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(57) ABSTRACT

A PA module includes: a multilayer substrate having a
ground pattern layer connected to a ground of a power
source; amplifier transistors disposed on the multilayer
substrate; a bypass capacitor having one end connected to
the collector of the amplifier transistor; a first wiring line
connecting the emitter of the amplifier transistor and the
ground pattern layer to each other; a second wiring line
connecting the emitter of the amplifier transistor and the
ground pattern layer to each other; a third wiring line
connecting the other end of the bypass capacitor and the
ground pattern layer to each other; and a fourth wiring line
formed between the amplifier transistor and the ground
pattern layer and between the bypass capacitor and the
ground pattern layer and connecting the first wiring line and
the third wiring line to each other.
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POWER AMPLIFIER MODULE, FRONTEND
CIRCUIT, AND COMMUNICATION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation of U.S. patent application
Ser. No. 16/778,854 filed on Jan. 31, 2020, which is a
continuation of U.S. patent application Ser. No. 16/255,006
filed on Jan. 23, 2019, which is a continuation of Interna-
tional Application No. PCT/JP2017/028276 filed on Aug. 3,
2017 which claims priority from Japanese Patent Applica-
tion No. 2016-158068 filed on Aug. 10, 2016. The contents
of these applications are incorporated herein by reference in
their entireties.

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0002] The present disclosure relates to a power amplifier
module, a frontend circuit, and a communication device.

Description of the Related Art

[0003] Frontend circuits for recent mobile phones are
required to allow transmission/reception signals to propa-
gate with low loss in order to be ready for multiband.
Therefore, a power amplifier circuit that amplifies transmis-
sion signals is required to transmit transmission signals with
low noise while maintaining the gain at the time of trans-
mission.

[0004] FIG. 9 is an equivalent circuit diagram of a radio-
frequency multistage AB-class bias amplifier described in
Patent Document 1. The radio-frequency multistage AB-
class bias amplifier illustrated in FIG. 9 is constituted by a
subsequent radio-frequency transistor 601, a succeeding
radio-frequency transistor 602, matching circuits 603, bias
circuits 604 and 605, and bias power terminals 606 and 607.
The bias circuit 604 includes a strip line 641, a radio-
frequency bypass capacitor 642, a bias resistor 643, and a
bias bleeder resistor 644. The bias circuit 605 includes a strip
line 651, a radio-frequency bypass capacitor 652, a bias
resistor 653, and a bias bleeder resistor 654. The bias circuits
604 and 605, which are used to supply power to the
subsequent radio-frequency transistor 601 and to the suc-
ceeding radio-frequency transistor 602, are constituted by a
choke circuit formed of the strip lines 641 and 651 and the
radio-frequency bypass capacitors 642 and 652 for shorting
and terminating RF signals to prevent RF signals from
leaking into the bias circuits. Accordingly, power is stably
supplied to the subsequent radio-frequency transistor 601
and to the succeeding radio-frequency transistor 602.
[0005] Patent Document 1: Japanese Unexamined Patent

Application Publication No. 62-39908

BRIEF SUMMARY OF THE DISCLOSURE

[0006] A power amplifier module used in recent mobile
phone terminals includes a power amplifier circuit, a com-
munication band selection switch, a matching circuit com-
ponent, and so on, which are mounted on a multilayer
substrate in which circuit elements are embedded. In the
power amplifier module that is formed on the multilayer
substrate as described above, an inductance component is
generated in a grounded part of a power amplifier element
due to a wiring line that connects an amplifier and a ground
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layer formed in the multilayer substrate to each other and
causes an increase in power noise, which is an issue. For
example, in the equivalent circuit in FIG. 9, a very small
inductance (L) is present on the path from the emitter
terminal of the subsequent radio-frequency transistor 601 to
the grounded part and on the path from the emitter terminal
of the succeeding radio-frequency transistor 602 to the
grounded part, and causes an increase in power noise (V)
expressed by V=L(di/dt) due to a return current (i) that flows
through the grounded part.

[0007] The present disclosure has been made in order to
address the issue described above, and an object thereof is
to provide a power amplifier module and a communication
device in which power noise is reduced.

[0008] To achieve the object described above, a power
amplifier module according to an aspect of the present
disclosure is a power amplifier module constituted by power
amplifier elements connected in multiple stages, including:
a multilayer substrate that has a ground pattern layer con-
nected to a ground terminal of a power source; a first power
amplifier element that is disposed on the multilayer substrate
and that has a first terminal, a second terminal, and a first
input terminal; a second power amplifier element that is
disposed on the multilayer substrate and that has a third
terminal, a fourth terminal, and a second input terminal
connected to the first terminal; a bias circuit that supplies a
bias voltage to the first input terminal and to the second input
terminal; a first bypass capacitor that has one end connected
to the third terminal; a first conductive pattern that is formed
between the first power amplifier element and the ground
pattern layer and that connects the second terminal and the
ground pattern layer to each other; a second conductive
pattern that is formed between the second power amplifier
element and the ground pattern layer and that connects the
fourth terminal and the ground pattern layer to each other; a
third conductive pattern that is formed between the first
bypass capacitor and the ground pattern layer and that
connects the other end of the first bypass capacitor and the
ground pattern layer to each other; and a fourth conductive
pattern that is formed between the first power amplifier
element and the ground pattern layer and between the first
bypass capacitor and the ground pattern layer and that
connects the first conductive pattern and the third conductive
pattern to each other.

[0009] With the above-described configuration, the first
conductive pattern for grounding the first power amplifier
element and the third conductive pattern for grounding the
first bypass capacitor are connected to each other by the
fourth conductive pattern closer to the first power amplifier
element than the ground pattern layer. Accordingly, the
fourth conductive pattern is connected in parallel to the first
conductive pattern, and therefore, an inductance component
generated between the second terminal of the first power
amplifier element and the ground pattern layer can be made
smaller than the inductance component of the first conduc-
tive pattern. As a result, it is possible to reduce power noise
in the power amplifier module.

[0010] Furthermore, the fourth conductive pattern may be
constituted by a plurality of conductive wiring lines that are
formed in a same layer between the first power amplifier
element and the ground pattern layer and between the first
bypass capacitor and the ground pattern layer.

[0011] Accordingly, the inductance component of the
fourth conductive pattern can be made smaller than that in
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a case where the fourth conductive pattern is constituted by
one conductive wiring line. When the fourth conductive
pattern having a smaller inductance component is connected
in parallel to the first conductive pattern, it is possible to
further reduce the inductance component generated between
the second terminal of the first power amplifier element and
the ground pattern layer.

[0012] Furthermore, the power amplifier module
described above may further include a fifth conductive
pattern that is formed between the second power amplifier
element and the ground pattern layer and between the first
bypass capacitor and the ground pattern layer and that
connects the second conductive pattern and the third con-
ductive pattern to each other.

[0013] Accordingly, the second conductive pattern for
grounding the second power amplifier element and the third
conductive pattern for grounding the first bypass capacitor
are connected to each other by the fifth conductive pattern
closer to the second power amplifier element than the
ground pattern layer. As a result, the fifth conductive pattern
is connected in parallel to the second conductive pattern, and
therefore, an inductance component generated between the
fourth terminal of the second power amplifier element and
the ground pattern layer can be made smaller than the
inductance component of the second conductive pattern. As
a result, it is possible to reduce power noise in the power
amplifier module.

