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(57) ABSTRACT 

A Switching element is provided that realizes an stabilize a 
potential between the gates of the multi-gates without an 
increase in the insertion loss, and an antenna Switch circuit 
and a radio frequency module each using the Switch element. 
The switching element includes two ohmic electrodes 39, 40 
formed on a semiconductor Substrate, at least two gate 
electrodes 41, 42 disposed between the two ohmic elec 
trodes, and a conductive region 45 disposed between the 
adjacent gate electrodes among the at least two gate elec 
trodes, a field effective transistor being structured by the two 
ohmic electrodes, the at least two gate electrodes, and the 
conductive region. The conductive region has a wider por 
tion that is wider in width than the conductive region 
interposed between the adjacent gate electrodes on one end 
thereof. The distance between the adjacent gate electrodes is 
narrower than the width of the wider portion. Resistors 44, 
46 are connected in series between the two ohmic electrodes 
through the wider portion. 
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SWITCHING ELEMENT, ANTENNASWITCH 
CIRCUIT AND RADIO FREQUENCY MODULE 

USING THE SAME 

CLAIM OF PRIORITY 

0001. The present patent application claims priority from 
Japanese application JP 2004-353715 filed on Dec. 7, 2004, 
the content of which is hereby incorporated by reference into 
this application. 

FIELD OF THE INVENTION 

0002 The present invention relates to a switching ele 
ment using a field effect transistor whose conduction and 
nonconduction are controlled, and more particularly to a 
Switching element Suitable for interrupting a signal large in 
electric power as well as an antenna Switch circuit and a 
radio frequency module which use the Switching element. 

BACKGROUND OF THE INVENTION 

0003. In a radio communication apparatus such as a 
mobile terminal, one antenna is shared with transmission 
and reception, and a connection to the antenna is frequently 
switched over between the transmission and the reception by 
an antenna Switch. Also, in the case where the mobile 
terminal is adaptive to plural communication systems, the 
antenna Switch is so structured as to Switch over the con 
nections of the antenna between plural transmitting circuits 
and plural receiving circuits. It is general that a transmitted 
signal that is outputted from the transmitting circuits is large 
in electric power so as to exceed 1 Win a cellular phone. The 
antenna Switch is set with Such a performance that the 
transmitted signal large in the electric power is high in 
quality, and does not include an interfering wave that 
adversely affects the communication of another frequency 
band. Accordingly, in the case of using the Switching ele 
ment using a transistor as the antenna Switch, the Switching 
element is so designed as to be high in withstand Voltage and 
Suppress a harmonic distortion to a lower value. 
0004. In the case of using a field effect transistor for the 
Switching element, there are generally conducted an 
improvement in the withstand power property by using a 
multi-gate transistor in which plural gates are disposed 
between two ohmic electrodes (a drain electrode and a 
Source electrode), and a more improvement in the withstand 
power property by connecting the multi-gate transistors in 
multi-stages. Patent document 1: Japanese Patent Laid-open 
No. 2000-101032 discloses an example of a structure in 
which n electrodes that are formed between gate electrodes 
as inter-gate regions are connected to ohmic electrodes 
through resistors higher in resistance value than the n' 
electrodes in the multi-gate transistor. An example of a 
structure having four gate electrodes is shown in FIG. 16. 
The gate electrodes 18 to 20 and the n electrodes 22 to 24 
are disposed between the ohmic electrodes 16 and 17, and 
the n electrodes 22 to 24 are connected to the ohmic 
electrodes 16 and 17 through potential stabilization resistors 
25 to 28. 

SUMMARY OF THE INVENTION 

0005 FIG. 17 shows a general positive power driving 
SPDT (single pole double throw) switching circuit. The 
Switching circuit has one common terminal 4 and two 
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input/output terminals 2, 3. In the case of using the Switch 
circuit as an antenna Switch circuit that Switches over 
between the transmitting circuit and the receiving circuit, 
there are used the terminal 2 as a transmitting terminal, the 
terminal 3 as a receiving terminal, and the terminal 4 as an 
antenna terminal. Switching elements 5 and 6 each having a 
field effect transistor are disposed between the terminal 2 
and the terminal 4 and between the terminal 3 and the 
terminal 4, respectively. Terminals 14 and 15 are control 
terminals of the switching elements 5 and 6. Capacitors 7, 8 
and 9 are high frequency coupling capacitors, and resistors 
10 and 11 are isolation resistors for preventing the trans 
mitted and received signals from leaking to the terminals 14 
and 15. The resistors 12 and 13 are bias resistors for equally 
Supplying control signals that are inputted from the termi 
nals 14 and 15 to the Switch. 

0006. A large electric power that exceeds 1 W at the 
maximum is inputted to the transmitting terminal 2 from the 
transmitting circuit. For that reason, there is applied a 
structure in which two stages of dual gate transistors each 
having two gates are connected to the respective Switching 
elements 5 and 6 tandem. 

0007. At the time of transmission, 0 V is applied to the 
terminal 15, and a positive voltage is applied to the terminal 
14. In this situation, the switching element 5 is rendered 
conductive because a forward voltage is applied between the 
terminal 14 and a point “a”, and the switching element 6 is 
rendered nonconductive because a backward voltage is 
applied between the point “a” and the terminal 15. As a 
result, the transmitted signal that has been inputted to the 
terminal 2 is outputted to the antenna terminal 4 through the 
switching element 5. In the switching element 5, a potential 
difference between the ohmic electrode and the gate elec 
trode which are connected with the bias resistor 12, but a 
potential between the gate electrode and the gate electrode 
is unstable. When the latter potential is unstable, the with 
stand power property is deteriorated, and the harmonic 
distortion is liable to increase. At the time of reception, 0 V 
is applied to the terminal 14, and a positive Voltage is applied 
to the terminal 15 with the result that the switching element 
5 is made nonconductive, and the Switching element 6 is 
made conductive. As a result, the received signal that is 
inputted from the antenna terminal 4 is outputted to the 
terminal 3 through the switching element 6. Because the 
received signal is a faint signal, the harmonic distortion 
leads to no problem. 

