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FIG.6

Dependance of a second harmonic wave level
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COMPOUND SEMICONDUCTOR SWITCH
CIRCUIT DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a compound semi-
conductor switch circuit device, and more particularly
relates to a compound semiconductor switch circuit device
which suppresses a leak of a high-frequency signal and
prevents deterioration of distortion characteristics.

[0003] 2. Description of the Related Art

[0004] In a compound semiconductor switch circuit
device for which a high power is required, a switching
element having a plurality of FETs (Field Effect Transistor)
connected to each other in series is adopted. This technology
is described for instance in Japanese Patent Application
Publication No. 2004-254086 (see FIG. 4).

[0005] FIG. 18 shows a Switch MMIC (Monolithic
Microwave Integrated Circuit) including two switching ele-
ments having a plurality of FETs connected to each other in
series, as an example of a conventional compound semicon-
ductor Switch MMIC chip.

1. Field of the Invention

[0006] On a compound semiconductor substrate, two FET
groups to be first and second switching elements SW1 and
SW2 are disposed. In each of the FET groups, three FETs are
connected in series. A first control resistor CR1 and a second
control resistor CR2 are connected, respectively, to six gate
electrodes included in the respective FET groups. Moreover,
electrode pads I, O1 and O2, which are connected to a
common input terminal IN and output terminals OUT1 and
OUT?2, respectively, and two electrode pads C1 and C2,
which are connected to control terminals Ctll and Ctl2,
respectively, are provided in a periphery of the substrate.

[0007] A wiring formed of a second metal layer indicated
by a dotted line is a gate metal layer 220 which forms the
gate electrodes of the respective FETs. In addition, a wiring
formed of a third metal layer indicated by a solid line is a
wiring metal layer 230 which connects the respective ele-
ments to each other and forms the pads. Moreover, an ohmic
metal layer, which is a first metal layer and comes into
ohmic contact with the substrate, forms source and drain
electrodes of the respective FETs, and the like. The ohmic
metal layer is not shown in FIG. 18 because the ohmic metal
layer is overlapped by the wiring metal layer.

[0008] In FET1-1 of the first switching element SW1,
three comb-shaped wiring metal layers 230 extended down-
ward are source electrodes 215 (or drain electrodes) which
are connected to the common input terminal pad I. Below
the source electrodes 215, source electrodes (or drain elec-
trodes) are provided, which are formed of the ohmic metal
layer. The respective source electrodes 215 are connected to
each other by a source wiring 231 formed of the wiring
metal layer 230.

[0009] Moreover, three comb-tooth-shaped wiring metal
layers 230 extended upward are drain electrodes 216 (or
source electrodes) of FET1-1. Below the drain electrodes
216, drain electrodes (or source electrodes) are provided,
which are formed of the ohmic metal layer. The respective
drain electrodes 216 are connected to each other by a drain
wiring 232 formed of the wiring metal layer 230.
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[0010] The source electrodes 215 and the drain electrodes
216 are disposed so as to have a shape formed by engaging
comb teeth with each other. Between the source and drain
electrodes, five comb-tooth-shaped gate electrodes 217 are
disposed, which are formed of the gate metal layer 220. The
respective gate electrodes 217 are connected to each other
by a gate wiring 221 outside an operation region 300
indicated by a dashed line.

[0011] In the Switch MMIC described above, a leak of a
high-frequency analog signal (hereinafter referred to as a
high-frequency signal) occurs between the source and drain
electrodes in a spot where the both electrodes are close to
each other. Thus, there is a problem that electrical charac-
teristics are deteriorated by the leak.

[0012] To be more specific, in the case where the first
switching element SW1 is set to be an on-side switching
element, the high-frequency signal is transmitted to the first
output terminal pad O1 after passing through a channel
region of each FET from the common input terminal pad I
as indicated by the arrow.

[0013] In the second switching element SW2 to be an
off-side switching element, an X region surrounded by a
chain double-dashed line is exposed to a high-power high-
frequency signal since the region is closest to the common
input terminal pad I. However, in the X region, no leak of the
high-frequency signal occurs. Moreover, on a signal path
between the common input terminal IN and the first output
terminal OUT1 on the on side, designed values for linearity
characteristics of an output signal can be ensured.

[0014] However, it was found out that, in a spot where the
source and drain electrodes are adjacent to each other and
directly face each other in the high-power switch circuit
device constituted by the switching element including the
plurality of FETs connected to each other in series, the leak
of the high-frequency signal occurs outside the channel
region of the FET.

[0015] Specifically, in Y regions indicated by solid lines,
where the source and drain electrodes are adjacent to each
other and directly face each other, the leak of the high-
frequency signal occurs between the source and drain elec-
trodes (to be more specific, between the source electrodes
215 and the drain wiring 232 and between the source wiring
231 and the drain electrodes 216). Thus, there is a problem
that designed values for a distortion level of the output signal
cannot be ensured and a harmonic wave level is too high.

[0016] FIG. 19 shows another pattern of the conventional
Switch MMIC shown in FIG. 18. In the Switch MMIC
shown in FIG. 18, the gate wiring 221 is disposed on the
side of the common input terminal pad I with respect to the
comb-tooth-shaped gate electrodes 217. Moreover, tips of
the comb-tooth-shaped gate electrodes 217 are disposed on
the side of the first and second output terminal pads O1 and
02.

[0017] Meanwhile, in a Switch MMIC shown in FIG. 19,
a gate wiring 221 is disposed on the side of first and second
output terminal pads O1 and O2 with respect to comb-tooth-
shaped gate electrodes 217. Moreover, tips of the comb-
tooth-shaped gate electrodes 217 are disposed on the side of
a common input terminal pad I. Since other constituent
components are the same as those described above in FIG.
18, description thereof will be omitted.
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[0018] Inthe pattern of FIG. 19, when a second switching
element SW2 is on an off side, despite the fact that an X'
region closest to the common input terminal pad I is exposed
to a high-power high-frequency signal, source and drain
electrodes are adjacent to each other and directly face each
other. Thus, it was found out that a large leak of the
high-frequency signal occurs in the X' region. To be more
specific, on a signal path between a common input terminal
IN and a first output terminal OUT1 on an on side, only
Pin0.1dB, which is lower than the designed value by a few
dB, can be secured. Moreover, there is a problem that the
leak of the high-frequency signal occurs between the source
and drain electrodes also in a Y region and distortion
characteristics are also poor.

SUMMARY OF THE INVENTION

[0019] The invention provides a field effect transistor that
includes a compound semiconductor substrate, a plurality of
source electrodes elongated in a first direction, a plurality of
drain electrodes elongated in the first direction, the source
electrodes and the drain electrodes being positioned alter-
natively with respect to a second direction, a source wiring
electrode formed on the substrate and connecting the source
electrodes, a drain wiring electrode formed on the substrate
and connecting the drain electrodes; and a gate wiring
electrode formed on the substrate and comprising a first gate
wiring portion disposed parallel to the second direction and
a plurality of second gate wiring portions extending from the
first gate wiring portion in the first direction, wherein each
of the second gate wiring portions is disposed between a
corresponding source electrode and a corresponding drain
electrode, and said each of the second gate wiring portions
bends in the second direction to cover an end portion of the
corresponding source electrode or the corresponding drain
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a circuit diagram for explaining a first
embodiment of the present invention.

[0021] FIG. 2 is aplan view showing the first embodiment
of the present invention.

[0022] FIG. 3A is a plan view and FIG. 3B is a cross-
sectional view showing the first embodiment of the present
invention.

[0023] FIGS. 4A and 4B are cross-sectional views show-
ing the first embodiment of the present invention.

[0024] FIG. 5 is a plan view for comparing the embodi-
ment of the present invention with a conventional technol-
ogy.

[0025] FIG. 6 is a characteristic diagram for explaining
the embodiment of the present invention.

[0026] FIG. 7 is a cross-sectional view showing the first
embodiment of the present invention.

[0027] FIG. 8A is a plan view and FIG. 8B is a cross-
sectional view showing a second embodiment of the present
invention.

[0028] FIG. 9A is a plan view and FIG. 9B is a cross-
sectional view showing a third embodiment of the present
invention.
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[0029] FIG. 10 is a plan view showing a fourth embodi-
ment of the present invention.

[0030] FIGS. 11A and 11B are cross-sectional views
showing the fourth embodiment of the present invention.

[0031] FIG. 12 is a plan view showing a fifth embodiment
of the present invention.

[0032] FIG. 13 is a plan view showing a sixth embodi-
ment of the present invention.

[0033] FIG. 14 is a plan view showing a seventh embodi-
ment of the present invention.

[0034] FIGS. 15A and 15B are plan views showing the
seventh embodiment of the present invention.

[0035] FIG. 16 is a plan view showing an eighth embodi-
ment of the present invention.

[0036] FIGS. 17A and 17B are plan views showing the
eighth embodiment of the present invention.

[0037] FIG. 18 is a plan view showing the conventional
technology.

[0038] FIG. 19 is a plan view showing the conventional
technology.

DESCRIPTION OF THE EMBODIMENTS

[0039] With reference to FIGS. 1 to 17, embodiments of
the present invention will be described in detail.

[0040] First, with reference to FIGS. 1 to 7, a first embodi-
ment will be described. FIG. 1 is a circuit diagram showing
an example of a DPDT (double pole double throw) Switch
MMIC including four switching elements having a plurality
of FETs connected to each other in series.