[0014] Furthermore, the power amplifier module
described above may further include: a third power amplifier
element that is disposed on the multilayer substrate closer to
the power source than the first power amplifier element and
the second power amplifier element and that has a fifth
terminal, a sixth terminal, and a third input terminal con-
nected to the third terminal; a second bypass capacitor that
has one end connected to the fifth terminal; a sixth conduc-
tive pattern that is formed between the third power amplifier
element and the ground pattern layer and that connects the
sixth terminal and the ground pattern layer to each other; a
seventh conductive pattern that is formed between the
second bypass capacitor and the ground pattern layer and
that connects the other end of the second bypass capacitor
and the ground pattern layer to each other; and an eighth
conductive pattern that is formed between the third power
amplifier element and the ground pattern layer and between
the second bypass capacitor and the ground pattern layer and
that connects the sixth conductive pattern and the seventh
conductive pattern to each other.

[0015] Accordingly, the sixth conductive pattern for
grounding the third power amplifier element and the seventh
conductive pattern for grounding the second bypass capaci-
tor are connected to each other by the eighth conductive
pattern closer to the third power amplifier element than the
ground pattern layer. As a result, the eighth conductive
pattern is connected in parallel to the sixth conductive
pattern, and therefore, an inductance component generated
between the sixth terminal of the third power amplifier
element and the ground pattern layer can be made smaller
than the inductance component of the sixth conductive
pattern. As a result, it is possible to reduce power noise in the
power amplifier module.

[0016] Furthermore, the fifth conductive pattern and the
eighth conductive pattern may be formed in different layers.
[0017] Accordingly, the fifth conductive pattern and the
eighth conductive pattern can be disposed and laid out more
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flexibly, and therefore, the impedance of the second power
amplifier element and that of the third power amplifier
element can be adjusted more easily.

[0018] Furthermore, the second power amplifier element
may be disposed closer to the power source than the first
power amplifier element, the fourth conductive pattern and
the fifth conductive pattern may be each constituted by one
or more conductive wiring lines, and the number of con-
ductive wiring lines that constitute the fourth conductive
pattern may be larger than the number of conductive wiring
lines that constitute the fifth conductive pattern.

[0019] The distance between the first power amplifier
element and the ground terminal of the power source is
longer the distance between the second power amplifier
element and the ground terminal of the power source, and
therefore, the first conductive pattern is longer than the
second conductive pattern, and the inductance component of
the first conductive pattern is larger than the inductance
component of the second conductive pattern. Meanwhile,
the number of conductive wiring lines constituting the fourth
conductive pattern is larger than the number of conductive
wiring lines constituting the fifth conductive pattern, and
therefore, the inductance component of the fourth conduc-
tive pattern is smaller than the inductance component of the
fifth conductive pattern. Accordingly, the inductance com-
ponent generated between the second terminal of the first
power amplifier element and the ground pattern layer can be
further made smaller than the inductance component gen-
erated between the fourth terminal of the second power
amplifier element and the ground pattern layer. As a result,
it is possible to effectively reduce power noise in the first
power amplifier element in which power noise is most likely
to be superimposed, and it is possible to effectively reduce
power noise in the power amplifier module accordingly.

[0020] Furthermore, the second power amplifier element
may be disposed closer to the power source than the first
power amplifier element, the fourth conductive pattern and
the fifth conductive pattern may be each constituted by a
conductive wiring line, and a line width of the conductive
wiring line that constitutes the fourth conductive pattern
may be larger than a line width of the conductive wiring line
that constitutes the fifth conductive pattern.

[0021] Furthermore, the second power amplifier element
may be disposed closer to the power source than the first
power amplifier element, the fourth conductive pattern and
the fifth conductive pattern may be each constituted by a
conductive wiring line, and the conductive wiring line that
constitutes the fourth conductive pattern may be shorter than
the conductive wiring line that constitutes the fifth conduc-
tive pattern.

[0022] Accordingly, the inductance component of the
fourth conductive pattern is smaller than the inductance
component of the fifth conductive pattern, and therefore, the
inductance component generated between the second termi-
nal of the first power amplifier element and the ground
pattern layer can be further made smaller than the induc-
tance component generated between the fourth terminal of
the second power amplifier element and the ground pattern
layer. As a result, it is possible to effectively reduce power
noise in the first power amplifier element in which power
noise is most likely to be superimposed, and it is possible to
effectively reduce power noise in the power amplifier mod-
ule accordingly.
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[0023] Furthermore, the power amplifier module
described above may further include a supply modulator that
modulates a power voltage outputted from the power source
in accordance with an envelope tracking system and that
outputs the modulated power voltage to the first terminal and
to the third terminal.

[0024] Accordingly, it is possible to reduce power noise in
the power amplifier module that employs an envelope track-
ing system.

[0025] A frontend circuit according to an aspect of the
present disclosure includes: the power amplifier module
described above; a transmission filter element and a recep-
tion filter element; and a separator that outputs a radio-
frequency reception signal from an antenna element to the
reception filter element and that outputs a radio-frequency
transmission signal amplified by the power amplifier module
and passing through the transmission filter element to the
antenna element.

[0026] With the above-described configuration, it is pos-
sible to provide a frontend circuit in which power noise is
reduced.

[0027] A communication device according to an aspect of
the present disclosure includes: the frontend circuit
described above; and an RF signal processing circuit that
outputs a radio-frequency transmission signal to the frontend
circuit and that receives a radio-frequency reception signal
from the frontend circuit.

[0028] With the above-described configuration, it is pos-
sible to provide a communication device in which power
noise is reduced.

[0029] According to the present disclosure, it is possible to
provide a power amplifier module and a communication
device in which power noise is reduced.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0030] FIG. 1 is an equivalent circuit diagram of a power
amplifier module according to a first embodiment.

[0031] FIG. 2 is a circuit configuration diagram of a power
amplifier module according to a comparative example.
[0032] FIG.3 is an equivalent circuit diagram of the power
amplifier module according to the comparative example.
[0033] FIG. 4 is an equivalent circuit diagram of a power
amplifier module according to a modification of the first
embodiment.

[0034] FIG. 5 is a diagram illustrating a mounting con-
figuration of the power amplifier module according to the
modification of the first embodiment.

[0035] FIG. 6 is a diagram illustrating a mounting con-
figuration of the power amplifier module according to the
first embodiment.

[0036] FIG. 7 is a circuit configuration diagram of a power
amplifier module according to a second embodiment.
[0037] FIG. 8 is a circuit configuration diagram of a
communication device according to a third embodiment.
[0038] FIG. 9 is an equivalent circuit diagram of a radio-
frequency multistage AB-class bias amplifier described in
Patent Document 1.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0039] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to embodiments
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and the drawings. Note that each of the embodiments
described below illustrates a comprehensive or specific
example. The numerical values, forms, materials, constitu-
ent elements, the arrangements and connections of the
constituent elements, and so on illustrated in the following
embodiments are examples and are not intended to limit the
present disclosure. Among the constituent elements illus-
trated in the following embodiments, constituent elements
not described in the independent claims will be described as
optional constituent elements.

