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(57) Gate fingers (2-1 to 2-6) are arranged in one
direction and each of the gate fingers is disposed so as
to be adjacent to a corresponding one of drain electrodes

(3-1 to 3-3) and a corresponding one of source electrodes
(4-1 to 4-4) alternately, and have non-uniform gate head
lengths.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a semiconduc-
tor device, for example, used for a high frequency power
amplifier, such as a field effect transistor.

BACKGROUND ART

[0002] A multi-finger transistor includes a plurality of
strip-shaped source electrodes, a plurality of strip-
shaped gate electrodes, and a plurality of strip-shaped
drain electrodes, and the source electrodes, the gate
electrodes, and the drain electrodes are alternately ar-
ranged (see, for example, Patent Literature 1). The multi-
finger transistor also includes a gate routing line extend-
ing from one end portion of the transistor through a center
portion thereof to the other end portion. By supplying
power to an input point at a center portion of the gate
routing line, power is distributed to each of the plurality
of gate electrodes by the gate routing line.

CITATION LIST

PATENT LITERATURES

[0003] Patent Literature 1: JP 2011-204984 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] In the multi-finger transistor described in Patent
Literature 1, there is a difference between a distance from
a gate electrode disposed adjacent to a center portion of
the transistor to an input point and a distance from a gate
electrode disposed at an end portion of the transistor to
the input point. For this reason, power input to a plurality
of gate electrodes by a gate routing line is unbalanced.
[0005] If the power input to the plurality of gate elec-
trodes is unbalanced, an RF drain current is high at a
center portion of the transistor and low at an end portion
of the transistor. As a result, a difference between output
terminal impedances occurs in the respective plurality of
transistor structures each including a source electrode,
a gate electrode, and a drain electrode, and efficiency of
an amplifier using the multi-finger transistor is deteriorat-
ed disadvantageously.
[0006] The present invention solves the above disad-
vantage, and an object of the present invention is to ob-
tain a semiconductor device capable of reducing a vari-
ation in output terminal impedances.

SOLUTION TO PROBLEM

[0007] A semiconductor device according to the
present invention includes: a plurality of drain electrodes;

a plurality of source electrodes, a plurality of gate elec-
trodes that are arranged in one direction and each of
which is disposed so as to be adjacent to a corresponding
one of the drain electrodes and a corresponding one of
the source electrodes alternately; and a gate routing line
disposed in the direction in which the gate electrodes are
arranged, and connected to the plurality of gate elec-
trodes. In this configuration, the plurality of gate elec-
trodes is arranged in the one direction, each of the gate
electrodes is disposed so as to be adjacent to the corre-
sponding one of the drain electrodes and the correspond-
ing one of the source electrodes alternately, and the gate
electrodes have non-uniform gate head lengths.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] According to the present invention, by making
the gate head lengths of the plurality of gate electrodes
non-uniform, it is possible to make RF drain currents uni-
form and to reduce a variation in output terminal imped-
ances.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

FIG. 1 is a top view illustrating a pattern layout of a
semiconductor device according to a first embodi-
ment of the present invention.
FIG. 2 is a cross-sectional view illustrating a config-
uration of the semiconductor device according to the
first embodiment.
FIG. 3 is a diagram illustrating a verification model
of the semiconductor device according to the first
embodiment.
FIG. 4 is a graph illustrating a relationship between
each of ten finger transistor models and an RF drain
current.
FIG. 5A is a chart illustrating an output terminal im-
pedance of a conventional semiconductor device.
FIG. 5B is a chart illustrating an output terminal im-
pedance of the semiconductor device according to
the first embodiment.
FIG. 6A is a graph illustrating drain efficiency of the
conventional semiconductor device. FIG. 6B is a
graph illustrating drain efficiency of the semiconduc-
tor device according to the first embodiment.
FIG. 7 is a cross-sectional view illustrating a config-
uration of a semiconductor device according to a
second embodiment of the present invention.
FIG. 8 is a cross-sectional view illustrating a config-
uration of a semiconductor device according to a
third embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0010] Hereinafter, in order to describe the present in-
vention in more detail, embodiments for carrying out the
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present invention will be described with reference to the
attached drawings.

First Embodiment.