[0041] The DPDT is a Switch MMIC used for a CDMA
(Code Division Multiple Access) cellular-phone and the
like. The DPDT Switch MMIC has: first to fourth switching
elements SW1 to SW4; two first RF ports (a first common
input terminal IN1 and a second common input terminal
IN2); and two second RF ports (a first common output
terminal OUT1 and a second common output terminal
OUT2). ASPDT (Single Pole Double Throw) switch includ-
ing the first and second switching elements SW1 and SW2
and another SPDT switch including the third and fourth
switching elements SW3 and SW4 are connected to each
other by the second RF ports.

[0042] Each of the switching elements SW1 to SW4 is a
FET group including three FETs connected in series. Each of
the FETs constituting the switching elements is a depletion
type FET (D-FET). For example, in the first switching
element SW1, FET1-1, FET1-2 and FET1-3 are connected
in series. In the second switching element SW2, FET2-1,
FET2-2 and FET2-3 are connected in series. In the third
switching element SW3, FET3-1, FET3-2 and FET3-3 are
connected in series. In the fourth switching element SW4,
FET4-1, FET4-2 and FET4-3 are connected in series.

[0043] A drain electrode (or a source electrode) of one end
(FET1-3) of the first switching element SW1 is connected to
a drain electrode (or a source electrode) of one end (FET3-3)
of the third switching element SW3. Moreover, a drain
electrode (or a source electrode) of one end (FET2-3) of the
second switching element SW2 is connected to a drain
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electrode (or a source electrode) of one end (FET4-3) of the
fourth switching element SW4.

[0044] Source electrodes (or drain electrodes) of the other
ends (FET1-1 and FET2-1) of the first and second switching
elements SW1 and SW2 are connected to the first common
input terminal IN1. Moreover, source electrodes (or drain
electrodes) of the other ends (FET3-1 and FET4-1) of the
third and fourth switching elements SW3 and SW4 are
connected to the second common input terminal IN2.

[0045] Moreover, the Switch MMIC has the first common
output terminal OUT1 shared between the first and third
switching elements SW1 and SW3 and the second common
output terminal OUT?2 shared between the second and fourth
switching elements SW2 and SW4. Note that, in the Switch
MMIC, the source electrodes and the drain electrodes are
equivalent to each other. Therefore, hereinafter, the same
goes for the case where the source electrodes and the drain
electrodes are replaced with each other.

[0046] Moreover, control resistors CRs are connected to
gate electrodes of the FETs of the first and fourth switching
elements SW1 and SW4, respectively, and the gate elec-
trodes are connected to a control terminal Ctl through a logic
circuit L indicated by a broken line. Furthermore, gate
electrodes of the second and third switching elements SW2
and SW3 are also connected to a point P in the logic circuit
L through control resistors CRs, respectively.

[0047] The control resistors CRs are disposed for the
purpose of preventing leaks of high-frequency signals
through the gate electrodes with respect to a direct current
potential of the control terminal Ctl to be an AC ground and
a direct current potential of the point P in the logic circuit L.
A resistance value of each of the control resistors CRs is
about 5 KQ to 10 KQ.

[0048] The Switch MMIC of the first embodiment
includes the logic circuit L. The logic circuit L is an inverter
circuit, which has the following configuration.

[0049] A drain electrode of an enhancement type FET
(E-FET) having a source electrode connected to a GND
terminal is connected to the point P. Moreover, one end of
a load resistor R1 is connected to the point P, and the other
end of the load resistor R1 is connected to a power supply
terminal V. A gate electrode of the E-FET is connected to
the control terminal Ctl through an input resistor Ri.

[0050] Between the control terminal Ctl and the GND
terminal and between the point P and the GND terminal, a
capacitance Ci and a capacitance Cr are connected, respec-
tively, for absorbing noise and preventing oscillation. More-
over, the input resistor Ri is disposed for preventing elec-
trostatic breakdown, absorbing noise and preventing
oscillation.

[0051] The logic circuit L (the inverter circuit) is operated
as described below. A logic signal applied to the control
terminal Ctl is inverted by the inverter, and an inverted
signal of a control signal is generated at the point P.
Specifically, when 3V is set at the control terminal Ctl, OV
is set at the point P, and, when OV is set at the control
terminal Ctl, 3V is set at the point P.

[0052] Circuit operations of the DPDT Switch MMIC
shown in FIG. 1 are as follows. When 3V is applied to the
control terminal Ctl, the first and fourth switching elements
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SW1 and SW4 are turned on, in each of which a signal of
the control terminal Ctl is directly inputted to the gate
electrodes. Thus, a conduction state is set between the first
common input terminal IN1 and the first common output
terminal OUT1 and between the second common input
terminal IN2 and the second common output terminal
OUT?2, and signal paths are formed, respectively.

[0053] Meanwhile, the second and third switching ele-
ments SW2 and SW3 are turned off, in each of which a
signal of the point P, that is, an inverted signal OV is inputted
to the gate electrodes. Therefore, paths between the first
common input terminal IN1 and the second common output
terminal OUT2 and between the second common input
terminal IN2 and the first common output terminal OUT1
are cut off. When 0V is applied to the control terminal Ctl,
an operation opposite to the above is performed.

[0054] 1Inthe DPDT Switch MMIC as described above, it
is possible to use the first and second RF ports by inter-
changing the both. In such a case, paths of high-frequency
signals from the common input terminals to the common
output terminals are reversed.

[0055] FIG. 2 is a plan view showing integration of the
DPDT Switch MMIC described above on one chip of a
compound semiconductor substrate. Pattern arrangement of
respective elements included in a circuit is approximately
the same as that of the circuit diagram of FIG. 1. AFET may
be any of a MESFET (Metal Semiconductor Field Effect
Transistor), a GaAs JFET (Junction FET) and a HEMT
(High Electron Mobility Transistor). Here, description will
be given by mainly using the HEMT.

[0056] In a substrate structure of the HEMT, for example,
a buffer layers, electron supply layers, a channel (electron
transit) layer, a cap layer and the like are grown on a
semi-insulating GaAs substrate. Moreover, in the HEMT,
conduction regions such as operation regions 100, control
resistors CRs, a load resistor R1 and an input resistor Ri are
formed by isolation using an insulating region 60 that
reaches the buffer layers. Here, the conduction regions are,
for example, n type impurity regions.

[0057] Each of the first to fourth switching elements SW1
to SW4 is a FET group including three FETs connected in
series. Gate electrodes of the respective switching elements
SW1 to SW4 are connected to the control resistors CRs
through gate take-out parts T, respectively. Moreover, on a
periphery of the substrate, provided are a first common input
terminal pad I1, a second common input terminal pad 12, a
first common output terminal pad O1 and a second common
output terminal pad O2 which are connected to the first
common input terminal IN1, the second common input
terminal IN2, the first common output terminal OUT1 and
the second common output terminal OUT?2, respectively. In
the logic circuit L surrounded by a broken line, as shown in
FIG. 2, an E-FET, pads V, G and C corresponding to the
respective terminals, the load resistor R1, the input resistor
Ri, the capacitances Cr and Ci, and the like are disposed. The
configuration and operations of the logic circuit L are as
described above, and detailed description thereof will be
omitted here.

[0058] Moreover, since the respective switching elements
have the same configuration, the first switching element
SW1 will be described below.
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[0059] In each of FET1-1, FET1-2 and FET1-3, first
source electrodes 13 and first drain electrodes 14 are formed
of'an ohmic metal layer (AuGe/Ni/Au) which is a first metal
layer and comes into ohmic contact with the substrate. Note
that the ohmic metal layer is not shown in FIG. 2 because
the ohmic metal layer is overlapped by a first wiring metal
layer 30.

[0060] A second metal layer is a gate metal layer (for
example, Pt/Mo) 20, which forms a gate wiring electrode
GE. The gate wiring electrode GE has a ladder-like pattern.
Specifically, the gate wiring electrode GE is formed of a
plurality of strip-shaped gate electrodes 17 equally spaced,
a gate wiring 21 and a connection part 22. The ladder-like
pattern is formed by connecting one ends of the gate
electrodes 17 adjacent to each other with the connection part
22 and connecting the other ends thereof by the gate wiring
21.

[0061] A third metal layer is the first wiring metal layer
(Ti/Pt/Au) 30, which overlaps the ohmic metal layer and
forms a source wiring electrode SE and a drain wiring
electrode DE. Moreover, the first wiring metal layer 30
forms lower electrodes of the capacitances Ci and Cr, lower
electrodes of the pads, and wirings.

[0062] A fourth metal layer is a second wiring metal layer
(Ti/Pt/Au) 40, which forms, as indicated by hatching, the
respective electrode pads (V, G, C, 11, 12, O1 and O2), upper
electrodes of the capacitances Ci and Cr, and wirings. The
source wiring electrode SE has a comb shape and is formed
in the following manner. Specifically, respective comb teeth
(hereinafter referred to as second source electrodes 15) of
the source wiring electrode SE, which overlap the first
source electrodes 13, are connected by a source wiring 31.
The source wiring 31 is also formed of the first wiring metal
layer 30, in other words, the second source electrodes 15 and
the source wiring 31 continuously form the source wiring
electrode SE.