[0040] Furthermore, the sizes and size ratios of the con-
stituent elements illustrated in the drawings are not neces-
sary accurate.

First Embodiment

[0041] [1.1 Circuit Configuration of PA Module 1 Accord-
ing to First Embodiment]

[0042] FIG. 1 is an equivalent circuit diagram of a PA
(power amplifier) module 1 according to a first embodiment.
The PA module 1 (power amplifier module) illustrated in
FIG. 1 includes a radio-frequency input terminal 101, a
radio-frequency output terminal 102, a first amplifier circuit
10A, a second amplifier circuit 20A, a third amplifier circuit
30A, bias circuits 11, 21, and 31, choke coils 12, 22, and 32,
bypass capacitors 23, 33, and 53, a first wiring line [.14, a
second wiring line .24, a third wiring line [.25, a fourth
wiring line 1.61, a sixth wiring line [.34, and a seventh
wiring line L35.

[0043] The PA module 1 is configured such that the
above-described constituent elements are mounted on or in
a multilayer substrate. This multilayer substrate has a ground
pattern layer (corresponding to GND in FIG. 1) that is
connected to the ground terminal of a power source.

[0044] The first amplifier circuit 10A has an amplifier
transistor 10, an input resistor Rin connected to the base
terminal of the amplifier transistor 10, and a capacitor C10
and a resistor R10 connected between the base and the
collector of the amplifier transistor 10. The second amplifier
circuit 20A has an amplifier transistor 20, a capacitor C20
connected to the base terminal of the amplifier transistor 20,
and a resistor R20 connected between the base and the
collector of the amplifier transistor 20. The third amplifier
circuit 30A has an amplifier transistor 30 and a capacitor
C30 connected to the base terminal of the amplifier transis-
tor 30. Note that the above-described circuit configurations
of'the first amplifier circuit 10A, the second amplifier circuit
20A, and the third amplifier circuit 30A are examples and
are not limited to these.

[0045] The amplifier transistor 10 is a first power amplifier
element disposed on the multilayer substrate and having a
first terminal (collector terminal), a second terminal (emitter
terminal), and a first input terminal (base terminal). The
amplifier transistor 20 is a second power amplifier element
disposed on a side of the multilayer substrate closer to the
power source (power input terminal 103) than the amplifier
transistor 10 and having a third terminal (collector terminal),
a fourth terminal (emitter terminal), and a second input
terminal (base terminal). The amplifier transistor 30 is a
third power amplifier element disposed on a side of the
multilayer substrate closer to the power source (power input
terminal 103) than the amplifier transistors 10 and 20 and
having a fifth terminal (collector terminal), a sixth terminal
(emitter terminal), and a third input terminal (base terminal).
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[0046] The collector terminal (first terminal) of the ampli-
fier transistor 10 is connected to the base terminal (second
input terminal) of the amplifier transistor 20, and the col-
lector terminal (third terminal) of the amplifier transistor 20
is connected to the base terminal (third input terminal) of the
amplifier transistor 30. Accordingly, the PA module 1 is
configured so that the first amplifier circuit 10A, the second
amplifier circuit 20A, and the third amplifier circuit 30A are
connected in multiple stages. The base terminal (first input
terminal) of the amplifier transistor 10 is connected to the
radio-frequency input terminal 101 via the input resistor
Rin, the collector terminal (first terminal) thereof is con-
nected to the power input terminal 103 via the choke coil 12,
and the emitter terminal (second terminal) thereof is
grounded (connected to GND) via the first wiring line [.14.
The collector terminal (third terminal) of the amplifier
transistor 20 is connected to the power input terminal 103
via the choke coil 22, and the emitter terminal (fourth
terminal) thereof is grounded (connected to GND) via the
second wiring line [.24. The collector terminal (fifth termi-
nal) of the amplifier transistor 30 is connected to the power
input terminal 103 via the choke coil 32, and the emitter
terminal (sixth terminal) thereof is grounded (connected to
GND) via the sixth wiring line [.34.

[0047] Although not illustrated in detail, in each of the first
amplifier circuit 10A, the second amplifier circuit 20A, and
the third amplifier circuit 30A, a plurality of amplifier
transistors are connected in parallel.

[0048] The amplifier transistors 10, 20, and 30 are power
amplifier elements that amplify a radio-frequency transmis-
sion signal inputted from the radio-frequency input terminal
101, are made of, for example, Si or GaAs, and are mainly
hetero bipolar transistors (HBTs) or field-effect transistors
(FETs). In a case where the amplifier transistors 10, 20, and
30 are formed of CMOS (complementary metal oxide semi-
conductor) made of Si, it is possible to manufacture the PA
module 1 at low cost. In a case where the amplifier transis-
tors 10, 20, and 30 are made of GaAs, it is possible to output
a radio-frequency transmission signal having a high ampli-
fication performance and noise performance.

[0049] The bias circuits 11, 21, and 31 are each formed of
a DC current supply transistor and other circuit elements
and, when supplied with a bias power voltage and a refer-
ence voltage, supply a DC bias voltage (current) from the
DC current supply transistor to the base terminals of the
amplifier transistors 10, 20, and 30.

[0050] The bypass capacitor 23 is a first bypass capacitor
having one end connected to the collector terminal of the
amplifier transistor 20 via the choke coil 22 and the other
end connected to the ground pattern layer (corresponding to
GND in FIG. 1) via the third wiring line [.25.

[0051] The bypass capacitor 33 is a second bypass capaci-
tor having one end connected to the collector terminal of the
amplifier transistor 30 via the choke coil 32 and the other
end connected to the ground pattern layer (corresponding to
GND in FIG. 1) via the seventh wiring line [.35.

[0052] With the connection configuration described
above, the bypass capacitors 23 and 33 have a function of
suppressing the fluctuations in a DC power voltage that is
supplied to the amplifier transistors 10, 20, and 30.

[0053] The first wiring line 114 is a first conductive
pattern formed between the amplifier transistor 10 and the
ground pattern layer (corresponding to GND in FIG. 1) and
connecting the emitter terminal of the amplifier transistor 10
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to the ground pattern layer. The first wiring line 1.14 has an
inductance component 14, as illustrated in the equivalent
circuit in FIG. 1.

[0054] The second wiring line 1.24 is a second conductive
pattern formed between the amplifier transistor 20 and the
ground pattern layer (corresponding to GND in FIG. 1) and
connecting the emitter terminal of the amplifier transistor 20
to the ground pattern layer. The second wiring line 1.24 has
an inductance component 24, as illustrated in the equivalent
circuit in FIG. 1.

[0055] The sixth wiring line 1.34 is a sixth conductive
pattern formed between the amplifier transistor 30 and the
ground pattern layer (corresponding to GND in FIG. 1) and
connecting the emitter terminal of the amplifier transistor 30
to the ground pattern layer. The sixth wiring line [.34 has an
inductance component 34, as illustrated in the equivalent
circuit in FIG. 1.

[0056] The third wiring line 125 is a third conductive
pattern formed between the bypass capacitor 23 and the
ground pattern layer (corresponding to GND in FIG. 1) and
connecting the other end of the bypass capacitor 23 to the
ground pattern layer. The third wiring line [.25 has an
inductance component 25, as illustrated in the equivalent
circuit in FIG. 1.