0008. As described above, Japanese Patent Laid-open 
No. 2000-101032 discloses the switching element in which 
the n electrodes 22 to 24 which are the inter-gate regions 
are connected to the ohmic electrodes 16 and 17 through the 
potential stabilization resistors 25 to 28. However, the 
switching element suffers from the following problems. 

0009 First, as being understood from FIG. 16, the widths 
of the n' electrodes 22 to 24 are larger than those of the 
resistors 25 to 28. Since the width of the resistor is generally 
set to about 3 um in the width in a standard semiconductor 
process, the widths of the n electrodes 22, 23, and 24 are set 
to 3 um or larger. This means that the ON resistance is 
increased, and the insertion loss is increased because the 
inter-gate distance cannot be reduced. Also, because the 
potential stabilization resistors 25 to 28 are disposed 
between the gate electrode and the ohmic electrode, or 
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between the gate electrodes, a distance between the gate 
electrodes must be increased. This leads to the fact that the 
ON resistance is increased and the insertion loss is 
increased. In the present specification, the widths of the gate 
electrodes are directed to the size in the longitudinal direc 
tion of the drawing, and the lengths of the gate electrodes are 
directed to the size in the lateral direction of the drawing 
according to the general rule. The widths of the ohmic 
electrodes and then electrodes are directed to the size in the 
lateral direction of the drawing, and the lengths thereof are 
directed to the size in the longitudinal direction of the 
drawing. 

0010. The patent document 1 discloses a structure in 
which three switching elements one of which is shown in 
FIG. 16 are connected in parallel as a method of increasing 
the gate width in order to increase a permissible power of the 
Switching element. In this case, since the potential stabili 
Zation resistor is disposed in each of the Switching elements, 
the number of potential stabilization resistors increases, 
thereby making it impossible to downsize the parallel con 
nection structure. In addition, as shown in FIG. 18, wirings 
201a and 201b are formed for connecting an electrode 16a 
and an electrode 16b of the same ohmic electrode, and an 
electrode 17a and an electrode 17b of the same ohmic 
electrode mutually, respectively. The wirings 201a and 201b 
must cross lead lines 200a to 200d and lead lines 200e to 
200h of the gate electrodes. As a result, cross portions 202a 
to 202h each having an inter-electrode capacity are formed. 
That is, the capacities between the respective gate electrodes 
and the respective ohmic electrodes are increased. Those 
capacities lead to the insertion loss and the isolation dete 
rioration when the Switching element is nonconductive. 

0011. The present invention has been made in view of the 
above is to provide a switching element that can stabilize the 
potential between the gates of the multi-gates without an 
increase in the insertion loss, an antenna Switch circuit using 
the Switching element, and a radio frequency module using 
the Switching element. 

0012. In order to achieve the above object, according to 
the present invention, there is provided a Switching element 
comprising: two ohmic electrodes formed on a semiconduc 
tor Substrate; at least two gate electrodes that are disposed 
between the two ohmic electrodes; and an conductive region 
that is interposed between the adjacent gate electrodes of the 
at least two gate electrodes so as to constitute a field effect 
transistor, wherein the conductive region has a wider portion 
that is wider than the conduction region interposed between 
the adjacent gate electrodes at one end thereof, a distance 
between the adjacent gate electrodes is narrower than the 
width of the wider portion, and a resistor is connected in 
series between the two ohmic electrodes through the wider 
portion. The distance between the gate electrodes can be set 
without being affected by the size of the wider portion for 
connecting the resistor, that is, a connecting portion. Accord 
ingly, it is expected to provide a low-loss Switching element 
that can reduce the distance between the gate electrodes 
without an increase in an insertion loss, and can stabilize the 
potential between the gates of the multi-gates. 

0013 In order to achieve the above object, according to 
the present invention, there is provided an antenna Switch 
circuit comprising: a first terminal for inputting a transmitted 
signal; a second terminal that is connected to an antenna; a 
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third terminal for outputting a received signal that is 
received by the antenna; a first Switching element that is 
structured as above and connected between the first terminal 
and the second terminal; and a second Switching element 
that is structured as above and connected between the 
second terminal and the third terminal, wherein the first 
Switching element is rendered conductive and the second 
Switching element is rendered nonconductive at the time of 
transmission, and the first Switching element is rendered 
nonconductive and the second Switching element is rendered 
conductive at the time of reception. It is expected to realize 
the antenna Switch circuit that can interrupt the transmitted 
signal large in electric power and obtains a high isolation 
between the transmission and the reception because there are 
used the low-loss switching elements that can stabilize the 
potential between the gates of the multi-gates. Accordingly, 
it is expected to realize the antenna Switch circuit that is 
suitable for a case in which the connection between plural 
communication circuits and a common antenna to those 
communication circuits is Switched over. 

