-phase
power stacking and then achieve the balanced
amplifier effect to obtain the maximum satura-
tion power.

2. The power amplifier circuit based on envelope track-
ing technology according to Claim 1 characterized
in that the step-down module comprises a resistor
and an operational amplifier.
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3. The power amplifier circuit based on envelope track-
ing technology according to Claim 1 or 2 character-
ized in that the Doherty architecture is suitable for
narrow-band signals, or a double-matching Doherty
architecture suitable for broadband signals.

4. A design method of the power amplifier circuit based
on envelope tracking technology according to Claim
1, characterized by including the following steps:

Step 1: Determine the saturation power P1 of the
power amplifier circuit according to the given
input signal peak-to-average ratio (PAR) and
average effective output Pave;

Step 2: Determine the saturation power value
P1/2 of a single transistor in the Doherty archi-
tecture;
Step 3: Perform loadpull simulation by using the
simulation software and calling a single transis-
tor model, adjust the leakage voltage of the
single transistor model, record the correspond-
ing leakage voltage value of the transistor model
when the saturation power of the transistor mod-
el is P1/2, take the leakage voltage value as the
maximum voltage value Vmax of the ET power
supply or APT power supply, record the corre-
sponding leakage voltage value of the transistor
model when the saturation power of the transis-
tor model is Pave, and take the leakage voltage
value as the average effective voltage Vrms of
the ET power supply or APT power supply;
Step 4: Get the minimum voltage value Vmin of
the ET power supply or APT power supply
through the maximum voltage value Vmax and
the average effective voltage value Vrms, and
obtain the voltage range of the ET power supply
or APT power supply to select the appropriate
ET power supply or APT power supply;
The specific calculation formula is as follows:

Wherein, P1 and P2 are positive factors whose
values are both more than 0 and less than 1;
Step 5: Match the ET power supply or APT
power supply with the transistor;
Step 5.1: Obtain the impedance R2 at the end
face of Plan A of the output terminal for the
transistor current source when the transistor
outputs the average power according to the
optimal load value R1 of the selected ET power
supply or APT power supply and the drain effi-
ciency DE when the transistor outputs the rated

power;
The specific calculation formula is as follows:

Wherein, V1 is the characteristic voltage of the
transistor, and the drain efficiency DE for the
transistor to output the rated power is obtained
when Step 3 is performed;
Step 5.2: Convert the impedance of the load to
the impedance R2 at the end face of Plan A of the
output terminal for the transistor current source
based on the Smith chart impedance transfor-
mation method to realize the matching of ET
power supply or APT power supply with the
transistor;
Step 6: The building of power amplifier circuit
based on envelope tracking technology is com-
pleted.

5. The design method of the power amplifier circuit
based on envelope tracking technology according
to Claim 4, characterized in that Advanced Design
System is used as the simulation software.
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