[0057] The seventh wiring line 1.35 is a seventh conduc-
tive pattern formed between the bypass capacitor 33 and the
ground pattern layer (corresponding to GND in FIG. 1) and
connecting the other end of the bypass capacitor 33 to the
ground pattern layer. The seventh wiring line [.35 has an
inductance component 35, as illustrated in the equivalent
circuit in FIG. 1.

[0058] The PA module 1 according to this embodiment is
characterized by the fourth wiring line 1.61 included therein.
The fourth wiring line [.61 is a fourth conductive pattern
formed between the amplifier transistor 10 and bypass
capacitor 23 and the ground pattern layer (corresponding to
GND in FIG. 1) and connecting the first wiring line .14 to
the third wiring line [.25. The fourth wiring line [.61 has a
very small inductance component 61, as illustrated in the
equivalent circuit in FIG. 1.

[0059] When the fourth wiring line [.61 is disposed as
described above, the first wiring line .14 and the fourth
wiring line [.61 are connected in parallel between the
amplifier transistor 10 and the ground pattern layer (GND),
and therefore, an inductance component generated between
the emitter terminal of the amplifier transistor 10 and the
ground pattern layer (GND) can be made smaller than the
inductance component 14 of the first wiring line [.14.
Therefore, it is possible to reduce power noise in the PA
module 1.

[0060] [1.2 Circuit Configuration of PA Module 500
According to Comparative Example]

[0061] FIG. 2 is a circuit configuration diagram of a PA
module 500 according to a comparative example. The PA
module 500 illustrated in FIG. 2 includes the radio-fre-
quency input terminal 101, the radio-frequency output ter-
minal 102, the first amplifier circuit 10A, the second ampli-
fier circuit 20A, the third amplifier circuit 30A, the bias
circuits 11, 21, and 31, the choke coils 12, 22, and 32, and
the bypass capacitors 23, 33, and 53. The connection rela-
tionships between the above-described constituent elements
are the same as the connection relationships in the PA
module 1 according to the first embodiment.
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[0062] FIG. 3 is an equivalent circuit diagram of the PA
module 500 according to the comparative example. In a case
where the PA module 500 is mounted on a multilayer
substrate in which a power amplifier circuit, a communica-
tion band selection switch, a matching circuit component,
and other circuit elements are embedded, the amplifier
transistors and bypass capacitors disposed on the multilayer
substrate are connected to a ground pattern layer (corre-
sponding to GND in FIG. 3) disposed in the multilayer
substrate by using conductive wiring lines formed in or on
the multilayer substrate, as illustrated in FIG. 3. More
specifically, the first wiring line [.14 is formed between the
amplifier transistor 10 and the ground pattern layer. The
second wiring line [.24 is formed between the amplifier
transistor 20 and the ground pattern layer. The third wiring
line [.25 is formed between the bypass capacitor 23 and the
ground pattern layer. The sixth wiring line 1.34 is formed
between the amplifier transistor 30 and the ground pattern
layer. The seventh wiring line [.35 is formed between the
bypass capacitor 33 and the ground pattern layer. The first
wiring line .14 has the inductance component 14, the
second wiring line [.24 has the inductance component 24,
the third wiring line [.25 has the inductance component 25,
the sixth wiring line 1.34 has the inductance component 34,
and the seventh wiring line [.35 has the inductance compo-
nent 35.

[0063] As described above, in the PA module 500 formed
on the multilayer substrate, the inductance components 14,
24, 25, 34, and 35 are generated in the grounded parts of the
amplifier transistors due to the wiring lines that connect the
amplifier transistors and the ground pattern layer (GND)
formed in the multilayer substrate to each other, and cause
an increase in power noise, which is an issue. For example,
in the PA module 500 illustrated in the equivalent circuit in
FIG. 3, a return current flowing through path 1 that extends
from the power input terminal 103, through the choke coil
12, the amplifier transistor 10, and the first wiring line [.14,
to the ground pattern layer (GND) and the inductance
component 14 cause an increase in power noise (V)
expressed by V=L(di/dt). A return current flowing through
path 2 that extends from the power input terminal 103,
through the choke coil 22, the amplifier transistor 20, the
second wiring line [.24, to the ground pattern layer (GND)
and the inductance component 24 cause an increase in power
noise (V) expressed by V=L(di/dt). A return current flowing
through path 3 that extends from the power input terminal
103, through the choke coil 32, the amplifier transistor 30,
the sixth wiring line .34, to the ground pattern layer (GND)
and the inductance component 34 cause an increase in power
noise (V) expressed by V=L(di/dt).

[0064] [1.3 Power Noise Reduction Effect by PA Module
1]
[0065] Unlike the above-described PA module 500 accord-

ing to the comparative example, in the PA module 1 accord-
ing to the first embodiment, the first wiring line .14 for
grounding the emitter of the amplifier transistor 10 and the
third wiring line [.25 for grounding the bypass capacitor 23
are connected to each other by the fourth wiring line .61
closer to the amplifier transistor 10 than the ground pattern
layer (GND). Accordingly, the first wiring line [.14 and the
fourth wiring line .61 are connected in parallel between the
amplifier transistor 10 and the ground pattern layer (GND),
and therefore, the inductance component generated between
the emitter terminal of the amplifier transistor 10 and the
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ground pattern layer (GND) can be made smaller than the
inductance component 14 of the first wiring line [.14. As a
result, it is possible to reduce power noise in the PA module
1.

[0066] [1.4 Circuit Configuration of PA Module 2 Accord-
ing to Modification]

[0067] FIG. 4 is an equivalent circuit diagram of a PA
module 2 according to a modification of the first embodi-
ment. The PA module 2 (power amplifier module) illustrated
in FIG. 4 includes the radio-frequency input terminal 101,
the radio-frequency output terminal 102, the first amplifier
circuit 10A, the second amplifier circuit 20A, the third
amplifier circuit 30A, the bias circuits 11, 21, and 31, the
choke coils 12, 22, and 32, the bypass capacitors 23, 33, and
53, the first wiring line [.14, the second wiring line [.24, the
third wiring line [.25, fourth wiring lines L.61A and L.61B,
a fifth wiring line .62, the sixth wiring line .34, the seventh
wiring line 135, and an eighth wiring line [.63.

[0068] The configuration of the PA module 2 according to
this modification is different from that of the PA module 1
according to the first embodiment in that (1) the two fourth
wiring lines are disposed and (2) the fifth wiring line [.62
and the eighth wiring line [.63 are disposed. Hereinafter, a
description of the PA module 2 according to this modifica-
tion will be given while focusing mainly on the differences
from the PA module 1 according to the first embodiment, and
a description of the matters the same as those in the PA
module 1 according to the first embodiment will be omitted.
[0069] The fourth wiring lines [L61A and [.61B constitute
the fourth conductive pattern formed between the amplifier
transistor 10 and bypass capacitor 23 and the ground pattern
layer (GND) and connecting the first wiring line [.14 and the
third wiring line 1.25 to each other. The fourth wiring lines
L61A and L61B respectively have very small inductance
components 61A and 61B, as illustrated in the equivalent
circuit in FIG. 4. The fourth wiring lines [.61A and [.61B are
formed in the same layer of the multilayer substrate and are
connected in parallel between the first wiring line [.14 and
the third wiring line [.25.

