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(57) ABSTRACT

In a semiconductor switch apparatus including an input
terminal, an output terminal, an AC ground terminal, a DC
ground terminal, at least one series MOS transistor con-
nected between the input terminal and the output terminal,
and at least one shunt MOS transistor connected between
one of the input terminal and the output terminal and the AC
ground terminal, the series MOS transistor is formed within
a first region of a semiconductor layer on a silicon-on-
insulator configuration surrounded by a first trench insulat-
ing layer, and the shunt MOS transistor is formed within a
second region of the semiconductor layer surrounded by a
second trench insulating layer.

13 Claims, 23 Drawing Sheets
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SEMICONDUCTOR SWITCH APPARATUS
INCLUDING ISOLATED MOS TRANSISTORS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor switch
apparatus for radio frequency signals.

2. Description of the Related Art

In a mobile communication apparatus such as a mobile
telephone apparatus using radio frequency signals such as
GHz microwave signals, semiconductor switch apparatuses
are used for switching the operation of an antenna circuit and
a receiving and transmitting circuit.

A prior art semiconductor switch apparatus using GaAs
FETs is very simple and therefore, can be constructed by one
semiconductor chip. That is, since the GaAs FETs serve as
passive elements such as resistors and capacitors, bias
circuits for the GaAs FETs are unnecessary. Also, since a
substrate of the GaAs FETs is made of semi-insulating
material having a high resistance, the leakage of radio
frequency signals via the substrate can be suppressed. This
will be explained later in detail.

In the above-described prior art semiconductor switch
apparatus using GaAs FETs, however, since GaAs substrates
are expensive, the manufacturing cost is very high.

In another prior art semiconductor switch apparatus using
silicon MOS transistors, in order to suppress the leakage of
radio frequency signals, a silicon-on-insulator (SOI) con-
figuration is adopted (see: JP-A-2000-294786) or a resistor
is inserted between the back gate of each of the MOS
transistors and a ground terminal (see: U.S. Pat. No. 6,094,
088). This also will be explained later in detail.

In the above-described prior art semiconductor switch
apparatus using silicon MOS transistors, although the manu-
facturing cost can be low, suppression of the leakage of radio
frequency signals is still insufficient, which also will be
explained later in detail.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
semiconductor switch apparatus using silicon MOS transis-
tors capable of further decreasing the transmission loss of
radio frequency signals.

According to the present invention, in a semiconductor
switch apparatus including an input terminal, an output
terminal, an AC ground terminal, a DC ground terminal, at
least one series MOS transistor connected between the input
terminal and the output terminal, and at least one shunt MOS
transistor connected between one of the input terminal and
the output terminal and the AC ground terminal, the series
MOS transistor is formed within a first region of a semi-
conductor layer on an SOI configuration surrounded by a
first trench insulating layer, and the shunt MOS transistor is
formed within a second region of the semiconductor layer
surrounded by a second trench insulating layer.

Thus, the leakage of radio frequency signals from the
series MOS transistor to the shunt MOS transistor can be
suppressed by the trench insulating layers.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more clearly understood
from the description set forth below, as compared with the
prior art, with reference to the accompanying drawings,
wherein:
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FIG. 1A is an equivalent circuit diagram illustrating a first

prior art semiconductor switch apparatus;

FIG. 1B is an equivalent circuit diagram illustrating a

modification of the semiconductor switch apparatus of FIG.
1A,

FIG. 2A is an equivalent circuit diagram illustrating a

second prior art semiconductor switch apparatus;

FIG. 2B is an equivalent circuit diagram illustrating a

modification of the semiconductor switch apparatus of FIG.
2A,;

FIG. 3 is an equivalent circuit diagram illustrating a third

prior art semiconductor switch apparatus;

FIG. 4 is a cross-sectional view of the semiconductor

switch apparatus of FIG. 3;

FIG. 5 is a cross-sectional view illustrating a fourth prior

art semiconductor switch apparatus;

FIG. 6 is a cross-sectional view illustrating a fifth prior art

semiconductor switch apparatus;

FIG. 7 is an equivalent circuit diagram illustrating a first

embodiment of the semiconductor switch apparatus accord-
ing to the present invention;

FIG. 8 is a plan view of the semiconductor switch

apparatus of FIG. 7;

FIG. 9 is a cross-sectional view of the semiconductor

switch apparatus of FIG. 7;

FIG. 10 is a graph showing the insertion loss character-

istics with respect to the resistance value of the resistors of
FIGS. 8 and 9;