[0063] The drain wiring electrode DE has a comb shape
and is formed in the following manner. Specifically, respec-
tive comb teeth (hereinafter referred to as second drain
electrodes 16) of the drain wiring electrode DE, which
overlap the first drain electrodes 14, are connected by a drain
wiring 32. The drain wiring 32 is also formed of the first
wiring metal layer 30, in other words, the second drain
electrodes 16 and the drain wiring 32 continuously form the
drain wiring electrode DE. The first wiring metal layer 30
also forms the lower electrodes of the respective pads.

[0064] Specifically, the source wiring electrode SE and the
drain wiring electrode DE are formed of only the first wiring
metal layer 30. Meanwhile, the respective pads are formed
by laminating the first and second wiring metal layers 30 and
40.

[0065] Moreover, the first and second wiring metal layers
30 and 40 form wirings having a desired pattern for con-
necting the first to fourth switching elements SW1 to SW4
with the logic circuit L. The wirings have a region where the
first and second wiring metal layers 30 and 40 are patterned
individually, and a region where the both metal layers
intersect with each other with an insulating film interposed
therebetween.

[0066] In the operation region 100, three of the first wiring
metal layers 30 extended from the left side in FET1-1 are the
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second source electrodes 15 connected to the first common
input terminal pad I1. Below the second source electrodes
15, the first source electrodes 13 formed of the ohmic metal
layer are disposed. Moreover, three of the first wiring metal
layers 30 extended from the right side are the second drain
electrodes 16 of FET1-1. Below the second drain electrodes
16, the first drain electrodes 14 are disposed. The both
electrodes are disposed so as to have a shape formed by
engaging comb teeth with each other. Between the source
and drain electrodes, the five gate electrodes 17 are disposed

[0067] In FET1-2, three of the second drain electrodes 16
extended from the left side are connected to the second drain
electrodes 16 in FET1-1. Here, since the second drain
electrodes of FET1-2 are merely passing points of high-
frequency signals and, generally, are not required to be
drawn out to the outside, no pads are provided. Moreover,
four of the second source electrodes 15 extended from the
right side are connected to the second source electrodes 15
in FET1-3. Similarly, since the second source electrodes
described above are also merely passing points of high-
frequency signals and, generally, are not required to be
drawn out to the outside, no pads are provided. Below the
both electrodes described above, the ohmic metal layer is
disposed. The both electrodes are disposed so as to have a
shape formed by engaging comb teeth with each other.
Between the both electrodes, the six comb-shaped gate
electrodes 17 are disposed.

[0068] Compared with a switching element including only
one FET, a switching element like this including a plurality
of FETs connected in series can be cut off against a larger
voltage amplitude when the switching element is OFF. Thus,
the Switch MMIC constituted by the switching element
including the plurality of FETs becomes a high-power
Switch MMIC. In this event, generally, the source electrodes
or the drain electrodes of the FETs, which become connec-
tion parts when the FETs are connected in series, are not
required to be drawn out to the outside. Thus, it is not
required to provide pads.

[0069] InFET1-3, three of the first wiring metal layers 30
extended from the left side are the second source electrodes
15. Below the second source electrodes 15, the first source
electrodes 13 are disposed. Moreover, four of the comb-
shaped first wiring metal layers 30 extended from the right
side are the second drain electrodes 16 connected to the first
common output terminal pad O1. Below the second drain
electrodes 16, the first drain electrodes 14 are disposed. The
both electrodes are disposed so as to have a shape formed by
engaging comb teeth with each other. Between the both
electrodes, six gate electrodes 17 are disposed

[0070] The plurality of gate electrodes 17 in each of
FET1-1, FET1-2 and FET1-3 have one ends bundled by the
connection part 22. Moreover, the other ends of the gate
electrodes 17 are bundled by the gate wiring 21 and con-
nected to the gate take-out part T. The gate take-out part T
is connected to the control terminal pad C through the
control resistor CR. As described above, in this embodiment,
the gate take-out part T is an extension of the gate wiring 21.
However, the gate take-out part T is not an extension of the
connection part 22.

[0071] The control resistor CR is formed of the conduction
region (an impurity region) which is isolated by the insu-
lating region 60 as described above. In this embodiment, the
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control resistor CR is formed of a high resistance element.
The high resistance element is obtained by removing the cap
layer in the HEMT structure and setting only semiconductor
layers having a high sheet resistance value in lower layers
than the cap layer to be a resistor layer. It is required to set
the control resistor CR to have a high resistance value, in
order to prevent a leak of a high-frequency signal. By using
the high resistance element to form the control resistor CR,
the resistance value can be increased within a short distance.
Meanwhile, in order to obtain accurate values, the load
resistor R1 and the input resistor Ri are formed of the
conduction regions without removing the cap layer in the
HEMT structure.

[0072] Moreover, around the respective pads 11, 12, O1
and O2, peripheral conduction regions 70 are disposed as
indicated by dashed lines for preventing the leak of the
high-frequency signal and improving isolation. Further-
more, similarly, the peripheral conduction regions 70 are
formed also between the respective pads and the respective
FETs, between the respective pads and the source (drain)
wiring electrodes, and between the resistors. The peripheral
conduction regions 70 are, for example, high-concentration
n type impurity regions including the cap layer.

[0073] Furthermore, between the first and second switch-
ing elements SW1 and SW2 and the logic circuit L, the
peripheral conduction region 70 is also disposed for improv-
ing the isolation. The peripheral conduction regions 70
described above are also isolated by the insulating region 60.
The peripheral conduction regions 70 are either connected to
the adjacent pads or the metal layers such as the source
(drain) wiring electrodes in a state where a direct current
flows between them (hereinafter referred to as “DC-con-
nected”) or have a floating potential.

[0074] FIGS. 3A and 3B are enlarged views of the
operation region 100 of FET1-1, for example, shown in
FIG. 2. FIG. 3A is a plan view and FIG. 3B is a cross-
sectional view along the line a-a in FIG. 3A.

[0075] As shown in FIG. 3A, the strip-shaped first source
and drain electrodes 13 and 14 are disposed on the operation
region 100, and come into contact with source and drain
regions (not shown here), respectively. Moreover, the strip-
shaped second source and drain electrodes 15 and 16 are
disposed while overlapping the first source and drain elec-
trodes 13 and 14. The second source electrodes 15 adjacent
to each other are connected by the source wiring 31 to form
the comb-shaped source wiring electrode SE. Similarly, the
second drain electrodes 16 adjacent to each other are con-
nected by the drain wiring 32 to form the comb-shaped drain
wiring electrode DE.

[0076] Each of the gate electrodes 17 is formed to have a
strip shape having a predetermined gate length, and is
disposed between the second source electrode 15 and the
second drain electrode 16. Moreover, one ends (tips) of the
adjacent gate electrodes 17 are connected to each other by
the connection part 22, and the other ends thereof are
connected to the gate wiring 21.

[0077] Specifically, the gate wiring electrode GE forms
the ladder-like pattern by use of the gate electrodes 17, the
gate wiring 21 and the connection part 22. In FET1-1, the
connection part 22 is disposed near the one ends of the
second drain electrodes 16, and the other ends of the second
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drain electrodes 16 are connected to the drain wiring 32.
Meanwhile, the gate wiring 21 is disposed near one ends of
the second source electrodes 15 and the other ends of the
second source electrodes 15 are connected to the source
wiring 31. Specifically, the connection part 22 is disposed
between the source wiring 31 and the second drain elec-
trodes 16, both of which are close and adjacent to each other.
Moreover, the gate wiring 21 is disposed between the drain
wiring 32 and the second source electrodes 15, both of
which are close and adjacent to each other. Both of the gate
wiring 21 and the connection part 22 have a width of 3 pm

to 5 um.

[0078] The second source electrode 15 intersects with the
connection part 22 with an insulating film (not shown)
interposed therebetween at a cross part CP. Moreover, the
second drain electrode 16 intersects with the gate wiring 21
with an insulating film (not shown) interposed therebetween
at a cross part CP.

[0079] Although not shown in the drawings here, arrange-
ment of the drain wiring electrode DE and the source wiring
electrode SE in FET1-2 is opposite to that in FET1-1.
Specifically, in FET1-2, the connection part 22 of the gate
electrodes 17 is disposed near the one ends of the second
source electrodes 15, and the gate wiring 21 is disposed near
the one ends of the second drain electrodes 16. To be more
specific, the connection part 22 is disposed between the
drain wiring 32 and the second source electrodes 15, both of
which are close and adjacent to each other. Moreover, the
gate wiring 21 is disposed between the source wiring 31 and
the second drain electrodes 16, both of which are close and
adjacent to each other.

[0080] At a cross part CP, the second source electrode 15
intersects with the gate wiring 21 with an insulating film
interposed therebetween. Moreover, at a cross part CP, the
second drain electrode 16 intersects with the connection part
22 with an insulating film interposed therebetween. FET1-3
is the same as FET1-1 (see FIG. 2).

[0081] FIG. 3B is a cross-sectional view along the line a-a
in FIG. 3A. A substrate 130 is obtained by growing undoped
buffer layers 132 on a semi-insulating GaAs substrate 131
and growing, on the buffer layers 132, a first electron supply
layer 133a that is an n+ type AlGaAs layer, a spacer layer
134, a channel (electron transit) layer 135 that is an undoped
InGaAs layer, a spacer layer 134, a second electron supply
layer (n+ type AlGaAs layer) 1334, a first undoped layer
141, a second undoped layer 142, a third undoped layer 143,
a stable layer 144, and a cap layer 137.