[0011] FIG. 1 is a top view illustrating a pattern layout
of a semiconductor device 1 according to a first embod-
iment of the present invention. FIG. 1 illustrates a multi-
finger transistor which is the semiconductor device 1.
FIG. 2 is a cross-sectional view illustrating a configuration
of the semiconductor device 1 according to the first em-
bodiment, and illustrates a cross section of the semicon-
ductor device 1 taken along line A-A in FIG. 1. As illus-
trated in FIG. 1, the semiconductor device 1 includes
gate fingers 2-1 to 2-6, drain electrodes 3-1 to 3-3, source
electrodes 4-1 to 4-4, and a gate routing line 5. The gate
fingers 2-1 to 2-6 are strip-shaped gate electrodes ar-
ranged in one direction.
[0012] The gate finger 2-1 is disposed so as to be ad-
jacent to the drain electrode 3-1 and the source electrode
4-1, and the gate finger 2-2 is disposed so as to be ad-
jacent to the drain electrode 3-1 and the source electrode
4-2. The gate finger 2-3 is disposed so as to be adjacent
to the drain electrode 3-2 and the source electrode 4-2,
and the gate finger 2-4 is disposed so as to be adjacent
to the drain electrode 3-2 and the source electrode 4-3.
The gate finger 2-5 is disposed so as to be adjacent to
the drain electrode 3-3 and the source electrode 4-3, and
the gate finger 2-6 is disposed so as to be adjacent to
the drain electrode 3-3 and the source electrode 4-4.
[0013] As described above, each of the gate fingers
2-1 to 2-6 is disposed so as to be adjacent to the corre-
sponding drain electrode and the corresponding source
electrode alternately to form a comb-shaped electrode
structure.
[0014] Note that the semiconductor device 1 illustrated
in FIGS. 1 and 2 includes six transistor structures each
including a gate finger, a drain electrode, and a source
electrode.
[0015] Hereinafter, this transistor structure is referred
to as a finger structure.
[0016] The drain electrodes 3-1 to 3-3 are strip-shaped
electrodes formed in a comb shape from a line 3a. The
line 3a is a line extending in a direction in which the gate
fingers 2-1 to 2-6 are arranged. The drain electrode 3-2
extends in a direction orthogonal to the line 3a, and an
end portion thereof is an output point a. As illustrated in
FIG. 1, the drain electrode 3-2 is located at a center por-
tion of the line 3a, and the multi-finger transistor which
is the semiconductor device 1 is formed symmetrically
with respect to the center portion as a boundary. Here-
inafter, the center portion is referred to as a transistor
center portion, and both end portions are referred to as
transistor end portions.
[0017] The gate routing line 5 is a line extending in a
direction in which the gate fingers 2-1 to 2-6 are arranged
as surrounded by the broken line in FIG. 1, and is con-
nected to the individual gate fingers 2-1 to 2-6. A line 5a

