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(54) DOHERTY AMPLIFIER

(567)  ADoherty amplifier according to the present dis-
closure includes a substrate, a first transistor provided
on the substrate, the first transistor including a plurality
of first gate electrodes extending in a first direction, a
plurality of first drain electrodes extending in the first di-
rection, a first gate bus bar to which a first signal of two
signals obtained by dividing an input signal is input and
to which the plurality of first gate electrodes are electri-
cally connected, and a first drain bus bar provided so as
to dispose the plurality of first gate electrodes and the
plurality of first drain electrodes between the first gate
bus bar and the first drain bus bar, the plurality of first
drain electrodes being electrically connected to the first
drain bus bar, a second transistor provided on the sub-
strate, the transistor including a plurality of second gate
electrodes extending in a second direction, a plurality of
second drain electrodes extending in the second direc-
tion, a second gate bus bar having a first end to which a

second signal of the two signals is input, the plurality of
second gate electrodes being electrically connected to
the second gate bus bar, and a second drain bus bar
provided so as to dispose the plurality of second gate
electrodes and the plurality of second drain electrodes
between the second gate bus bar and the second drain
bus bar, the plurality of second drain electrodes being
electrically connected to the second drain bus bar, a com-
bining node provided on the substrate and combining the
first signal amplified by the first transistor and the second
signal amplified by the second transistor, a first line pro-
vided on the substrate and connecting the first drain bus
bar and the combining node, and a second line provided
on the substrate, connecting the second drain bus bar
and the combining node, and connected to a second end
of the second drain bus bar located diagonally across
the second transistor with respect to the first end.
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Description
FIELD

[0001]
plifier.

The presentdisclosure relates to a Doherty am-

BACKGROUND

[0002] A Doherty amplifier is known as an amplifier for
amplifying a high frequency signal such as a microwave.
In the Doherty amplifier, a main amplifier and a peak am-
plifier amplify input signals in parallel, and amplified sig-
nals are combined by a combiner. It is known that a chip
having amain amplifier and a chip having a peak amplifier
are mounted on a substrate (for example, U.S. Patent
No. 10381984).

SUMMARY

[0003] A Doherty amplifieraccordingto the presentdis-
closure includes a substrate; a first transistor provided
on the substrate, the first transistor including: a plurality
of first gate electrodes extending in a first direction; a
plurality of first drain electrodes extending in the first di-
rection; a first gate bus bar to which a first signal of two
signals obtained by dividing an input signal is input and
to which the plurality of first gate electrodes are electri-
cally connected; and a first drain bus bar provided so as
to dispose the plurality of first gate electrodes and the
plurality of first drain electrodes between the first gate
bus bar and the first drain bus bar, the plurality of first
drain electrodes being electrically connected to the first
drain bus bar; a second transistor provided on the sub-
strate, the transistor including: a plurality of second gate
electrodes extending in a second direction; a plurality of
second drain electrodes extending in the second direc-
tion; a second gate bus bar having a first end to which a
second signal of the two signals is input, the plurality of
second gate electrodes being electrically connected to
the second gate bus bar; and a second drain bus bar
provided so as to dispose the plurality of second gate
electrodes and the plurality of second drain electrodes
between the second gate bus bar and the second drain
bus bar, the plurality of second drain electrodes being
electrically connected to the second drain bus bar; acom-
bining node provided on the substrate and combining the
first signal amplified by the first transistor and the second
signal amplified by the second transistor; a first line pro-
vided on the substrate and connecting the first drain bus
bar and the combining node; and a second line provided
on the substrate, connecting the second drain bus bar
and the combining node, and connected to a second end
of the second drain bus bar located diagonally across
the second transistor with respect to the first end.
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BRIEF DESCRIPTION OF DRAWINGS
[0004]

FIG. 1 is a circuit diagram of a Doherty amplifier ac-
cording to a first embodiment.

FIG. 2 is a plan view of a semiconductor chip accord-
ing to the first embodiment.

FIG. 3 is a plan view of a semiconductor chip in a
first comparative example.

FIG. 4 is a plan view of a semiconductor chip in a
second comparative example.

FIG. 5is a plan view of a semiconductor chip accord-
ing to a second embodiment.

FIG. 6 is a plan view of a semiconductor chip accord-
ing to a third embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0005] However, in the case where the main amplifier
and the peak amplifier are formed on a single substrate
to form a single chip, a size of the chip becomes large in
order to suppress the deterioration of characteristics.
[0006] The present disclosure has been made in view
of the above-described problems, and an object of the
present disclosure is to reduce the size.

[Details of Embodiments of the Present Disclosure]

[0007] First, the contents of the embodiments of this
disclosure are listed and explained.