[0070] Accordingly, the combined inductance component
of the fourth wiring lines [.61A and [.61B can be made
smaller than that in the case where the fourth conductive
pattern is constituted by one conductive wiring line. That is,
when the fourth wiring lines .61A and [.61B each having a
smaller inductance component are connected in parallel to
the first wiring line [.14, the inductance component gener-
ated between the emitter terminal of the amplifier transistor
10 and the ground pattern layer (GND) can be further
reduced.

[0071] The fifth wiring line 1.62 is a fifth conductive
pattern formed between the amplifier transistor 20 and
bypass capacitor 23 and the ground pattern layer (GND) and
connecting the second wiring line [.24 and the third wiring
line 125 to each other. The fifth wiring line .62 has a very
small inductance component 62, as illustrated in the equiva-
lent circuit in FIG. 4.

[0072] Accordingly, the second wiring line 1[.24 for
grounding the emitter of the amplifier transistor 20 and the
third wiring line 1.25 for grounding the bypass capacitor 23
are connected to each other by the fifth wiring line 1.62
closer to the amplifier transistor 20 than the ground pattern
layer (GND). Therefore, the second wiring line .24 and the
fifth wiring line [.62 are connected in parallel between the
amplifier transistor 20 and the ground pattern layer (GND).
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Accordingly, an inductance component generated between
the emitter terminal of the amplifier transistor 20 and the
ground pattern layer (GND) can be made smaller than the
inductance component 24 of the second wiring line [.24. As
a result, it is possible to reduce power noise mainly in the
amplifier transistor 20 and to reduce power noise in the PA
module 2 accordingly.

[0073] The eighth wiring line .63 is an eighth conductive
pattern formed between the amplifier transistor 30 and
bypass capacitor 33 and the ground pattern layer (GND) and
connecting the sixth wiring line [.34 to the seventh wiring
line [.35. The eighth wiring line 1.63 has a very small
inductance component 63, as illustrated in the equivalent
circuit in FIG. 4.

[0074] Accordingly, the sixth wiring line .34 for ground-
ing the emitter of the amplifier transistor 30 and the seventh
wiring line [.35 for grounding the bypass capacitor 33 are
connected to each other by the eighth wiring line 1.63 closer
to the amplifier transistor 30 than the ground pattern layer
(GND). Therefore, the sixth wiring line 1.34 and the eighth
wiring line [.63 are connected in parallel between the
amplifier transistor 30 and the ground pattern layer (GND).
Accordingly, an inductance component generated between
the emitter terminal of the amplifier transistor 30 and the
ground pattern layer (GND) can be made smaller than the
inductance component 34 of the sixth wiring line [.34. As a
result, it is possible to reduce power noise mainly in the
amplifier transistor 30 and to reduce power noise in the PA
module 2 accordingly.

[0075] In the PA module 2 according to this modification,
the two fourth wiring lines, namely, the fourth wiring lines
L61A and [.61B, and the one fifth wiring line, namely, the
fifth wiring line .62, are disposed. That is, the number of
conductive wiring lines constituting the fourth conductive
pattern is larger than the number of conductive wiring lines
constituting the fifth conductive pattern.

[0076] The distance between the amplifier transistor 10
and the ground pattern layer (GND) connected to the ground
terminal of the power source is longer the distance between
the amplifier transistor 20 and the ground pattern layer
(GND), and therefore, the first wiring line .14 is longer than
the second wiring line [.24, and the inductance component
14 is larger than the inductance component 24. Meanwhile,
the number of conductive wiring lines constituting the fourth
conductive pattern is larger than the number of conductive
wiring lines constituting the fifth conductive pattern, and
therefore, the inductance component of the fourth conduc-
tive pattern is smaller than the inductance component of the
fifth conductive pattern. Accordingly, the inductance com-
ponent generated between the emitter terminal of the ampli-
fier transistor 10 and the ground pattern layer (GND) can be
further made smaller than the inductance component gen-
erated between the emitter terminal of the amplifier transis-
tor 20 and the ground pattern layer (GND). As a result, it is
possible to effectively reduce power noise in the PA module
2

[0077] Note that a case is possible where the number of
conductive wiring lines constituting the fourth conductive
pattern is equal to the number of conductive wiring lines
constituting the fifth conductive pattern and where the line
width of a conductive wiring line constituting the fourth
conductive pattern is larger than the line width of a conduc-
tive wiring line constituting the fitth conductive pattern.
Furthermore, a case is possible where the number and line
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width of conductive wiring lines constituting the fourth
conductive pattern are equal to the number and line width of
conductive wiring lines constituting the fifth conductive
pattern and where a conductive wiring line constituting the
fourth conductive pattern is shorter than a conductive wiring
line constituting the fifth conductive pattern. Also, in these
cases, the inductance component of the fourth conductive
pattern is smaller than that of the fifth conductive pattern. As
aresult, it is possible to effectively reduce power noise in the
PA module 2.

[0078] [1.5 Mounting Configuration of PA Module 2
According to Modification]

[0079] FIG. 5 is a diagram illustrating a mounting con-
figuration of the PA module 2 according to the modification
of the first embodiment. A plan view of the PA module 2
according to this modification and a power source 70 is
found in the lower portion of FIG. 5, and a cross-sectional
view taken along V-V of the plan view is found in the upper
portion thereof. As illustrated in FIG. 5, the PA module 2 has
a multilayer mount board 90, a multilayer circuit board 80,
the amplifier transistor 30, and the bypass capacitor 33. Note
that FIG. 5 illustrates only the third amplifier circuit 30A and
its peripheral circuit elements in the PA module 2.

[0080] The multilayer mount board 90 and the multilayer
circuit board 80 are, for example, resin multilayer substrates
formed by, for example, stacking low temperature co-fired
ceramic substrates (LTCC substrates) or glass epoxy sub-
strates. The amplifier transistor 30, the bypass capacitor 33,
the other circuit elements, and so on may be coated with, for
example, epoxy resin, on the multilayer mount board 90.
[0081] Note that, in the plan view in the lower portion of
FIG. 5, the electrode layout on the surface of the multilayer
circuit board 80 on which the amplifier transistor 30 and the
bypass capacitor 33 are seen through is illustrated.

[0082] On the multilayer mount board 90, the multilayer
circuit board 80 and the power source 70 are disposed. On
the multilayer circuit board 80, the amplifier transistor 30
and the bypass capacitor 33 are disposed. In the multilayer
circuit board 80, the choke coil 32 is formed. In the
multilayer circuit board 80 and the multilayer mount board
90, the sixth wiring line [.34 connecting the emitter terminal
of the amplifier transistor 30 to the ground pattern layer
(GND) and the seventh wiring line [.35 connecting the other
terminal of the bypass capacitor 33 to the ground pattern
layer (GND) are formed by via wiring. On the surface of the
multilayer circuit board 80, a ground pattern 30E of the
amplifier transistor 30, electrodes 20C connected to the
collector terminal of the amplifier transistor 30, an electrode
33H connected to the one end of the bypass capacitor 33, and
an electrode 33G connected to the other end thereof are
formed. On the surface of the multilayer circuit board 80, the
eighth wiring line 163 is also formed in addition to the
above-described electrodes. That is, the eighth wiring line
.63 is formed between the amplifier transistor 30 and
bypass capacitor 33 and the ground pattern layer (GND) and
connects the sixth wiring line 1.34 to the seventh wiring line
L.35. The eighth wiring line 1.63 need not be formed on the
surface of the multilayer circuit board 80 and may be formed
in the multilayer circuit board 80 or above the ground pattern
layer (GND) of the multilayer mount board 90.