extending in the opposite direction to the gate fingers 2-1
to 2-6 is connected to a position corresponding to the
transistor center portion in the gate routing line 5, and an
end portion of the line 5a is an input point b.
[0018] Power input to the input point b is distributed to
the gate fingers 2-1 to 2-6 by the gate routing line 5.
[0019] Each of the source electrodes 4-1 to 4-4 is a
strip-shaped electrode disposed so as to be adjacent to
the corresponding one or two of the gate fingers 2-1 to
2-6.
[0020] A source pad 6-1 is an electrode pad disposed
on one side with respect to the transistor center portion
as a boundary so as to be adjacent to the line 5a. A source
pad 6-2 is an electrode pad disposed on the other side
with respect to the transistor center portion as a boundary
so as to be adjacent to the line 5a.
[0021] The source electrode 4-1 is connected to the
source pad 6-1 by an air bridge 7-1, and the source elec-
trode 4-2 is connected to the source pad 6-1 by an air
bridge 7-2. The source electrode 4-3 is connected to the
source pad 6-2 by an air bridge 7-3, and the source elec-
trode 4-4 is connected to the source pad 6-2 by an air
bridge 7-4.
[0022] The source pad 6-1 is electrically connected to
a semiconductor layer 8 by a via hole 6a, and the source
pad 6-2 is electrically connected to the semiconductor
layer 8 by a via hole 6b.
[0023] The gate fingers 2-1 to 2-3 are disposed on one
side (left side in FIG. 2) with respect to the transistor
center portion as a boundary, and the gate fingers 2-4 to
2-6 are disposed on the other side (right side in FIG. 2)
with respect to the transistor center portion as a bound-
ary. Each of the gate fingers 2-1 to 2-6 has a T-shaped
gate head structure as illustrated in FIG. 2.
[0024] The gate finger 2-2 and the gate finger 2-5 each
have a gate head length of GH1, and the gate finger 2-3
and the gate finger 2-4 each have a gate head length of
GH2. Furthermore, the gate finger 2-1 and the gate finger
2-6 each have a gate head length of GH3. GH2 is longer
than GH1, and GH3 is shorter than GH1.
[0025] In a conventional multi-finger transistor, all of
the gate fingers 2-1 to 2-6 illustrated in FIGS. 1 and 2
have the same gate head length. Therefore, unbalanced
power input to each of the gate fingers 2-1 to 2-6 by the
gate routing line 5 is amplified as it is, and thus RF drain
currents are unbalanced in a direction indicated by the
broken line arrow in FIG. 1.
[0026] In this way, when the RF drain currents are un-
balanced among the six respective finger structures, a
difference between output terminal impedances in the
six respective finger structures is also generated.
[0027] As a result, a difference between an output ter-
minal impedance of a finger structure and an optimum
impedance with maximum efficiency of the transistor is
large, and therefore, for example, efficiency of a high
frequency power amplifier using a multi-finger transistor
is deteriorated.
[0028] Meanwhile, in the semiconductor device 1, the
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gate head length of each of the gate fingers 2-1 and 2-6,
the gate head length of each of the gate fingers 2-2 and
2-5, and the gate head length of each of the gate fingers
2-3 and 2-4 are different from one another and non-uni-
form. In particular, each of the gate fingers 2-1 to 2-6 has
a longer gate head length as it is closer to the transistor
center portion, and a shorter gate head length as it is
closer to any one of the transistor end portions.
[0029] In FIG. 2, the gate head length GH2 of the gate
finger 2-3 adjacent to the transistor center portion is the
longest, the gate head length GH1 of the gate finger 2-2
adjacent thereto is the second longest, and the gate head
length GH3 of the gate finger 2-1 at the transistor end
portion is shorter than GH1. The same applies to the gate
fingers 2-4 to 2-6.
[0030] When all the gate head lengths of the conven-
tional multi-finger transistor are constantly GH1, in the
semiconductor device 1, an average value of the gate
head lengths of the gate fingers 2-1 to 2-6 is set to GH1.
That is, the average value of the gate head lengths is
(GH1 + GH2 + GH3) 3 2/6 = GH1.
[0031] The finger structure at the transistor center por-
tion includes the gate fingers 2-3 and 2-4 having long
gate head lengths, and therefore has the largest gate-
source capacitance Cgs and the largest gate-drain ca-
pacitance Cgd. Since each of the gate fingers has a short-
er gate head length as it is closer to any one of the tran-
sistor end portions, the gate-source capacitance Cgs and
the gate-drain capacitance Cgd in the corresponding fin-
ger structure gradually decrease. As a result, an imbal-
ance in the input terminal impedances among the six
respective finger structures is absorbed, and the input
terminal impedances in all the finger structures are uni-
form.
[0032] When the input terminal impedances are uni-
form, the RF drain currents output from the respective
six finger structures also are uniform to reduce a differ-
ence between output terminal impedances in the respec-
tive finger structures. Therefore, deterioration in efficien-
cy of the high frequency power amplifier using the sem-
iconductor device 1 can be suppressed.
[0033] In addition, when the average value of the gate
head lengths of the gate fingers 2-1 to 2-6 is GH1, the
semiconductor device 1 can maintain the same gain as
the conventional multi-finger transistor in which all the
gate head lengths are GH1.
[0034] The above effect of the semiconductor device
1 was verified using a commercially available microwave
circuit simulator.
[0035] FIG. 3 is a diagram illustrating a verification
model of the semiconductor device according to the first
embodiment. The verification model illustrated in FIG. 3
models a multi-finger transistor structure by combining
10 finger transistor models Tri (i = 1 to 10) with a line
component model prepared in the microwave circuit sim-
ulator. The finger transistor model Tri is a large signal
equivalent circuit model modeling a finger structure hav-
ing a gate finger length of 40 mm. In the verification model,