FIG. 11 is a cross-sectional view illustrating a modifica-

tion of the semiconductor switch apparatus of FIG. 9;

FIG. 12 is an equivalent circuit diagram illustrating a

second embodiment of the semiconductor switch apparatus
according to the present invention;

FIG. 13 is a plan view of the semiconductor switch

apparatus of FIG. 12;

FIG. 14 is a cross-sectional view of the semiconductor

switch apparatus of FIG. 12;

FIG. 15 is a cross-sectional view illustrating a modifica-

tion of the semiconductor switch apparatus of FIG. 14;

FIG. 16 is an equivalent circuit diagram illustrating a third

embodiment of the semiconductor switch apparatus accord-
ing to the present invention;

FIG. 17 is an equivalent circuit diagram illustrating a

modification of the semiconductor switch apparatus of FIG.
16;

FIG. 18 is a layout diagram of the semiconductor switch

apparatuses of FIGS. 16 and 17,

FIG. 19 is an equivalent circuit diagram illustrating a

fourth embodiment of the semiconductor switch apparatus
according to the present invention;

FIG. 20 is a plan view of the semiconductor switch

apparatus of FIG. 18;

FIG. 21 is an equivalent circuit diagram illustrating a fifth

embodiment of the semiconductor switch apparatus accord-
ing to the present invention;

FIG. 22 is a plan view of the semiconductor switch

apparatus of FIG. 21; and

FIG. 23 is an equivalent circuit diagram illustrating a

modification of the semiconductor switch apparatus of FIG.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before the description of the preferred embodiments,

prior art semiconductor switch apparatuses will be explained
with reference to FIGS. 1A, 1B, 2A, 2B, 3,4, 5 and 6.
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In FIG. 1A, which illustrates a first prior art semiconduc-
tor switch apparatus, this semiconductor switch apparatus is
of a single pole single throw (SPST) type using GaAs
technology which is constructed by a series GaAs FET 101
connected between an input terminal IN and an output
terminal OUTI1, and a shunt GaAs FET 102 connected
between the output terminal OUT1 and an AC ground
terminal AC-GND. Also, control terminals C1 and C2 are
connected via gate protection resistors 103 and 104 to the
gates of the GaAs FETs 101 and 102, respectively.

When a high voltage such as 3V is applied to the control
terminal C1 and a low voltage such as 0V is applied to the
control terminal C2, the FETs 101 and 102 are turned ON
and OFF, respectively, so that a radio frequency signal can
be transmitted from the input terminal IN via the FET 101
to the output terminal OUTI.

On the other hand, when the low voltage such as OV is
applied to the control terminal C1 and the high voltage such
as 3V is applied to the control terminal C2, the FETs 101 and
102 are turned OFF and ON, respectively, so that the output
terminal OUT1 is completely short-circuited to the AC
ground terminal AC-GND. Thus, the leakage of the radio
frequency signal between the input terminal IN and the
output terminal OUT1 is suppressed, which improves the
isolation characteristics of the FET 101.

Note that, as illustrated in FIG. 1B, the shunt FET 102 and
the gate protection resistor 104 can be connected to the input
terminal IN.

In FIG. 2A, which illustrates a second prior art semicon-
ductor switch apparatus, this semiconductor switch appara-
tus is of a single pole double throw (SPDT) type using GaAs
technology which is further constructed by a series GaAs
FET 101' connected between the input terminal IN and an
output terminal OUT2, and a shunt GaAs FET 102' con-
nected between the output terminal OUT2 and the ground
terminal AC-GND in addition to the semiconductor switch
apparatus of FIG. 1A. Also, the control terminals C1 and C2
are connected via gate protection resistors 104' and 103 to
the gates of the GaAs FETs 102' and 101, respectively.

When a high voltage such as 3V is applied to the control
terminal C1 and a low voltage such as OV is applied to the
control terminal C2, the FETs 101 and 102 are turned ON
and OFF, respectively, so that a radio frequency signal can
be transmitted from the input terminal IN via the FET 101
to the output terminal OUT1. Simultaneously, the FETs 101"
and 102" are turned OFF and ON, respectively, so that the
output terminal OUT2 is completely short-circuited to the
AC ground terminal AC-GND. Thus, the leakage of the
radio frequency signal between the input terminal IN and the
output terminal OUT2 is suppressed, which improves the
isolation characteristics of the FET 101".