(1) A Doherty amplifier according to the present dis-
closure includes a substrate; a first transistor provid-
ed on the substrate, the first transistor including: a
plurality of first gate electrodes extending in a first
direction; a plurality of first drain electrodes extend-
ing in the first direction; a first gate bus bar to which
a first signal of two signals obtained by dividing an
input signal is input and to which the plurality of first
gate electrodes are electrically connected; and afirst
drain bus bar provided so as to dispose the plurality
of first gate electrodes and the plurality of first drain
electrodes between the first gate bus bar and the
firstdrain bus bar, the plurality of first drain electrodes
being electrically connected to the first drain bus bar;
a second transistor provided on the substrate, the
transistor including: a plurality of second gate elec-
trodes extending in a second direction; a plurality of
second drain electrodes extending in the second di-
rection; a second gate bus bar having a first end to
which a second signal of the two signals is input, the
plurality of second gate electrodes being electrically
connected to the second gate bus bar; and a second
drain bus bar provided so as to dispose the plurality
of second gate electrodes and the plurality of second
drain electrodes between the second gate bus bar
and the second drain bus bar, the plurality of second
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drain electrodes being electrically connected to the
second drain bus bar; a combining node provided
on the substrate and combining the first signal am-
plified by the first transistor and the second signal
amplified by the second transistor; afirst line provid-
ed on the substrate and connecting the first drain
bus bar and the combining node; and a second line
provided on the substrate, connecting the second
drain bus bar and the combining node, and connect-
ed to a second end of the second drain bus bar lo-
cated diagonally across the second transistor with
respect to the first end. Thereby, the deterioration of
the characteristics such as the combined loss
caused by a phase difference can be suppressed,
so that the size can be reduced.

(2) In the above (1), the combining node may be
provided in a region of the first transistor positioned
in the first direction, and the first end may be closer
to the first transistor than the second end and may
be further from the combining node than the second
end in the first direction. Thereby, it is possible to
reduce the size.

(3) In the above (2), a width of the second transistor
in the first direction may be larger than a width of the
first transistor in the first direction, and the second
transistor may overlap with the first transistor and
overlap with at least a part of the first line when
viewed from a direction orthogonal to the first direc-
tion. Thereby, the length of the first line can be se-
cured.

(4) In the above (3), a gate width of the second tran-
sistor may be larger than a gate width of the first
transistor. Thereby, the deterioration of the charac-
teristics can be suppressed in a structure in which
the deterioration of the characteristics is likely to oc-
cur.

(5) Inthe above (4), the first direction and the second
direction may intersect each other. Thereby, the
length of the first line can be secured.

(6) In the above (4), the first direction and the second
direction orthogonally intersect each other. Thereby,
it is possible to reduce the size.

(7) In any one of the above (1) to (6), the second line
may include an impedance converter. Thereby, it is
possible to reduce the size in a structure in which
the first line becomes long.

(8) In any one of the above (1) to (7), a width of the
second drain bus bar at the second end may be larg-
er than a width of the second drain bus bar at a third
end opposite to the second end portion. Thereby,
the second drain bus bar can serve as a line having
a function of a matching circuit.

(9) In any one of the above (1) to (8), the first tran-
sistor may include a plurality of first source elec-
trodes extending in the first direction. One of the plu-
rality of first gate electrodes may be disposed be-
tween one of the plurality of first source electrodes
and one of the plurality of first drain electrodes. The
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second transistor may include a plurality of second
source electrodes extending in the second direction.
One of the second gate electrodes may be disposed
between one of the second source electrodes and
one of the second drain electrodes. Thereby, the first
transistor and the second transistor can be multi-
finger transistors.

(10) In any one of the above (1) to (9), the first tran-
sistor may be a main amplifier, and the second tran-
sistor may be a peak amplifier. Thereby, a saturated
power of the peak amplifier can be made larger than
a saturated power of the main amplifier.

[0008] Specific examples of the Doherty amplifier in
accordance with embodiments of the present disclosure
are described below with reference to the drawings. The
present disclosure is not limited to these examples, but
is indicated by the claims, which are intended to include
all modifications within the meaning and scope of the
claims.

[First Embodiment]

[0009] FIG. 1 is a circuit diagram of the Doherty am-
plifier according to the first embodiment. As illustrated in
FIG. 1, in the Doherty amplifier of the first embodiment,
amain amplifier 30 and a peak amplifier 32 are connected
in parallel between an input terminal Tin and an output
terminal Tout. A high frequency signal is input to the input
terminal Tin as an input signal Si. When the Doherty am-
plifier is used in a base station for mobile communication,
the frequency of the high frequency signal is, forexample,
0.5 GHz or more and 20 GHz or less. A divider 37 divides
the input signal Si input to the input terminal Tin into sig-
nals Si1 (a first signal) and Si2 (a second signal). The
divider 37 is, for example, a Wilkinson-type divider.
[0010] The signal Si1 passes through a matching cir-
cuit 33 and is input to the main amplifier 30. The matching
circuit 33 matches an impedance seen from the divider
37 to the matching circuit 33 with an impedance seen
from the matching circuit 33 to the main amplifier 30. The
main amplifier 30 amplifies the signal Si1 and outputs an
amplified signal. A signal So1 amplified by the main am-
plifier 30 passes through a matching circuit 34 and is
output to a node N1. The matching circuit 34 matches an
impedance seen from the main amplifier 30 to the match-
ing circuit 34 with an impedance seen from the matching
circuit 34 to the node N1.