a portion surrounded by the broken line corresponds to
the gate routing line 5.
[0036] An RF drain current output from a transistor of
the finger transistor model Tri is represented by Idi (i = 1
to 10), and an RF drain voltage is represented by Vdi (i
= 1 to 10).
[0037] In the finger transistor model Tri, a gate-source
capacitance Cgsi (i = 1 to 10) is defined as ai 3 Cgsi,
and a gate-drain capacitance Cgdi (i = 1 to 10) is defined
as ai 3 Cgd0. ai is a coefficient representing the degree
of non-uniformity of Cgs and Cgd due to non-uniformity
of the gate head lengths. Cgd0 is a fixed value of the
gate-drain capacitance.
[0038] In the conventional multi-finger transistor, a1 =
a2 = a3 =... = a10 = 1, and the gate head lengths of all
the finger transistor models Tri are uniform.
[0039] Hereinafter, the conventional multi-finger tran-
sistor in which ai = 1 is referred to as a structure S1.
[0040] In the multi-finger transistor which is the semi-
conductor device 1, a1 = 0.9, a2 = 0.95, a3 = 1, a4 =
1.05, a5 = 1.1, a6 = 1.1, a7 = 1.05, a8 = 1, a9 = 1.05,
and a10 = 1.1. As a result, Cgs and Cgd in the finger
transistor model Tri are non-uniform.
[0041] Hereinafter, the multi-finger transistor which is
the semiconductor device 1 is referred to as a structure
S2.
[0042] FIG. 4 is a graph illustrating a relationship be-
tween each of ten finger transistor models Tri and an RF
drain current Idi. In FIG. 4, the RF drain current Idi is a
result of calculation using 28 GHz as a signal frequency,
20 mA as a bias drain current, 24 V as a bias drain voltage,
a source impedance as a gain matching point, and a load
impedance as an efficiency matching point in the verifi-
cation models of the structures S1 and S2. A calculation
result B1 of the RF drain current Idi was obtained by the
verification model of the structure S1, and a calculation
result B2 of the RF drain current Idi was obtained by the
verification model of the structure S2.
[0043] In the calculation result B1 of the RF drain cur-
rent Idi, the RF drain current Idi of the finger transistor
model Tri (i = 5, 6) at the transistor center portion is low.
The RF drain current Idi of the finger transistor model Tri
(i = 1, 10) at each of the transistor end portions is high.
[0044] In this way, the conventional multi-finger tran-
sistor has an imbalance in the RF drain currents among
the respective finger transistor models.
[0045] Meanwhile, in the calculation result B2 of the
RF drain current Idi, as illustrated in FIG. 4, the RF drain
current Idi is substantially uniform in all the finger tran-
sistor models.
[0046] That is, in the multi-finger transistor which is the
semiconductor device 1, an imbalance in RF drain cur-
rents among the respective finger transistor models is
alleviated.
[0047] FIG. 5A is a chart illustrating an output terminal
impedance obtained by the verification model of the
structure S1, and FIG. 5B is a chart illustrating an output
terminal impedance obtained by the verification model
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of the structure S2. In FIGS. 5A and 5B, the output ter-
minal impedance is Vdi/Idi (i = 1 to 10). In the conventional
multi-finger transistor, as illustrated in the enlarged chart
in FIG. 5A, the values of Vdi/Idi (i = 1 to 10) do not con-
verge to one, and there is a variation. In the multi-finger
transistor which is the semiconductor device 1, as illus-
trated in the enlarged chart in FIG. 5B, the values of
Vdi/Idi (i = 1 to 10) converge to one.
[0048] FIG. 6A is a graph illustrating drain efficiency
obtained by the verification model of the structure S1.
FIG. 6B is a graph illustrating drain efficiency obtained
by the verification model of the structure S2.
[0049] In FIGS. 6A and 6B, a peak value of drain effi-
ciency ED (%) with respect to input power Pin obtained
by the verification model of the structure S2 is about 2
points higher than that obtained by the verification model
of the structure S1.
[0050] As described above, the semiconductor device
1 according to the first embodiment includes the drain
electrodes 3-1 to 3-3, the source electrodes 4-1 to 4-4,
the gate fingers 2-1 to 2-6, and the gate routing line 5
disposed in a direction in which the fingers 2-1 to 2-6 are
arranged, and connected to the individual gate fingers
2-1 to 2-6.
[0051] In this configuration, the gate fingers 2-1 to 2-6
are arranged in one direction, each of the gate fingers is
disposed so as to be adjacent to the corresponding one
of the drain electrodes 3-1 to 3-3 and the corresponding
one of the source electrodes 4-1 to 4-4 alternately, and
the gate fingers have non-uniform gate head lengths. In
particular, each of the gate fingers 2-1 to 2-6 has a longer
gate head length as it is closer to the transistor center
portion, and a shorter gate head length as it is closer to
any one of the transistor end portions. In this way, by
making the gate head lengths in the respective gate fin-
gers 2-1 to 2-6 non-uniform, the RF drain currents can
be uniform.
[0052] As a result, a difference between output termi-
nal impedances in the plurality of respective finger struc-
tures is reduced, and therefore deterioration in efficiency
of the high frequency power amplifier using the semicon-
ductor device 1 can be suppressed.