[0082] The buffer layers 132 is a high resistance layer
having no impurities added therein, and a thickness thereof
is about several thousands A.

[0083] There are two electron supply layers 133, including
the first electron supply layer 133a and the second electron
supply layer 1335. The electron supply layers 133a and 1336
are disposed below and above the channel layer 135, respec-
tively. Moreover, between the channel layer 135 and the
respective electron supply layers 133, the spacer layers 134
are disposed, respectively.

[0084] The electron supply layers 133 are the n+ type
AlGaAs layers and are formed by use of a material having
a band gap larger than that of the channel layer 135.
Moreover, an impurity concentration of n type impurities
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(for example, Si) in the n+ type AlGaAs layers of the
electron supply layers 133 is related to an on resistance Ron
of the HEMT and a pinch-off voltage and is set to 3.3x10"®
cm™ in this embodiment.

[0085] By adopting the structure as described above, elec-
trons generated from donor impurities of the electron supply
layers 133 move toward the channel layer 135 to form a
channel to be a current path. As a result, the electrons and
donor ions are spatially separated from each other on a
heterojunction interface. Although the electrons travel
through the channel layer 135, there is a very small influence
of Coulomb scattering since no donor ions exist in the
channel layer 135. Thus, high electron mobility can be
achieved.

[0086] Moreover, the first and second electron supply
layers 133a and 1335 are disposed below and above the
channel layer 135. By adopting such a double heterojunction
structure, a carrier density is increased. Thus, the on resis-
tance Ron can be significantly reduced.

[0087] The first undoped layer 141 is provided on the
second electron supply layer 1335 while coming into contact
therewith. The both layers are lattice-matched to each other.
The first undoped layer 141 is an undoped AlGaAs layer and
has a thickness of 85 A.. In the case where even small crystal
distortion occurs in a portion close to the channel layer 135,
good HEMT characteristics cannot be obtained with good
reproducibility. However, since the first undoped layer 141
is formed of the same AlGaAs layer as that of the second
electron supply layer 1335 close to the channel layer 135, a
factor that causes the crystal distortion to occur in the
portion close to the channel layer 135 can be completely
eliminated.

[0088] The second undoped layer 142 is provided on the
first undoped layer 141 while coming into contact therewith,
and is lattice-matched to the first undoped layer 141. The
second undoped layer 142 is an undoped InGaP layer and
has a thickness of 20 A. Moreover, the second undoped layer
142 functions as an etching stop layer for the third undoped
layer 143 provided thereon.

[0089] The third undoped layer 143 is provided on the
second undoped layer 142 while coming into contact there-
with, and is lattice-matched to the second undoped layer
142. The third undoped layer 143 is an undoped AlGaAs
layer and has a thickness of 145 A. On a surface of the third
undoped layer 143, the gate electrodes 17 are provided. In
the AlGaAs layer, crystal growth is stable, compared with
the InGaP layer. Therefore, there is also an effect of obtain-
ing stable HEMT characteristics by forming the gate elec-
trodes 17 on the surface of the AlGaAs layer.

[0090] A total thickness of the first to third undoped layers
141 to 143 is designed so as to obtain predetermined
breakdown voltage and on resistance of the HEMT (D-FET)
included in the switching element.

[0091] The stable layer 144 is provided on the third
undoped layer 143 while coming into contact therewith, and
is lattice-matched to the third undoped layer 143. Moreover,
the stable layer 144 is also lattice-matched to the cap layer
137 provided thereon. The stable layer 144 is an undoped
InGaP layer or a doped InGaP layer, which is resistant to
chemical stress from the outside since the layer is hardly
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oxidized, and is stable in terms of reliability. Moreover, the
stable layer 144 has a thickness of 100 A.

[0092] As to the switch circuit device of this embodiment,
in manufacturing steps before formation of the gate elec-
trodes 17, there is a step of removing, by plasma etching, a
part of a nitride film 51 used as an etching mask for the cap
layer 137. Thus, the chemically stable InGaP layer (the
stable layer 144) is disposed below the cap layer 137. In the
plasma etching, the stable layer 144 is exposed to a surface
of the operation region 100. Accordingly, the operation
region 100 can be protected from plasma damage by the
stable layer 144. Because the stable layer 144 has the
thickness of 100 A, the operation region 100 can be suffi-
ciently protected from the plasma damage. Although the
stable layer 144 suffers from the plasma damage, the gate
electrodes 17 can be formed on the clean third undoped layer
143 since the stable layer 144 is removed when the gate
electrodes 17 are formed. Moreover, the stable layer 144
also functions as an etching stop layer for the cap layer 137
provided thereon, and is etched to have the same pattern as
that of the cap layer 137.

[0093] As described above, by adopting the structure in
which the InGaP layers and the AlGaAs layers to be the
etching stop layers, respectively, are repeatedly grown on
each other, the predetermined breakdown voltage can be
easily realized with good reproducibility.

[0094] Moreover, by lattice-matching the InGaP layers to
the GaAs layer and the undoped AlGaAs layer, the crystal
distortion is avoided and a crystal defect such as a slit can
be prevented.

[0095] Moreover, by lattice-matching the stable layer
(InGaP layer) 144 to the GaAs layer and the undoped
AlGaAs layer, the crystal distortion is avoided and the
crystal defect such as the slit can be prevented.

[0096] The n+ type GaAs layer 137 to be the cap layer is
grown on the top. A thickness of the cap layer 137 is 600 A
or more, and an impurity concentration thereof is 2x10"®
cm™ or more. It is preferable that the thickness thereof is
about 1000 A and the impurity concentration thereof is
3x10 " cm™ or more.

[0097] The operation region 100 of the HEMT is isolated
from the other regions, as indicated by the thin line in FIG.
3A, by the insulating region 60 that reaches the buffer layers
132. Here, an epitaxial structure of the HEMT includes the
cap layer 137. Since the impurity concentration of the cap
layer 137 is as high as about 1 to 5x10 ® cm™>, the region
where the cap layer 137 is disposed can functionally be a
high-concentration impurity region.

[0098] The operation region 100 of the HEMT will be
hereinafter referred to as a region which is isolated by the
insulating region 60 and in which the first and second source
electrodes 13 and 15, the first and second drain electrodes 14
and 16 and the gate electrodes 17 of the HEMT are disposed.
Specifically, a total region including all semiconductor lay-
ers which form the HEMT, such as the electron supply layers
133, the channel (electron transit) layer 135, the spacer
layers 134, the first to third undoped layers 141 to 143, the
stable layer 144 and the cap layer 137, is set to be the
operation region 100.

[0099] The insulating region 60 is a region which is not
completely electrically insulated but is insulated by provid-
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ing carrier traps in epitaxial layers (the semiconductor
layers) by ion-implanting impurities (boron, hydrogen or
oxygen). Specifically, although impurities exist as the epi-
taxial layers also in the insulating region 60, the impurities
are inactivated by implantation of the impurities (boron,
hydrogen or oxygen) for insulation. And resistivity of the
insulating region 60 is equal to or more than 1x107 Q-cm and
equal to or less than 1x10° Q-cm. On the other hand the
resistivity of insulator like glass, ceramics or gum is more
than 1x10'° Q-cm. Namely the insulating region 60 is
clearly distinguished from insulator like glass, ceramics or
gum at resistivity value too. Actually the insulating region
60 is “semiconductor”, and insulator like glass, ceramics or
gum is not “semiconductor”. That is, the semiconductor and
insulator are substantially different.

[0100] In the operation region 100, as shown in FIG. 3B,
a source region 137s and a drain region 1374 are provided
by partially removing the cap layer 137 to which the
high-concentration impurities are added. In the source and
drain regions 137s and 137d, the first source and drain
electrodes 13 and 14 are connected, which are formed of the
ohmic metal layer 10. The first source and drain electrodes
13 and 14 and the cap layer 137 therearound are covered
with the nitride film 51 (first to fourth nitride films 511 to
514). The first source and drain electrodes 13 and 14 come
into contact with the second source and drain electrodes 15
and 16, which are provided thereon and formed of a first
wiring metal layer 30, through contact holes provided in the
nitride film 51.

[0101] Moreover, the cap layer 137 in the operation region
100 is partially removed by etching to expose the third
undoped layer 143, for example, in accordance with the
predetermined breakdown voltage and the on resistance.
Thus, the gate electrodes 17 are formed. The gate electrodes
17 and the third undoped layer 143 exposed therearound are
covered with the third and fourth nitride films 513 and 514.
The fourth nitride film 514 is an interlayer insulating film
between the first wiring metal layer 30 and the second wiring
metal layer 40 (not shown).

[0102] In each of the gate electrodes 17, a part of lower-
most metal (Pt) of the gate metal layer 20 (for example,
Pt/Mo) is buried in the surface of the operation region 100
by heat process. The buried Pt (this region will be hereinafter
referred to as a buried part 175) is also a part of the gate
electrode 17 and functions as the gate electrode 17. A bottom
of the buried part 175 is positioned in the third undoped
layer 143. Specifically, the gate electrode 17 including the
buried part 176 forms a Schottky junction with the third
undoped layer 143.

[0103] As described above, in this embodiment, a buried
electrode structure is adopted, in which a part of Pt is buried
in the surface of the operation region 100. Accordingly, the
bottom of the buried part 176 can have curved ends.