0014. In order to achieve the above object, according to 
the present invention, there is provided a radio frequency 
module, comprising: a first amplifier that amplifies a trans 
mitted signal; a second amplifier that amplifies a received 
signal that is received by an antenna; and an antenna Switch 
circuit that is structured as above, transmits the transmitted 
signal outputted by the first amplifier to the antenna at the 
time of transmission, and transmits the received signal 
received by the antenna to the second amplifier at the time 
of reception. It is expected to realize a radio frequency 
module Suitable for being mounted on a radio communica 
tion device Such as a cellular phone adaptive to plural 
communication systems since there is used the antenna 
Switch circuit which can interrupt the transmitted signal 
large in electric power and obtain a high isolation between 
the transmission and the reception, and Suitable for a case in 
which the connection between plural communication cir 
cuits and a common antenna to those communication cir 
cuits is switched over. 

0015 These and other objects and many of the attendant 
advantages of the invention will be readily appreciated as 
the same becomes better understood by reference to the 
following detailed description when considered in connec 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1A is a plan view for explaining a switching 
element according to a first embodiment of the present 
invention; 
0017 FIG. 1B is a circuit diagram for explaining the 
Switching element according to the first embodiment of the 
present invention; 
0018 FIG. 2 is a first sectional view for explaining a 
manufacturing process according to the first embodiment; 
0019 FIG. 3 is a second sectional view for explaining the 
manufacturing process according to the first embodiment; 
0020 FIG. 4 is a third sectional view for explaining the 
manufacturing process according to the first embodiment; 
0021 FIG. 5 is a fourth sectional view for explaining the 
manufacturing process according to the first embodiment; 
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0022 FIG. 6 is a plan view for explaining a switching 
element according to a second embodiment of the present 
invention; 
0023 FIG. 7 is a perspective view for explaining a 
Switching element according to the second embodiment of 
the present invention; 
0024 FIG. 8A is a plan view for explaining a switching 
element according to a third embodiment of the present 
invention; 
0.025 FIG. 8B is a circuit diagram for explaining the 
switching element according to the third embodiment of the 
present invention; 
0026 FIG. 9 is a graph for explaining a change in 
insertion loss when a width of an in layer is changed to 
change an inter-gate distance; 
0027 FIG. 10A is a graph showing an actual measure 
ment result of a second harmonic distortion when electricity 
is fed to the n" layer; 
0028 FIG. 10B is a graph showing an actual measure 
ment result of a third harmonic distortion when electricity is 
fed to the nt layer; 
0029 FIG. 10C is a graph showing an actual measure 
ment result of the second harmonic distortion when elec 
tricity is not fed to the n" layer; 
0030 FIG. 10D is a graph showing an actual measure 
ment result of the third harmonic distortion when electricity 
is not fed to the n layer; 
0031 FIG. 11 is a circuit diagram showing a measuring 
circuit using the Switching element when electricity is fed to 
the n" layer; 
0032 FIG. 12 is a circuit diagram showing a measuring 
circuit using the Switching element when electricity is not 
fed to the n' layer; 
0033 FIG. 13 is a graph for explaining a voltage depen 
dency of a capacity between an ohmic electrode and a gate 
electrode: 
0034 FIG. 14 is a graph for explaining a voltage depen 
dency of a capacity between the gate electrode and the n' 
layer; 
0035 FIG. 15 is a circuit structural diagram for explain 
ing an antenna Switch circuit and a radio frequency module 
according to a fourth embodiment of the present invention; 
0.036 FIG. 16 is a plan view for explaining a conven 
tional Switching element; 
0037 FIG. 17 is a circuit diagram for explaining a 
general SPDT switch: 
0038 FIG. 18 is a plan view for explaining a problem on 
an increase in the capacity in a conventional Switching 
element; and 
0039 FIG. 19 is another plan view for explaining the 
Switching element according to the second embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0040 Hereinafter, a description will be given in more 
detail of a Switching element, and an antenna Switch circuit 

Jun. 8, 2006 

and a radio frequency module using the Switching element 
according to several embodiments of the present invention 
with reference to the accompanying drawings. 

0041 FIGS. 1A and 1B show a first embodiment of the 
present invention. This embodiment is related to a dual gate 
switching element that is formed by a high electron mobility 
transistor (hereinafter referred to as “HEMT) which is a 
field effect transistor. This switching element is used as a 
primary element in an antenna Switch circuit having a radio 
frequency module which is mounted on a mobile commu 
nication device such as a cellular phone. 
0042. In a layout shown in FIG. 1A, gate electrodes 41 
and 42 which are 0.5 um in the length and 1.5 um in the 
distance between the gate electrodes are formed between 
two ohmic electrodes 39 and 40 which are 5um in the width. 
Distances between the ohmic electrode 39 and the gate 
electrode 41 and between the ohmic electrode 40 and the 
gate electrode 42 are 1.0 um, respectively. One ends of the 
gate electrodes 41 and 42 are thickened to about 3 to 5 um 
in the length because wirings and bias Supply resistors are 
connected to those gate electrodes 41 and 42. The other ends 
of the gate electrodes 41 and 42 extend in different directions 
outside of the ohmic electrodes. An element separation 
region 43 is so formed as to include those portions. 

0.043 Ann" electrode 45 formed of an in layer that is 0.5 
um in the width is disposed between the gate electrodes 41 
and 42 in a region that is interposed between the ohmic 
electrodes 39 and 40. The n' electrode 45 of a portion 
Surrounded by the element separation region 43 and the gate 
electrodes 41, 42 outside of the ohmic electrodes 39 and 40 
are widened. One ends of potential stabilization resistors 44 
and 46 are connected to the wider portion, the other end of 
the potential stabilization resistor 44 is connected to the 
ohmic electrode 39, and the other end of the potential 
stabilization resistor 46 is connected to the ohmic electrode 
40. The potential stabilization resistors 44 and 46 are con 
nected to the n electrode 45 to feed electricity to the n' 
electrode 45, and the wider portion of the n electrode 45 
forms a feeding point. 