Second embodiment.

[0053] FIG. 7 is a cross-sectional view illustrating a
configuration of a semiconductor device 1A according to
a second embodiment of the present invention, and illus-
trates a cross section of the semiconductor device 1A
taken along line A-A in FIG. 1. In FIG. 7, the same com-
ponents as those in FIG. 2 are denoted by the same
reference numerals, and description thereof is omitted.
[0054] In the semiconductor device 1 according to the
first embodiment, the gate head has a T-shape extending
toward both the side of the corresponding drain electrode
and the side of the corresponding source electrode. How-
ever, in the semiconductor device 1A according to the
second embodiment, a gate head has a Γ shape extend-

ing only toward the side of a corresponding drain elec-
trode. Even in the Γ-shaped gate head structure, by mak-
ing the gate head lengths non-uniform, a balance of Cgs
and Cgd in each of the plurality of finger structures can
be changed.
[0055] In the semiconductor device 1A, the gate head
length of each of the gate fingers 2A-1 and 2A-6, the gate
head length of each of the gate fingers 2A-2 and 2A-5,
and the gate head length of each of the gate fingers 2A-
3 and 2A-4 are different from one another and non-uni-
form. In particular, each of the gate fingers 2A-1 to 2A-6
has a longer gate head length as it is closer to the tran-
sistor center portion, and a shorter gate head length as
it is closer to any one of the transistor end portions.
[0056] As illustrated in FIG. 7, a gate head length GH2
of the gate finger 2A-3 adjacent to the transistor center
portion is the longest, a gate head length GH1 of the gate
finger 2A-2 adjacent thereto is the second longest, and
a gate head length GH3 of the gate finger 2A-1 at the
transistor end portion is shorter than GH1. The same
applies to the gate fingers 2A-4 to 2A-6. When all the
gate head lengths of the conventional multi-finger tran-
sistor are constantly GH1, in the semiconductor device
1A, an average value of the gate head lengths of the gate
fingers 2A-1 to 2A-6 is set to GH1. That is, the average
value of the gate head lengths is (GH1 + GH2 + GH3) 3
2/6 = GH1.
[0057] The finger structure at the transistor center por-
tion includes the gate fingers 2A-3 and 2A-4 having long
gate head lengths, and therefore has the largest Cgs and
Cgd. Since each of the gate fingers has a shorter gate
head length as it is closer to any one of the transistor end
portions, Cgs and Cgd in the corresponding finger struc-
ture gradually decrease. As a result, an imbalance in in-
put terminal impedances among the six respective finger
structures is absorbed, and the input terminal impedanc-
es in all the finger structures are uniform.
[0058] When the input terminal impedances are uni-
form, the RF drain currents output from the respective
six finger structures also are uniform to reduce a differ-
ence between output terminal impedances in the respec-
tive finger structures. Therefore, deterioration in efficien-
cy of the high frequency power amplifier using the sem-
iconductor device 1A can be suppressed.
[0059] In addition, when the average value of the gate
head lengths of the gate fingers 2A-1 to 2A-6 is GH1, the
semiconductor device 1A can maintain the same gain as
the conventional multi-finger transistor in which the gate
head length is GH1.
[0060] As described above, in the semiconductor de-
vice 1A according to the second embodiment, each of
the gate fingers 2A-1 to 2A-6 has a Γ-shaped gate head
structure in which the shape of the gate head extends
toward the side of the corresponding drain electrode. In
this configuration, each of the gate fingers has a longer
gate head length extending toward the side of the corre-
sponding drain electrode as it is closer to the transistor
center portion, and a shorter gate head length extending
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toward the side of the corresponding drain electrodes as
it is closer to any one of the transistor end portions. In
this way, by making the gate head lengths in the gate
fingers 2A-1 to 2A-6 non-uniform, the RF drain currents
can be uniform. As a result, a difference between output
terminal impedances in the respective gate fingers 2A-1
to 2A-6 is reduced, and therefore deterioration in efficien-
cy of the high frequency power amplifier using the sem-
iconductor device 1A can be suppressed.

