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G7) ABSTRACT

The first terminals of a plurality of resistor elements are
connected to the intermediate connection points of a plural-
ity of FETs connected in series, and a voltage, having a
phase opposite to that of the voltage applied to the gate
terminals of the plurality of FETs, is applied to the second
terminals of the plurality of resistor elements. With this
configuration, the potentials at the intermediate connection
points of the plurality of FETs connected in series can be
prevented from lowering. As a result, the power that can be
handled can be increased. Furthermore, since the potentials
at the intermediate connection points of the plurality of FETs
connected in series can be prevented from lowering, the
deterioration of the distortion characteristic and the isolation
characteristic owing to the lowering of the potentials at the
intermediate connection points of the plurality of field-effect
transistors connected in series is prevented, and excellent
high-frequency characteristics are obtained.
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Fig. 3
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Fig. 6
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HIGH-FREQUENCY SWITCHING DEVICE AND
SEMICONDUCTOR

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a high-frequency
switching device for carrying out amplification, switching
and the like of high-frequency signals in mobile communi-
cation apparatuses and the like, and to a semiconductor
device obtained by integrating this high-frequency switch-
ing device on a semiconductor substrate.

[0003] 2. Prior Art

[0004] In an SPDT (Single-Pole Double-Throw) switch-
ing device, one of prior arts of high-frequency switching
devices, a resistor element is connected in parallel between
the drain and source of each FET constituting a high-
frequency switching circuit section as shown in FIG. 15 (for
example, refer to Japanese Laid-open Patent Application
2002-232278 (page 13, FIG. 7). In FIG. 15, reference codes
130 to 137 respectively designate depletion-type FETs.
Reference codes 250 to 257 respectively designate resistor
elements having a resistance value R1. Reference codes 260
to 267 respectively designate resistor elements having a
resistance value R2. Reference codes 270 and 271 respec-
tively designate resistor elements having a resistance value
R3. Reference codes 510 to 512 respectively designate
high-frequency signal input/output terminals. Reference
codes 610 and 611 respectively designate control terminals.
Reference codes 11 and 12 respectively designate currents.

[0005] With this configuration, in the case when a voltage
of 3 V is applied to the control terminal 610 and a voltage
of 0 Vis applied to the control terminal 611, for example, the
FETs 130 to 133 are turned ON and the FETs 134 to 137 are
turned OFF. Hence, the path from the high-frequency signal
input/output terminal 510 to the high-frequency signal input/
output terminal 511 can be set in the ON state, and the path
from the high-frequency signal input/output terminal 510 to
the high-frequency signal input/output terminal 512 can be
set in the OFF state.

[0006] However, in the configuration of the above-men-
tioned prior art, with respect to the ON path, a gate forward
current flows from the control terminal 610 to the control
terminal 611 via the resistor elements 250 to 253, the FETs
130 to 133 and the resistor element 270. The resistor
elements 250 to 253, 260 to 263 and 270 are required to be
set at a resistance value of 50 kQ or more so as not to affect
the high-frequency characteristics.

[0007] When it is assumed that the built-in voltage (for-
ward voltage) of the FET is 0.4 V, the DC potential VB at
point B in the figure is represented as follows: since 3 V-0.4
V=(R1/4+R3)xIL,

[0008] 11=2.6 V/(R1+4R3)
[0009] Furthermore, since VB=R3x4I1,
[0010] VB is represented by

VB=10.4xR3/(R1+4R3) )

[0011] For example, in the case when the values of the
above-mentioned resistor elements 250 to 253, 260 to 263
and 270 are all 50 k€2, and when it is assumed that the
potential at the control terminal 610 is 3 V and that the
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potential at the control terminal 611 is O V, the DC potential
at point B is about 2.1 V. Since the ON resistance values of
the FETs 130 to 133 are respectively about several Q and
thus negligibly small, the potentials at points B, A and C are
nearly equal. As a result, the reverse bias voltage of the FET
134 in the OFF path is about 2.1 V, nearly equal to the
voltage at point B. The current 411 flowing in the resistor
element 270 having the resistance value R3 is 40 uA.

[0012] The maximum power Pmax that can be handled by
a switch circuit comprising n FETs connected in series is
represented by

Pmax=2{n(VH-VL+VT)}?*/Z,, )

[0013] wherein VH designates a high-level voltage
applied to the FET, VL designates a Low-level voltage
applied to the FET, and VT designates the threshold voltage
of the FET. Z, designates the characteristic impedance of the
circuit, generally 50 €, and it is assumed that its value is also
50 Q in this case. When VH=2.1 V and VL=0 V are
substituted according to the above-mentioned results, and
when the maximum power Pmax is calculated in the case
when VT=-0.6 V, the maximum power Pmax is 1.40 W.
Hence, the effect of the addition of the resistor elements 260
to 263 and the resistor elements 264 to 267 is hardly
obtained.

[0014] In order that the DC potential VB at point B is
raised and the current consumption is reduced at the same
time, a method of increasing the resistance value R3 is
thought to be used. However, in the case when the resistance
value R3 is increased, there is a problem of resulting in the
lowering of the potential VD at point D.

[0015] In other words, with respect to the OFF path, a gate
reverse current flows from the control terminal 610 via the
resistor element 271, the FETs 134 to 137 and the resistor
elements 254 to 257. The potential VD at point D in the
figure is represented by

VD=3.0-(4xR3+6xR2)I2 ©)

[0016] Since this path is also used as an ON path in some
cases, the resistance values of the resistor elements 254 to
257 and 271 are required to be determined so that the
conditions are the same as those of the above-mentioned ON
path. In order that the potential VB is 2.4 V or more, for
example, according to Equation (1), the resistance value R3
is required to be set at 300 kQ. However, in this case, the
potential VD at point D is 1.5 V on the premise that a current
of about 1 uA usually flows as the gate reverse current (12),
whereby the maximum power Pmax is lowered further.

[0017] As described above, in the prior art, the handling
power is apt to be lowered owing to the lowering of the
drain-source potential of the FET, and the resistance value
R3 cannot be decreased, whereby there is a problem of
resulting in the increase of current consumption.

[0018] In order to avoid these problems, Japanese Laid-
open Patent Application 2002-232278 has proposed a
method wherein a capacitor is inserted between the high-
frequency signal input/output terminal and the switch circuit
section so that they are separated with respect to DC.
However, if a capacitor formed in a semiconductor process
is directly connected to the high-frequency signal input/
output terminal, there are problems of significantly degrad-
ing ESD withstand voltage (electrostatic discharge with-
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stand voltage) and increasing the area of a semiconductor
chip incorporating the capacitor.

SUMMARY OF THE INVENTION

[0019] An object of the present invention is to provide a
high-frequency switching device and a semiconductor
device capable of handling power larger than that of the
prior art.

[0020] Another object of the present invention is to pro-
vide a high-frequency switching device and a semiconductor
device also capable of reducing current consumption.

[0021] The present invention is intended to solve the
problems encountered in the above-mentioned prior art. In a
series circuit of a plurality of field-effect transistors, one
ends of resistor elements are respectively connected indi-
vidually to the connection points (source/drain) of the field-
effect transistors, and a predetermined voltage is applied to
the other ends of the resistor elements. With this configu-
ration, the device can handle power larger than that of the
prior art. Furthermore, the current consumption can be
reduced.

[0022] A high-frequency switching device in accordance
with a first invention comprises a plurality of high-frequency
signal input/output terminals through which high-frequency
signals are input/output, and a plurality of high-frequency
switch circuit sections disposed between the plurality of
high-frequency signal input/output terminals. Each of the
plurality of high-frequency switch circuit sections comprises
a series connection circuit of a plurality of field-effect
transistors. Either a high-level voltage or a low-level voltage
is applied to the gate terminals of the plurality of field-effect
transistors, whereby ON and OFF states are attained. The
above-mentioned configuration is common to third, fifth and
seventh inventions described later.

[0023] In each of the plurality of high-frequency switch
circuit sections, the first terminals of resistor elements are
connected to the intermediate connection points of the
plurality of field-effect transistors, and a voltage, having a
phase opposite to that of the voltage applied to the gate
terminals of the plurality of field-effect transistors to which
the first terminals of the resistor elements are connected, is
applied to the second terminals of the resistor elements.

[0024] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art.

[0025] A high-frequency switching device in accordance
with a second invention comprises a plurality of high-
frequency signal input/output terminals through which high-
frequency signals are input/output, a plurality of series
high-frequency switch circuit sections disposed between the
plurality of high-frequency signal input/output terminals,
and a plurality of shunt high-frequency switch circuit sec-
tions disposed between the plurality of high-frequency sig-
nal input/output terminals and ground terminals. Each of the
plurality of series high-frequency switch circuit sections and
each of the plurality of shunt high-frequency switch circuit
sections respectively comprise a series connection circuit of
a plurality of field-effect transistors. Either a high-level
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voltage or a low-level voltage is applied to the gate terminals
of the plurality of field-effect transistors, whereby ON and
OFF states are attained. The above-mentioned configuration
is common to fourth, sixth and eighth inventions described
later.

[0026] In each of the plurality of series high-frequency
switch circuit sections and each of the plurality of shunt
high-frequency switch circuit sections, the first terminals of
resistor elements are connected to the intermediate connec-
tion points of the plurality of field-effect transistors, and a
voltage, having a phase opposite to that of the voltage
applied to the gate terminals of the plurality of field-effect
transistors to which the first terminals of the resistor ele-
ments are connected, is applied to the second terminals of
the resistor elements.

[0027] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art. Further-
more, since the potentials at the intermediate connection
points of the plurality of field-effect transistors can be
prevented from lowering, the deterioration of the distortion
characteristic and the isolation characteristic owing to the
lowering of the potentials at the intermediate connection
points of the plurality of field-effect transistors is prevented,
and excellent high-frequency characteristics are obtained.

[0028] A high-frequency switching device in accordance
with a third invention has a basic configuration similar to
that of the high-frequency switching device in accordance
with the first invention. Furthermore, the third invention
differs from the first invention in that the first terminals of
resistor elements are connected to the intermediate connec-
tion points of the plurality of field-effect transistors, the
cathodes of diodes are connected to the second terminals of
the resistor elements, and a voltage, having a phase opposite
to that of the voltage applied to the gate terminals of the
plurality of field-effect transistors to which the first terminals
of the resistor elements are connected, is applied to the
anodes of the diodes.