0044) The above layout makes it possible to resistively 
connect the n" electrode and the ohmic electrodes while 
minimizing the inter-gate distance without being affected by 
the arrangement of the potential stabilization resistors 44 
and 46. 

0045. Thin film resistant layers are employed for the 
potential stabilization resistors 44 and 46. The thin film 
resistant layers are connected to the wider portion of the n' 
electrode 45 by other wiring layers which are not shown in 
the figure. The potential stabilization resistors 44 and 46 are 
not limited by the thin resistant layer but can be formed of 
the same semiconductor layer as the n electrode 45 or a 
partial semiconductor layer of the n electrode 45. In this 
case, the semiconductor layers that form the potential sta 
bilization resistors 44 and 46 are continuously connected 
from the wider portion of the n" electrode 45. FIG. 1B 
shows a circuit diagram of the Switching element according 
to this embodiment in which then electrode 45 is connected 
to the potential stabilization resistors 44 and 46 as described 
above. 

0046. Hereinafter, a process of manufacturing the switch 
ing element according to this embodiment will be described. 
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First, as shown in FIG. 2, a buffer layer 30, an electron 
Supply layer 31, a channel layer 32, an electron Supply layer 
33, a Schottky layer (electron supply layer) 34, an interlayer 
film 35, and an in layer (n-type cap layer) 36 are sequen 
tially epitaxially grown on a semiconductor Substrate (here 
inafter referred to simply as “substrate”) 29 made of GaAs 
which is a compound semiconductor, for example, through 
a metal organic chemical vapor deposition (MOCVD). 
0047. The buffer layer 30 is formed by sequentially 
stacking a non-doped GaAs layer that is about 1000A in the 
thickness, a non-doped AlGaAS (aluminum gallium ars 
enide) layer that is about 100A in the thickness, a non-doped 
GaAs layer that is about 500 A in the thickness, and a 
non-doped AlGaAs layer that is about 3000 A in the thick 
ness from the lower layer. 
0.048. The electron supply layer 31 is formed of an in 
type AlGaAs layer that is about 100 A in the thickness, and 
impurity ions (for example, silicon ions) having an n-type 
conductivity type (first conductivity type) is introduced into 
the electron supply layer 31 with the density of about 5x10'7 
cm 

0049. The channel layer 32 is formed by sequentially 
stacking a non-doped AlGaAs layer that is about 30 A in the 
thickness, a non-doped GaAs layer that is about 40A in the 
thickness, a non-doped InGaAs layer that is about 80 A in 
the thickness, a non-doped GaAs layer that is about 40A in 
the thickness, and a non-doped AlGaAs layer that is about 30 
A in the thickness, from the lower layer. 
0050. The electron supply layer 33 is formed by an in" 
type AlGaAs layer that is about 100 A in the thickness, and 
impurity ions (for example, silicon ions) having an n-type 
conductivity type are introduced into the electron Supply 
layer 33 with the density of about 3x10 cm. 
0051) The Schottky layer 34 is formed by an in type 
AlGaAs layer that is about 590 A in the thickness, and 
impurity ions (for example, silicon ions) having an n-type 
conductivity type are introduced into the Schottky layer 34 
with the density of about 2x10" cm. 
0.052 The interlayer film 35 is formed by an in type 
AlGaAs layer that is about 30 A in the thickness, and 
impurity ions (for example, silicon ions) having an n-type 
conductivity type are introduced into the interlayer film 35 
with the density of about 5x10 cm. 
0053) The n" film 36 is formed by ann" type GaAs layer 
that is about 1400A in the thickness, and impurity ions (for 
example, silicon ions) having an n-type conductivity type 
are introduced into the n" film 36 with the density of about 
5x108 cm. 

0054 The above epitaxial crystal structure is of a distor 
tion channel HEMT (hereinafter referred to as “pHEMT: 
pseudomorphic HEMT). After the above epitatial growth 
has been conducted, element separation is conducted 
through a mesa etching method to form an ohmic electrode 
37 that comes in ohmic contact with the n' layer 36 at a 
given position. The ohmic electrode 37 serves as a source 
electrode and a drain electrode of the field effect transistor. 