[0011] The signal Si2 passes through a matching cir-
cuit 35 and is input to the peak amplifier 32. The matching
circuit 35 matches an impedance seen from the divider
37 to the matching circuit 35 with an impedance seen
from the matching circuit 35 to the peak amplifier 32. The
peak amplifier 32 amplifies the signal Si2 and outputs an
amplified signal. A signal So2 amplified by the peak am-
plifier 32 passes through a matching circuit 36 and an
impedance converter 38 and is output to the node N1.
The matching circuit 36 matches an impedance seen
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from the peak amplifier 32 to the matching circuit 36 to
an impedance seen from the matching circuit 36 to the
impedance converter 38.

[0012] The node N1, which is a combining node, com-
bines the signal So1 output from the main amplifier 30
and the signal So2 output from the peak amplifier 32, and
outputs the combined signal as an output signal So to
the output terminal Tout. A bias circuit for supplying a
bias voltage to the main amplifier 30 and the peak am-
plifier 32 and a phase adjustment circuit for adjusting the
phases of the signals So1 and So2 are not illustrated.
[0013] The main amplifier 30 and the peak amplifier 32
include transistors Q1 and Q2, respectively. The transis-
tors Q1 and Q2 are field effect transistors (FETs). A
source S of the transistor Q1 is grounded, the signal Si1
is input to a gate G of the transistor Q1, and the signal
So1is output from adrain D of the transistor Q1. A source
S of the transistor Q2 is grounded, the signal Si2 is input
to a gate G of the transistor Q2, and the signal So2 is
output from a drain D of the transistor Q2.

[0014] The transistors Q1 and Q2 are, for example,
GaN HEMT (Gallium Nitride High Electron Mobility Tran-
sistor) or LDMOS (Laterally Diffused Metal Oxide Sem-
iconductor). The sizes of the main amplifier 30 and the
peak amplifier 32 (for example, the gate widths of the
transistors Q1 and Q2) may be the same or different. For
example, the gate width of the transistor Q2 is twice the
gate width of the transistor Q1. At this time, a saturated
electric power of the peak amplifier 32 is about twice as
large as that of the main amplifier 30.

[0015] The main amplifier 30 performs class AB or
class B operation, and the peak amplifier 32 performs
class C operation. When the input power of the input
signal Si is small, the main amplifier 30 mainly amplifies
the input signal Si. When the input power becomes large,
the peak amplifier 32 amplifies the peak of the input signal
Si in addition to the main amplifier 30. Thus, the main
amplifier 30 and the peak amplifier 32 amplify the input
signal Si.

[0016] When the input power is small and the peak
amplifier 32 does not operate, the matching circuit 36
substantially opens the impedance seen from the imped-
ance converter 38 to the matching circuit 36. Therefore,
the matching circuit 36 has a transmission line for con-
verting the impedance. Thus, the impedance seen from
the matching circuit 34 to the node N1 when the peak
amplifier 32 operates is different from that when the peak
amplifier 32 does not operate. The matching circuit 34 is
designed such that the main amplifier 30 operates opti-
mally at the saturated electric power (e.g. the efficiency
is maximized) at any impedance. When the input power
is large and the peak amplifier 32 operates, the matching
circuit 36 is designed such that the peak amplifier 32
operates optimally at the saturated electric power (e.g.
efficiency is maximized).

[0017] The impedance converter 38 is a transmission
line having a length of approximately A/4, for example
(e.g.A/8ormore and 3A/8orless). The"A"is awavelength
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at the center frequency of the operating band. The im-
pedance is converted by appropriately selecting a char-
acteristicimpedance of the transmission line. The imped-
ance seen from the matching circuit 36 to the impedance
converter 38 is converted into the impedance seen from
the impedance converter 38 to the node N1. The match-
ing circuits 34 and 36 and the impedance converter 38
are set so that a phase difference between the signals
So1 and So2 at the node N1 becomes small.

[0018] The transistors Q1 and Q2, the main amplifier
30, the peak amplifier 32, the matching circuits 34 and
36, the impedance converter 38 and the node N1 are
provided in a semiconductor chip 100.