[0029] With this configuration, an effect similar to that set
forth in claim 1 is obtained. In addition, since the diodes are
provided, when the field-effect transistors to which the
cathodes of the diodes are connected via the resistor ele-
ments are ON, the forward currents of the field-effect
transistors can be restricted, whereby current consumption
can be reduced.

[0030] A high-frequency switching device in accordance
with a fourth invention has a basic configuration similar to
that of the high-frequency switching device in accordance
with the second invention. Furthermore, the fourth invention
differs from the second invention in that the first terminals
of resistor elements are connected to the intermediate con-
nection points of the plurality of field-effect transistors, the
cathodes of diodes are connected to the second terminals of
the resistor elements, and a voltage, having a phase opposite
to that of the voltage applied to the gate terminals of the
plurality of field-effect transistors to which the first terminals
of the resistor elements are connected, is applied to the
anodes of the diodes.

[0031] With this configuration, an effect similar to that set
forth in claim 1 is obtained. In addition, since the diodes are
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provided, when the field-effect transistors to which the
cathodes of the diodes are connected via the resistor ele-
ments are ON, the forward currents of the field-effect
transistors can be restricted, whereby current consumption
can be reduced.

[0032] A high-frequency switching device in accordance
with a fifth invention has a basic configuration similar to that
of the high-frequency switching device in accordance with
the first invention. Furthermore, in the plurality of high-
frequency switch circuit sections, that is, first and second
high-frequency switch circuit sections operating reversely
with each other, the fifth invention differs from the first
invention in that the first terminals of first resistor elements
are connected to the intermediate connection points of the
first plurality of field-effect transistors constituting the first
high-frequency switch circuit section, that the first terminals
of second resistor elements are connected to the intermediate
connection points of the second plurality of field-effect
transistors constituting the second high-frequency switch
circuit section, and that the second terminals of the first
resistor elements connected to the first high-frequency
switch circuit section are connected to the second terminals
of the second resistor elements connected to the second
high-frequency switch circuit section.

[0033] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art.

[0034] Furthermore, since currents always flow from the
field-effect transistors being in the ON state to the field-
effect transistors being in the OFF state, a stable bias
potential is ensured. As a result, the power that can be
handled can be increased, and excellent high-frequency
characteristics can be obtained.

[0035] A high-frequency switching device in accordance
with a sixth invention has a basic configuration similar to
that of the high-frequency switching device in accordance
with the second invention. Furthermore, in each of the
plurality of series high-frequency switch circuit sections and
each of the plurality of shunt high-frequency switch circuit
sections, that is, first and second high-frequency switch
circuit sections operating reversely with each other, the sixth
invention differs from the second invention in that the first
terminals of first resistor elements are connected to the
intermediate connection points of the first plurality of field-
effect transistors constituting the first high-frequency switch
circuit section, that the first terminals of second resistor
elements are connected to the intermediate connection
points of the second plurality of field-effect transistors
constituting the second high-frequency switch circuit sec-
tion, and that the second terminals of the first resistor
elements connected to the first high-frequency switch circuit
section are connected to the second terminals of the second
resistor elements connected to the second high-frequency
switch circuit section.

[0036] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
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reduced in comparison with that of the prior art. Further-
more, since the potentials at the intermediate connection
points of the plurality of field-effect transistors can be
prevented from lowering, the deterioration of the distortion
characteristic and the isolation characteristic owing to the
lowering of the potentials at the intermediate connection
points of the plurality of field-effect transistors is prevented,
and excellent high-frequency characteristics are obtained.

[0037] Furthermore, since currents always flow from the
field-effect transistors being in the ON state to the field-
effect transistors being in the OFF state, a stable bias
potential is ensured. As a result, the power that can be
handled can be increased, and excellent high-frequency
characteristics can be obtained.

[0038] A high-frequency switching device in accordance
with a seventh invention has a basic configuration similar to
that of the high-frequency switching device in accordance
with the first invention. Furthermore, the seventh invention
differs from the first invention in that the first terminals of
resistor elements are connected to the intermediate connec-
tion points of the plurality of field-effect transistors respec-
tively constituting the plurality of high-frequency switch
circuit sections, and that the second terminals of the resistor
elements are all connected commonly.

[0039] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art.

[0040] Furthermore, since the currents from the field-
effect transistors being in the ON state to the field-effect
transistors being in the OFF state are averaged, a stable bias
voltage can be applied even when the circuit is complicated
and when FETs always operating reversely do not exist.

[0041] A high-frequency switching device in accordance
with an eighth invention has a basic configuration similar to
that of the high-frequency switching device in accordance
with the second invention. Furthermore, the eighth invention
differs from the second invention in that the first terminals
of resistor elements are connected to the intermediate con-
nection points of the plurality of field-effect transistors
respectively constituting the series high-frequency switch
circuit sections and the shunt high-frequency switch circuit
sections, and that the second terminals of the resistor ele-
ments are all connected commonly.

[0042] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art. Further-
more, since the potentials at the intermediate connection
points of the plurality of field-effect transistors can be
prevented from lowering, the deterioration of the distortion
characteristic and the isolation characteristic owing to the
lowering of the potentials at the intermediate connection
points of the plurality of field-effect transistors is prevented,
and excellent high-frequency characteristics are obtained.

[0043] Furthermore, since the currents from the field-
effect transistors being in the ON state to the field-effect
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transistors being in the OFF state are averaged, a stable bias
voltage can be applied even when the circuit is complicated
and when FETs always operating reversely do not exist.

[0044] A high-frequency switching device in accordance
with a ninth invention has a plurality of high-frequency
signal input/output terminals through which high-frequency
signals are input/output, first and second control terminals to
which voltages, having phases opposite to each other, are
applied, and a plurality of high-frequency switch circuit
sections disposed between the plurality of high-frequency
signal input/output terminals.

[0045] Each of the plurality of high-frequency switch
circuit sections comprises a series connection circuit of a
plurality of field-effect transistors. Either a high-level volt-
age or a low-level voltage is applied to the gate terminals of
the plurality of field-effect transistors through either the first
or second control terminal, whereby ON and OFF states are
attained. The above-mentioned configuration is common to
an 11th invention described later.

[0046] Furthermore, in each of the plurality of high-
frequency switch circuit sections, the first terminals of first
resistor elements are connected to the intermediate connec-
tion points of the plurality of field-effect transistors respec-
tively constituting the plurality of switch circuit sections, the
second terminals of the first resistor elements are connected
commonly, the anode of a first diode is connected to the first
control terminal, the anode of a second diode is connected
to the second control terminal, the first terminal of a second
resistor element is connected to the cathodes of the first and
second diodes, the second terminal of the second resistor
element is grounded, and the connection point of the first
and second diodes and the first terminal of the second
resistor element is connected to the second terminals of the
first resistor elements.

[0047] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art.

[0048] In addition, a constant bias voltage can be applied
at all times to the field-effect transistors by using the voltage
OR circuit comprising the diodes.

[0049] A high-frequency switching device in accordance
with a 10th invention has a plurality of high-frequency
signal input/output terminals through which high-frequency
signals are input/output, first and second control terminals to
which voltages, having phases opposite to each other, are
applied, a plurality of series high-frequency switch circuit
sections disposed between the plurality of high-frequency
signal input/output terminals, and a plurality of shunt high-
frequency switch circuit sections disposed between the
plurality of high-frequency signal input/output terminals and
ground terminals. Each of the plurality of series high-
frequency switch circuit sections and each of the plurality of
shunt high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of field-
effect transistors. Either a high-level voltage or a low-level
voltage is applied to the gate terminals of the plurality of
field-effect transistors through either the first or second
control terminal, whereby ON and OFF states are attained.
The above-mentioned configuration is common to a 12th
invention described later.
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[0050] Furthermore, in each of the plurality of series
high-frequency switch circuit sections and each of the
plurality of shunt high-frequency switch circuit sections, the
first terminals of first resistor elements are connected to the
intermediate connection points of the plurality of field-effect
transistors respectively constituting each of the plurality of
series high-frequency switch circuit sections and each of the
plurality of shunt high-frequency switch circuit sections, the
second terminals of the first resistor elements are connected
commonly, the anode of a first diode is connected to the first
control terminal, the anode of a second diode is connected
to the second control terminal, the first terminal of a second
resistor element is connected to the cathodes of the first and
second diodes, the second terminal of the second resistor
element is grounded, and the connection point of the first
and second diodes and the first terminal of the second
resistor element is connected to the second terminals of the
first resistor elements.

[0051] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art. Further-
more, since the potentials at the intermediate connection
points of the plurality of field-effect transistors can be
prevented from lowering, the deterioration of the distortion
characteristic and the isolation characteristic owing to the
lowering of the potentials at the intermediate connection
points of the plurality of field-effect transistors is prevented,
and excellent high-frequency characteristics are obtained.

[0052] In addition, a constant bias voltage can be applied
at all times to the field-effect transistors by using the voltage
OR circuit comprising the diodes.

[0053] A high-frequency switching device in accordance
with an 11th invention has a basic configuration similar to
that of the high-frequency switching device in accordance
with the ninth invention. Furthermore, the 11th invention
differs from the ninth invention in that the first terminals of
first resistor elements are connected to the intermediate
connection points of the plurality of field-effect transistors
respectively constituting the plurality of high-frequency
switch circuit sections, that the anode of a first diode is
connected to the first control terminal, that the first terminal
of a second resistor element is connected to the cathode of
the first diode, that the second terminal of the second resistor
element is connected to the second control terminal, that the
anode of a second diode is connected to the second control
terminal, that the first terminal of a third resistor element is
connected to the cathode of the second diode, that the second
terminal of the third resistor element is connected to the first
control terminal, that the cathode of the first diode is
connected to the second terminals of the first resistor ele-
ments connected to the plurality of field-effect transistors,
the gates of which are connected to the first control terminal,
and that the cathode of the second diode is connected to the
second terminals of the first resistor elements connected to
the plurality of field-effect transistors, the gates of which are
connected to the second control terminal.

[0054] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
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power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art.

[0055] Furthermore, by using the combinations of the
diodes and the resistor elements, a low bias voltage can be
applied to the field-effect transistors being in the ON stage,
and a high bias voltage can be applied to the field-effect
transistors being in the OFF stage.