0055 Subsequently, the n" layer 36 and the interlayer 
film 35 at portions where the gate electrodes are formed are 
removed (FIG. 4). Then, a gate electrode 38 is formed (FIG. 
5). The gate electrode 38 is set to 1.0 um or lower in the gate 
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length, and more preferably to about 0.5 um. Also, the gate 
electrode 38 is formed of a metal layer with Pt (platinum) as 
the lowest layer, and for example, a metal layer resulting 
from sequentially stacking Pt, Ti (titanium), Pt, and Au 
(gold) from the lower layer. The thickness of Pt that is the 
lowest layer is about 150 A. The Pt layer reacts with the 
Schottky layer 34 in the following heating process, and is 
embedded by about 380 A into an embedded gate. Alterna 
tively, a gate electrode that is not embedded may be used, 
and in this case, the gate electrode 38 is formed of a metal 
layer resulting from sequentially stacking Ti, Pt, and Au 
from the lower layer. Also, in this case, the thickness of the 
Schottky layer 34 is thinned to about 200 A. 
0056 FIG. 5 shows a sectional structure of a dual gate 
element having two gate electrodes 38 between the ohmic 
electrodes 37. An n layer (n-type cap layer) 36 that forms 
an in electrode is disposed between those two gate elec 
trodes 38. An interval between then layer 36 and the gate 
electrode 38 adjacent to the n" layer 36 is about 0.5um. An 
interval between the gate electrodes and then layer as well 
as the width of the n" layer can be arbitrarily designed. 
However, that the interval between the gate electrodes and 
the n' layer is made shorter to the degree that can maintain 
the withstand Voltage is advantageous from the viewpoint of 
the insertion loss at the time of Switch operation, and a 
standard interval between the gate electrodes and the n 
layer is 0.5 lum. Also, the width of the n' layer is advanta 
geously made thinner from the viewpoint of reducing the 
insertion loss, and a standard width of the n" layer is about 
0.5um from the viewpoint of a processing accuracy. The key 
point of the present invention is to feed electricity to the n' 
layer that extends in a direction of the gate width. However, 
because a current hardly flows in then layer, the resistance 
of then layer does not need to be largely lowered. Accord 
ingly, in the case of using a normal in layer having a sheet 
resistance of 50 O/O, it is sufficient that the width is about 
0.5 Lum. The same is applied to a case of the multi-gate 
element having at least three gate electrodes between the 
ohmic electrodes. The layer between the gate electrodes is 
not limited to the n" layer but can be broadly set to the 
conductive region. The material of the conductive region is 
set assuming that a current hardly flows in the conductive 
region as described above. 
0057 The above description is given of the main manu 
facturing process of the field effect transistor. Thereafter, a 
resistor element and a capacitor element are integrated and 
formed on the Substrate 29, necessary wirings are arranged, 
and a passivation film is finally formed, to thereby finalize 
a process of a main Surface of the chip (element formed 
surface). Finally, the thickness of the substrate is appropri 
ately thinned to about 100 um, and the substrate is cut off, 
to thereby complete a chip. 

0058. The field effect transistor that is manufactured in 
the above manufacturing process is pHEMT. However, the 
present invention is not limited to this process but may be, 
for example, a distortion ease HEMT (hereinafter referred to 
as “mHEMT: metamorphic HEMT. Hereinafter, a process 
of manufacturing the Switching element in the case where 
the field effect transistor is mHEMT will be described. 

0059. In FIG. 2, a layer that continuously or stepwise 
increases an InAS mixed crystal ratio of the InAlAs layer 
from 0 to a desired value is inserted as the buffer layer 30, 
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and the dislocation caused by the lattice constant difference 
of crystal is closed in the buffer layer 30. The degree of an 
increase in the InAS mixed crystal ratio is determined 
according to the composition of an InGaAs channel to be 
used. In this example, the InAs mixed crystal ratio of the 
InGaAs channel is about 0.4, and the InAs mixed crystal 
ratio of the buffer layer 30 also increases to about 0.4. The 
electron Supply layer 31 is not inserted in this manufacturing 
process. 

0060. The channel layer 32 is formed by sequentially 
stacking an non-doped InGaAs layer that is 200 A in the 
thickness (InAs mixed crystal ratio is about 0.4), and an 
non-doped InAs layer that is 20 A in the thickness as a 
spacer layer (InAs mixed crystal ratio is about 0.4). 

0061 The electron supply layer 33 is formed by an in 
InAlAs layer that is 100 A in the thickness (InAs mixed 
crystal ratio is about 0.4), and impurity ions having the n 
conduction type (for example, silicon ions) are introduced 
into the electron supply layer 33 with the density of about 
3x10 cm. 

0062) The Schottky layer 34 is formed of an n' type 
InAlAs layer that is about 330 A in the thickness (InAs 
mixed crystal ratio is about 0.4), and impurity ions having 
the n conduction type (for example, silicon ions) are intro 
duced into the Schottky layer 34 with the density of about 
2x10 cm. 

0063) The interlayer film 35 is formed of an n' type InP 
layer that is about 50 A in the thickness, and impurity ions 
having then conduction type (for example, silicon ions) are 
introduced into the interlayer film 35 with the density of 
about 5x10 cm. 

0064. The n" layer (n type cap layer) 36 is formed of an 
n" type InGaAs layer that is about 1400A in the thickness 
(InAs mixed crystal ratio is about 0.4), and impurity ions 
having the n conduction type (for example, silicon ions) are 
introduced into the n' layer 36 with the density of about 
5x10 cm. 

0065. Subsequently, after the ohmic electrode 37 has 
been formed (FIG. 3), then layer 36 and the interlayer film 
35 at portions where the gate electrodes are formed are 
removed as with the pHEMT (FIG. 4). The gate electrodes 
38 are then formed (FIG. 5). Each of the gate electrodes 38 
is formed of a metal layer with Pt as the lowest layer (a metal 
layer obtained by sequentially stacking Pt, Ti, Pt, and Au). 
The thickness of Pt in the lowest layer is about 50 A. The Pt 
layer reacts with the Schottky layer 34 and embedded in the 
Schottky layer 34 in the Subsequent heating process. In the 
mHEMT, because the height of the Schottky barrier is 
Sufficiently heightened to Suppress a leak current, a Pt gate 
that obtains the high Schottky barrier and is large in the work 
function has been used often. This Pt gate is employed in this 
manufacturing process. That is, in the Switch circuit using 
the mHEMT, the Pt gate is suitable from the viewpoint of 
reducing the leak current of the gate electrodes. In addition, 
the Pt that obtains the high Schottky barrier and is large in 
the work function prevents from a problem on the voltage 
dependency of the OFF capacity from which the embedded 
gate using Pt suffers from, with the result that the Pt gate is 
effective to the present invention. 
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0066. The intervals between the gate electrodes 38 and 
the n" layer 36, and the width of the n" layer 36 are set to 
about 0.5 um as in the case of the above manufacturing 
process, respectively. 
0067. The mHEMT formed in this manufacturing process 