[0104] As described above, in the step of forming the gate
electrodes 17, the stable layer 144 before deposition of the
gate metal layer 20 suffers from the plasma damage. If the
gate electrode 17 is formed on the stable layer 144 and the
buried part 175 is formed in the state described above, it
takes time to perform the heat process for burying. More-
over, since the stable layer 144 is the InGaP layer, if the
buried part 175 is formed in the InGap layer, the buried part
175 does not have a continuous curve having a predeter-
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mined curvature radius. Therefore, in this embodiment, the
stable layer 144 is removed and the gate metal layer 20 is
evaporated on the clean surface of the third undoped layer
143. Thus, burying is finished by brief heat process. More-
over, a shape of an end of the buried part 175, that is, an end
of the Schottky junction is set to have the continuous curve
having the predetermined curvature radius. Therefore, when
a reverse bias is applied to the gate electrode 17, electric
field strength is dispersed. Specifically, by relaxing electric
field concentration, maximum electric field strength is
reduced. Thus, a large breakdown voltage can be obtained.

[0105] Moreover, the buried part 175 is positioned in the
third undoped layer 143. However, even if the bottom of the
buried part 176 is positioned in any of the first to third
undoped layers 141 to 143, no layer having impurities added
therein exists between the gate electrode 17 and the electron
supply layer 133 (the second electron supply layer 1335). In
other words, the case described above is equivalent to the
case where the gate electrode 17 is provided in the first
undoped layer 141 which is substantially continuous with
the electron supply layer 133.

[0106] As described above, in the double heterojunction
structure, the gate electrode 17 is provided in the undoped
layer continuous with the electron supply layer 133. Thus,
the impurity concentration of the electron supply layer can
be increased to 3.3x10"® em™>. Specifically, in the HEMT, a
very low on resistance can be realized while securing a
predetermined breakdown voltage. Thus, the on resistance
Ron=1.3 Q/mm is realized at a gate voltage Vg=0V, as an on
resistance for a gate width of 1 mm, while securing a
breakdown voltage of 19V at Vp=-0.8 V. This value of the
on resistance is very low for the switch HEMT.

[0107] The first and third undoped layers 141 and 143 are
the AlGaAs layers, and the second undoped layer 142 and
the stable layer 144 are the InGaP layers. The InGaP layer
and the AlGaAs layer have a high etching selection ratio
each other. Thus, a desired layer can be easily exposed by
wet etching.

[0108] Specifically, the second undoped layer 142
becomes an etching stop layer when the first undoped layer
141 is exposed. Moreover, the third undoped layer 143 is
provided for forming the gate electrode 17 on the clean
undoped layer by removing the stable layer 144 suffering
from the plasma damage by selective etching.

[0109] The gate wiring 21 and the connection part 22 are
also formed by evaporation of the gate metal layer 20, as in
the case of the gate electrode 17.

[0110] FIGS. 4A and 4B are cross-sectional views around
the gate wiring 21 and the connection part 22. FIG. 4A is a
cross-sectional view along the line b-b in FIG. 3A, and FIG.
4B is a cross-sectional view along the line c-c in FIG. 3A.

[0111] As shown in FIG. 4A and FIG. 3 A, the gate wiring
21 and the drain wiring electrode DE (specifically, the
second drain electrode 16) intersect with each other with the
nitride film 51 (the third nitride film 513) interposed ther-
ebetween at the cross part CP. The second drain electrode 16
overlaps the first drain electrode 14 on the operation region
100.

[0112] The gate wiring 21 and the second drain electrode
16 are extended in directions perpendicular to each other.
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The gate wiring 21 is provided on the third undoped layer
143 exposed by etching the cap layer 137 and the stable
layer 144, as in the case of the gate electrode 17. Moreover,
a part of the gate wiring 21 is buried in the third undoped
layer 143.

[0113] The gate wiring 21 is isolated from the operation
region 100 by the insulating region 60 that reaches the buffer
layers 132 so as to dispose a conduction region (a high-
concentration impurity region) as indicated by the dashed
line in FIG. 3A, in other words, the substrate 130 including
the cap layer 137 therearound. The gate wiring 21 and the
conduction region (hereinafter referred to as the peripheral
conduction region 70) therearound are connected to each
other in a state where a direct current flows (hereinafter
referred to as “DC-connected”). Thus, isolation of the gate
wiring 21 is improved.

[0114] Here, the gate electrode 17 and the gate wiring 21
(and also the connection part 22) of the HEMT are evapo-
rated on the third undoped layer 143. A brief description will
be given below. Specifically, after a photolithography step of
exposing formation regions of the gate electrode 17 and the
gate wiring 21, the nitride film used as a mask is plasma-
etched and the cap layer 137 is side-etched by about 0.3 pm.
Thereafter, the nitride film above the side-etched portion is
plasma-etched, the stable layer 144 damaged by plasma is
removed, and the gate metal layer 20 is evaporated on the
third undoped layer 143. Thus, the gate electrode 17 and the
gate wiring 21 are formed.

[0115] Specifically, immediately below the gate wiring 21,
the first to third undoped layers 141 to 143 are disposed.
Moreover, the peripheral conduction region 70, to which the
gate wiring 21 is DC-connected, is the substrate 130 includ-
ing the cap layer 137 disposed around the gate wiring 21. In
other words, although the gate wiring 21 is not directly fixed
to the peripheral conduction region 70, the gate wiring can
be said to be sufficiently DC-connected thereto within a
distance as short as about 0.3 pm.

[0116] Note that, in the Switch MMIC, the resistors are
also formed of the conduction region (impurity region).
Moreover, in order to improve the isolation, the peripheral
conduction regions (impurity regions) 70 are also formed
around the respective pads (see FIG. 2). As shown in FIGS.
3A and 3B, the patterns described above are isolated from
each other by the insulating region 60.

[0117] Moreover, although not shown in the drawings, a
cross section of a cross part CP between the connection part
22 and the source wiring electrode SE (the second source
electrode 15) has the same configuration as that of the cross
part CP between the gate wiring 21 and the drain wiring
electrode DE in FIG. 4A.

[0118] As shown in FIGS. 4B and 3A, in this embodi-
ment, between the drain wiring electrode DE and the source
wiring electrode SE, which are close and adjacent to each
other, the gate wiring electrode GE is disposed. To be more
specific, the connection part 22 is disposed between one
ends of the first and second drain electrodes 14 and 16 and
the source wiring 31 adjacent thereto. The first drain elec-
trode 14 of the first metal layer and the drain wiring
electrode DE (the second drain electrode 16 and the drain
wiring 32) of the second metal layer will be hereinafter
collectively referred to as a drain electrode D. Similarly, the
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first source electrode 13 of the first metal layer and the
source wiring electrode SE (the second source electrode 15
and the source wiring 31) of the second metal layer will be
collectively referred to as a source electrode S.

[0119] A high-frequency signal is transmitted to the drain
electrode D and the source wiring 31 (the source electrode
S). Thus, there is a problem that the high-frequency signal
leaks in a spot where the drain electrode D and the source
wiring 31 are close to each other. However, in this embodi-
ment, the connection part 22 of the gate electrode 17, which
is disposed between the drain electrode D and the source
wiring 31, can prevent the high-frequency signal from
leaking between the drain electrode D and the source wiring
31 (the source electrode S). Thus, a third harmonic wave
level can be reduced.

[0120] Furthermore, the gate wiring 21 (gate wiring elec-
trode GE) is disposed between one end of the source
electrode S and the drain wiring 32 (the drain electrode D)
which are close to each other (see FIG. 3A), although its
cross sectional view is not provided here since it is the same
configuration as the one shown in FIG. 4B. Leaks of a
high-frequency signal between the source electrode S and
the drain wiring 32 (the drain electrode D) can be prevented.
Thus, a third harmonic wave level can be reduced.

[0121] With reference to FIGS. 3A and 3B again, descrip-
tion will be given. The respective gate electrodes 17 are
formed at equal intervals and have one ends (tips) extended
to the outside of the operation region 100 and connected to
the connection part 22. Accordingly, a plurality of the gate
electrodes 17 are bundled. Moreover, the other ends of the
gate electrodes 17 are connected to the gate wiring 21, and
the plurality of the gate electrodes 17 are bundled.

[0122] As described above, the one ends of the second
source electrodes 15, the second drain electrodes 16 and the
gate electrodes 17 are ends thereof not connected by the
source wiring 31, the drain wiring 32 and the gate wiring 21,
respectively. Moreover, the same goes for the first source
and drain electrodes 13 and 14 which are overlapped by the
second source and drain electrodes 15 and 16, respectively.

[0123] Specifically, the one ends of the second source
electrodes 15 which overlap the first source electrodes 13 are
disposed outside of the operation region 100. Moreover, the
one ends of the second drain electrodes 16 which overlap the
first drain electrodes 14 are also disposed outside of the
operation region 100. Furthermore, the other ends of the
second source electrodes 15 and the other ends of the second
drain electrodes 16 are also disposed outside of the operation
region 100.

[0124] The other ends of the second source electrodes 15
are connected to other ends of the other second source
electrodes 15 by the source wiring 31. The other ends of the
second drain electrodes 16 are connected to other ends of the
other second drain electrodes 16 by the drain wiring 32. The
one ends of the first and second source electrodes 13 and 15
are close to the drain wiring 32, and the one ends of the first
and second drain electrodes 14 and 16 are close to the source
wiring 31.