[0056] A high-frequency switching device in accordance
with a 12th invention has a basic configuration similar to that
of the high-frequency switching device in accordance with
the 10th invention. Furthermore, the 12th invention differs
from the 10th invention in that the first terminals of first
resistor elements are connected to the intermediate connec-
tion points of the plurality of field-effect transistors respec-
tively constituting each of the plurality of series high-
frequency switch circuit sections and each of the plurality of
shunt high-frequency switch circuit sections, that the anode
of a first diode is connected to the first control terminal, that
the first terminal of a second resistor element is connected to
the cathode of the first diode, that the second terminal of the
second resistor element is connected to the second control
terminal, that the anode of a second diode is connected to the
second control terminal, that the first terminal of a third
resistor element is connected to the cathode of the second
diode, that the second terminal of the third resistor element
is connected to the first control terminal, that the cathode of
the first diode is connected to the second terminals of the
first resistor elements connected to the plurality of field-
effect transistors, the gates of which are connected to the first
control terminal, and that the cathode of the second diode is
connected to the second terminals of the first resistor ele-
ments connected to the plurality of field-effect transistors,
the gates of which are connected to the second control
terminal.

[0057] With this configuration, the potentials at the inter-
mediate connection points of the plurality of field-effect
transistors can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art, and the current consumption can be
reduced in comparison with that of the prior art. Further-
more, since the potentials at the intermediate connection
points of the plurality of field-effect transistors can be
prevented from lowering, the deterioration of the distortion
characteristic and the isolation characteristic owing to the
lowering of the potentials at the intermediate connection
points of the plurality of field-effect transistors is prevented,
and excellent high-frequency characteristics are obtained.

[0058] Furthermore, by using the combinations of the
diodes and the resistor elements, a low bias voltage can be
applied to the field-effect transistors being in the ON stage,
and a high bias voltage can be applied to the field-effect
transistors being in the OFF stage.

[0059] In the high-frequency switching devices in accor-
dance with the above-mentioned first to eighth inventions, it
is preferable that a voltage inversion circuit and first and
second control terminals to which the input/output signals of
the voltage inversion circuit are applied are provided, and
that either a high-level voltage or a low-level voltage is
applied to the gate terminals of the plurality of field-effect
transistors from either the first or second control terminal.

[0060] With this configuration, although the output volt-
age of the voltage inversion circuit becomes lower than the
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power supply voltage owing to a load resistor when a single
control voltage is inverted by the voltage inversion circuit
and used, the influence of the voltage lowering is prevented,
whereby the lowering of the power that can be handled and
the deterioration of the high-frequency characteristics, such
as the distortion characteristic and isolation characteristic,
can be minimized.

[0061] Furthermore, in the high-frequency switching
devices in accordance with the above-mentioned ninth to
12th inventions, it is preferable that a voltage inversion
circuit is provided and that the input/output signals of the
voltage inversion circuit are applied to the first and second
control terminals, respectively.

[0062] With this configuration, although the output volt-
age of the voltage inversion circuit becomes lower than the
power supply voltage owing to a load resistor when a single
control voltage is inverted by the voltage inversion circuit
and used, the influence of the voltage lowering is prevented,
whereby the lowering of the power that can be handled and
the deterioration of the high-frequency characteristics, such
as the distortion characteristic and isolation characteristic,
can be minimized.

[0063] A semiconductor device in accordance with the
present invention is obtained by integrating the high-fre-
quency switching device in accordance with one of the first
to 12th inventions on a semiconductor substrate.

[0064] This configuration has an action and an effect
similar to those of the first to 12th inventions.

[0065] As described above, with the present invention,
since the potentials at the intermediate connection points of
the plurality of field-effect transistors can be prevented from
lowering, the power that can be handled can be increased in
comparison with that of the prior art. Furthermore, the
deterioration of the distortion characteristic and the isolation
characteristic owing to the lowering of the potentials at the
intermediate connection points of the plurality of field-effect
transistors is prevented, and excellent high-frequency char-
acteristics are obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0066] FIG. 1 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 1 of the present invention;

[0067] FIG. 2 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 2 of the present invention;

[0068] FIG. 3 is a characteristic diagram showing the
high-frequency characteristics of the SPDT switching device
in accordance with Embodiment 2 of the present invention;

[0069] FIG. 4 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 3 of the present invention;

[0070] FIG. 5 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 4 of the present invention;

[0071] FIG. 6 is a characteristic diagram showing the
high-frequency characteristics of the SPDT switching device
in accordance with Embodiment 4 of the present invention;
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[0072] FIG. 7 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 5 of the present invention;

[0073] FIG. 8 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 6 of the present invention;

[0074] FIG. 9 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 7 of the present invention;

[0075] FIG.10is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 8 of the present invention;

[0076] FIG. 11 is a characteristic diagram showing the
high-frequency characteristics of the SPDT switching device
in accordance with Embodiment 8 of the present invention;

[0077] FIG. 12 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 9 of the present invention;

[0078] FIG. 13 is a circuit diagram showing an equivalent
circuit of an SPDT switching device in accordance with
Embodiment 10 of the present invention;

[0079] FIG. 14 is a characteristic diagram showing the
high-frequency characteristics of the SPDT switching device
in accordance with Embodiment 10 of the present invention;
and

[0080] FIG. 15 s a circuit diagram showing an equivalent
circuit of the SPBT switching device in accordance with the
prior art.

PREFERRED EMBODIMENTS
[0081] (Embodiment 1)

[0082] FIG. 1 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
1 of a high-frequency switching device in accordance with
the present invention. In FIG. 1, reference codes 101 to 108
respectively designate depletion-type FETs. Reference
codes 201 to 208 respectively designate resistor elements
having a resistance value R1. Reference codes 217 to 219
and 221 to 223 respectively designate resistor elements
having a resistance value R2. Reference code 501 designates
a first high-frequency signal input/output terminal. Refer-
ence code 502 designates a second high-frequency signal
input/output terminal. Reference code 503 designates a third
high-frequency signal input/output terminal. Reference code
601 designates a first control terminal. Reference code 602
designates a second control terminal. Reference codes I1 to
16 respectively designate currents.

[0083] The operation of the SPDT switching device con-
figured as shown in the above-mentioned FIG. 1 will be
described below.

[0084] In the case when a signal input from the first
high-frequency signal input/output terminal 501 is output to
the second high-frequency signal input/output terminal 502,
a high-level voltage is applied to the control terminal 601,
and a low-level voltage is applied to the control terminal
602.

[0085] In FIG. 1, depletion-type FETs having a threshold
value of about —-0.6 V are used as the FETs 101 to 108.
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Therefore, in the above-mentioned voltage conditions, the
FETs 101 to 104 to which the high-level voltage is applied
are turned ON, and the FETs 105 to 108 to which the
low-level voltage is applied are turned OFF.

[0086] The potential VB at point B and the potential VD
at point D in the figure are respectively represented by

VB=10.4xR2/(3xR1+4xR2) )
VD=3.0-R2xI5 ©)
I3=3xVB/R2

I5=I4x4/3

[0087] When the high-level voltage is 3.0 V, when the
low-level voltage is 0 V, when the gate forward voltage of
the FETS is 0.4 V, when the reverse leak current 14 of the
FETs is 1 uA, when the resistance value R1 is 50 k€2, and
when the resistance value R2 is 450 k€2,

[0088] VB=VA=VC=VD=2.4 V is obtained.

[0089] However, code VA designates the potential at point
A, and code VC designates the potential at point C. On the
other hand, with respect to the current consumption, the
current 13 is 16 uA in the above-mentioned conditions.
Hence, current consumption can be reduced significantly in
comparison with 40 #A of the prior art.

[0090] When it is assumed that the threshold value of the
FETs is -0.6 V just as in the case of the prior art, the
maximum power Pmax at this time is 2.07 W according to
Equation (2). Hence, this embodiment can handle up to
about 1.5 times the power of the prior art.

[0091] With this embodiment, the first terminals of the
resistor elements 217 to 219 and 221 to 223 are connected
to the intermediate connection points (source/drain) of the
FETs 101 and 108. A voltage, having a phase opposite to that
of the voltage applied to the gate terminals of the FETs 101
and 108 to which the first terminals of the resistor elements
217 to 219 and 221 to 223 are connected, is applied to the
second terminals of the resistor elements 217 to 219 and 221
to 223, whereby the potentials at the intermediate connec-
tion points of the FETs 101 to 108 can be prevented from
lowering. As a result, the power that can be handled can be
increased in comparison with that of the prior art.

[0092] (Embodiment 2)

[0093] FIG. 2 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
2 of a high-frequency switching device in accordance with
the present invention. FIG. 3 is a characteristic diagram
showing the high-frequency characteristics of the SPDT
switching device shown in FIG. 2. In FIG. 2, reference
codes 101 to 116 respectively designate depletion-type
FETs. Reference codes 201 to 219, 221 to 223, 225 to 228
and 230 to 233 respectively designate resistor elements.
Reference code 501 designates a first high-frequency signal
input/output terminal. Reference code 502 designates a
second high-frequency signal input/output terminal. Refer-
ence code 503 designates a third high-frequency signal
input/output terminal. Reference code 601 designates a first
control terminal. Reference code 602 designates a second
control terminal. Reference codes 301 and 302 respectively
designate capacitors. Reference codes 701 and 702 respec-
tively designate ground terminals.
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[0094] The operation of the SPDT switching device con-
figured as shown in the above-mentioned FIG. 2 will be
described below.

[0095] In order that the path from the first high-frequency
signal input/output terminal 501 to the second high-fre-
quency signal input/output terminal 502 is turned ON and
that the path from the first high-frequency signal input/
output terminal 501 to the third high-frequency signal input/
output terminal 503 is turned OFF, a voltage of 3 V is
applied to the control terminal 601, and a voltage of 0 V is
applied to the control terminal 602.

[0096] Hence, the FETs 101 to 104 and the FETs 113 to
116 are turned ON, and the FETs 105 to 108 and the FETs
109 to 112 are turned OFF.

[0097] As a result, a high-frequency signal leaking from
the high-frequency signal input/output terminal 501 to the
high-frequency signal input/output terminal 503 is released
to the ground terminal 702 via the FETs 113 to 116, whereby
excellent isolation is ensured between the high-frequency
signal input/output terminals 501 and 503.

[0098] In addition, it is required that the FETs 105 to 112
of the SPDT switching device are not turned ON even when
a high power signal is input. The FETs can withstand an
input power of up to 2.0 W by setting the resistance values
at the same values as those of Embodiment 1 of the present
invention.

[0099] FIG. 3 shows the third harmonic characteristic and
isolation characteristic dependent on input power in the
SPDT switching device in accordance with Embodiment 2
of the present invention in comparison with those of the
SPDT switching device configured in accordance with the
prior art. The broken lines indicate the characteristics of the
prior art, and the solid lines indicate the characteristics of
Embodiment 2. In the characteristic diagram of FIG. 3, the
third harmonic characteristic begins to increase when the
input power exceeds a certain level. Furthermore, the iso-
lation characteristic begins to decrease when the input power
exceeds certain power. FIGS. 6, 11 and 14, described later,
are similar to FIG. 3.