[0019] FIG. 2is a plan view of the semiconductor chip
according to the first embodiment. A normal direction of
a substrate 10 is a Z direction, an extending direction of
source electrodes 12a, gate electrodes 14a, and drain
electrodes 16a in the transistor Q1 is a Y direction, and
an arrangement direction of the source electrodes 12a,
the gate electrodes 14a, and the drain electrodes 16a is
an X direction.

[0020] As illustrated in FIG. 2, the transistor Q1 (first
transistor) and the transistor Q2 (second transistor), the
matching circuits 34 and 36, the impedance converter
38, and the node N1 are provided on the substrate 10.
The transistor Q1 is provided in a region in a negative
direction (- direction) of the X direction and a negative
direction (- direction) of the Y direction on an upper sur-
face of the substrate 10.

[0021] The transistor Q1 has the plurality of source
electrodes 12a (first source electrodes), the plurality of
gate electrodes 14a (first gate electrodes), and the plu-
rality of drain electrodes 16a (first drain electrodes). The
source electrodes 12a, the gate electrodes 14a and the
drain electrodes 16a are source fingers, gate fingers and
drain fingers, respectively, and extend in the Y direction
and are arranged in the X direction. In the X direction,
one source electrode 12a and one drain electrode 16a
are alternately provided. The gate electrode 14a is pro-
vided between one source electrode 12a and one drain
electrode 16a in the X direction.

[0022] The source electrodes 12a are electrically con-
nected to and short-circuited with a metal layer that is
provided on a lower surface of the substrate 10 and sup-
plied with a reference potential through via holes 22a.
The gate electrodes 14a are electrically connected toand
short-circuited to a gate bus bar 24a (first gate bus bar)
at a negative end (- end) in the Y direction. The drain
electrodes 16a are electrically connected to a drain bus
bar 26a (first drain bus bar) at a positive end (+ end) in
the Y direction. The gate bus bar 24a and the drain bus
bar 26a sandwich the source electrodes 12a, the gate
electrodes 14a and the drain electrodes 16a. The gate
bus bar 24a extends in the X direction and also serves
as a gate pad. A plurality of bonding wires 25a arranged
in the X direction are bonded to the gate bus bar 24a.
[0023] The transistor Q2 is provided in a region in a
positive direction (+ direction) of the X direction and in
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the negative direction (- direction) of the Y direction on
the upper surface of the substrate 10. The gate width of
the transistor Q2 is larger than that of transistor Q1, for
example, twice the gate width of transistor Q1. The tran-
sistor Q2 has a plurality of source electrodes 12b (second
source electrodes), a plurality of gate electrodes 14b
(second gate electrodes), and a plurality of drain elec-
trodes 16b (second drain electrodes). The source elec-
trodes 12b, the gate electrodes 14b and the drain elec-
trodes 16b are source fingers, gate fingers and drain fin-
gers, respectively, and extend in the X direction and are
arranged in the Y direction. In the Y direction, one source
electrode 12b and one drain electrode 16b are alternately
provided. The gate electrode 14b is provided between
one source electrode 12b and one drain electrode 16b
in the Y direction. The extending direction of the source
electrodes 12a, the gate electrodes 14a, and the drain
electrodes 16a of the transistor Q1 is substantially or-
thogonal to the extending direction of the source elec-
trodes 12b, the gate electrodes 14b, and the drain elec-
trodes 16b of the transistor Q2.

[0024] The source electrodes 12b are electrically con-
nected to and short-circuited with a metal layer that is
provided on the lower surface of the substrate 10 and
supplied with a reference potential through via holes 22b.
The gate electrodes 14b are electrically connected to and
short-circuited to a gate bus bar 24b (second gate bus
bar) at the - end in the X direction. The drain electrodes
16b are electrically connected to a drain bus bar 26b
(second drain bus bar) at the + end in the X direction.
The gate bus bar 24b and the drain bus bar 26b sandwich
the source electrodes 12b, the gate electrodes 14b and
the drain electrodes 16b. A gate pad 28 is electrically
connected to a - end of the gate bus bar 24b in the Y
direction. The gate pad 28 extends in the X direction, and
aplurality of bonding wires 25b arranged in the X direction
are bonded to the gate pad 28.

[0025] A wiring layer 27 is provided on the upper sur-
face of the substrate 10. The wiring layer 27 forms a line
27a (first line), a line 27b, a line 27¢ (second line) and
the node N1 (combining node). The line 27a extends in
the Y direction. A - end of the line 27a in the Y direction
is electrically connected near the center of the drain bus
bar 26a in the X direction, and a + end of the line 27a in
the Y direction is electrically connected to the node N1.
Thus, the line 27a electrically connects the drain bus bar
26a and the node N1. At least a part of the line 27b also
serves as the drain bus bar 26b. The line 27c extends in
the X direction. A + end of the line 27¢c in the X direction
is electrically connected to the line 27b, and a - end of
the line 27c in the X direction is electrically connected to
the node N1. Thus, the line 27c electrically connects the
drain bus bar 26b and the node N1.