[0125] 1In FET1-1, for example, in FIG. 3A, the connec-
tion part 22 is disposed between one end of the drain
electrode D and the source electrode S (the source wiring 31)
which faces the drain electrode D. Similarly, the gate wiring
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21 is disposed between one end of the source electrode S and
the drain electrode D (the drain wiring 32) which faces the
source electrode S. Thus, comb teeth of one drain electrode
D and comb teeth of one source electrode S are completely
surrounded by the gate wiring electrode GE. Moreover, it is
possible to realize a pattern in which the gate wiring
electrode GE (any of the gate electrodes 17, the connection
part 22 and the gate wiring 21) is always disposed between
the drain electrode D and the source electrode S.

[0126] Note that, in FET1-2, arrangement of the source
electrode S and the drain electrode D is opposite to that in
FET1-1. Specifically, in FET1-2, the connection part 22 is
disposed between a tip of the source electrode S and the
opposite drain electrode D, and the gate wiring 21 is
disposed between a tip of the drain electrode D and the
opposite source electrode S.

[0127] FET1-3 is the same as FET1-1. Here, drains of
FET1-1 and FET1-2 are connected to each other, and the
drain wiring 32 is shared therebetween. Moreover, sources
of FET1-2 and FET1-3 are connected to each other, and the
source wiring 31 is shared therebetween.

[0128] Specifically, according to this embodiment, in any
of the FETs, the gate wiring electrode GE can be disposed
between the source electrode S and the drain electrode D.

[0129] Therefore, all the paths in which the high-fre-
quency signal may leak between the source electrode S and
the drain electrode D are blocked by the gate wiring elec-
trode GE. Thus, it is possible to prevent the leak of the
high-frequency signal between the source electrode S and
the drain electrode D.

[0130] Particularly, tips of the comb teeth of the source
electrode S and the drain electrode D are completely sur-
rounded by the gate wiring electrode GE. Thus, the structure
described above is effective as a pattern for preventing the
leak of the high-frequency signal and for reducing the third
harmonic wave level. Moreover, Pin0.1 dB to be an indica-
tion of maximum linear power can be increased.

[0131] Inthe high-power Switch MMIC constituted by the
switching element including the plurality of FETs connected
to each other in series, the following is found out. Specifi-
cally, in the spot where the source electrode and the drain
electrode are adjacent to each other and directly face each
other, the leak of the high-frequency signal occurs outside
the operation region of the FET and the harmonic wave level
is increased.

[0132] Specifically, in FIG. 18, leaks of high-frequency
signals occur between source electrodes 215 and drain
electrodes 216 in the Y regions surrounded by the solid lines,
where the source and drain electrodes 215 and 216 are
adjacent to each other and directly face each other. In the
switching element on the off side, the high-frequency signal
hardly passes through the operation region of the FET.
However, in the Y regions on the off side, a leak path of the
high-frequency signal is formed outside the operation region
of the FET. Thus, there is a problem that a designed value
for a distortion level of an output signal cannot be secured
and a third harmonic wave level is set higher than a
predetermined value.

[0133] However, in this embodiment, the gate wiring
electrode GE is disposed between the source electrode S and
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the drain electrode D in any regions outside the operation
region 100 of the FET. Thus, it is possible to prevent a
high-frequency current from flowing through the substrate
between the source electrode S and the drain electrode D.
Moreover, the leak of the high-frequency signal can be
prevented.

[0134] With reference to FIG. 4B again, description will
be given of a mechanism for preventing the leak of the
high-frequency signal.

[0135] As shown in FIG. 4B, the one end (tip) of the drain
electrode D and the source electrode S (the source wiring 31)
are disposed outside of the operation region 100 (on the
insulating region 60). The high-frequency signal passes
through the drain electrode D and the source wiring 31 on
the insulating region 60.

[0136] Here, in FIG. 4B, the case where no gate wiring
electrode GE is disposed between the source wiring 31 and
the drain electrode D is considered (the Y regions in FIG.
18). The high-frequency signal is transmitted to the insulat-
ing region 60 through the nitride film 51. As in the case of
the nitride film 51, the insulating region 60, as a dielectric
material, allows the high-frequency signal to pass there-
through. Specifically, in this case, the leak of the high-
frequency signal occurs between the source wiring 31 and
the drain electrode D.

[0137] Moreover, in the state described above, since the
source wiring 31 and the drain electrode D are disposed so
as to directly face each other, a direct electric field exists
between the source wiring 31 and the drain electrode D.
Thus, a leak current of the high-frequency signal flows. In
the case of this embodiment, the high-power Switch MMIC
is adopted, which includes the switching elements having
the plurality of FETs connected to each other in series. Thus,
amplitude of the high-frequency signal is large, and ampli-
tude of a high-frequency leak current is also large.

[0138] Therefore, as in the case of the Y regions in the
conventional technology (FIG. 18), when a drain wiring 232
and the tips of the comb teeth of the source electrodes 215
are disposed so as to face each other, the leak of the
high-frequency signal occurs.

[0139] Meanwhile, in this embodiment, the connection
part 22 of the gate electrodes 17 is disposed between the
source wiring 31 and the drain electrode D. Therefore, the
leak of the high-frequency signal between the source wiring
31 and the drain electrode D can be blocked by the connec-
tion part 22 (the gate wiring electrode GE). Such a mecha-
nism will be described below.

[0140] First, the gate wiring electrode GE is connected to
the control terminal Ctl through the control resistor CR of 5
K to 10 KQ (see FIG. 2). A control signal is applied to the
control terminal Ctl. Since the control signal is a DC signal,
the control terminal is set to be a GND potential of a
high-frequency signal. Moreover, the same goes for the case
where the gate wiring electrode GE is connected to the point
P in the logic circuit L.

[0141] In the on-side FET, the gate electrode 17 comes
into direct contact with the surface of the operation region
100 and forms a Schottky junction. Specifically, a potential
of the gate electrode 17 undergoes high-frequency oscilla-
tion under the influence of a high-frequency current flowing
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through the operating region of the FET. However, in the
off-side FET, no current flows through the operating region.
Therefore, the potential of the surface of the operation
region 100 hardly undergoes the high-frequency oscillation.
Specifically, the gate electrode 17 never undergoes the
high-frequency oscillation unlike the on-side FET, and can
be virtually regarded as the GND potential of the high-
frequency signal as in the case of the control terminal Ctl.

[0142] Therefore, by disposing the connection part 22
between the source electrode S (the source wiring 31) and
the drain electrode D in the off-side FET, the source elec-
trode S, the GND potential as the high-frequency signal and
the drain electrode D are arranged in this order on a straight
line.

[0143] In the case where no connection part 22 is dis-
posed, a direct electric field of the high-frequency signal
exists between the source electrode S and the drain electrode
D. However, by sandwiching the GND potential as the
high-frequency signal between the both electrodes, the
direct electric field therebetween is significantly weakened.
Therefore, it is possible to prevent the high-frequency cur-
rent from flowing through the substrate between the source
electrode S and the drain electrode D. Moreover, the leak of
the high-frequency signal can be prevented. Particularly, in
the high-power Switch MMIC constituted by the switching
element including the plurality of FETs connected to each
other in series, the amplitude of the high-frequency signal is
large. Therefore, a strong electric field of the high-frequency
signal is generated between the source electrode S and the
drain electrode D. Thus, in the case where no connection
part 22 is disposed, a large high-frequency current flows. In
this embodiment, the leak of the high-frequency signal can
be prevented even in the high-power Switch MMIC consti-
tuted by the switching element including the plurality of
FETs connected to each other in series.

[0144] The mechanism described above is the same on the
gate wiring 21 side. Specifically, on the gate wiring 21 side,
as shown in FIG. 3A, a leak of a high-frequency signal
between the drain wiring 32 (the drain electrode D) and the
source electrode S can be prevented by the gate wiring 21.

[0145] As described above, according to this embodiment,
on all the paths in which the high-frequency signal may leak
between the source electrode S and the drain electrode D, the
gate wiring electrode GE is disposed. Thus, it is possible to
prevent the leak of the high-frequency signal between the
source electrode S and the drain electrode D.

[0146] Secondly, in the portion outside the operation
region 100, the gate wiring electrode GE comes into direct
contact with the substrate and forms a Schottky junction.
Therefore, the high-frequency signal leaking through the
insulating region 60 can be directly absorbed. Thus, the leak
of the high-frequency signal between the source electrode S
and the drain electrode D can be more significantly pre-
vented.

[0147] The two mechanisms described above similarly
function also in the case where the gate wiring 21 and the
connection part 22 are disposed within the operation region
100. Specifically, the leak of the high-frequency signal
between the source electrode S and the drain electrode D can
be prevented by sandwiching the gate wiring 21 and the
connection part 22 within the operation region 100.
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[0148] Particularly, in the DPDT Switch MMIC, there
may be the case where input and output of a signal are
reversed. Accordingly, the first RF ports and the second RF
ports may be replaced with each other and used. In this
embodiment, even if transmission of the high-frequency
signal is reversed, all leak paths of the high-frequency
signal, which have heretofore been formed between the
source electrode S and the drain electrode D, can be com-
pletely blocked. Specifically, no matter which terminals pads
of the RF ports become input terminal pads having the
largest amplitude of the high-frequency signal, the leak of
the high-frequency signal can be completely prevented.
Thus, Pin0.1 dB and distortion characteristics (the third
harmonic wave level) as designed can be obtained.