[0100] The harmonic characteristic and the isolation char-
acteristic are proportionate to the maximum power that can
be handled. In the configuration of the prior art, both the
third harmonic characteristic and the isolation characteristic
begin to deteriorate when the input power exceeds 31.5
dBm. However, in Embodiment 2 of the present invention,
the characteristics are excellent when the input power is up
to 33 dBm. It is thus understood that Embodiment 2 can
handle input power 1.5 dBm larger than that of the configu-
ration of the prior art. Furthermore, the current consumption
is 32 uA. Hence, the current consumption can be reduced
significantly in comparison with 80 A obtained in the case
when a similar circuit is configured on the basis of the prior
art.

[0101] With this embodiment, the first terminals of the
resistor elements 217 to 219, 221 to 223, 225 to 228 and 230
to 233 are connected to the intermediate connection points
of the FETs 101 and 116. A voltage, having a phase opposite
to that of the voltage applied to the gate terminals of the
FETs 101 and 116 to which the first terminals of the resistor
elements 217 to 219, 221 to 223, 225 to 228 and 230 to 233
are connected, is applied to the second terminals of the
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resistor elements 217 to 219, 221 to 223, 225 to 228 and 230
to 233, whereby the potentials at the intermediate connec-
tion points of the FETs 101 to 116 can be prevented from
lowering. As a result, the power that can be handled can be
increased in comparison with that of the prior art. Further-
more, since the potentials at the intermediate connection
points of the FETs 101 to 116 can be prevented from
lowering, the deterioration of the distortion characteristic
and the isolation characteristic owing to the lowering of the
potentials at the intermediate connection points of the FETs
101 to 116 is prevented, and excellent high-frequency char-
acteristics are obtained.

[0102] It is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0103] (Embodiment 3)

[0104] FIG. 4 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
3 of a high-frequency switching device in accordance with
the present invention. In FIG. 4, reference codes 101 to 108
respectively designate depletion-type FETs. Reference
codes 201 to 208 respectively designate resistor elements
having a resistance value R1. Reference codes 217 to 219
respectively designate resistor elements having a resistance
value R2. Reference codes 221 to 223 respectively designate
resistor elements having a resistance value R2. Reference
codes 235 and 236 respectively designate resistor elements
having a resistance value R4. Reference codes 239 and 240
respectively designate resistor elements having a resistance
value R3. Reference codes 401 and 402 respectively desig-
nate diodes. Reference code 501 designates a first high-
frequency signal input/output terminal. Reference code 502
designates a second high-frequency signal input/output ter-
minal. Reference code 503 designates a third high-frequency
signal input/output terminal. Reference code 601 designates
a first control terminal. Reference code 602 designates a
second control terminal. Reference codes 11, 12, 14 and 15
respectively designate currents.

[0105] The operation of the switching device configured
as shown in the above-mentioned FIG. 4 will be described
below.

[0106] The basic operation is similar to that of Embodi-
ment 1. Embodiment 3 differs from Embodiment 1 in that
the diode 401 is inserted between the control terminal 602
and the resistor elements 217 to 219 connected to the
intermediate connection points of the FETs and that the
diode 402 is inserted between the control terminal 601 and
the resistor elements 221 to 223.

[0107] Since the diode 401 is provided, the forward cur-
rent 12 flowing while the FETs 101 to 104 are in the ON
state can be limited. The resistor element 239 is used to
control the forward current 12. The resistor element 235 is
used to prevent the diode 401 from being broken by ESD
(electrostatic discharge) from the control terminal 602. The
above descriptions are similarly applicable to the diode 402.
The resistor elements 235 and 239 can be omitted.

[0108] When it is assumed that 3 V is applied to the
control terminal 601 and O V is applied to the control
terminal 602 in FIG. 4, the forward current I1 flows in the
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FETs 101 to 104, whereby the FETs 101 to 104 are turned
ON. At this time, the potential VB at point B is represented
by

VB=(3-®B){1-R1/(3xR1+4xR2+12xR3)} (6

[0109] wherein @B is the built-in voltage of the gate. As
clarified by Equation (6), the potential VB at point B is
dominantly determined by the resistance values R1 and R3.
The potential VB at point B can be raised by increasing the
resistance value R3. As described above, reducing the resis-
tance value R1 is undesirable because an insertion loss is
increased.

[0110] By the setting of R1=R2=50 kQ and R3=500 kQ,
the current I4 can be reduced to a sufficiently small value of
1 uA or less, whereby the built-in voltage ®B is reduced to
about 0.2 V at this time. Hence, the potential VB at point B
is 2.78 V.

[0111] On the other hand, with respect to the OFF path, the
potential VD at point D and the current 15 are represented
by

VD=3-®B-R2xI5 %
15=(4/3)xI4

[0112] When ®B=0.2 V, [4=1 puA and R2=50 kQ are
substituted into Equation (7) similarly, VD is 2.73 V.

[0113] When the above-mentioned results are substituted
into Equation (2) and the calculation is carried out, the
maximum power Pmax of the circuit in accordance with
Embodiment 3 is 2.90 W. Hence, the circuit configuration of
Embodiment 3 can handle power 0.9 W higher than that of
the circuit configuration of Embodiment 1.

[0114] With this embodiment, an effect similar to that of
Embodiment 1 is obtained. In addition, since the diodes 401
and 402 are provided, when the FETs to which the cathodes
of the diodes 401 and 402 are connected via the resistor
elements are ON, the forward currents of the FETs can be
restricted, whereby current consumption can be reduced.

[0115] Still further, since the current consumption of the
circuit in accordance with Embodiment 3 is about 1 uA, the
current consumption can be lowered significantly in com-
parison with 40 uA of the prior art.

[0116] (Embodiment 4)

[0117] FIG. 5 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
4 of a high-frequency switching device in accordance with
the present invention. FIG. 6 is a characteristic diagram
showing the high-frequency characteristics of the SPDT
switching device shown in FIG. 5.

[0118] In FIG. 5, reference codes 101 to 116 respectively
designate depletion-type FETs. Reference codes 201 to 219,
221 to 223, 225 to 228, 230 to 233 and 235 to 242
respectively designate resistor elements. Reference codes
403 to 406 respectively designate diodes. Reference code
501 designates a first high-frequency signal input/output
terminal. Reference code 502 designates a second high-
frequency signal input/output terminal. Reference code 503
designates a third high-frequency signal input/output termi-
nal. Reference code 601 designates a first control terminal.
Reference code 602 designates a second control terminal.
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Reference codes 301 and 302 respectively designate capaci-
tors. Reference codes 701 and 702 respectively designate
ground terminals.

[0119] The operation of the switching device configured as
shown in the above-mentioned FIG. 5 will be described
below.

[0120] The circuit shown in FIG. 5 is an example wherein
the circuit of Embodiment 3 shown in FIG. 4 is applied to
an SPDT circuit. The basic operation is similar to that of the
SPDT circuit of Embodiment 2. Embodiment 4 differs from
Embodiment 2 in that a circuit comprising the diode 403 and
the resistor elements 235 and 239 is inserted between the
control terminal 602 and the resistor elements 217 to 219
connected to the intermediate connection points of the FETs,
that a circuit comprising the diode 404 and the resistor
elements 236 and 240 is inserted between the control
terminal 601 and the resistor elements 221 to 223, that a
circuit comprising the diode 405 and the resistor elements
237 and 241 is inserted between the control terminal 601 and
the resistor elements 225 to 228, and that a circuit compris-
ing the diode 406 and the resistor elements 238 and 242 is
inserted between the control terminal 602 and the resistor
elements 230 to 233.

[0121] The action and effect obtained by providing the
circuit comprising the diode 403 and the resistor elements
235 and 239, the circuit comprising the diode 404 and the
resistor elements 236 and 240, the circuit comprising the
diode 405 and the resistor elements 237 and 241 and the
circuit comprising the diode 406 and the resistor elements
238 and 242 are similar to those of Embodiment 3.

[0122] FIG. 6 shows the third harmonic characteristic and
isolation characteristic dependent on input power in the
SPDT circuit in accordance with Embodiment 4 of the
present invention in comparison with those of the SPDT
switch circuit configured in accordance with the prior art.
The harmonic characteristic and the isolation characteristic
are proportionate to the maximum power that can be
handled. In the configuration of the prior art, both the third
harmonic characteristic and the isolation characteristic begin
to deteriorate when the input power exceeds 31.5 dBm.
However, in the SPDT circuit in accordance with Embodi-
ment 4 of the present invention, the characteristics are
excellent when the input power is up to 34.5 dBm. It is thus
understood that Embodiment 4 can handle input power 3.0
dBm larger than that of the configuration of the prior art.
Furthermore, the current consumption of the entire circuit is
5 uAor less. Hence, excellent characteristics and low current
consumption can be attained at the same time.

[0123] With this embodiment, an effect similar to that of
Embodiment 1 is obtained. In addition, since the diodes 401
to 404 are provided, when the FETs to which the cathodes
of the diodes 401 to 404 are connected via the resistor
elements are ON, the forward currents of the FETs can be
restricted, whereby current consumption can be reduced.

[0124] Still further, since the current consumption of the
circuit in accordance with Embodiment 4 is about several
UA, the current consumption can be lowered significantly in
comparison with 80 uA obtained in the case when a similar
circuit is configured on the basis of the prior art.
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[0125] It is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0126] (Embodiment 5)

[0127] FIG. 7 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
5 of a high-frequency switching device in accordance with
the present invention. In FIG. 7, reference codes 101 to 108
respectively designate depletion-type FETs. Reference
codes 201 to 208 respectively designate resistor elements
having a resistance value R1. Reference codes 217 to 219
and 221 to 223 respectively designate resistor elements
having a resistance value R2. Reference code 501 designates
a first high-frequency signal input/output terminal. Refer-
ence code 502 designates a second high-frequency signal
input/output terminal. Reference code 503 designates a third
high-frequency signal input/output terminal. Reference code
601 designates a first control terminal. Reference code 602
designates a second control terminal. Reference codes 11 to
13 respectively designate currents.

[0128] The operation of the switching device configured
as shown in the above-mentioned FIG. 7 will be described
below.