On the other hand, when the low voltage such as OV is
applied to the control terminal C1 and the high voltage such
as 3V is applied to the control terminal C2, the FETs 101"
and 102" are turned ON and OFF, respectively, so that a radio
frequency signal can be transmitted from the input terminal
IN via the FET 101' to the output terminal OUT2.
Simultaneously, the FETs 101 and 102 are turned OFF and
ON, respectively, so that the output terminal OUTI is
completely short-circuited to the AC ground terminal
AC-GND. Thus, the leakage of the radio frequency signal
between the input terminal IN and the output terminal OUT1
is suppressed, which improves the isolation characteristics
of the FET 101.

Note that, as illustrated in FIG. 2B, the shunt FETs 102
and 102' and the gate protection resistors 104 and 104' can
be connected to the input terminal IN.
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In FIGS. 1A, 1B, 2A and 2B, since the FETs 101, 101',
102 and 102' serve as passive elements such as resistors and
capacitors, bias circuits for the FETs 101, 101", 102 and 102"
are unnecessary. Also, since a substrate of the GaAs FETs
101, 101', 102 and 102' is made of semi-insulating material
having a high resistance, the leakage of radio frequency
signals via the substrate can be suppressed.

In the semiconductor switch circuits of FIGS. 1A, 1B, 2A
and 2B, however, since GaAs substrates are expensive, the
manufacturing cost is very high.

In FIG. 3, which illustrates a third prior art semiconductor
switch apparatus, this semiconductor switch circuit is of an
SPST type using silicon technology which is constructed by
a series MOS transistor 1 connected between an input
terminal IN and an output terminal OUT1, and a shunt MOS
transistor 2 connected between the output terminal OUT1
and an AC ground terminal AC-GND. Also, control termi-
nals C1 and C2 are connected via gate protection resistors 3
and 4 to the gates of the MOS transistors 1 and 2, respec-
tively. Further, the back gates of the MOS transistors 1 and
2 are connected to a DC ground terminal DC-GND, that is,
the back gates of the MOS transistors 1 and 2 are directly
grounded.

The operation of the semiconductor switch apparatus of
FIG. 3 is the same as that of the semiconductor switch
apparatus of FIG. 1A.

The semiconductor switch apparatus of FIG. 3 is of a
conventional CMOS switch configuration which is illus-
trated in FIG. 4.

In FIG. 4, reference numeral 11 designates a p~-type
monocrystalline silicon substrate having a resistivity of
about 10Q-cm. Also, p-type silicon wells 12-1, 12-2, . . . and
n-type silicon wells 13-1, 13-2, . . . are formed on the silicon
substrate 11.

In the p-type silicon well 12-2, the series MOS transistor
1 is formed by a gate silicon oxide layer 14-1, a gate
electrode layer 15-1 and n*-type impurity doped regions 16.
Similarly, in the p-type silicon well 12-3, the shunt MOS
transistor 2 is formed by a gate silicon oxide layer 14-2, a
gate electrode layer 15-2 and n*-type impurity doped
regions 16.

Also, in the p-type silicon wells 12-1, 12-2, . . ., p*-type
taken-out regions 17 are formed and connected to the DC
ground terminal DC-GND, that is, the back gates of the
MOS transistors 1 and 2 are directly grounded. Similarly, in
the n-type silicon wells 13-1, 13-2, . . ., n*-type taken-out
regions 18 are formed and connected to the DC ground
terminal DC-GND.

In FIGS. 3 and 4, since the resistivity of the silicon
substrate 11 is smaller than that of a GaAs substrate, radio
frequency signals are leaked from the p-type silicon well
12-2 via the silicon substrate 11 to the p-type silicon well
12-3 as indicated by X in FIG. 4. Also, radio frequency
signals are leaked from the p-type silicon well 12-2 via the
n-type silicon well 13-2 to the p-type silicon well 12-3 as
indicated by Y in FIG. 4. Further, radio frequency signals are
leaked from the p-type silicon wells 12-2 and 12-3 to the DC
ground terminal DC-GND as indicated by Z in FIG. 4. Thus,
the transmission loss of radio frequency signals is remark-
ably large.

In order to suppress the leakage of radio frequency signals
from the p-type silicon well 12-2 via the silicon substrate 11
to the p-type silicon well 12-3 as indicated by X in FIG. 4,
a fourth prior art semiconductor switch apparatus as illus-
trated in FIG. 5 is known (see: JP-A-2000-294786). That is,
a silicon oxide layer 19 is inserted between the silicon
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substrate 11 and the silicon wells 12-1,12-2, ..., 13-1,13-2,

.. of FIG. 4, thus realizing an SOI configuration. As a
result, since the resistance of the silicon substrate 11 across
the silicon oxide layer 19 is substantially increased, the
leakage of radio frequency signals via the silicon substrate
11 as indicated by X is FIG. 4 is decreased.