is larger in the electron mobility than the pHENT by 20% or 
more. For that reason, the ON resistance Ron of the device 
is reduced, and the insertion loss in the Switch circuit is 
reduced. The problem on the voltage dependency of the OFF 
capacity which is liable to lead to a problem by using the Pt 
gate can be also prevented, and the harmonic distortion can 
be also suppressed to a lower level. 
0068 The above description is given of the switching 
element due to the pHEMT and the mHEMT using GaAs. 
However, the present invention can be applied to other field 
effect transistor Switching elements, likewise. For example, 
the present invention is applicable to a field effect transistor 
switching element using a GaN or InGaN layer as the 
channel layer. 
0069 FIG. 6 shows a second embodiment of the present 
invention. This embodiment is concerned with a Switching 
element having a larger gate width as compared with the first 
embodiment. The manufacturing process is identical with 
that in the first embodiment. 

0070 Referring to FIG. 6, the ohmic electrodes 39 and 
40 which are 5 um in the width are so arranged as to be 
engaged with each other in the form of comb teeth. The gate 
electrodes 41 and 42 which are 0.5un in the gate length are 
formed in the form of a meander so as to grovel between the 
comb teeth in Such a manner that the gate electrodes 41 and 
42 that are 0.5 um in the gate length keep the inter-gate 
distance 1.5 um and the n' layer 45 which forms the n' 
electrode is interposed between the gate electrodes 41 and 
42. In this case, the distances between the ohmic electrode 
39 and the gate electrode 41 and between the ohmic elec 
trode 40 and the gate electrode 42 are 1 lum, respectively. 
The distances between the n" layer 45 and the gate elec 
trodes 41, 42 are 0.5 um, respectively. 
0071. One ends of the gate electrodes 41 and 42 are 
thickened to 3 to 5 um in the length because of the 
connection with to the wirings and the bias Supply resistors. 
The other ends of the gate electrodes 41 and 42 extend to the 
outsides of the ohmic electrodes, and the gate electrodes 41 
and 42 outside of the ohmic electrodes extend in directions 
different from those of the gate electrodes 41 and 42 insides 
of the ohmic electrodes. The isolation region 43 is so formed 
as to include that portion. 
0072 This structure makes it possible to thicken the 
width of the n electrode 45 more than 0.5um outside of the 
ohmic electrodes. Accordingly, an area of the nt layer 45 
that is surrounded by the gate electrodes 41 and 42 that 
extend in the different directions and the isolation region 43 
can ensure a sufficient area to connect the resistor. The width 
of the n electrode 45 at that portion is normally about 3 um. 
The ohmic electrode 39 and then layer 45 are connected by 
the potential stabilization resistor 44, and the ohmic elec 
trode 40 and the n' layer 45 are connected by the potential 
stabilization resistor 46. 

0073. In the above structure, the gate electrodes 41 and 
42 are interposed by the ohmic electrodes 39 and 40 at three 
times, separately, whereby the three Switching elements one 
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of which is shown in FIG. 1A are connected in series. As a 
result, the total gate width increases three times. Even if the 
number of comb teeth of the ohmic electrodes 39 and 40 is 
increased to further increase the gate width, it is sufficient 
that the number of nodes between then electrode 45 and the 
potential stabilization electrodes 44, 46 is at least one. In a 
conventional example shown in FIG. 18, the number of 
potential stabilization resistors is increased in proportion to 
the number of parallel. However, in the present invention, 
the number of potential stabilization resistors is not 
increased. Therefore, the above manner makes it possible to 
Suppression increase in the area to the minimum with respect 
to an increase in the gate width while Suppressing the 
inter-gate distance. 

0074. In addition, the above structure has no intersection 
portion at which the lead lines of the gate electrodes and the 
mutual connection lines of the ohmic electrodes intersect 
with each other as in the conventional structure shown in 
FIG. 18. Accordingly, there is no increase in the capacities 
between the gate electrodes and the ohmic electrodes, and an 
increase in the insertion loss and the isolation deterioration 
due to an increase in the capacity when the Switching 
elements are in a nonconductive state is prevented. 
0075 FIG. 7 shows a perspective view showing the 
section of FIG. 6 taken along a line A-A. Numeral reference 
in FIG. 7 coincide with that in FIG. 6. The potential 
stabilization resistor elements 44 and 46 are omitted from 
the drawing. The outside of the isolation region 43 is formed 
with an oblique surface in the vicinity of the region because 
an upper Surface of the semiconductor is cut. The gate 
electrodes 41 and 42 extend beyond the oblique surface, to 
thereby allow the regions between the gate electrodes and 
the ohmic electrodes to be separated from the regions 
between the gate electrodes and the n electrodes. 
0076 FIGS. 8A and 8B show a third embodiment of the 
present invention. This embodiment is concerned with a 
triple gate element having three gate electrodes. The manu 
facturing process is basically identical with that in the first 
embodiment although the formed gate electrodes and n' 
layers are different from those in the first embodiment. 
0077. In an example of the layout shown in FIG. 8A, the 
gate electrodes 41, 42, and 47 are arranged between the 
ohmic electrodes 39 and 40, and then layers 45 and 48 are 
disposed between the respective gate electrodes. In this 
example, the overall ohmic electrodes are covered in the 
isolation region 43, different from the case of the second 
embodiment shown in FIG. 6. As a result, because the 
meander portion also acts as the field effect transistor, the 
ON resistor can be reduced in the same element area. The 
gate electrodes 41 and 42 extend in the different directions 
outside of the ohmic electrodes, and the gate electrodes 47 
extend as they are, to thereby increase the distance between 
the gate electrodes. For that reason, the wider n layers 45 
and 48 are formed in the regions that are surrounded by the 
gate electrodes 41, 42, and 47 and the element separation 
region 43. The wider n' layer 45 and the ohmic electrode 39, 
the n" layer 45 and the n' layer 48, and the n' layer 48 and 
the ohmic electrode 40 are connected to each other by the 
potential stabilization resistors (not shown), respectively, to 
thereby make the ohmic electrodes and the gate electrodes, 
and the gate electrodes and the n' layer identical in the 
potential with each other. As a result, the potentials of the 
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gate electrodes are stabilized. FIG. 8B shows a circuit 
diagram showing a Switching element according to this 
embodiment. 