[0129] The basic operation is similar to that of Embodi-
ment 1. Embodiment 5 differs from Embodiment 1 in that
one ends of the resistor elements 217 to 219, the other ends
of which are connected to the intermediate connection points
of the FETs 101 to 104, are directly connected to one ends
of the resistor elements 221 to 223, the other ends of which
are connected to the intermediate connection points of the
FETs 105 to 108.

[0130] When it is assumed that 3 V is applied to the
control terminal 601 and O V is applied to the control
terminal 602, the potential VB at point B and the potential
VD at point D are represented by

VB=3-R1xI1-¢B ©)
VD=VB-2xR2xI2 ©

[0131] When R1=50 kQ, I1=1 uA and ®B=0.2 V are
substituted into Equations (8) and (9), the values of VB=2.75
V and VD=2.62 V are obtained. In addition, Pmax=2.61 W
is obtained according to Equation (2). Hence, a value about
1.8 times the value of the prior art is obtained.

[0132] As described above, with this embodiment, in a
first switch circuit section (the FETs 101 to 104) and a
second switch circuit section (the FETs 105 to 108), oper-
ating reversely with each other, the first terminals of the
resistor elements 217 to 219 are connected to the interme-
diate connection points of the FETs 101 to 104 constituting
the first switch circuit section, the first terminals of the
resistor elements 221 to 223 are connected to the interme-
diate connection points of the FETs 105 to 108 constituting
the second switch circuit section, and the second terminals
of the resistor elements 217 to 219 connected to the first
switch circuit section are connected to the second terminals
of the resistor elements 221 to 223 connected to the second
switch circuit section. With this simple configuration, the
potentials at the intermediate connection points of the FETs
101 to 108 can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art.
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[0133] Still further, since the current consumption of the
circuit in accordance with Embodiment 5 is 16 uA, the
current consumption can be lowered significantly in com-
parison with 40 uA of the prior art.

[0134] It is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0135] (Embodiment 6)

[0136] FIG. 8 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
6 of a high-frequency switching device in accordance with
the present invention.

[0137] In FIG. 8, reference codes 101 to 116 respectively
designate depletion-type FETs. Reference codes 201 to 219,
221 to 223, 225 to 228 and 230 to 233 respectively designate
resistor elements. Reference code 501 designates a first
high-frequency signal input/output terminal. Reference code
502 designates a second high-frequency signal input/output
terminal. Reference code 503 designates a third high-fre-
quency signal input/output terminal. Reference code 601
designates a first control terminal. Reference code 602
designates a second control terminal. Reference codes 301
and 302 respectively designate capacitors. Reference codes
701 and 702 respectively designate ground terminals.

[0138] The operation of the switching device configured
as shown in the above-mentioned FIG. 8 will be described
below.

[0139] The circuit shown in FIG. 8 is an example wherein
the circuit of Embodiment 5 shown in FIG. 7 is applied to
an SPDT circuit. The basic operation is similar to that of the
SPDT circuit of Embodiment 2. Embodiment 6 differs from
Embodiment 2 in that one ends of the resistor elements 217
to 219, the other ends of which are connected to the
intermediate connection points of the FETs 101 to 104, are
connected to one ends of the resistor elements 221 to 223,
the other ends of which are connected to the intermediate
connection points of the FETs 105 to 108, and that one ends
of the resistor elements 225 to 228, the other ends of which
are connected to the intermediate connection points of the
FETs 109 to 112, are connected one ends of the resistor
elements 230 to 233, the other ends of which are connected
to the intermediate connection points of the FETs 113 to 116.

[0140] With the configuration shown in FIG. 8, since
currents always flow from the FETs being in the ON state to
the FETs being in the OFF state, a stable bias potential is
ensured. As a result, high maximum power Pmax and
excellent high-frequency characteristics can be obtained.

[0141] The FETs 101 to 108 have the same size with a gate
width of 4 mm, and the FETs 109 to 116 have the same size
with a gate width of 1 mm. By using FETs have the same
size or similar sizes as pairs, the current values become
constant, whereby stable characteristics can be obtained.

[0142] As described above, this embodiment has an action
and an effect similar to those of Embodiment 5. Further-
more, since the potentials at the intermediate connection
points of the plurality of field-effect transistors can be
prevented from lowering, the deterioration of the distortion
characteristic and the isolation characteristic owing to the
lowering of the potentials at the intermediate connection
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points of the plurality of field-effect transistors is prevented,
and excellent high-frequency characteristics are obtained.

[0143] Still further, since the current consumption of the
circuit in accordance with Embodiment 6 is 32 uA, the
current consumption can be lowered significantly in com-
parison with 80 uA obtained in the case when a similar
circuit is configured on the basis of the prior art.

[0144] It is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0145] (Embodiment 7)

[0146] FIG. 9 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
7 of a high-frequency switching device in accordance with
the present invention.

[0147] In FIG. 9, reference codes 101 to 116 respectively
designate depletion-type FETs. Reference codes 201 to 219,
221 to 223,225 to 228 and 230 to 233 respectively designate
resistor elements. Reference code 501 designates a first
high-frequency signal input/output terminal. Reference code
502 designates a second high-frequency signal input/output
terminal. Reference code 503 designates a third high-fre-
quency signal input/output terminal. Reference code 601
designates a first control terminal. Reference code 602
designates a second control terminal. Reference codes 301
and 302 respectively designate capacitors. Reference codes
701 and 702 respectively designate ground terminals.

[0148] The operation of the switching device configured
as shown in the above-mentioned FIG. 9 will be described
below.

[0149] The basic operation of the circuit shown in FIG. 9
is similar to that of the SPDT circuit of Embodiment 6.
Embodiment 7 differs from Embodiment 6 in that the
connection point between one ends of the resistor elements
217 to 219, the other ends of which are connected to the
intermediate connection points of the FETs 101 to 104 and
one ends of the resistor elements 221 to 223, the other ends
of which are connected to the intermediate connection points
of the FETs 105 to 108 is commonly connected to the
connection point between one ends of the resistor elements
225 to 228, the other ends of which are connected to the
intermediate connection points of the FETs 109 to 112 and
one ends of the resistor elements 230 to 233, the other ends
of which are connected to the intermediate connection points
of the FETs 113 to 116.

[0150] With the configuration shown in FIG. 9, since the
currents from the FETs being in the ON state to the FETs
being in the OFF state are averaged, a stable bias voltage can
be applied even when the circuit is complicated and when
FETs always operating reversely do not exist.

[0151] As described above, with this Embodiment, the
first terminals of the resistor elements 217 to 219, 221 to
223, 225 to 228 and 230 to 233 are connected to the
connection points of the FETs 101 to 116 constituting a
plurality of switch circuit sections, and the second terminals
of the resistor elements 217 to 219, 221 to 223, 225 to 228
and 230 to 233 are connected commonly, whereby the
potentials at the intermediate connection points of the FETs
101 to 116 can be prevented from lowering. As a result, the
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power that can be handled can be increased in comparison
with that of the prior art. Furthermore, since the potentials at
the intermediate connection points of the FETs 101 to 116
can be prevented from lowering, the deterioration of the
distortion characteristic and the isolation characteristic
owing to the lowering of the potentials at the intermediate
connection points of the FETs 101 to 116 is prevented, and
excellent high-frequency characteristics are obtained.

[0152] Furthermore, since the currents from the FETs
being in the ON state to the FETS being in the OFF state are
averaged, a stable bias voltage can be applied even when the
circuit is complicated and when FETs always operating
reversely do not exist.

[0153] Still further, since the current consumption of the
circuit in accordance with Embodiment 7 is about several
UA, the current consumption can be lowered significantly in
comparison with 80 uA obtained in the case when a similar
circuit is configured on the basis of the prior art.

[0154] 1t is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0155] (Embodiment 8)

[0156] FIG. 10 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
8 of a high-frequency switching device in accordance with
the present invention. FIG. 11 is a characteristic diagram
showing the high-frequency characteristics of the SPDT
switching device shown in FIG. 10.

[0157] InFIG. 10, reference codes 101 to 116 respectively
designate depletion-type FETs. Reference codes 201 to 233,
243, 244 and 245 respectively designate resistor elements.
Reference codes 407 and 408 respectively designate diodes.
Reference code 501 designates a first high-frequency signal
input/output terminal. Reference code 502 designates a
second high-frequency signal input/output terminal. Refer-
ence code 503 designates a third high-frequency signal
input/output terminal. Reference code 601 designates a first
control terminal. Reference code 602 designates a second
control terminal. Reference codes 301 and 302 respectively
designate capacitors. Reference codes 701, 702 and 703
respectively designate ground terminals.

[0158] The operation of the switching device configured
as shown in the above-mentioned FIG. 10 will be described
below.

[0159] The basic operation of the circuit shown in FIG. 10
is similar to that of the SPDT circuit of Embodiment 6.
Embodiment 7 differs from Embodiment 6 in that the anode
of the diode 407 is connected to the first control terminal 601
via the resistor element 243, that the anode of the diode 408
is connected to the second control terminal 602 via the
resistor element 244, that the cathodes of the diodes 407 and
408 are connected to one end of the resistor element 245,
that the other end of the resistor element 245 is grounded,
and that the connection point P of the resistor element 245
and the diodes 407 and 408 is commonly connected to one
ends of the resistor elements 217 to 233, the other ends of
which are connected to the intermediate connection points of
the FETs 101 to 116.
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[0160] With the configuration shown in FIG. 10, when the
level at the control terminal 601 is high, current flows from
the control terminal 601 to the ground terminal 703 via the
resistor element 243, the diode 407 and the resistor element
245. In addition, when the level at the control terminal 602
is high, current flows from the control terminal 602 to the
ground terminal via the resistor element 244, the diode 408
and the resistor element 245. Hence, the potential at point P
is held constant. Furthermore, the potential at point P can be
set as desired by changing the value of the resistor element
245. The resistor elements 243 and 244 are inserted for
protection against ESD. When it is assumed at this time that
the resistor elements 243 and 244 have a resistance value of
1 k€ and that the resistor element 245 has a resistance value
of 500 kQ, the potential at point P can be set at 2.8 V. Hence,
the maximum power Pmax that can be handled by the
switching device shown in FIG. 10 is 3.10 W, 2.2 times the
value of the prior art.

[0161] FIG. 11 shows the third harmonic characteristic
and isolation characteristic dependent on input power in the
SPDT circuit in accordance with Embodiment 8 of the
present invention in comparison with those of the SPDT
switch circuit of the prior art. The harmonic characteristic
and the isolation characteristic are proportionate to the
maximum power that can be handled. In the prior art, both
the third harmonic characteristic and the isolation charac-
teristic begin to deteriorate when the input power exceeds
31.5 dBm. However, in the SPDT circuit in accordance with
Embodiment 8 of the present invention, the characteristics
are excellent when the input power is up to 34.5 dBm. It is
thus understood that Embodiment 8 can handle input power
3.0 dBm larger than that of the prior art.