In order to suppress the leakage of radio frequency signals
from the p-type silicon wells 12-2 and 12-3 to the DC
ground terminal DC-GND as indicated by Z in FIG. 4, a fifth
prior art semiconductor switch apparatus as illustrated in
FIG. 6 is known where resistors 20 are inserted between the
p*-type taken-out regions 17 and the DC ground terminal
DC-GND of FIG. 4 (see: U.S. Pat. No. 6,094,088). That is,
the back gates of the MOS transistors 1 and 2 are connected
via the resistors 20 to the DC ground terminal DC-GND.

Thus, even if the semiconductor switch apparatus of FIG.
5 is combined with that of FIG. 6, the leakage of radio
frequency signals from the p-type silicon well 12-2 via the
n-type silicon well 13-2 to the p-type silicon well 12-3 as
indicated by Y in FIG. 4 cannot be decreased, so that the
transmission loss of radio frequency signals is still large.

In FIG. 7, which illustrates a first embodiment of the
semiconductor switch apparatus according to the present
invention, a resistor 5 is connected between the back gate of
the MOS transistor 1 and the DC ground terminal DC-GND
of FIG. 3, and a resistor 6 is connected between the back gate
of the MOS transistor 2 and the DC ground terminal
DC-GND of FIG. 3. Note that the resistors 5 and 6 corre-
spond to the resistor 20 of FIG. 6.

Also, the MOS transistor 1 is isolated by a trench insu-
lating layer T1 from the other elements, and the MOS
transistor 2 is isolated by a trench insulating layer T2 from
the other elements. In this case, the resistors 5 and 6 are as
close as possible to the MOS transistors 1 and 2,
respectively, thus preventing radio frequency signals from
superposing on each other.

The semiconductor switch apparatus of FIG. 7 will be
explained next with reference to FIGS. 8 and 9. Note that
FIG. 8 is a plan view of the semiconductor switch apparatus
of FIG. 7 and FIG. 9 is a cross-sectional view of the
semiconductor switch apparatus of FIG. 7.

In FIG. 9, reference numeral 21 designates a monocrys-
talline silicon substrate 21 on which a silicon oxide layer 22
is formed. Also, a p-type silicon layer 23 is grown on the
silicon oxide layer 22, thus realizing an SOI configuration.

Afield silicon oxide layer 24 is formed on the silicon layer
23 by a local oxidation of silicon (LOCOS) process.

Trench insulating layers T1 and T2 are buried in trenches
(grooves) in the field silicon oxide layer 24 and the silicon
layer 23. For example, a photoresist pattern for the trenches
is formed in the field silicon oxide layer 24 and the silicon
layer 23 by a photolithography process. Then, a plasma dry
etching process is performed upon the field silicon oxide
layer 24 and the silicon layer 23 using the photoresist pattern
as a mask. Finally, a silicon oxide layer is buried in the
trenches.

In an area surrounded by the trench insulating layer T1, a
gate insulating layer 25-1, a gate electrode layer 26-1,
n*-type impurity doped regions 271S and 271D, and a
p*-type taken-out region 28-1 are formed to realize the series
MOS transistor 1. Similarly, in an area surrounded by the
insulating trench layer T2, a gate insulating layer 25-2, a
gate electrode layer 26-2, n*-type impurity doped regions
2728 and 272D, and a p*-type taken-out region 28-2 are
formed to realize the shunt MOS transistor 2.

Further, a polycrystalline silicon layer is deposited on the
field silicon oxide layer 24 and patterned to form the
resistors 5 and 6 as well as the gate protection resistors 3 and
4.
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In FIGS. 8 and 9, since the SOI configuration is adopted,
the leakage of radio frequency signals from the p-type
silicon layer 23 surrounded by the trench insulating layer T1
for the series MOS transistor 1 via the silicon substrate 21
to the p-type silicon layer 23 surrounded by the trench
insulating layer T2 for the shunt MOS ftransistor 2 can be
suppressed.

Also, in FIGS. 8 and 9, since the series MOS transistor 1
is surrounded by the trench insulating layer T1 and the shunt
MOS transistor 2 is surrounded by the trench insulating
trench layer T2, the leakage of radio frequency signals from
the p-type silicon layer 23 surrounded by the trench insu-
lating layer T1 for the series MOS transistor 1 via the p-type
silicon layer 23 between the trench insulating layers T1 and
T2 to the p-type silicon layer 23 surrounded by the trench
insulating layer T2 for the shunt MOS transistor 2 can be
suppressed.