Third embodiment.

[0061] FIG. 8 is a cross-sectional view illustrating a
configuration of a semiconductor device 1B according to
a third embodiment of the present invention, and illus-
trates a cross section of the semiconductor device 1B
taken along line A-A in FIG. 1. In FIG. 8, the same com-
ponents as those in FIG. 2 are denoted by the same
reference numerals, and description thereof is omitted.
[0062] In the semiconductor device 1 according to the
first embodiment and the semiconductor device 1A ac-
cording to the second embodiment, the gate head lengths
are non-uniform, but in the semiconductor device 1B ac-
cording to the third embodiment, plate lengths of source
field plates (hereinafter referred to as SFP) 9-1 to 9-6 are
non-uniform. Even by making the plate lengths of the
SFPs 9-1 to 9-6 non-uniform, a balance of Cgs and Cgd
in each of the plurality of finger structures can be
changed.
[0063] Gate fingers 2B-1 to 2B-6 are strip-shaped elec-
trodes arranged in one direction, each of the gate fingers
2-1 to 2-6 is disposed so as to be adjacent to a corre-
sponding drain electrode and a corresponding source
electrode alternately, similarly to the gate fingers 2-1 to
2-6 described in the first embodiment. Note that the gate
head lengths of the gate fingers 2B-1 to 2B-6 are all GH1.
[0064] In FIG. 8, each of source electrodes 4A-1 to 4A-
4 is a strip-shaped electrode disposed so as to be adja-
cent to the corresponding one or two of the gate fingers
2B-1 to 2B-6. Each of the SFPs 9-1 to 9-6 is a member
that is provided for the corresponding one of the source
electrodes 4A-1 to 4A-4 and extends from the corre-
sponding one of the source electrodes 4A-1 to 4A-4 to-
ward the corresponding one of the sides of the gate fin-
gers 2B-1 to 2B-6.
[0065] The source electrode 4A-1 has the SFP 9-1 ex-
tending toward the side of the gate finger 2B-1. The
source electrode 4A-2 has the SFP 9-2 extending toward
the side of the gate finger 2B-2 and the SFP 9-3 extending
toward the side of the gate finger 2B-3. The source elec-
trode 4A-3 has the SFP 9-4 extending toward the side of
the gate finger 2B-4 and the SFP 9-5 extending toward
the side of the gate finger 2B-5. The source electrode
4A-4 has the SFP 9-6 extending toward the side of the
gate finger 2B-6.
[0066] As illustrated in FIG. 8, the plate lengths of the
SFP 9-3 and SFP 9-4 adjacent to the transistor center
portion are the longest, and the plate lengths of the SFP