[0162] With this embodiment, the first terminals of the
resistor elements 217 to 219, 221 to 223, 224 to 228 and 229
to 233 are connected to the intermediate connection points
of the FETs 101 to 116 constituting the plurality of switch
circuit sections, the second terminals of the resistor elements
217 to 219, 221 to 223, 224 to 228 and 229 to 233 are
connected commonly, the anode of the first diode 407 is
connected to the first control terminal 601, the anode of the
second diode 408 is connected to the second control terminal
602, the first terminal of the resistor element 245 is con-
nected to the cathodes of the first and second diodes 407 and
408, the second terminal of the resistor element 245 is
grounded, and the connection point P of the first terminal of
the resistor element 245 and the first and second diodes 407
and 408 is connected to the second terminals of the resistor
elements 217 to 219, 221 to 223, 224 to 228 and 229 to 233,
the first terminals of which are connected to the intermediate
connection points of the FETs 101 to 116. Hence, the
potentials at the intermediate connection points of the FETs
101 to 116 can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art. Furthermore, since the potentials at
the intermediate connection points of the FETs 101 to 116
can be prevented from lowering, the deterioration of the
distortion characteristic and the isolation characteristic
owing to the lowering of the potentials at the intermediate
connection points of the FETs 101 to 116 is prevented, and
excellent high-frequency characteristics are obtained.

[0163] In addition, a constant bias voltage can be applied
at all times to the FETs 101 to 116 by using the voltage OR
circuit comprising the diodes 407 and 408.
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[0164] Furthermore, since the current consumption of the
circuit in accordance with Embodiment 8 is about 40 uA, the
current consumption can be lowered significantly in com-
parison with 80 #A obtained in the case when a similar
circuit is configured on the basis of the prior art.

[0165] It is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0166] Still further, in the configuration shown in FIG. 10,
the circuit sections of the shunt FETs 109 to 116 can be
omitted.

[0167] (Embodiment 9)

[0168] FIG. 12 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
9 of a high-frequency switching device in accordance with
the present invention.

[0169] InFIG. 12, reference codes 101 to 116 respectively
designate depletion-type FETs. Reference codes 201 to 219,
221 to 223, 225 to 228, 230 to 233 and 246 to 249
respectively designate resistor elements. Reference codes
409 and 410 respectively designate diodes. Reference code
501 designates a first high-frequency signal input/output
terminal. Reference code 502 designates a second high-
frequency signal input/output terminal. Reference code 503
designates a third high-frequency signal input/output termi-
nal. Reference code 601 designates a first control terminal.
Reference code 602 designates a second control terminal.
Reference codes 301 and 302 respectively designate capaci-
tors. Reference codes 701 and 702 respectively designate
ground terminals.

[0170] The operation of the switching device configured
as shown in the above-mentioned FIG. 12 will be described
below.

[0171] The basic operation of the circuit shown in FIG. 12
is similar to that of the SPDT circuit of Embodiment 6.
Embodiment 9 differs from Embodiment 6 in that the anode
of the diode 409 is connected to the first control terminal 601
via the resistor element 246, that one end of the resistor
element 248 is connected to the cathode of the diode 409,
that the control terminal 602 is connected to the other end of
the resistor element 248, that the anode of the diode 410 is
connected to the second control terminal 602 via the resistor
element 247, that one end of the resistor element 249 is
connected to the cathode of the diode 410, that the control
terminal 601 is connected to the other end of the resistor
element 249, that the cathode of the diode 409 is connected
to the resistor elements 217 to 219 and 230 to 233, and that
the cathode of the diode 410 is connected to the resistor
elements 221 to 223 and 225 to 228.

[0172] With the configuration shown in FIG. 12, when the
level at the control terminal 601 is high, current flows to the
control terminal 602 via the resistor element 246, the diode
409 and the resistor element 248. Furthermore, when the
level at the control terminal 602 is high, current flows to the
control terminal 601 via the resistor element 247, the diode
410 and the resistor element 249. Hence, the potentials at
point Q and point R are fixed. In addition, the potentials at
point Q and point R can be set at desired independent values

EX-1013

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

027



US 2004/0251952 Al

by changing the resistance values of the resistor elements
248 and 249. The resistor elements 246 and 247 are inserted
for protection against ESD.

[0173] When it is assumed at this time that the resistor
elements 246 and 247 have a resistance value of 1 kQ and
that the resistor elements 248 and 249 has a resistance value
of 100 k€2, the potential at point Q can be set at 2.5 V, and
the potential at point R can be set at 2.9 V. As a result, the
forward bias voltage of the FETs in the ON state can be
extended and the reverse bias voltage of the FETs in the OFF
state can be extended at the same time. In the above-
mentioned conditions, the maximum power Pmax that can
be handled by the switching device shown in FIG. 12 is 3.4
W, 2.4 times the value of the prior art. On the other hand, the
insertion loss can be reduced by 0.1 dB by extending the
forward bias voltage of the FETs in the ON state.

[0174] As described above, with this embodiment, the first
terminals of the first resistor elements 217 to 219, 221 to
223, 225 to 228 and 230 to 233 are connected to the
intermediate connection points of the FETs 101 to 116
respectively constituting the series high-frequency switch
circuit sections and the shunt high-frequency switch circuit
sections, the anode of the first diode 409 is connected to the
first control terminal 601, the cathode of the first diode 409
is connected to the first terminal of the second resistor
element 248, the second terminal of the second resistor
element 248 is connected to the second control terminal 602,
the anode of the second diode 410 is connected to the second
control terminal 602, the first terminal of the third resistor
element 249 is connected to the cathode of the second diode
410, the second terminal of the third resistor element 249 is
connected to the first control terminal 601, and the cathode
of the first diode 409 is connected to the second terminals of
the first resistor elements 217 to 219 and 230 to 233
connected to the field-effect transistors FETs 101 to 104 and
113 to 116, the gates of which are connected to the first
control terminal 601. In addition, the cathode of the second
diode 410 is connected to the second terminals of the first
resistor elements 221 to 223 and 225 to 228 connected to the
FETs 105 to 108 and 109 to 112, the gates of which are
connected to the second control terminal 602. Hence, the
potentials at the intermediate connection points of the FETs
101 to 116 can be prevented from lowering. As a result, the
power that can be handled can be increased in comparison
with that of the prior art. Furthermore, since the potentials at
the intermediate connection points of the FETs 101 to 116
can be prevented from lowering, the deterioration of the
distortion characteristic and the isolation characteristic
owing to the lowering of the potentials at the intermediate
connection points of the FETs 101 to 116 is prevented, and
excellent high-frequency characteristics are obtained.

[0175] Furthermore, by using the combinations of the
diodes 409 and 410 and the resistor elements 246 to 249, a
low bias voltage can be applied to the FETs being in the ON
stage, and a high bias voltage can be applied to the FETs
being in the OFF stage.

[0176] It is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0177] Still further, in the configuration shown in FIG. 12,
the circuit sections of the shunt FETs 109 to 116 can be
omitted.
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[0178] (Embodiment 10)

[0179] FIG. 13 is a circuit diagram showing the configu-
ration of an SPDT switching device serving as Embodiment
10 of a high-frequency switching device in accordance with
the present invention. FIG. 14 is a characteristic diagram
showing the high-frequency characteristics of the SPDT
switching device shown in FIG. 13.

[0180] InFIG. 13, reference codes 101 to 116 respectively
designate depletion-type FETs. Reference code 120 desig-
nates an enhancement-type FET. Reference codes 201 to 216
respectively designate gate-bias resistor elements having a
resistance value of 50 kQ. Reference codes 217 to 219, 221
to 223, 225 to 228 and 230 to 233 respectively designate
resistor elements for fixing FET voltages, having a resis-
tance value of 100 kQ. Reference code 280 designates the
gate resistor element of a voltage-inverting FET, that is, the
enhancement-type FET 120, having a resistance value of
100 k€. Reference code 281 designates the load resistor
element of a voltage inversion circuit, having a resistance
value of 100 kQ. Reference codes 301 and 302 respectively
designate capacitors having a capacitance value of 10 pF.
Reference code 501 designates a first high-frequency signal
input/output terminal. Reference code 502 designates a
second high-frequency signal input/output terminal. Refer-
ence code 503 designates a third high-frequency signal
input/output terminal. Reference code 607 designates a
control terminal. Reference codes 701, 702 and 704 respec-
tively designate ground terminals. Reference code 801 des-
ignates a power supply terminal. Reference code 901 des-
ignates an SPDT circuit. Reference code 902 designates a
voltage inversion circuit.

[0181] The operations of the SPDT circuit 901 and the
voltage inversion circuit 902 configured as shown in the
above-mentioned FIG. 13 will be described below.

[0182] The basic operation of the SPDT circuit 901 is
similar to that of Embodiment 2. Embodiment 10 differs
from Embodiment 2 in that the input and output signals of
the voltage inversion circuit 902 are simultaneously used as
the control signals of the SPDT circuit 901.

[0183] In this embodiment, to the control terminal 607, 3
V is applied as a high-level voltage and 0 V is applied as a
low-level voltage. The voltage applied to the control termi-
nal 607 is applied to the gate terminal of the enhancement-
type FET 120 via the gate resistor element 280 and is output
as a reverse-phase signal from the drain terminal. In other
words, when the input voltage of the voltage inversion
circuit 902 is low, the output voltage is high, and when the
input voltage is high, the output voltage is low, whereby the
phases are opposite to each other in potential. Hence, the
SPDT circuit 901 can be operated by using the input and
output voltages of the voltage inversion circuit 902.

[0184] FIG. 14 shows the characteristics obtained in the
case when the SPDT circuit 901 in accordance with this
embodiment is used, in comparison with the characteristics
obtained in the case when the SPDT circuit of the prior art
is combined with the voltage inversion circuit. Generally, in
the voltage inversion circuit 902 comprising an enhance-
ment-type FET, when the output voltage is high (the input
voltage is low), the output voltage becomes lower than the
power supply voltage owing to a load resistor. Hence, when
the SPDT circuit in accordance with the prior art is operated
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so as to be controlled by a single control voltage from the
single control terminal 607 by using the voltage inversion
circuit, sufficient voltage is not obtained in many cases.
However, even when a single control voltage is used,
excellent high-frequency characteristics can be obtained by
using the configuration of the present invention.