Further, in FIGS. 8 and 9, since the resistor 5 is inserted
between the silicon layer 23 surrounded by the trench
insulating layer T1 and the DC ground terminal DC-GND,
and the resistor 6 is inserted between the silicon layer 23
surrounded by the trench insulating layer T2 and the DC
ground terminal DC-GND, the leakage of radio frequency
signals from the silicon layer 23 surrounded by the trench
insulating layers T1 and T2 to the DC ground terminal
DC-GND can be suppressed.

As shown in FIG. 10, which shows the insertion loss
characteristics (the input to output voltage ratio
characteristics) with respect to the resistance value of the
resistors 5 and 6, the larger the resistance value, the smaller
the leakage current to the DC ground terminal DC-GND and
the smaller the insertion loss. Generally, the insertion loss is
less than 1 dB in view of the characteristics of the semi-
conductor switch apparatus. Therefore, the resistance value
is preferably larger than about 500€2. On the other hand,
although the operating range of the semiconductor switch
apparatus depends on the circuit elements connected thereto
and the grounding method of the DC ground terminal
DC-GND, if the resistance value is larger than about 10MQ,
the operation of the semiconductor switch apparatus
becomes unstable in a DC manner. Thus, the resistance value
of the resistors 5 and 6 is preferably about 500€2 to 10M€2.

In FIG. 11, which is a modification of the semiconductor
switch apparatus of FIG. 9, the resistors 5 and 6 are formed
by p*-type impurity doped regions in the silicon layer 23.
For example, openings having a predetermined size are
perforated in the filed silicon oxide layer 24 by a photoli-
thography and etching process, and then, 1E+15 boron
ions/cm? are implanted into the silicon layer 23 at an energy
of 30 keV.

In FIG. 12, which illustrates a second embodiment of the
semiconductor switch apparatus according to the present
invention, the resistor 5 as well as the MOS transistor 1 is
isolated by the trench insulating layer T1, and the resistor 6
as well as the MOS transistor 2 is isolated by the trench
insulating layer T2, thus surely preventing radio frequency
signals from superposing on each other.

As illustrated in FIGS. 13 and 14 which are a plan view
and a cross-sectional view, respectively, of the semiconduc-
tor switch apparatus of FIG. 12, the impurity concentration
of regions 23a of the silicon layer 23 under the p*-type
taken-out regions 28-1 and 28-2 is made smaller than that of
the other region of the p*-type taken-out regions 28-1 and
28-2. Thus, the regions 23a serve as the resistors 5 and 6 of
FIGS. 8 and 9.

In FIG. 15, which illustrates a modification of the semi-
conductor switch apparatus of FIG. 14, instead of providing
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the regions 23a of FIG. 14, the distance between the n*-type signal can be transmitted from the input terminal IN via the
impurity doped region 271S and the p*-type taken-out MOS transistor 1 to the output terminal OUT1. In this case,
region 18-1 is made longer, and the distance between the since the threshold voltage of the MOS transistor 2 is very

n+_type 1mpur1ty doped region 2728 and the p+_type taken- hlgh (4V), the MOS tral’l?iStOr 2 would nOt turned ON .eVen
out region 18-2 is made longer. Thus, the silicon layer 23 per 5 if the amplitude of radio frequency signals at the input
se serves as the resistors 5 and 6 of FIGS. 8 and 9. termmalll IN LS lailge.d N . | N )
In FIGS. 7 and 12, the control voltages applied to the On the other hand, when a low voltage such as OV is
control terminals C1 and C2 are usually OV and 3V. In this applied to the control terminal C, the transistors 321, 322,
. . . 323 and 324 are turned OFF, ON, ON and OFF respectively.
case, if the control voltages applied to the control terminals .
. . As a result, the voltages at the terminals C1 and C2 are 0V
C1 and C2 are 3V and 0V, respectively, the MOS transistors 10 . .
1 and 2 are expected to be comletely turned ON and OFE and 6V, respectively, so that the MOS transistors 1 and 2 are
and =~ P . petely ; i turned OFF and ON, respectively.
respectively. Also, if the amplitude of radio frequency The DC—DC converter 31 or 31' and the switching
mgnais il/pp/lzle.d to thl? lélli)utt termlrﬁa;l IEI 1 repgesen:ed ?}zhA circuit 32 can be applied to the semiconductor switch
i /2 is applied between the drain and gate of the avparatus of FIG. 18.
MOS transistor 2. Therefore, if A V,,/2>V,, where V,, is a 15 PP