[0149] To be more specific, for example, in FIG. 18, it has
heretofore been possible to prevent a leak of a high-fre-
quency signal by a gate wiring 221 in FET1-1 or FET2-1, the
high-frequency signal having the largest amplitude imme-
diately after being inputted from the common input terminal
pad 1. Specifically, in any of the off-side FETs, the leak of the
high-frequency signal between the source electrode S and
the drain electrode D can be prevented in only the portion
where the gate wiring 221 is disposed.

[0150] However, on the other hand, in the case where a
high-frequency signal is inputted, for example, from the
common output terminal pad O1 or 02, a large leak of the
high-frequency signal occurs in a portion immediately after
the high-frequency signal having the largest amplitude is
inputted in any of the off-side FETs such as FET1-3 and
FET2-3. The portion immediately after the high-frequency
signal having the largest amplitude is inputted is a portion
between the source electrode S and the drain electrode D,
which corresponds to the Y region.

[0151] In this embodiment, the gate wiring electrode GE
(the connection part 22) is also disposed in the spot corre-
sponding to the Y region. Thus, even if the high-frequency
signal is inputted from any of the terminal pads including the
input terminal pad and the output terminal pad, the leak of
the high-frequency signal between the source electrode S
and the drain electrode D can be prevented by the gate
wiring electrode GE. Consequently, the third harmonic wave
level is significantly improved.

[0152] Here, in order to prevent the leak of the high-
frequency signal, as shown in FIG. 3A, it is preferable that
the gate wiring electrode GE is disposed continuously
without interruption for the leak path between the source
electrode S and the drain electrode D. However, in the case
of such a closed-loop shape, an accurate pattern may not be
formed. The gate wiring electrode GE is formed by lift-off
process. Specifically, in the lift-off, a resist remover is
allowed to seep into a resist below the unnecessary gate
metal layer 20, and the gate metal layer 20 is removed
together with the resist. In this event, if the gate wiring
electrode GE is continuous, the resist remover may not
sufficiently seep into the resist.

[0153] Specifically, in the case where pattern formation of
the gate wiring electrode GE having the closed-loop shape
as shown in FIGS. 3A and 3B is performed by the lift-off,
there is a problem that it is usually difficult to perform the
lift-off since the resist remover cannot seep into the loop
from outside of the loop. However, in this embodiment, the
lift-off can be performed, and the accurate pattern can be
formed.
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[0154] FIG. 7 is a cross-sectional view around the gate
electrode 17 after the gate metal layer 20 is evaporated in the
cross section shown in FIG. 3B, for example. Only in the
case of the Switch MMIC, the control resistor CR of about
5 KQ to 10 K or more is connected to the gate electrode
17. Thus, there is no problem even if the gate electrode 17
has a somewhat large resistance value. Specifically, a metal
evaporated film thickness d of the gate metal layer 20 can be
reduced (to about 100 A). When the evaporated film thick-
ness d is reduced as described above, edges of a resist mask
PR always disconnect the gate metal layer 20. Therefore, the
resist remover sufficiently seeps into the resist PR below the
gate metal layer 20 from a disconnected portion (as indi-
cated by the arrows). Thus, the lift-off can be performed
without any problem even if the closed-loop shape is
adopted.

[0155] Next, a second harmonic wave level will be
described.

[0156] In the conventional pattern shown in FIG. 18, the
case where the second switching element SW2 is on and the
first switching element SW1 is off is considered. When a
high-frequency signal inputted from the common input
terminal pad I leaks into FET1-1 turned off, first, the signal
passes on a source wiring 231 from a point A to a point B
as indicated by the arrow. Accordingly, a phase shift occurs
while the signal is transmitted from the point A to the point
B.

[0157] The high-frequency signal which has leaked into
FET1-1 is transmitted to FET1-3. Even if FET1-1 to FET1-3
are off, the high-frequency signal inputted from the common
input terminal pad I leaks into the output terminal pad O1,
while being attenuated for isolation level, through a deple-
tion layer capacitance extended below the gate electrodes in
each FET. Specifically, in FIG. 18, the phase shift between
the point A and the point B is directly set to be a phase shift
between a point A' and a point B' on the drain wiring 232 in
FET1-3. Moreover, signals having different phases at the
points A' and B' are synthesized on the drain wiring 232 in
FET1-3 and outputted from the output terminal pad O1.

[0158] As described above, in the case where the high-
frequency signal inputted from the common input terminal
pad I leaks into the output terminal pad O1 through the first
switching element SW1 turned off, when a phase shift
occurs inside of the first switching element SW1, a second
harmonic wave level of the Switch MMIC is increased.
Meanwhile, in FIG. 2 of this embodiment, the case where
the first switching element SW1 is off is considered. When
a high-frequency signal inputted from the common input
terminal pad I1 leaks into FET1-1 turned off, first, the signal
passes on the source wiring 31 from a point C to a point D
as indicated by the arrow. Accordingly, a phase shift occurs
while the signal is transmitted from the point C to the point
D. The high-frequency signal which has leaked into FET1-1
is transmitted to FET1-3.

[0159] Here, since the gate wiring electrode GE of this
embodiment has the ladder-like pattern, the phase of the
entire gate wiring electrode GE is uniform, unlike a con-
ventional comb-shaped gate wiring electrode G1' as shown
in FIG. 18. In FET1-1 to FET1-3 which are off, the
high-frequency signal leaks through the depletion layer
capacitance extended below the gate electrodes 17 in each
FET. However, since the phase of the entire gate wiring
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electrode GE is uniform, the phase shift between the points
C and D is corrected to match the phases while the signal
leaks into FET1-1 to FET1-3.

[0160] Therefore, a phase shift between a point C' and a
point D' on the drain wiring 32 in FET1-3 is eliminated.
Specifically, when the high-frequency signal inputted from
the input terminal pad 11 leaks into the output terminal pad
O1 through the first switching element SW1 turned off, no
phase shift occurs inside of the first switching element SW1.
Thus, the second harmonic wave level of the Switch MMIC
is never increased.

[0161] For example, in the conventional pattern shown in
FIG. 18, at a cross part CP', the gate wiring 221 intersects
with the source electrodes 215 or the drain electrodes 216
with a nitride film (not shown) interposed therebetween.
However, as a result of an experiment, it was found out that
the second harmonic wave level is deteriorated by use of the
pattern of the gate wiring electrode G1' (the gate wiring 221
and the gate electrodes 217) in FIG. 18.

[0162] This is considered to be partly because of the
following reason. Specifically, in the case where the first
switching element SW1 is the off-side switching element,
for example, the high-frequency signal passing through the
source electrodes 215 or the drain electrodes 216 leaks into
the gate wiring 221 through the nitride film at the cross part
Cp.

[0163] FIG. 5 shows a pattern of another gate wiring
electrode G2' for comparing with the pattern of the gate
wiring electrode GE of this embodiment. FIG. 5 shows an
example of a Switch MMIC having a pattern (hereinafter
referred to as a meander shape) in which the one gate wiring
electrode (G2' is bent and extended between a source wiring
electrode SE' and a drain wiring electrode DE'.

[0164] Inthis case, no cross part exists between the source
wiring electrode SE' or the drain wiring electrode DE' and
the gate wiring electrode G2'. Thus, it is known that a second
harmonic wave level is low as described later. Moreover, in
the Switch MMIC, the meander-shaped pattern of the gate
wiring electrode G2' is often adopted.

[0165] However, there is a problem that the pattern
described above is very vulnerable to static electricity
applied between a gate and a drain or between the gate and
a source from the outside. This is because, in the case of such
a pattern of the gate wiring electrode G2, electrostatic
energy applied to a control terminal Ctl is concentrated on
a starting point ST (a portion closest to a control resistor CR)
of the gate wiring electrode G2' on an operation region 100.
Therefore, in the gate wiring electrode G2' as described
above, the starting point ST portion of the gate wiring
electrode G2' is destroyed at a low electrostatic voltage.
Thus, as a result, an electrostatic breakdown voltage is set
low in the Switch MMIC. Consequently, the pattern
described above is not desirable in terms of reliability.

[0166] FIG. 6 shows dependence of a second harmonic
wave level on input power in each of the patterns of the gate
wiring electrode GE of this embodiment and the gate wiring
electrodes G1' and G2' having the conventional structures
shown in FIGS. 18 and 5. Solid lines v and w indicate the
case of the pattern shown in FIG. 18. The solid line v
indicates the case of a gate wiring width dg=5 pm, and the
solid line w indicates the case of the gate wiring width dg=1
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um. A point M indicates the case where the Switch MMIC
as shown in FIG. 18 is formed by use of the meander-shaped
pattern shown in FIG. 5. A solid line x indicates the case of
this embodiment shown in FIGS. 3A and 3B, in which the
gate wiring width dg is set to 5 um. Note that, since, here,
a comparison is made on input power of 29 dBm in
particular, only the point M indicates the case of the meander
shape.

[0167] In the comb-shaped pattern of the gate wiring
electrode G1' as in the conventional structure (FIG. 18), a
second harmonic wave level at the input power of 29 dBm
is =51 dBc (the solid line v in FIG. 6) in the case of the gate
wiring width dg=5 pm and is -62 dBc (the solid line w in
FIG. 6) in the case of the gate wiring width dg=1 pm.
Specifically, by reducing the gate wiring width dg, the
second harmonic wave level is improved by about 10 dBc as
indicated by the arrow.