[0185] It is needless to say that the configuration of the
present invention is also similarly applicable to high-fre-
quency switching devices other than SPDT switching
devices.

[0186] Furthermore, the voltage inversion circuit 902 can
also be applied to the SPDT switching devices shown in
FIGS. 1,4,5,7,8,9, 10 and 12 in a way similar to that
shown in FIG. 13.

[0187] Still further, a semiconductor device in accordance
with the present invention is obtained by integrating the
SPDT switching device in accordance with each of the
above-mentioned embodiments on a semiconductor sub-
strate.

1. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
and a plurality of high-frequency switch circuit sections
disposed between said plurality of high-frequency sig-
nal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
whereby ON and OFF states are attained, furthermore,
the first terminals of resistor elements are connected to
the intermediate connection points of said plurality of
field-effect transistors, and a voltage, having a phase
opposite to that of the voltage applied to the gate
terminals of said plurality of field-effect transistors to
which the first terminals of said resistor elements are
connected, is applied to the second terminals of said
resistor elements.

2. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
a plurality of series high-frequency switch circuit sec-
tions disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt
high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/
output terminals and ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, the first terminals
of resistor elements are connected to the intermediate
connection points of said plurality of field-effect tran-
sistors, and a voltage, having a phase opposite to that of
the voltage applied to the gate terminals of said plu-
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rality of field-effect transistors to which the first termi-
nals of said resistor elements are connected, is applied
to the second terminals of said resistor elements.

3. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
and a plurality of high-frequency switch circuit sections
disposed between said plurality of high-frequency sig-
nal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
whereby ON and OFF states are attained, furthermore,
the first terminals of resistor elements are connected to
the intermediate connection points of said plurality of
field-effect transistors, the cathodes of diodes are con-
nected to the second terminals of said resistor elements,
and a voltage, having a phase opposite to that of the
voltage applied to the gate terminals of said plurality of
field-effect transistors to which the first terminals of
said resistor elements are connected, is applied to the
anodes of said diodes.

4. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
a plurality of series high-frequency switch circuit sec-
tions disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt
high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/
output terminals and ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, the first terminals
of resistor elements are connected to the intermediate
connection points of said plurality of field-effect tran-
sistors, the cathodes of diodes are connected to the
second terminals of said resistor elements, and a volt-
age, having a phase opposite to that of the voltage
applied to the gate terminals of said plurality of field-
effect transistors to which the first terminals of said
resistor elements are connected, is applied to the
anodes of said diodes.

5. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
and a plurality of high-frequency switch circuit sections
disposed between said plurality of high-frequency sig-
nal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
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whereby ON and OFF states are attained, furthermore,
in said plurality of high-frequency switch circuit sec-
tions, that is, first and second high-frequency switch
circuit sections operating reversely with each other, the
first terminals of first resistor elements are connected to
the intermediate connection points of the first plurality
of field-effect transistors constituting said first high-
frequency switch circuit section, the first terminals of
second resistor elements are connected to the interme-
diate connection points of the second plurality of
field-effect transistors constituting said second high-
frequency switch circuit section, and the second termi-
nals of said first resistor elements connected to said first
high-frequency switch circuit section are connected to
the second terminals of said second resistor elements
connected to said second high-frequency switch circuit
section.
6. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
a plurality of series high-frequency switch circuit sec-
tions disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt
high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/
output terminals and ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, in each of a
plurality of series high-frequency switch circuit sec-
tions and each of a plurality of shunt high-frequency
switch circuit sections, that is, first and second high-
frequency switch circuit sections operating reversely
with each other, the first terminals of first resistor
elements are connected to the intermediate connection
points of the first plurality of field-effect transistors
constituting said first high-frequency switch circuit
section, the first terminals of second resistor elements
are connected to the intermediate connection points of
the second plurality of field-effect transistors constitut-
ing said second high-frequency switch circuit section,
and the second terminals of the first resistor elements
connected to said first high-frequency switch circuit
section are connected to the second terminals of said
second resistor elements connected to said second
high-frequency switch circuit section.

7. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
and a plurality of high-frequency switch circuit sections
disposed between said plurality of high-frequency sig-
nal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
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whereby ON and OFF states are attained, furthermore,
the first terminals of resistor elements are connected to
the intermediate connection points of the plurality of
field-effect transistors respectively constituting said
plurality of high-frequency switch circuit sections, and
the second terminals of said resistor elements are all
connected commonly.

8. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
a plurality of series high-frequency switch circuit sec-
tions disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt
high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/
output terminals and ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, the first terminals
of resistor elements are connected to the intermediate
connection points of the plurality of field-effect tran-
sistors respectively constituting said plurality of series
high-frequency switch circuit sections and said plural-
ity of shunt high-frequency switch circuit sections, and
the second terminals of said resistor elements are all
connected commonly.

9. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
first and second control terminals to which voltages,
having phases opposite to each other, are applied, and
a plurality of high-frequency switch circuit sections
disposed between said plurality of high-frequency sig-
nal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors
through either said first or second control terminal,
whereby ON and OFF states are attained, furthermore,
the first terminals of first resistor elements are con-
nected to the intermediate connection points of the
plurality of field-effect transistors respectively consti-
tuting said plurality of switch circuit sections, the
second terminals of said first resistor elements are
connected commonly, the anode of a first diode is
connected to said first control terminal, the anode of a
second diode is connected to said second control ter-
minal, the first terminal of a second resistor element is
connected to the cathodes of said first and second
diodes, the second terminal of said second resistor
element is grounded, and the connection point of said
first and second diodes and the first terminal of said
second resistor element is connected to the second
terminals of said first resistor elements.
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10. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
first and second control terminals to which voltages,
having phases opposite to each other, are applied, a
plurality of series high-frequency switch circuit sec-
tions disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt
high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/
output terminals and ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors through either said
first or second control terminal, whereby ON and OFF
states are attained, furthermore, the first terminals of
first resistor elements are connected to the intermediate
connection points of the plurality of field-effect tran-
sistors respectively constituting each of said plurality of
series high-frequency switch circuit sections and each
of said plurality of shunt high-frequency switch circuit
sections, the second terminals of said first resistor
elements are connected commonly, the anode of a first
diode is connected to said first control terminal, the
anode of a second diode is connected to said second
control terminal, the first terminal of a second resistor
element is connected to the cathodes of said first and
second diodes, the second terminal of said second
resistor element is grounded, and the connection point
of said first and second diodes and the first terminal of
said second resistor element is connected to the second
terminals of said first resistor elements.

11. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
first and second control terminals to which voltages,
having phases opposite to each other, are applied, and
a plurality of high-frequency switch circuit sections
disposed between said plurality of high-frequency sig-
nal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors
through either said first or second control terminal,
whereby ON and OFF states are attained, furthermore,
the first terminals of first resistor elements are con-
nected to the intermediate connection points of the
plurality of field-effect transistors respectively consti-
tuting said plurality of high-frequency switch circuit
sections, the anode of a first diode is connected to said
first control terminal, the first terminal of a second
resistor element is connected to the cathode of said first
diode, the second terminal of said second resistor
element is connected to said second control terminal,
the anode of a second diode is connected to said second
control terminal, the first terminal of a third resistor
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element is connected to the cathode of said second
diode, the second terminal of said third resistor element
is connected to said first control terminal, the cathode
of said first diode is connected to the second terminals
of said first resistor elements connected to said plurality
of field-effect transistors, the gates of which are con-
nected to said first control terminal, and the cathode of
said second diode is connected to the second terminals
of said first resistor elements connected to said plurality
of field-effect transistors, the gates of which are con-
nected to said second control terminal.
12. A high-frequency switching device comprising:

a plurality of high-frequency signal input/output terminals
through which high-frequency signals are input/output,
first and second control terminals to which voltages,
having phases opposite to each other, are applied, a
plurality of series high-frequency switch circuit sec-
tions disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt
high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/
output terminals and ground terminals, wherein

each of said plurality of series high-frequency switch

circuit sections and each of said plurality of shunt

high-frequency switch circuit sections respectively

comprise a series connection circuit of a plurality of

field-effect transistors, either a high-level voltage or a

low-level voltage is applied to the gate terminals of said

plurality of field-effect transistors through either said

first or second control terminal, whereby ON and OFF

states are attained, furthermore, the first terminals of

first resistor elements are connected to the intermediate

connection points of the plurality of field-effect tran-

sistors respectively constituting each of said plurality of

series high-frequency switch circuit sections and each

of said plurality of shunt high-frequency switch circuit

sections, the anode of a first diode is connected to said

first control terminal, the first terminal of a second

resistor element is connected to the cathode of said first

diode, the second terminal of said second resistor

element is connected to said second control terminal,

the anode of a second diode is connected to said second

control terminal, the first terminal of a third resistor

element is connected to the cathode of said second

diode, the second terminal of said third resistor element

is connected to said first control terminal, the cathode

of said first diode is connected to the second terminals

of said first resistor elements connected to said plurality

of field-effect transistors, the gates of which are con-

nected to said first control terminal, and the cathode of

said second diode is connected to the second terminals

of said first resistor elements connected to said plurality

of field-effect transistors, the gates of which are con-
nected to said second control terminal.

13. A high-frequency switching device set forth in claim

1, comprising a voltage inversion circuit and first and second

control terminals to which the input/output signals of said

voltage inversion circuit are applied, wherein either a high-

level voltage or a low-level voltage is applied to the gate

terminals of said plurality of field-effect transistors from
either said first or second control terminal.

14. A high-frequency switching device set forth in claim

2, comprising a voltage inversion circuit and first and second
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control terminals to which the input/output signals of said
voltage inversion circuit are applied, wherein either a high-
level voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors from
either said first or second control terminal.

15. A high-frequency switching device set forth in claim
3, comprising a voltage inversion circuit and first and second
control terminals to which the input/output signals of said
voltage inversion circuit are applied, wherein either a high-
level voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors from
either said first or second control terminal.

16. A high-frequency switching device set forth in claim
4, comprising a voltage inversion circuit and first and second
control terminals to which the input/output signals of said
voltage inversion circuit are applied, wherein either a high-
level voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors from
either said first or second control terminal.

17. A high-frequency switching device set forth in claim
5, comprising a voltage inversion circuit and first and second
control terminals to which the input/output signals of said
voltage inversion circuit are applied, wherein either a high-
level voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors from
either said first or second control terminal.