[0026] Each ofthe lines 27ato 27¢c and the metal layer
provided on the lower surface of the substrate 10 forms
a transmission line (microstrip line). By appropriately de-
signing the length and the width of the line 273, the trans-
mission line including the line 27a forms at least a part
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of the matching circuit 34. By appropriately designing the
length and the width of line 27b, the transmission line
including line 27b forms at least a part of the matching
circuit 36. By appropriately designing the length and the
width of the line 27¢, the transmission line including the
line 27c forms the impedance converter 38 of approxi-
mately A/4 length. Bonding wires 25¢ are bonded to the
node N1.

[0027] The signal Si1 is input from the bonding wires
25ato the gate bus bar 24a. The signal So1 amplified by
the transistor Q1 passes through the line 27a and reach-
es the node N1. The signal Si2 is input from the bonding
wires 25b to the gate pad 28. The signal So2 amplified
by the transistor Q2 passes through the lines 27b and
27candreaches the node N1. Atthe node N1, the signals
So1 and So2 are combined, and the combined signal So
is output from the bonding wires 25c.

[0028] When the transistors Q1 and Q2 are GaN
HEMTSs, the substrate 10 includes, for example, a sub-
strate and a semiconductor layer provided on the sub-
strate. The substrate is, for example, a silicon carbide
(SiC) substrate, a diamond substrate, a silicon substrate,
agallium nitride (GaN) substrate, or a sapphire substrate.
The semiconductor layer includes, forexample, a gallium
nitride electron transport layer and an aluminum gallium
nitride (AlGaN) barrier layer provided on the gallium ni-
tride electron transport layer. The source electrodes 12a
and 12b and the drain electrodes 16a and 16b are, for
example, an adhesion film (for example, a titanium film)
provided on the substrate 10 and a metal film such as an
aluminum film provided on the adhesion film. A wiring
layer such as a gold layer may be provided on the alu-
minum film. The gate electrodes 14a and 14b are, for
example, an adhesion film (for example, a nickel film)
provided on the substrate 10 and a metal film such as a
gold film provided on the adhesion film. The wiring layer
27 is, for example, a metal layer such as a gold layer.

[First Comparative Example]

[0029] FIG. 3 is a plan view of a semiconductor chip
according to a first comparative example. In a semicon-
ductor chip 110 of the first comparative example, the
source electrodes 12b, the gate electrodes 14b, and the
drain electrodes 16b of the transistor Q2 extend in the Y
direction and are arranged in the X direction. The gate
electrodes 14b are electrically connected to the gate bus
bar 24b at the - end in the Y direction. The drain elec-
trodes 16b are electrically connected to the drain bus bar
26b at the + end in the Y direction. The gate bus bar 24b
also serves as a gate pad, and the plurality of bonding
wires 25b arranged in the X direction are bonded to the
gate bus bar 24b.

[0030] The line 27b is provided separately from the
drain bus bar 26b. A - end of the line 27b in the Y direction
is electrically connected to a + end of the drain bus bar
26b in the X direction. Other configurations are the same
as those of the first embodiment, and description thereof



9 EP 4 391 044 A1 10

is omitted.

[0031] In the first comparative example, a signal 52a
input near a - end in the X direction of the gate bus bar
24b passes through the gate electrode 14b, the drain
electrode 16b, and the drain bus bar 26b near the - end
of the gate bus bar 24b in the X direction. A signal 52b
input near a + end in the X direction of the gate bus bar
24b passes through the gate electrode 14b and the drain
electrode 16b near the + end of the gate bus bar 24b in
the X direction. The signals 52a and 52b are combined
near the + end in the X direction of the drain bus bar 26b
and output to the line 27b as a signal 54. The signal 52a
passes through the drain bus bar 26b, while the signal
52b hardly passes through the drain bus bar 26b. There-
fore, a phase difference between the signals 52a and
52b becomes large. Therefore, when the signals 52a and
52b are combined, a combined loss due to the phase
difference occurs.

[Second Comparative Example]

[0032] FIG. 4 is a plan view of a semiconductor chip
according to a second comparative example. In a semi-
conductor chip 112 of the second comparative example,
the - end of the line 27b in the Y direction is electrically
connected to the vicinity of the center of the drain bus
bar 26b in the X direction. Thus, after the signals 52a and
52b pass through the drain bus bar 26b to the same ex-
tent, they are combined at a central portion in the X di-
rection of the drain bus bar 26b and output to the line 27b
as the signal 54. For this reason, the phase difference
between the signals 52a and 52b is small. Therefore,
when the signals 52a and 52b are combined, the com-
bined loss due to the phase difference is less likely to
occur.