0078 FIG. 9 shows the results of calculating a change in 
the insertion loss when the switching elements of the present 
invention are rendered conductive, and the distance between 
the gates is changed. The Switching elements used for 
calculation are two dual gates. The gate width is 1 mm, the 
distances between the ohmic electrodes and the gate elec 
trodes are 1 Lim, and the distances between the gate elec 
trodes and then electrodes are fixed to 0.5um, respectively. 
The n electrode width is changed, to thereby change only 
the distances between the gate electrodes. 

0079. In the first, second, and third embodiments, the 
inter-gate distance is 1.5 m, and the n' electrode width is 
0.5 Lum. The corresponding insertion loss is about 0.28 dB. 
When the n electrode width increases to 3 um, the loss 
increases to 0.4 dB, and the n" electrode width is further set 
to 5 Lim, the loss increases to 0.5 dB. As a result, it is proved 
that when the distance between the gate electrodes is made 
minimum, the ON resistance of the transistor is minimized, 
and the insertion loss is minimized. 

0080. As described above, according to the present 
invention, the withstand power property can be improved 
without an increase in the insertion loss and the element 
area. A reduction in the harmonic distortion which is another 
important advantage will be described below. 

0081 FIGS. 10A to 10D show the real measurement 
results of input power (Pin) dependency of the second 
harmonic distortion (2HD) and the third harmonic distortion 
(3HD) when the switching elements that supply electricity to 
the n' electrodes according to the present invention shown 
in FIG. 1A, and the general switching elements that do not 
feed electricity to the n' electrodes in the switch circuit 
shown in FIG. 1A, that is, which is not stabilized in the 
inter-gate potential, are connected to a transmission path in 
parallel in the nonconductive state, respectively. The fre 
quency is set to 1910 MHz. FIGS. 10A and 10B show the 
second harmonic distortion and the third harmonic distortion 
of the Switching element according to the present invention, 
respectively, and FIGS. 10C and 10D show the second 
harmonic distortion and the third harmonic distortion of the 
general Switching element, respectively. 

0082 FIG. 11 shows a measurement circuit diagram 
showing the harmonic distortion by using the Switching 
element of the present invention. A switching element 54 is 
structured by two stages of dual gates that feed electricity to 
the n electrodes. The switching element 54 having the two 
stage structure of the dual gates according to the present 
invention is connected between a transmission path extend 
ing between an input terminal 49 and an output terminal 50. 
and the ground. A terminal 51 and a terminal 56 are bias 
Supply terminals. A capacitor 53 is used for high frequency 
coupling, and resistors 52 and 57 are used for high frequency 
leakage prevention and d.c. current coupling, respectively. 
Resistors 55 that are connected between the ohmic elec 
trodes through then electrodes between the gate electrodes 
equally effects bias to the respective stages. 

0083 FIG. 12 shows a measurement circuit diagram 
showing a harmonic distortion using the general Switching 
element. The switching element 54 is structured by two 
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stages of dual gates that do not feed electricity to the n' 
electrodes. Resistors 55 are connected between the ohmic 
electrodes not through the n electrodes, different from the 
switching element shown in FIG. 11. 

0084 As shown in FIGS. 10A to 10D, the switch of the 
present invention is Small in the harmonic distortion because 
the input voltage is low, and also small in the harmonic 
distortion at the time of 35 dBm input. The switching 
element of the present invention and the general Switching 
element further improve the harmonic distortion as the bias 
voltage is made higher to V1,V2, and V3. However, in the 
Switching element according to the present invention, it is 
confirmed that a change in the harmonic distortion with 
respect to the bias is large, and the degree of the improve 
ment in the harmonic distortion is large. An improvement in 
the harmonic distortion of the switching element in the 
nonconductive state will be described with reference to 
FIGS. 13 and 14. 