9-2 and SFP 9-5 adjacent thereto are the second longest,
and the plate lengths of the SFP9-1 and SFP9-6 at the
respective transistor end portions are the shortest.
[0067] The finger structure at the transistor center por-
tion includes the SFPs 9-3 and 9-4 having long plate
lengths, and therefore has the largest Cgs and Cgd.
Since each of the SFPs has a shorter plate length as it
is closer to any one of the transistor end portions, Cgs
and Cgd in the corresponding finger structure gradually
decrease. As a result, an imbalance in input terminal im-
pedances among the six respective finger structures is
absorbed, and the input terminal impedances in all the
finger structures are uniform.
[0068] When the input terminal impedances are uni-
form, the RF drain currents output from the six respective
finger structures also are uniform to reduce a difference
between output terminal impedances in the respective
finger structures. Therefore, deterioration in efficiency of
the high frequency power amplifier using the semicon-
ductor device 1B can be suppressed.
[0069] As described above, the semiconductor device
1B according to the third embodiment includes the SFPs
9-1 to 9-6 each of which is provided for the corresponding
one of the source electrodes 4A-1 to 4A-4 and extends
from the corresponding one of the source electrodes 4A-
1 to 4A-4 toward the corresponding one of the sides of
the gate fingers 2B-1 to 2B-6. In particular, each of the
SFPs 9-1 to 9-6 has a longer plate length as it is closer
to the transistor center portion, and a shorter plate length
as it is closer to any one of the transistor end portions.
In this way, by making the plate lengths of the SFPs 9-1
to 9-6 non-uniform, the RF drain currents can be uniform.
As a result, a difference between output terminal imped-
ances in the plurality of respective finger structures is
reduced, and therefore deterioration in efficiency of the
high frequency power amplifier using the semiconductor
device 1B can be suppressed.
[0070] Note that in the present invention, it is possible
to freely combine the embodiments to each other, modify
any constituent element in each of the embodiments, or
omit any constituent element in each of the embodiments
within the scope of the invention.

INDUSTRIAL APPLICABILITY

[0071] The semiconductor device according to the
present invention can suppress deterioration in efficiency
by reducing a difference between output terminal imped-
ances in the plurality of respective gate electrodes, and
therefore can be used for a high frequency power ampli-
fier.

REFERENCE SIGNS LIST

[0072] 1, 1A, 1B: Semiconductor device, 2-1 to 2-6,
2A-1 to 2A-6, 2B-1 to 2B-6: Gate finger, 3-1 to 3-3: Drain
electrode, 3a, 5a: Line, 4-1 to 4-4, 4A-1 to 4A-4: Source
electrode, 5: Gate routing line, 6-1, 6-2: Source pad, 6a,
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6b: Via hole, 7-1 to 7-4: Air bridge, 8: Semiconductor
layer, 9-1 to 9-6: Source field plate (SFP).

Claims

1. A semiconductor device comprising:

a plurality of drain electrodes;
a plurality of source electrodes;
a plurality of gate electrodes that are arranged
in one direction and each of which is disposed
so as to be adjacent to a corresponding one of
the drain electrodes and a corresponding one
of the source electrodes alternately; and
a gate routing line disposed in the direction in
which the gate electrodes are arranged, and
connected to the plurality of gate electrodes,
wherein
the plurality of gate electrodes has non-uniform
gate head lengths.

2. The semiconductor device according to claim 1,
wherein
each of the plurality of gate electrodes has a longer
gate head length as it is closer to a transistor center
portion, and a shorter gate head length as it is closer
to any one of transistor end portions.

3. The semiconductor device according to claim 1,
wherein
each of the plurality of gate electrodes has a Γ-
shaped gate head structure in which a gate head
shape extends toward a side of the corresponding
one of the drain electrodes.

4. The semiconductor device according to claim 3,
wherein
each of the plurality of gate electrodes has a longer
gate head length extending toward the side of the
corresponding one of the drain electrodes as it is
closer to a transistor center portion, and a shorter
gate head length extending to the side of the corre-
sponding one of the drain electrodes as it is closer
to any one of transistor end portions.

5. A semiconductor device comprising:

a plurality of drain electrodes;
a plurality of source electrodes;
a plurality of gate electrodes that are arranged
in one direction and each of which is disposed
so as to be adjacent to a corresponding one of
the drain electrodes and a corresponding one
of the source electrodes alternately;
a gate routing line disposed in the direction in
which the gate electrodes are arranged, and
connected to the plurality of gate electrodes; and

a plurality of source field plates each of which is
provided for a corresponding one of the plurality
of source electrodes and each of which extends
from the corresponding one of the source elec-
trodes toward a side of a corresponding one of
the gate electrodes, wherein
each of the plurality of source field plates has a
longer plate length as it is closer to a transistor
center portion, and a shorter plate length as it is
closer to any one of transistor end portions.
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