[0033] Asdescribed above, inthe second comparative
example, the phase difference between the signals 52a
and 52b in the transistor Q2 is less likely to occur than
in the first comparative example, and the combined loss
can be suppressed. However, when the width of the tran-
sistor Q2 in the X direction is large, a phase difference
occurs between a signal 52c that has passed through
the gate electrode 14b of the central portion in the X di-
rection and the signals 52a and 52b. Thereby, a com-
bined loss smaller than that of the first comparative ex-
ample occurs. The lines 27a to 27c¢ are provided on the
upper surface of the substrate 10. Since the line 27c func-
tions as the impedance converter 38, the line 27¢ has a
length of about A/4. The line 27b has a length that func-
tions as the matching circuit 36. The line 27a and the
lines 27b and 27c are set so that the phase difference
between the signals So1 and So2 at the node N1 be-
comes small. Therefore, in order to secure the total length
of the lines 27b and 27c, the line 27b extends in the Y
direction and the line 27¢ extends in the X direction. As
a result, an area of the substrate 10 is increased, and a
size of the semiconductor chip 112 is increased. In an
asymmetric Doherty amplifier, the gate width of the tran-
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sistor Q2 is larger than that of the transistor Q1. In this
case, an output impedance of the peak amplifier 32 be-
comes lower than an output impedance of the main am-
plifier 30. For example, the output impedance of the peak
amplifier 32 is 0.8 times or less and 0.5 times or more of
the outputimpedance of the main amplifier 30. Therefore,
the line 27b functioning as the matching circuit is longer
than the line 27a. Therefore, the size of the semiconduc-
tor chip 112 is more increased.

[0034] According to the firstembodiment, as illustrated
in FIG. 2, signals 50 input from the bonding wires 25b to
the gate pad 28 are input to a first end 56 near the - end
in the Y direction of the gate bus bar 24b. The line 27c
connecting the drain bus bar 26b and the node N1 (com-
bining node) is connected to a second end 58 of the drain
bus bar 26b located diagonally across the transistor Q2
with respect to the first end 56. Thus, the signal 52a of
the signals 50 input to the first end 56 of the gate bus bar
24b passes through the gate bus bar 24b, the gate elec-
trode 14b near the + end in the Y direction, and the drain
electrode 16b. The signal 52b of the signals 50 passes
through the gate electrode 14b near the - end in the Y
direction, the drain electrode 16b and the drain bus bar
26b. The signals 52a and 52b are combined at the second
end 58 of the drain bus bar 26b and output to the line
27c as the signal 54. The signals 52a and 52b pass
through the gate bus bar 24b and the drain bus bar 26b
by an equal distance, respectively. For this reason, the
phase difference between the signals 52a and 52b be-
comes small. Therefore, when the signals 52a and 52b
are combined, the combined loss due to the phase dif-
ferenceisless likely to occur. Therefore, the deterioration
of characteristics can be suppressed.

[0035] The node N1 is provided in a region located in
the first direction (+ direction in the Y direction) of the
transistor Q1. The first end 56 is closer to the transistor
Q1 than the second end 58 and is further from the node
N1 than the second end 58 in the first direction (Y direc-
tion). In such an arrangement, since a distance between
the second end 58 and the node N1 can be secured, the
line 27c having a long line length can be provided. There-
fore, the semiconductor chip can be reduced in size.
[0036] The width of the transistor Q2 in the Y direction
is larger than the width of the transistor Q1 in the Y di-
rection, and when viewed from the X direction, the tran-
sistor Q2 overlaps with the transistor Q1 and overlaps
with at least a part of the line 27a. Thus, the length of the
line 27a functioning as the matching circuit 34 can be
secured.

[0037] When the Doherty amplifier is the asymmetric
Doherty amplifier, the saturated electric power of the
peak amplifier 32 is made larger than that of the main
amplifier 30. Therefore, the gate width of the transistor
Q2 is larger than that of the transistor Q1. In this case,
the gate bus bar 24b and the drain bus bar 26b of the
transistor Q2 become long, and the phase difference be-
tween the signals 52a and 52b becomes large as in the
first comparative example. Therefore, by inputting the
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signal Si2 to the first end 56 and outputting the signal
So2 from the second end 58, the combined loss can be
suppressed. Further, the output impedance of the tran-
sistor Q2 is lower than the output impedance of the tran-
sistor Q1. Therefore, the line 27b is longer than the line
27a for impedance matching.