18. A high-frequency switching device set forth in claim
6, comprising a voltage inversion circuit and first and second
control terminals to which the input/output signals of said
voltage inversion circuit are applied, wherein either a high-
level voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors from
either said first or second control terminal.

19. A high-frequency switching device set forth in claim
7, comprising a voltage inversion circuit and first and second
control terminals to which the input/output signals of said
voltage inversion circuit are applied, wherein either a high-
level voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors from
either said first or second control terminal.

20. A high-frequency switching device set forth in claim
8, comprising a voltage inversion circuit and first and second
control terminals to which the input/output signals of said
voltage inversion circuit are applied, wherein either a high-
level voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors from
either said first or second control terminal.

21. A high-frequency switching device set forth in claim
9, comprising a voltage inversion circuit, wherein the input/
output signals of said voltage inversion circuit are applied to
said first and second control terminals, respectively.

22. A high-frequency switching device set forth in claim
10, comprising a voltage inversion circuit, wherein the
input/output signals of said voltage inversion circuit are
applied to said first and second control terminals, respec-
tively.

23. A high-frequency switching device set forth in claim
11, comprising a voltage inversion circuit, wherein the
input/output signals of said voltage inversion circuit are
applied to said first and second control terminals, respec-
tively.

24. A high-frequency switching device set forth in claim
12, comprising a voltage inversion circuit, wherein the
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input/output signals of said voltage inversion circuit are
applied to said first and second control terminals, respec-
tively.

25. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, and a plurality of high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
whereby ON and OFF states are attained, furthermore,
the first terminals of resistor elements are connected to
the intermediate connection points of said plurality of
field-effect transistors, and a voltage, having a phase
opposite to that of the voltage applied to the gate
terminals of said plurality of field-effect transistors to
which the first terminals of said resistor elements are
connected, is applied to the second terminals of said
resistor elements.

26. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, a plurality of series high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt high-
frequency switch circuit sections disposed between said
plurality of high-frequency signal input/output terminals and
ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, the first terminals
of resistor elements are connected to the intermediate
connection points of said plurality of field-effect tran-
sistors, and a voltage, having a phase opposite to that of
the voltage applied to the gate terminals of said plu-
rality of field-effect transistors to which the first termi-
nals of said resistor elements are connected, is applied
to the second terminals of said resistor elements.

27. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, and a plurality of high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
whereby ON and OFF states are attained, furthermore,
the first terminals of resistor elements are connected to
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the intermediate connection points of said plurality of
field-effect transistors, the cathodes of diodes are con-
nected to the second terminals of said resistor elements,
and a voltage, having a phase opposite to that of the
voltage applied to the gate terminals of said plurality of
field-effect transistors to which the first terminals of
said resistor elements are connected, is applied to the
anodes of said diodes.

28. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, a plurality of series high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt high-
frequency switch circuit sections disposed between said
plurality of high-frequency signal input/output terminals and
ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, the first terminals
of resistor elements are connected to the intermediate
connection points of said plurality of field-effect tran-
sistors, the cathodes of diodes are connected to the
second terminals of said resistor elements, and a volt-
age, having a phase opposite to that of the voltage
applied to the gate terminals of said plurality of field-
effect transistors to which the first terminals of said
resistor elements are connected, is applied to the
anodes of said diodes.

29. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, and a plurality of high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
whereby ON and OFF states are attained, furthermore,
in said plurality of high-frequency switch circuit sec-
tions, that is, first and second high-frequency switch
circuit sections operating reversely with each other, the
first terminals of first resistor elements are connected to
the intermediate connection points of the first plurality
of field-effect transistors constituting said first high-
frequency switch circuit section, the first terminals of
second resistor elements are connected to the interme-
diate connection points of the second plurality of
field-effect transistors constituting said second high-
frequency switch circuit section, and the second termi-
nals of said first resistor elements connected to said first
high-frequency switch circuit section are connected to
the second terminals of said second resistor elements
connected to said second high-frequency switch circuit
section.
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30. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, a plurality of series high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt high-
frequency switch circuit sections disposed between said
plurality of high-frequency signal input/output terminals and
ground terminals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, in each of a
plurality of series high-frequency switch circuit sec-
tions and each of a plurality of shunt high-frequency
switch circuit sections, that is, first and second high-
frequency switch circuit sections operating reversely
with each other, the first terminals of first resistor
elements are connected to the intermediate connection
points of the first plurality of field-effect transistors
constituting said first high-frequency switch circuit
section, the first terminals of second resistor elements
are connected to the intermediate connection points of
the second plurality of field-effect transistors constitut-
ing said second high-frequency switch circuit section,
and the second terminals of the first resistor elements
connected to said first high-frequency switch circuit
section are connected to the second terminals of said
second resistor elements connected to said second
high-frequency switch circuit section.

31. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, and a plurality of high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors,
whereby ON and OFF states are attained, furthermore,
the first terminals of resistor elements are connected to
the intermediate connection points of the plurality of
field-effect transistors respectively constituting said
plurality of high-frequency switch circuit sections, and
the second terminals of said resistor elements are all
connected commonly.

32. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, a plurality of series high-frequency switch circuit
sections disposed between said plurality of high-frequency
signal input/output terminals, and a plurality of shunt high-
frequency switch circuit sections disposed between said
plurality of high-frequency signal input/output terminals and
ground terminals, wherein
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each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors, whereby ON and
OFF states are attained, furthermore, the first terminals
of resistor elements are connected to the intermediate
connection points of the plurality of field-effect tran-
sistors respectively constituting said plurality of series
high-frequency switch circuit sections and said plural-
ity of shunt high-frequency switch circuit sections, and
the second terminals of said resistor elements are all
connected commonly.

33. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, first and second control terminals to which voltages,
having phases opposite to each other, are applied, and a
plurality of high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/output
terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors
through either said first or second control terminal,
whereby ON and OFF states are attained, furthermore,
the first terminals of first resistor elements are con-
nected to the intermediate connection points of the
plurality of field-effect transistors respectively consti-
tuting said plurality of switch circuit sections, the
second terminals of said first resistor elements are
connected commonly, the anode of a first diode is
connected to said first control terminal, the anode of a
second diode is connected to said second control ter-
minal, the first terminal of a second resistor element is
connected to the cathodes of said first and second
diodes, the second terminal of said second resistor
element is grounded, and the connection point of said
first and second diodes and the first terminal of said
second resistor element is connected to the second
terminals of said first resistor elements.

34. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, first and second control terminals to which voltages,
having phases opposite to each other, are applied, a plurality
of series high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/output
terminals, and a plurality of shunt high-frequency switch
circuit sections disposed between said plurality of high-
frequency signal input/output terminals and ground termi-
nals, wherein

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
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low-level voltage is applied to the gate terminals of said
plurality of field-effect transistors through either said
first or second control terminal, whereby ON and OFF
states are attained, furthermore, the first terminals of
first resistor elements are connected to the intermediate
connection points of the plurality of field-effect tran-
sistors respectively constituting each of said plurality of
series high-frequency switch circuit sections and each
of said plurality of shunt high-frequency switch circuit
sections, the second terminals of said first resistor
elements are connected commonly, the anode of a first
diode is connected to said first control terminal, the
anode of a second diode is connected to said second
control terminal, the first terminal of a second resistor
element is connected to the cathodes of said first and
second diodes, the second terminal of said second
resistor element is grounded, and the connection point
of said first and second diodes and the first terminal of
said second resistor element is connected to the second
terminals of said first resistor elements.

35. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, first and second control terminals to which voltages,
having phases opposite to each other, are applied, and a
plurality of high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/output
terminals, wherein

each of said plurality of high-frequency switch circuit
sections comprises a series connection circuit of a
plurality of field-effect transistors, either a high-level
voltage or a low-level voltage is applied to the gate
terminals of said plurality of field-effect transistors
through either said first or second control terminal,
whereby ON and OFF states are attained, furthermore,
the first terminals of first resistor elements are con-
nected to the intermediate connection points of the
plurality of field-effect transistors respectively consti-
tuting said plurality of high-frequency switch circuit
sections, the anode of a first diode is connected to said
first control terminal, the first terminal of a second
resistor element is connected to the cathode of said first
diode, the second terminal of said second resistor
element is connected to said second control terminal,
the anode of a second diode is connected to said second
control terminal, the first terminal of a third resistor
element is connected to the cathode of said second
diode, the second terminal of said third resistor element
is connected to said first control terminal, the cathode
of said first diode is connected to the second terminals
of said first resistor elements connected to said plurality
of field-effect transistors, the gates of which are con-
nected to said first control terminal, and the cathode of
said second diode is connected to the second terminals
of said first resistor elements connected to said plurality
of field-effect transistors, the gates of which are con-
nected to said second control terminal.

36. A semiconductor device obtained by integrating, on a
semiconductor substrate, a high-frequency switching device
comprising a plurality of high-frequency signal input/output
terminals through which high-frequency signals are input/
output, first and second control terminals to which voltages,
having phases opposite to each other, are applied, a plurality
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of series high-frequency switch circuit sections disposed
between said plurality of high-frequency signal input/output
terminals, and a plurality of shunt high-frequency switch
circuit sections disposed between said plurality of high-
frequency signal input/output terminals and ground termi-
nals, wherein

sections, the anode of a first diode is connected to said
first control terminal, the first terminal of a second
resistor element is connected to the cathode of said first
diode, the second terminal of said second resistor
element is connected to said second control terminal,
the anode of a second diode is connected to said second
control terminal, the first terminal of a third resistor
element is connected to the cathode of said second
diode, the second terminal of said third resistor element
is connected to said first control terminal, the cathode
of said first diode is connected to the second terminals
of said first resistor elements connected to said plurality

each of said plurality of series high-frequency switch
circuit sections and each of said plurality of shunt
high-frequency switch circuit sections respectively
comprise a series connection circuit of a plurality of
field-effect transistors, either a high-level voltage or a
low-level voltage is applied to the gate terminals of said

plurality of field-effect transistors through either said
first or second control terminal, whereby ON and OFF
states are attained, furthermore, the first terminals of
first resistor elements are connected to the intermediate
connection points of the plurality of field-effect tran-
sistors respectively constituting each of said plurality of

of field-effect transistors, the gates of which are con-
nected to said first control terminal, and the cathode of
said second diode is connected to the second terminals
of said first resistor elements connected to said plurality
of field-effect transistors, the gates of which are con-
nected to said second control terminal.

series high-frequency switch circuit sections and each
of said plurality of shunt high-frequency switch circuit ® ok ® % %
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