[0083] With the above-described configuration, the sixth
wiring line .34 for grounding the emitter of the amplifier
transistor 30 and the seventh wiring line 1.35 for grounding
the bypass capacitor 33 are connected to each other by the
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eighth wiring line 1.63 closer to the amplifier transistor 30
than the ground pattern layer (GND). Therefore, the sixth
wiring line [.34 and the eighth wiring line 1.63 (and the
seventh wiring line 1.35 connected in series) are connected
in parallel between the amplifier transistor 30 and the ground
pattern layer (GND). Accordingly, the inductance compo-
nent generated between the emitter terminal of the amplifier
transistor 30 and the ground pattern layer (GND) can be
made smaller than the inductance component 34 of the sixth
wiring line 1.34. As a result, it is possible to reduce power
noise in the PA module 2.

[0084] Note that, in the PA module 2 according to this
modification, the eighth wiring line 1.63, and the fifth wiring
line .62 connecting the second wiring line [.24 to the third
wiring line [.25 may be formed in different layers of the
multilayer circuit board 80. Accordingly, the fifth wiring line
162 and the eighth wiring line 1.63 can be disposed and laid
out more flexibly, and therefore, the impedances of the
amplifier transistors 20 and 30 can be adjusted more easily.
[0085] [1.6 Mounting Configuration of PA Module 1
According to First Embodiment]

[0086] FIG. 6 is a diagram illustrating a mounting con-
figuration of the PA module 1 according to the first embodi-
ment. A plan view of the PA module 1 according the first
embodiment and the power source 70 is found in the lower
portion of FIG. 6, and a cross-sectional view taken along
VI-VI of the plan view is found in the upper portion thereof.
As illustrated in FIG. 6, the PA module 1 has the multilayer
mount board 90, the multilayer circuit board 80, the ampli-
fier transistor 10, and the bypass capacitor 23. Note that FIG.
6 illustrates only the first amplifier circuit 10A and its
peripheral circuit elements in the PA module 1.

[0087] Note that, in the plan view in the lower portion of
FIG. 6, the electrode layout on the surface of the multilayer
circuit board 80 on which the amplifier transistor 10 and the
bypass capacitor 23 are seen through is illustrated.

[0088] On the multilayer mount board 90, the multilayer
circuit board 80 and the power source 70 are disposed. On
the multilayer circuit board 80, the amplifier transistor 10
and the bypass capacitor 23 are disposed. In the multilayer
circuit board 80, the choke coil 12 is formed. In the
multilayer circuit board 80 and the multilayer mount board
90, the first wiring line [.14 connecting the emitter terminal
of the amplifier transistor 10 to the ground pattern layer
(GND) and the third wiring line [.25 connecting the other
terminal of the bypass capacitor 23 to the ground pattern
layer (GND) are formed by via wiring. On the surface of the
multilayer circuit board 80, a ground pattern 10E of the
amplifier transistor 10, electrodes 10C connected to the
collector terminal of the amplifier transistor 10, an electrode
23H connected to the one end of the bypass capacitor 23, and
an electrode 23G connected to the other end thereof are
formed. In an internal layer of the multilayer circuit board
80, the fourth wiring line 161 is formed. That is, the fourth
wiring line [.61 is formed between the amplifier transistor 10
and bypass capacitor 23 and the ground pattern layer (GND)
and connects the first wiring line .14 to the third wiring line
L25.

[0089] In a case where, for example, a circuit element or
a wiring line is disposed on the surface of the multilayer
circuit board 80 in a region between the first wiring line .14
and the third wiring line [.25, it may be difficult to form the
fourth wiring line .61 in the region. In this case, the fourth
wiring line .61 may be formed in an internal layer of the
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multilayer circuit board 80 as described above. Note that the
fourth wiring line .61 need not be formed on the surface of
or in the multilayer circuit board 80 and may be formed
above the ground pattern layer (GND) of the multilayer
mount board 90.

[0090] With the above-described configuration, the first
wiring line .14 for grounding the emitter of the amplifier
transistor 10 and the third wiring line 1.25 for grounding the
bypass capacitor 23 are connected to each other by the fourth
wiring line [.61 closer to the amplifier transistor 10 than the
ground pattern layer (GND). Therefore, the first wiring line
.14 and the fourth wiring line [.61 (and the third wiring line
[.25 connected in series) are connected in parallel between
the amplifier transistor 10 and the ground pattern layer
(GND). Accordingly, the inductance component generated
between the emitter terminal of the amplifier transistor 10
and the ground pattern layer (GND) can be made smaller
than the inductance component 14 of the first wiring line
L14. As a result, it is possible to reduce power noise in the
PA module 1.

[0091] In this embodiment and the modification thereof,
the PA module 1 having the fourth wiring line [.61 and the
PA module 2 having the fourth wiring lines L61A and [.61B,
the fifth wiring line 1.62, and the eighth wiring line .63 have
been illustrated; however, PA modules according to the
present disclosure are not limited to these. Examples of the
PA modules according to the present disclosure include a PA
module having the fourth wiring line [.61, the fifth wiring
line 1,62, and the eighth wiring line .63, a PA module having
the fourth wiring line [.61 and the fifth wiring line .62, a PA
module having the fourth wiring line 1.61 and the eighth
wiring line 1.63, and a PA module having only the fourth
wiring lines L61A and [.61B.

Second Embodiment

[0092] The PA module 1 or 2 according to the first
embodiment or the modification thereof is applicable to a PA
module of an envelope tracking system. In a second embodi-
ment, a PA module of an envelope tracking system will be
described.

[0093] FIG. 7 is a circuit configuration diagram of a PA
module 3 according to the second embodiment. The PA
module 3 illustrated in FIG. 7 includes the PA module 1 and
a supply modulator 75 and operates in accordance with an
envelope tracking system (hereinafter referred to as “ET
system”).

[0094] The PA module 1 is the PA module according to the
first embodiment and is configured so as to be capable of
reducing power noise.

[0095] The supply modulator 75 modulates a DC voltage
supplied from the power source 70 in accordance with
amplitude information (envelope) about output power input-
ted from an AM signal input terminal 104 and applies the
modulated voltage to the collector terminal of each of the
amplifier transistors 10, 20, and 30 via the power input
terminal 103. Note that the supply modulator 75 may include
the power source 70. That is, the supply modulator 75
functions as an envelope amplifier.