[0038] Sincethe gate width ofthe transistor Q1 is small,
even if the line 27a is connected to the vicinity of the
center in the X direction of the drain bus bar 26a, the
phase difference between the signal passing through the
gate electrode 14a near the - end in the X direction and
the signal passing through the gate electrode 14a near
the + end in the X direction is less likely to occur. The
gate width of the transistor Q2 is, for example, 1.2 times
or more and 1.5 times or more of the gate width of the
transistor Q1. In addition, a portion of the line 27a close
to the drain bus bar 26a has a tapered shape in which
the width becomes wider as it approaches the drain bus
bar 26a. As a result, the bandwidth can be widened.
[0039] Since the gate bus bar 24b and the drain bus
bar 26b are long, a first direction in which the source
electrodes 12a, the gate electrodes 14a and the drain
electrodes 16a of the transistor Q1 extend intersects with
a second direction in which the source electrodes 12b,
the gate electrodes 14b and the drain electrodes 16b of
the transistor Q2 extend. Thus, the length of the line 27a
can be secured. Further, coupling of the high frequency
signals between the transistors Q1 and Q2 is sup-
pressed.

[0040] By making the first direction and the second di-
rection orthogonal to each other, the semiconductor chip
can be reduced in size. In addition, coupling of the high
frequency signals between the transistors Q1 and Q2 is
further suppressed. The term "the first direction and the
second direction are orthogonal (or substantially orthog-
onal) to each other" means that the first direction and the
second direction do not have to be geometrically orthog-
onal, and an angle formed by the first direction and the
second direction may be within a range of 90 degrees =
10 degrees.

[0041] Theline 27c includes the impedance converter
38. The impedance converter 38 converts an impedance
of a nearly resistive component to an impedance of a
nearly resistive component having a different magnitude
of resistive component. Therefore, the length of the line
27c is about A/4 (for example, A/8 or more and 3\/8 or
less). Therefore, the long line 27cis provided. As aresult,
by ensuring the distance between the drain bus bar 26b
and the node N1, the semiconductor chip can be reduced
in size.

[0042] Since the line 27c¢ is connected to the end por-
tion of the drain bus bar 26b, the drain bus bar 26b can
also function as the line 27b having the function of the
matching circuit 36. Thus, the semiconductor chip can
be reduced in size. When the line is connected to the
central portion of the drain bus bar 26b as illustrated in
FIG. 4 of the second comparative example, it is difficult
to make the drain bus bar 26b also function as the line
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27b.

[0043] By adjusting the position of the bonding wire
25c bonded to the node N1, the phase difference be-
tween the signals So1 and So2 combined at the node
N1 can be reduced.

[0044] One gate electrode 14a is disposed between
one source electrode 12a and one drain electrode 16a,
and one gate electrode 14b is disposed between one
source electrode 12b and one drain electrode 16b. Thus,
the transistors Q1 and Q2 can be multi-finger transistors.
InFIG. 2, the source electrodes 12a and 12b are supplied
with the reference potential through the via holes 22a
and 22b, respectively. Source bus bars to which the plu-
rality of source electrodes 12a and the plurality of source
electrodes 12b are electrically connected, respectively,
may be provided on the substrate 10.

[0045] When the saturated electric power of the peak
amplifier 32 is made larger than the saturated electric
power of the main amplifier 30, the transistor Q1 is the
main amplifier 30 and the transistor Q2 is the peak am-
plifier 32. The transistor Q1 may be the peak amplifier
32, and the transistor Q2 may be the main amplifier 30.

[Second Embodiment]

[0046] FIG. 5 is a plan view of a semiconductor chip
according to a second embodiment. In a semiconductor
chip 102 of the second embodiment, a width in the X
direction of the second end 58 of the drain bus bar 26b
is larger than a width in the X direction of a third end 59
of the drain bus bar 26b opposite to the second end 58.
Thus, the drain bus bar 26b can also function as the line
27b having the function of the matching circuit 36.

[Third Embodiment]

[0047] FIG. 6 is a plan view of a semiconductor chip
according to a third embodiment. In a semiconductor chip
104 of the third embodiment, the extending direction of
the source electrodes 12b, the gate electrodes 14b, and
the drain electrodes 16b of the transistor Q2 is the Y
direction. The extending direction of the gate bus bar 24b
and the drain bus bar 26b is the X direction. The gate
pad 28 is electrically connected and short-circuited to the
- end (first end 56) of the gate bus bar 24b in the X di-
rection. The line 27¢c extends from the node N1 in the +
direction of the X direction, and bends in the - direction
of the Y direction at the + end in the X direction of the
substrate 10. The - end in the Y direction of the line 27¢
is electrically connected to the + end (second end 58) in
the X direction of the drain bus bar 26b. The line 27b also
functions as the drain bus bar 26b. Other configurations
are the same as those of the first embodiment, and de-
scription thereof is omitted.