; According to the simulation carried out by the inventor,
threshold voltage of the MOS transistor 2, the MOS tran- when the se?niconductor switch apparatus of FIG. 16 with-

sistor 2 would be turned ON. out the DC—DC converter 31 and the switching circuit 32

In FIG. 16, which illustrates a third embodiment of the was applied to an SPDT switch using four MOS transistors
semiconductor switch apparatus according to the present corresponding to the MOS transistors 1 and 2 of FIG. 16, the
invention, a DC/DC converter 31 and a switching circuit 32 29 jnput power at 0.1 dB compression point was 12.9 dBm.

constructed by CMOS circuits are added to the elements of Contrary to this, when the semiconductor switch apparatus
FIG. 7, thus surely turning OFF the MOS transistor 2. That of FIG. 16 with the DC/DC converter 31 and the switching
is, the DC/DC converter 31 receives a power supply voltage circuit 32 is applied to such an SPDT switch, the input power
Vpp such as 3V and generates a voltage of -3V. Also, the at 0.1 dB compression point was 27.3 dBm, thus improving
switching circuit 32 receives the power supply voltage 2° the power characteristics.

Vpp(3V) and the voltage -3V from the DC/DC converter 31 The layout of the semiconductor switch apparatuses of

and generates the control signals (C1 and C2) whose volt-  FIGS. 16 and 17 is illustrated in FIG. 18, and realized by
ages are 3V and -3V in accordance with a voltage applied silicon technology.

to a control terminal C. 5 InFIG. 19, which illustrates a fourth embodiment of the
The switching circuit 32 is constructed by p-channel MOS semiconductor switch apparatus according to the present
transistors 321 and 322 having a threshold voltage of about invention, a series MOS ftransistor 1' along with its gate
0.5V, N-channel MOS transistors 323 and 324 having a protection resistor 3' and a resistor §' is connected in series
threshold voltage of about 3.5V, and an inverter 325. to the series MOS transistor 1 of FIG. 7, and a shunt MOS
When a high voltage such as 3V is applied to the control .. transistor 2' along with its gate protection resistor 4' and a
terminal C, the transistors 321, 322, 323 and 324 are turned resistor 6' is connected in series to the shunt MOS transistor
ON, OFE, OFF and ON, respectively. As a result, the 2 of FIG. 7.
voltages at the terminals C1 and C2 are 3V and -3V, In FIG. 19, since the shunt MOS transistors 2 and 2' are
respectively, so that the MOS transistors 1 and 2 are turned connected in series, if the amplitude of radio frequency
ON and OFF, respectively. Therefore, a radio frequency ,, signals applied to the input terminal IN is represented by A
signal call be transmitted from the input terminal IN via the V.., AV, /4is applied between the drain and gate of each of
MOS transistor 1 to the output terminal OUT1I. In this case, the MOS transistor 2 and 2'. Therefore, unless A V,,/4>V,,
since the gate voltage of the MOS transistor 2 is very low  where V,,, is a threshold voltage of the MOS transistors 2 and

(—3V), the MOS transistor 2 is not turned ON even if the 2', the MOS transistors 2 and 2' would not be turned ON
amplitude of radio frequency signals at the input terminal IN' . under the condition that the voltage at the control terminal
is large. 2 1is OV.

On the other hand, when a low voltage such as OV is In FIG. 20, which is a plan view of the semiconductor
applied to the control terminal C, the transistors 321, 322, switch apparatus of FIG. 19, each of the MOS transistors 1,
323 and 324 are turned OFF, ON, ON and OFF respectively. 1, 2 and 2' is isolated by the trench insulating layers T1 and
As a result, the voltages at the terminals C1 and C2 are -3V 5, T2, so that the leakage of radio frequency signals from the
and 3V, respectively, so that the MOS transistors 1 and 2 are silicon layer 23 of the MOS transistor 1 to that of the MOS
turned OFF and ON, respectively. transistor 1' and the leakage of radio frequency signals from

In FIG. 17, which illustrates a modification of the semi- the silicon layer 23 of the MOS transistor 2 to that of the
conductor switch apparatus of FIG. 16, a DC/DC converter MOS transistor 2' can be sufficiently suppressed.