[0096] With the above-described configuration, the col-
lector voltage of the amplifier transistors 10, 20, and 30 is
changed in accordance with the output power to thereby
reduce power loss that occurs in an operation in a case where
the power voltage is a fixed voltage, and it is possible to
effectively reduce power noise. Furthermore, the power
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voltage is changed in accordance with the amplitude infor-
mation to thereby make the amplifier transistors 10, 20, and
30 operate in a substantially saturated state, and it is possible
to increase the efficiency of the PA module 3. In a case of,
for example, a WCDMA (wideband code division multiple
access) modulating signal for which the ratio between the
average output power and the peak output power of a power
amplifier is large, when the amplifier transistors are operated
at a fixed voltage, efficiency decreases for the average output
power. However, in the PA module 3 that employs an ET
system, the collector voltage is changed in accordance with
the output power to thereby achieve increased efficiency.
[0097] In a case where the PA module 3 is applied to a
multimode multiband system, the supply modulator 75 can
change the modulation factor for the power voltage for each
mode and each band. Therefore, the PA module 3 is favor-
able to a multimode multiband system.

Third Embodiment

[0098] In a third embodiment, a frontend circuit and a
communication device that include the PA module 1 or 2
according to the first embodiment or the PA module 3
according to the second embodiment will be described.
[0099] FIG. 8 is a circuit configuration diagram of a
communication device 100 according to the third embodi-
ment. FIG. 8 illustrates the communication device 100 and
an antenna element 4. The communication device 100
includes a frontend circuit 200, an RF signal processing
circuit 5, and a baseband signal processing circuit 6. The
frontend circuit 200 is disposed in a frontend part of, for
example, a multimode/multiband-ready mobile phone.
[0100] The frontend circuit 200 includes the PA module 1,
a low-noise amplifier circuit 120, an antenna matching
circuit 130, an antenna switch 140, a reception filter 150, and
a transmission filter 160.

[0101] The antenna matching circuit 130 is connected to
the antenna element 4 and to the antenna switch 140, and
matches the antenna element 4 with the frontend circuit 200.
Accordingly, the frontend circuit 200 can receive a reception
signal from the antenna element 4 with low loss and outputs
a transmission signal to the antenna element 4 with low loss.
The antenna matching circuit 130 is constituted by one or
more radio-frequency circuit components, and is formed of
an inductor in the form of a chip or a pattern, or a capacitor
in the form of a chip or a pattern. Note that the antenna
matching circuit 130 is not an essential constituent element
of the frontend circuit 200. Furthermore, the antenna match-
ing circuit 130 may be a multiband multimode-ready vari-
able matching circuit that changes the impedance in accor-
dance with a selected band or mode.

[0102] The antenna switch 140 is a separator that connects
the antenna element 4 (and the antenna matching circuit
130) with either a transmission-side signal path or a recep-
tion-side signal path to switch connections between the
antenna element 4 and the plurality of signal paths. More
specifically, the antenna switch 140 includes a common
terminal connected to the antenna matching circuit 130 and
two selection terminals for connecting with the transmis-
sion-side signal path or the reception-side signal path
described above.

[0103] Note that, in FIG. 8, the antenna switch 140 is a
radio-frequency switch of a single-pole double-throw type;
however, in a case where a plurality of transmission-side
signal paths and a plurality of reception-side signal paths are
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disposed, the antenna switch 140 is not limited to a switch
of a single-input double-output type. Furthermore, a multi-
plexer including a duplexer or a triplexer for separating a
transmission wave and a reception wave from each other
may be disposed instead of the antenna switch 140.

[0104] The reception filter 150 is a reception filter element
that filters a reception signal received by the antenna ele-
ment 4 and passing through the antenna switch 140 with a
predetermined passband and outputs the filtered signal to the
low-noise amplifier circuit 120.

[0105] The transmission filter 160 is a transmission filter
element that filters a transmission signal outputted from the
PA module 1 with a predetermined passband and outputs the
filtered signal to the antenna element 4 via the antenna
switch 140.

[0106] The PA module 1 is a power amplifier module that
amplifies a radio-frequency transmission signal outputted
from the RF signal processing circuit 5 and outputs the
amplified signal toward the antenna switch 140. The PA
module 1 is the PA module 1 according to the first embodi-
ment. Note that the PA module according to this embodi-
ment may be the PA module 2 according to the modification
of the first embodiment or the PA module 3 according to the
second embodiment instead of the PA module 1 according to
the first embodiment.

[0107] The low-noise amplifier circuit 120 is a radio-
frequency amplifier circuit that amplifies a radio-frequency
reception signal outputted from the antenna switch 140 and
outputs the amplified signal to the RF signal processing
circuit 5.

[0108] The RF signal processing circuit 5 performs signal
processing, such as down conversion, on a radio-frequency
reception signal inputted from the antenna element 4 via the
reception-side signal path and outputs a reception signal
generated as a result of the signal processing to the baseband
signal processing circuit 6. The RF signal processing circuit
5 is, for example, an RFIC (radio frequency integrated
circuit). Furthermore, the RF signal processing circuit 5
performs signal processing, such as up conversion, on a
transmission signal inputted from the baseband signal pro-
cessing circuit 6 and outputs a radio-frequency transmission
signal generated as a result of the signal processing to the PA
module 1.

[0109] The baseband signal processing circuit 6 is a circuit
that performs signal processing using an intermediate fre-
quency band lower than the frequency band of a radio-
frequency signal in the frontend part. A signal processed by
the baseband signal processing circuit 6 is used in, for
example, image display or telephone conversation via a
speaker.

[0110] Note that the frontend circuit 200 may be config-
ured so as not to include at least one of the reception filter
150 and the transmission filter 160 depending on a required
specification.

[0111] The frontend circuit 200 illustrated in FIG. 8 has
one transmission-side signal path and one reception-side
signal path; however, the frontend circuit 200 may have a
plurality of transmission-side signal paths and a plurality of
reception-side signal paths so as to be ready for multiband.
In this case, the PA module 1, the low-noise amplifier circuit
120, the reception filter 150, and the transmission filter 160
may be disposed for each of the signal paths corresponding
to the respective frequency bands. Furthermore, the PA
module 1, the low-noise amplifier circuit 120, the reception



US 2021/0211100 A1

filter 150, and the transmission filter 160 may be configured
s0 as to be capable of changing the bandpass characteristics
and the amplification characteristics in accordance with a
selected frequency band. In this case, the number of PA
modules 1, the number of low-noise amplifier circuits 120,
the number of reception filters 150, and the number of
transmission filters 160 may be smaller than the number of
signal paths.

[0112] With the above-described configuration, it is pos-
sible to provide the frontend circuit 200 and the communi-
cation device 100 in which power noise is reduced.

Other Embodiments and so on

[0113] The power amplifier module, the frontend circuit,
and the communication device according to the embodi-
ments of the present disclosure have been described with
reference to the first to third embodiments; however, the
power amplifier module, the frontend circuit, and the com-
munication device according to the present disclosure are
not limited to those in the above-described embodiments.
Another embodiment obtained by combining any of the
constituent elements in the above-described embodiments, a
modification obtained by making various modifications con-
ceived by a person skilled in the art to the above-described
embodiments without departing from the spirit of the present
disclosure, and various devices that include the power
amplifier module, the frontend circuit, and the communica-
tion device of the present disclosure are also included in the
present disclosure.

[0114] Note that the first wiring line [14, the second
wiring line [.24, the third wiring line [.25, the fourth wiring
line 161, the fifth wiring line .62, the sixth wiring line [.34,
the seventh wiring line .35, and the eighth wiring line [.63
are not limited to linear wiring lines and need to be con-
ductive patterns that are formed in a predetermined conduc-
tive layer that constitutes the multilayer substrate.