[0168] Meanwhile, in the case of the meander-shaped
pattern of the gate wiring electrode G2' shown in FIG. 5, the
second harmonic wave level at the input power of 29 dBm
is =75 dBc (the point M), which reaches a required level as
the second harmonic wave level. This is because no cross
part exists between the gate wiring electrode G2' and the
source wiring electrode SE' or the drain wiring electrode DE'
as described above.

[0169] Based on the data described above, it is found out
that, in the FET used for the Switch MMIC, the smaller the
parasitic capacitance between the source wiring electrode
SE' or the drain wiring electrode DE' and the gate wiring
electrode G1' or G2', the lower the second harmonic wave
level. Specifically, it can be said that a second harmonic
wave level is worsened partly because the high-frequency
signal passing through the source wiring electrode or the
drain wiring electrode leaks into the gate wiring electrode
(the gate wiring) through the nitride film in the FET.

[0170] In other words, the second harmonic wave level
can be improved by reducing the area of the cross parts CP'
in the entire Switch MMIC and by reducing the parasitic
capacitance. However, in the current Switch MMIC, a
minimum value of the gate wiring width is about 1 um so as
not to increase a resistance value of the gate wiring too
much. It is not realistic to further reduce the gate wiring
width. Moreover, even if the gate wiring width is reduced to
1 pm, improvement of the second harmonic wave will not
reach a sufficient level.

[0171] To be more specific, the second harmonic wave
level is —62 dBc in the case where the gate wiring width is
1 um at the input power of 29 dBm. However, in a CDMA
(Code Division Multiple Access) cellular-phone unit, it is
required to prevent interference during calls. A Switch
MMIC used for the cellular-phone described above is
required to have a second harmonic wave level of -75 dBc
or lower in the case where power of about 29 dBm is
inputted. Specifically, in the case of the gate wiring electrode
G1' shown in FIG. 18, even if the parasitic capacitance is
reduced by reducing the gate wiring width dg to 1 pum, for
example, the required level is not yet achieved. Moreover, in
the case of the comb-shaped pattern, about 1 um is a limit
value of reduction in the gate wiring width dg. It is difficult
to further reduce the gate wiring width.

[0172] Meanwhile, in the meander-shaped pattern of the
gate wiring electrode G2' which shows a sufficiently low
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value of the second harmonic wave level, there is a problem
that the pattern is vulnerable to electrostatic breakdown as
described above. Thus, the pattern cannot be employed in a
product for which high reliability is required.

[0173] On the other hand, according to this embodiment,
as indicated by the solid line x, the second harmonic wave
level is -82 dBc at the input power of 29 dBm. This level is
lower than that in the meander-shaped pattern of the gate
wiring electrode G2'. The reason why such a very good level
can be obtained is as described above.

[0174] In this embodiment, the gate wiring width dg is 3
um to 5 um. Specifically, the second harmonic wave level
can be lowered as indicated by the solid line x by setting the
gate wiring width dg=5 um without adopting a method for
reducing the gate wiring width dg to reduce the capacitance
at the cross part CP. To be more specific, the second
harmonic wave level is set to —82 dBc at the input power of
29 dBm without increasing the gate resistance and without
causing patterning failure and the like attributable to the
reduction in the gate wiring width. Thus, it is possible to
realize a second harmonic wave level sufficient for the
Switch MMIC used in the CDMA cellular-phone unit.

[0175] Furthermore, in this embodiment, the plurality of
gate electrodes 17 are bundled by the gate wiring 21. Thus,
the electrostatic energy applied to the control terminal Ctl
can be distributed throughout the FET through the gate
wiring 21. Therefore, it is possible to sufficiently increase
resistance to the electrostatic breakdown and to realize a
second harmonic wave level lower than that in the meander-
shaped pattern.

[0176] As FET1-1 has been described above, exactly the
same goes for FET1-2 and FET1-3.

[0177] As described above, according to this embodiment,
the both of second and third harmonic wave levels can be
reduced. Thus, distortion characteristics as designed can be
obtained. In the Switch MMIC, predetermined distortion
characteristics cannot be obtained unless the both of second
and third harmonic wave levels are reduced. In other words,
the predetermined distortion characteristics cannot be
obtained by reducing either one of the second and third
harmonic wave levels. In the Switch MMIC, it is very
effective for improvement in the distortion characteristics to
combine the two measures described above, as in the case of
this embodiment.

[0178] FIGS. 8A and 8B show a second embodiment. In
the second embodiment, the capacitance at the cross part CP
in the first embodiment is reduced. FIG. 8A is an enlarged
plan view of FET1-1, and FIG. 8B is a cross-sectional view
along the line d-d in FIG. 8A. Moreover, a cross section
along the line e-e in FIG. 8A has a configuration in which
a gate wiring 21 is set to be a connection part 22 and a drain
wiring electrode DE is set to be a source wiring electrode SE
in FIG. 8B. Thus, the showing is omitted in the drawing.
Moreover, description of the same constituent components
as those of the first embodiment will be omitted.

[0179] The gate wiring 21 and the drain wiring electrode
DE (specifically, second drain electrodes 16) intersect with
each other at a cross part CP. Similarly, the connection part
22 and the source wiring electrode SE (second source
electrodes 15) intersect with each other at a cross part CP. As
described above, reduction in the capacitance at the cross
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part CP is effective for reduction in a second harmonic wave
level (see FIG. 6). However, reduction in the gate wiring
width dg has its limits.

[0180] Accordingly, in the second embodiment, first and
second insulating films 510 and 520 are disposed as indi-
cated by hatching between the second drain electrodes 16
and the gate wiring 21 at least at the cross part CP. As the
second drain electrodes 16 and the gate wiring 21 will be
described below, the same goes for the second source
electrodes 15 and the connection part 22.

[0181] The gate wiring 21 and the second drain electrode
16 are extended in directions perpendicular to each other. On
the gate wiring 21, the first insulating film 510 having a large
relative dielectric constant and the second insulating film
520 having a small relative dielectric constant are disposed.
The second drain electrode 16 intersects with the gate wiring
21 on the first and second insulating films 510 and 520. The
first insulating film 510 is at least one nitride film, for
example. The first and second insulating films 510 and 520
will be described in detail below.

[0182] On a surface of a cap layer 137 around the gate
wiring 21 (similarly, gate electrodes 17 and the connection
part 22), first to fourth nitride films 511 to 514 to be
respective masks or passivation films are laminated. The
gate wiring 21 and a third undoped layer 143 exposed
therearound are covered with the third and fourth nitride
films 513 and 514. A thickness of each of the third and fourth
nitride films 513 and 514 is about 1500 A. In this embodi-
ment, description is given by taking the case where a nitride
film 510 to be the first insulating film is formed of the third
and fourth nitride films 513 and 514, as an example. How-
ever, as described above, the first insulating film 510 may be
formed of at least one insulating film having a relative
dielectric constant larger than that of the second insulating
film 520.

[0183] Furthermore, above the gate wiring 21, a polyimide
520 having a thickness of about 2 um is disposed along the
gate wiring 21. Specifically, the first insulating film 510 (the
nitride film: relative dielectric constant es1=7.5), which is
formed of the third and fourth nitride films 513 and 514, is
disposed on the gate wiring 21 at least at the cross part CP,
and the second insulating film 520 (the polyimide: relative
dielectric constant es2=3.2) is laminated thereon. The sec-
ond drain electrode 16 is extended in the direction perpen-
dicular to the extending direction of the gate wiring 21.
Moreover, a drain wiring 32 connected to the second drain
electrode 16 is extended parallel to the gate wiring 21.

[0184] In FIGS. 8A and 8B, a flow of a high-frequency
signal is indicated by an arrow X. Specifically, in the second
embodiment, the thick polyimide 520 having a small relative
dielectric constant can sufficiently reduce a parasitic capaci-
tance at the cross part CP between the gate wiring 21 and the
second drain electrode 16 through which the high-frequency
signal is transmitted. Thus, it is possible to prevent occur-
rence of a leak of the high-frequency signal without reduc-
tion in a gate wiring width dg.

[0185] In the first embodiment, as shown in FIG. 4A, the
second drain electrode 16 and the gate wiring 21 intersect
with each other with the third nitride film 513 interposed
therebetween at the cross part CP. The third nitride film 513
has a thickness of 1500 A.
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[0186] Specifically, between the gate wiring 21 and the
second drain electrode 16 through which the high-frequency
signal flows, only the third nitride film 513 having a large
relative dielectric constant is disposed in the thickness of
1500 A. Therefore, the parasitic capacitance therebetween is
increased. Accordingly, a leak of the high-frequency signal
may occur.

[0187] To be more specific, a capacitance value C1
between the gate wiring 21 and the second drain electrode 16
in the structure of the first embodiment (FIGS. 3A and 3B)
is compared with a capacitance value C2 between the gate
wiring 21 and the second drain electrode 16 in the structure
of the second embodiment (FIGS. 8A and 8B). The capaci-
tance values C are obtained by the following equation.

C=¢€yeq-S/d

[0188] Here, €, is a vacuum dielectric constant (F/cm), eg
is a relative dielectric constant, S is an area (cm?), and d is
a thickness (cm). Moreover, the capacitance values are those
obtained when a gate wiring width dg is set to 1 um and a
gate wiring length is set to 100 pm