31' is provided instead of the DC/DC converter 31 of FIG. s5 In FIG. 21, which illustrates a fifth embodiment of the
16. That is, the DC/DC converter 31' receives the power semiconductor switch apparatus according to the present
supply voltage V,,, such as 3V and generates a voltage of invention, the resistors 5 and 5' as well as the MOS tran-
6V. Also, in the switching circuit 32, the p-channel MOS sistors 1 and 1' are isolated by the trench insulating layer T1,
transistors 321 and 322 have a threshold voltage of about 4V. and the resistors 6 and 6' as well as the MOS transistors 2
Additionally, the threshold voltage of the N-channel MOS ¢y and 2' are isolated by the trench insulating layer T2, thus
transistors 323 and 324 is made, for example, 1V. surely preventing radio frequency signals from superposing

When a high voltage such as 3V is applied to the control on each other. In this case, as illustrated in FIG. 22 which
terminal C, the transistors 321, 322, 323 and 324 are turned corresponds to FIG. 13, the resistors 5, §', 6 and 6' are
ON, OFF, OFF and ON, respectively. As a result, the formed in the same way as in FIG. 14 or 15.
voltages at the terminals Cl1 and C2 are 6V and OV, 65 InFIGS. 19, 20, 21 and 22, note that three or more series
respectively, so that the MOS transistors 1 and 2 are turned MOS transistors can be connected in series and three or
ON and OFFE, respectively. Therefore, a radio frequency more shunt MOS transistors can be connected in series.
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In the above-described embodiments, a series capacitor
for DC cut can be externally provided at the input terminal
IN and the output terminal OUT1, and a shunt capacitor for
AC cut can be internally provided at the shunt MOS tran-
sistor 2. For example, in the semiconductor switch apparatus
of FIG. 7, series capacitors 7 and 8 are connected to the input
terminal IN and the output terminal OUT1, respectively, and
a shunt capacitor 9 is connected between the shunt MOS
transistor 2 and the AC ground terminal AC-GND. In this
case, the shunt capacitor 9 is constructed by a metal-
insulator-metal (MIM) capacitance or a MOS capacitance.

Additionally, although the above-described embodiments
relate to an SPST switch, the present invention can be easily
applied to an SPDT switch which is constructed by two
SPST switches (see: FIGS. 1B and 2B).

Further, in the above-described embodiments, although
the shunt MOS transistor 2 (2) is connected to the output
terminal OUT1, the shunt MOS transistor 2 (2') can be
connected to the input terminal IN (see: FIGS. 2A and 2B).

As explained hereinabove, according to the present
invention, since a series MOS transistor and a shunt MOS
transistor are isolated by trench insulating layers, the leakage
of radio frequency signals can be further suppressed, that is,
the transmission loss of radio frequency signals can be
further suppressed.

What is claimed is:

1. A semiconductor switch apparatus, comprising:

an input terminal;

an output terminal;

an AC around terminal;

a DC around terminal;

a semiconductor substrate;

an insulating layer formed on said semiconductor sub-
strate;

a semiconductor layer formed on said insulating layer;

at least one series MOS transistor formed within a first
region of said semiconductor layer and connected
between said input terminal and said output terminal;

at least one shunt MOS transistor formed within a second
region of said semiconductor layer and connected
between (a) one of said input terminal and said output
terminal and (b) said AC around terminal, said shunt
MOS transistor being operated complementarily with
said series MOS transistor;

a first trench insulating layer surrounding said series MOS
transistor;

a second trench insulating layer surrounding said shunt
MOS transistor;

a control terminal,

a power supply terminal for generating a first power
supply voltage;

a DC/DC converter, connected to said power supply
terminal, for generating a second power supply voltage;
and

a switching circuit, connected to said control terminal,
said power supply terminal and said DC/DC converter,
for generating first and second complementary control
signals in accordance with a voltage at said control
terminal and transmitting said first and second comple-
mentary control signals to gates of said series MOS
transistor and said shunt MOS transistor, respectively,

one of said first and second complementary control sig-
nals being said first power supply voltage, the other of
said first and second complementary control signals
being said second power supply voltage.
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2. A semiconductor switch apparatus, comprising:
an input terminal;

an output terminal;

an AC ground terminal;

a DC ground terminal;

a semiconductor substrate;

an insulating layer formed on said semiconductor sub-
strate;

a semiconductor layer formed on said insulating layer;

at least one series MOS transistor formed within a first
region of said semiconductor layer and connected
between said input terminal and said output terminal;

at least one shunt MOS transistor formed within a second
region of said semiconductor layer and connected
between (a) one of said input terminal and said output
terminal and (b) said AC ground terminal, said shunt
MOS transistor being operated complementarily with
said series MOS transistor;

a first trench insulating layer surrounding said series MOS
transistor;

a second trench insulating layer surrounding said shunt
MOS transistor;

a control terminal,

a power supply terminal for generating a first power
supply voltage;

a DC/DC converter, connected to said power supply
terminal, for generating a second power supply voltage;
and

a switching circuit, connected to said control terminal,
said DC/DC converter and said DC ground terminal,
for generating first and second complementary control
signals in accordance with a voltage at said control
terminal and transmitting said first and second comple-
mentary control signals to gates of said series MOS
transistor and said shunt MOS transistor, respectively,

one of said first and second complementary control sig-
nals being said second power supply voltage, the other
of said first and second complementary control signals
being a voltage at said DC ground terminal.