[0115] Furthermore, in the power amplifier module, the
frontend circuit, and the communication device according to
the above-described embodiments, other radio-frequency
circuit elements, other wiring lines, and so on may be
inserted into paths that connect circuit elements and signal
paths disclosed by the drawings.

[0116] Furthermore, in the first embodiment, the three-
stage PA module in which the amplifier transistors 10, 20,
and 30 are cascade-connected has been described; however,
the PA modules according to the present disclosure are not
limited by the number of stages of the amplifier transistors.
[0117] The present disclosure is widely applicable to com-
munication devices, such as mobile phones, as a power
amplifier module that is disposed in a multiband/multimode-
ready frontend part.

[0118] 1, 2, 3, 500 PA module

[0119] 4 antenna element

[0120] 5 RF signal processing circuit

[0121] 6 baseband signal processing circuit

[0122] 10A first amplifier circuit

[0123] 10C, 20C, 23G, 23H, 33G, 33H electrode
[0124] 10E, 30E ground pattern

[0125] 11, 21, 31, 604, 605 bias circuit

[0126] 12, 22, 32 choke coil

[0127] 14, 24, 25, 34, 35, 61, 61A, 61B, 62, 63 induc-

tance component
[0128] 20A second amplifier circuit
[0129] 23, 33, 53 bypass capacitor
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[0130] 30A third amplifier circuit

[0131] 70 power source

[0132] 75 supply modulator

[0133] 80 multilayer circuit board

[0134] 90 multilayer mount board

[0135] 100 communication device

[0136] 101 radio-frequency input terminal
[0137] 102 radio-frequency output terminal
[0138] 103 power input terminal

[0139] 104 AM signal input terminal
[0140] 120 low-noise amplifier circuit
[0141] 130 antenna matching circuit

[0142] 140 antenna switch

[0143] 150 reception filter

[0144] 160 transmission filter

[0145] 200 frontend circuit

[0146] 601 subsequent radio-frequency transistor
[0147] 602 succeeding radio-frequency transistor
[0148] 603 matching circuit

[0149] 606, 607 bias power terminal

[0150] 641, 651 strip line

[0151] 642, 652 radio-frequency bypass capacitor
[0152] 643, 653 bias resistor

[0153] 644, 654 bias bleeder resistor
[0154] (10, C20, C30 capacitor

[0155] L.14 first wiring line

[0156] 1.24 second wiring line

[0157] L25 third wiring line

[0158] [.34 sixth wiring line

[0159] L35 seventh wiring line

[0160] L61, L61A, L61B fourth wiring line
[0161] L62 fifth wiring line

[0162] 1.63 eighth wiring line

[0163] R10, R20 resistor

1. A power amplifier module, comprising:

a substrate having a ground pattern layer;

a first power amplifier on the substrate and having a
collector, an emitter, and a first input terminal;

a second power amplifier on the substrate and having a
collector and a second input terminal connected to the
collector of the first power amplifier;

a first bypass capacitor connected to the collector of the
second power amplifier;

a first conductive pattern connected between the first
power amplifier and the ground pattern layer;

a second conductive pattern connected between the first
bypass capacitor and the ground pattern layer; and

a third conductive pattern connected between the emitter
of the first power amplifier and the ground pattern layer,
and between the first bypass capacitor and the ground
pattern layer.

2. The power amplifier module according to claim 1,
wherein the third conductive pattern further connects the
first conductive pattern to the second conductive pattern.

3. The power amplifier module according to claim 1,
wherein the third conductive pattern comprises a plurality of
conductive wiring lines in a single layer between the first
power amplifier and the ground pattern layer, and between
the first bypass capacitor and the ground pattern layer.

4. The power amplifier module according to claim 1,
further comprising a fourth conductive pattern between the
second power amplifier and the ground pattern layer, and
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between the first bypass capacitor and the ground pattern
layer, and connecting the second conductive pattern to the
third conductive pattern.

5. The power amplifier module according to claim 4,
further comprising:

a third power amplifier on a side of the substrate closer to

a power source than the first power amplifier and the
second power amplifier, and having a collector, an
emitter, and a third input terminal connected to the
collector of the second power amplifier;

a second bypass capacitor connected to the collector of

the third power amplifier;

a fifth conductive pattern provided between the third

power amplifier and the ground pattern layer;

a sixth conductive pattern provided between the second

bypass capacitor and the ground pattern layer; and

an seventh conductive pattern provided between the third

power amplifier and the ground pattern layer, and
between the second bypass capacitor and the ground
pattern layer.

6. The power amplifier module according to claim 5,
wherein the seventh conductive pattern further connects the
sixth conductive pattern to the seventh conductive pattern.

7. The power amplifier module according to claim 5,
wherein the fourth conductive pattern and the seventh con-
ductive pattern are in different layers.

8. The power amplifier module according to claim 4,
wherein:

the second power amplifier is closer to a power source

than the first power amplifier,

the third conductive pattern and the fourth conductive

pattern each comprise one or more conductive wiring
lines, and

a number of conductive wiring lines of the third conduc-

tive pattern is larger than a number of conductive
wiring lines of the fourth conductive pattern.

9. The power amplifier module according to claim 4,
wherein:

the second power amplifier is closer to a power source

than the first power amplifier,

the third conductive pattern and the fourth conductive

pattern each comprise one or more conductive wiring
lines, and

a line width of a conductive wiring line of the third

conductive pattern is larger than a line width of a
conductive wiring line of the fourth conductive pattern.

10. The power amplifier module according to claim 4,
wherein:
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the second power amplifier is closer to a power source
than the first power amplifier,

the third conductive pattern and the fourth conductive
pattern each comprise a conductive wiring line, and

a conductive wiring line of the third conductive pattern is
shorter than a conductive wiring line of the fourth
conductive pattern.

11. The power amplifier module according to claim 1,
further comprising a supply modulator modulating a power
voltage outputted from a power source in accordance with
an envelope tracking system, and outputting the modulated
power voltage to the collector of the first power amplifier
and to the collector of the second power amplifier.

12. A frontend circuit comprising:

the power amplifier module according to claim 1;

a transmission filter and a reception filter; and

a separator outputting a radio-frequency reception signal
from an antenna to the reception filter, and outputting
a radio-frequency transmission signal amplified by the
power amplifier module and passing through the trans-
mission filter to the antenna.

13. A communication device comprising:

the frontend circuit according to claim 12; and

an RF signal processing circuit outputting a radio-fre-
quency transmission signal to the frontend circuit, and
receiving a radio-frequency reception signal from the
frontend circuit.

14. The power amplifier module according to claim 1,

further comprising:

a first wiring inductor on the first conductor pattern, and
between the emitter of the first power amplifier and the
ground pattern layer; and

a second wiring inductor on the second conductor pattern,
and between the bypass capacitor and the ground
pattern layer,

wherein the third conductor pattern connects the emitter
of the first power amplifier and the first wiring inductor,
and connects the bypass capacitor and the second
wiring inductor on the first conductor pattern.

15. The power amplifier module according to claim 1,
wherein the third conductor pattern is arranged between the
ground pattern layer and the first power amplifier in a
thickness direction of the substrate.

16. The power amplifier module according to claim 15,
wherein the conductor pattern or the ground pattern layer
comprises a via.