[0048] In the third embodiment, the signal 52a of the
signals 50 input to the first end 56 passes through the
gate electrode 14b near the - end in the X direction, the
drain electrode 16b and the drain bus bar 26b. The signal
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52b of the signals 50 passes through the gate bus bar
24b, the gate electrode 14b near the + end in the X di-
rection and the drain electrode 16b. The signals 52a and
52b are combined at the second end 58 of the drain bus
bar 26b and output to the line 27¢ as the signal 54. The
signals 52a and 52b pass through the gate bus bar 24b
and the drain bus bar 26b by an equal distance, respec-
tively. Therefore, the phase difference between the sig-
nals 52a and 52b becomes small. Therefore, when the
signals 52a and 52b are combined, the combined loss
due to the phase difference is less likely to occur. As a
result, the deterioration of characteristics can be sup-
pressed.

[0049] As in the third embodiment, the first direction in
which the source electrodes 12a, the gate electrodes
14a, and the drain electrodes 16a of the transistor Q1
extend may be the same as the second direction in which
the source electrodes 12b, the gate electrodes 14b, and
the drain electrodes 16b of the transistor Q2 extend.
[0050] The embodiments disclosed here should be
considered illustrative in all respects and not restrictive.
The present disclosure is not limited to the specific em-
bodiments described above, but various variations and
changes are possible within the scope of the gist of the
present disclosure as described in the claims.

Claims
1. A Doherty amplifier comprising:

a substrate (10);
a first transistor (Q1) provided on the substrate,
the first transistor including:

a plurality of first gate electrodes (14a) ex-
tending in a first direction;

a plurality of first drain electrodes (16a) ex-
tending in the first direction;

a first gate bus bar (24a) to which a first
signal of two signals obtained by dividing an
input signalis input and to which the plurality
of first gate electrodes are electrically con-
nected; and

a first drain bus bar (26a) provided so as to
dispose the plurality of first gate electrodes
and the plurality of first drain electrodes be-
tween the first gate bus bar and the first
drain bus bar, the plurality of first drain elec-
trodes being electrically connected to the
first drain bus bar;

a second transistor (Q2) provided on the sub-
strate, the transistor including:

a plurality of second gate electrodes (14b)
extending in a second direction;
a plurality of second drain electrodes (16b)
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extending in the second direction;

a second gate bus bar (24b) having a first
end (56) to which a second signal of the two
signals is input, the plurality of second gate
electrodes being electrically connected to
the second gate bus bar; and

a second drain bus bar (26b) provided so
as to dispose the plurality of second gate
electrodes and the plurality of second drain
electrodes between the second gate bus
bar and the second drain bus bar, the plu-
rality of second drain electrodes being elec-
trically connected to the second drain bus
bar;

a combining node (N1) provided on the sub-
strate and combining the first signal amplified
by the first transistor and the second signal am-
plified by the second transistor;

a first line (27a) provided on the substrate and
connecting the first drain bus bar and the com-
bining node; and

a second line (27c) provided on the substrate,
connecting the second drain bus bar and the
combining node, and connected to a second end
(58) of the second drain bus bar located diago-
nally across the second transistor with respect
to the first end.

2. The Doherty amplifier according to claim 1, wherein

the combining node is provided in a region of
thefirst transistor positioned in the first direction,
and

the first end is closer to the first transistor than
the second end and is further from the combining
node than the second end in the first direction.

3. The Doherty amplifier according to claim 2, wherein

a width of the second transistor in the first direc-
tion is larger than a width of the first transistor
in the first direction, and

the second transistor overlaps with the first tran-
sistor and overlaps with at least a part of the first
line when viewed from a direction orthogonal to
the first direction.

4. The Doherty amplifier according to claim 3, wherein
a gate width of the second transistor is larger than a
gate width of the first transistor.

5. The Doherty amplifier according to claim 4, wherein
the first direction and the second direction intersect
each other.

6. The Doherty amplifier according to claim 4, wherein
the first direction and the second direction orthogo-
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nally intersect each other.

The Doherty amplifier according to any one of claims
1 to 6, wherein
the second line includes an impedance converter.

The Doherty amplifier according to any one of claims
1to 7, wherein

a width of the second drain bus bar at the second
end is larger than a width of the second drain bus
bar at a third end opposite to the second end portion.

The Doherty amplifier according to any one of claims
1 to 8, wherein

the first transistor includes a plurality of first
source electrodes (12a) extending in the first di-
rection,

one of the plurality of first gate electrodes is dis-
posed between one of the plurality of first source
electrodes and one of the plurality of first drain
electrodes,

the second transistor includes a plurality of sec-
ond source electrodes (12b) extending in the
second direction, and

one of the second gate electrodes is disposed
between one of the second source electrodes
and one of the second drain electrodes.

The Doherty amplifier according to any one of claims
1to 9, wherein

the first transistor is a main amplifier, and the second
transistor is a peak amplifier.
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FIG. 1
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FIG. 2
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FIG. 4
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FIG. 5
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