3. A semiconductor switch apparatus comprising:

an input terminal;

an output terminal;

an AC ground terminal;

a DC ground terminal;

a semiconductor substrate;

an insulating layer formed on said semiconductor sub-
strate;

a semiconductor layer formed on said insulating layer;

a plurality of series MOS transistors formed within a first
region of said semiconductor layer and connected in
series between said input terminal and said output
terminal;

a plurality of shunt MOS transistors formed within a
second region of said semiconductor layer and con-
nected in series between (a) one of said input terminal
and said output terminal and (b) said AC ground
terminal, said shunt MOS transistors being operated
complementarily with said series MOS transistors;

a first trench insulating layer surrounding said series MOS
transistors; and

a second trench insulating layer surrounding said shunt
MOS transistors.
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4. The semiconductor switch apparatus as set forth in
claim 3, further comprising:

a plurality of first resistors, each first resistor connected
between a back gate of one of said series MOS tran-
sistors and said DC ground terminal; and

a plurality of second resistors, each second resistor con-
nected between a back gate of one of said shunt MOS
transistors and said DC ground terminal.

5. The semiconductor switch apparatus as set forth in
claim 4, wherein the resistance value of each said first and
second resistors is from about 500Q to about 10 MQ.

6. The semiconductor switch apparatus as set forth in
claim 4, wherein:

each of said first resistors is located outside of said first
trench insulating layer, and

each of said second resistors is located outside of said
second trench insulating layer.
7. The semiconductor switch apparatus as set forth in
claim 4, wherein:

each of said first resistors is located inside of said first
trench insulating layer, and

each of said second resistors is located inside of said
second trench insulating layer.
8. The semiconductor switch apparatus as set forth in
claim 7, wherein:
each of said first resistors comprises a low impurity
concentration region within the first region of said
semiconductor layer, and
each of said each of second resistors comprises a low
impurity concentration region within the second region
of said semiconductor layer.
9. The semiconductor switch apparatus as set forth in
claim 7, wherein:
each of said first resistors extends within the first region
of said semiconductor layer, between a gate terminal
and a second terminal of one of said series MOS
transistors, and
each of said second resistors extends within the second re
on of said semiconductor layer, between a gate terminal
and a second terminal of one of said shunt MOS
transistors.
10. The semiconductor switch apparatus as set forth in
claim 3, further comprising:

a control terminal,

NXP Semiconductors N.V. Ex. 1004

10

25

30

40

45

12

a power supply terminal for generating a first power
supply voltage;

a DC/DC converter, connected to said power supply
terminal, for generating a second power supply voltage;
and

a switching circuit, connected to said control terminal,
said power supply terminal and said DC/DC converter,
for generating first and second complementary control
signals in accordance with a voltage at said control
terminal and transmitting said first and second comple-
mentary control signals to gates of said series MOS
transistors and said shunt MOS transistors,
respectively,

one of said first and second complementary control sig-
nals being said first power supply voltage, the other of
said first and second complementary control signals
being said second power supply voltage.

11. The semiconductor switch apparatus set forth in claim

3, comprising:

a control terminal;

a power supply terminal for generating a first power
supply voltage;

a DC/DC converter, connected to said power supply,
terminal, for generating a second power supply voltage;
and

a switching circuit, connected to said control terminal,
said DC/DC converter and said DC ground terminal,
for generating first and second complementary control
signals in accordance with a voltage at said control
terminal and transmitting said first and second comple-
mentary control signals to gates of said series MOS
transistors and said shunt MOS transistors,
respectively,

one of said first and second complementary control sig-
nals being said second power supply voltage, the other
of said first and second complementary control signals
being a voltage at said DC ground terminal.

12. The semiconductor switch apparatus as set forth in
claim 3, wherein said apparatus comprises a single pole
single throw type switch.

13. The semiconductor switch apparatus as set forth in
claim 3, wherein said apparatus comprises a single pole
double throw type switch.

* * #* #* #*
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