0085 FIG. 13 shows a dependency of the capacity 
between the ohmic electrode and the gate electrode on a 
Voltage between the ohmic electrode and the gate electrode, 
and FIG. 14 shows a dependency of the capacity between 
the gate electrode and the n electrode disposed between the 
gate electrodes on a Voltage between the gate electrode and 
the n electrode. In both of those figures, the capacity is 
lessened as the Voltage drops at a voltage that is lower than 
a Voltage that allows the transistor to turn off. Also, a change 
in the capacity becomes larger as the Voltage approaches the 
OFF voltage more. The voltage dependency taken by the 
capacity at the time of OFF leads to the harmonic distortion 
that is generated from the transistor of the OFF state. In 
particular, in the case of the Ptembedded type gate electrode 
which is applied in the first, second, and third embodiments, 
there is a tendency to increase the dependency of the OFF 
capacity on the Voltage because the bottom Surface of the 
gate electrode is not completely flat. That is, there is a 
tendency to increase the harmonic distortion of the transistor 
which is in the OFF state. However, the Ptembedded type 
is advantageous to a reduction in the insertion loss and a 
reduction in the harmonic distortion in the transistor which 
is in the ON state because a resistance of a parasitic portion 
of a gate side is reduced. 

0086. In the circuit shown in FIG. 12, that is, in the case 
where there is a portion where the potential is unstable 
because electricity is not fed to the n electrode, when the 
OFF voltage of the switch which is Vc is applied to the 
terminal 51, a portion between the ohmic electrode and the 
gate electrode is biased to a point “b’ in FIG. 13. However, 
a portion between the n electrode and the gate is biased to 
a point “c”, in FIG. 14, to thereby develop a voltage close 
to a voltage at which the channel turns off. For that reason, 
the dependency of the OFF capacity on the voltage is large, 
and a large harmonic distortion is generated when the high 
frequency power passes therethrough. 

0087. In the switching element according to the present 
invention as shown in FIG. 11, because electricity is fed to 
the n electrode, a portion between the ohmic electrode and 
the gate electrode is biased to a point “b’ in FIG. 13 and a 
portion between the gate electrode and the n electrode is 
biased to a point “d in FIG. 14. For that reason, in any 
cases, the generation of the harmonic distortion is Sup 
pressed because biasing is conducted in a region where the 
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dependency of the OFF capacity on the voltage is small. 
That is, even in the element having the Ptembedded type 
gate electrode that is large in the dependency of the OFF 
capacity on the Voltage as in this embodiment, it is possible 
to get the lower insertion loss and the low distortion in the 
ON state which are advantages of the Pt embedded type 
while the generation of the harmonic distortion is Sup 
pressed. Also, as shown in FIGS. 13 and 14, the dependency 
of the OFF capacity on the bias is lessened gradually as the 
bias is larger, and the OFF-operation region is increased, to 
thereby improve the harmonic distortion and improve the 
withstand power property. 

0088. In this embodiment, the transistor having the Pt 
embedded type gate is described. However, even in the case 
of using a gate that does not conduct embedding, the 
harmonic distortion is suppressed while an increase in the 
insertion loss and the chip area is suppressed by application 
of the present invention which feeds electricity to the n' 
electrode, likewise. Also, in addition to the Suppression of 
the harmonic distortion, there is advantageous in that it is 
difficult to lose the OFF state at the time of inputting a large 
power, and the withstand power property is improved. 

0089 Subsequently, a magnitude relation between a 
resistor of the n electrode and the potential stabilization 
resistor that connects the n" electrode and the ohmic elec 
trode will be described. For example, in the case where the 
total gate width is 2 mm, when the sheet resistance of the n' 
layer which is the n" electrode is 50 O/O, the resistance of 
the n" layer which is 0.5 um in the width and 2 mm in the 
length becomes 200 KO. However, in the case where only 
one feeding point is formed on one end of the nt layer, an 
effective resistance with respect to the field effect transistor 
is considered to be /3 of the n' layer resistance, that is, 100 
kO. 

0090 Incidentally, Japanese Patent Laid-Open No. 2000 
101032 discloses a method of connecting a potential stabi 
lization resistor larger in the resistance value than the n' 
layer between the n' layer and the ohmic electrode. How 
ever, in the case where the n' layer becomes 100 kO, the 
value exceeds the potential stabilization resistor. The resistor 
that exceeds 100 kO becomes too large in the pattern area, 
and the element is impeded from being downsized. On the 
other hand, the value of the potential stabilization resistor is 
normally about 10 kO which is the degree that can suffi 
ciently ensure a high resistance in the high frequency 
operation of the switching element. In this case, the effective 
resistance of the n' layer is made smaller than 10 kO. 
However, in this case, the width of the n" layer must be set 
to 5 um or more, which causes the insertion loss as the 
Switch to be increased. Also, this is disadvantageous from 
the viewpoint of an increase in the occupied area of the 
transistor. 

0091. In this case, the resistor of the nt layer may be 
determined as a resistor whose upper limit resistance can 
ignore a Voltage drop caused by a current that flows in the 
n" layer. A current that flows in the n layer when the 
transistor is in the OFF state is a gate leak current. Normally, 
doping in the semiconductor is designed so that a reverse 
gate leak current becomes about 1 LA/mm or lower. It is 
assumed that the gate leak current per unit gate width is Ig, 
the gate width is Wg, and the resistance of the n" layer per 
a unit length in the gate width direction is R. Also, it is 
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assumed that the length of the n" layer is equal to the gate 
width since the former is substantially equal to the latter. In 
the case where electricity is fed to one end of the n layer, 
a Voltage drop Vodrop due to Ig in the gate width is expressed 
by the following expression: 

0092 Ref-R-WG/2 is the effective resistance described 
above. 

0093. In this example, when the sheet resistance of the n' 
layer is set to 50 O/O, and the width is set to 0.5um, the 
resistance R per the unit length in the gate width direction 
becomes 10 kO/mm. When Ig=1 LA/mm is satisfied, the 
Vdrop becomes 0.2 V when the gate width=2 mm is satis 
fied. When Wg=1 mm is satisfied, Vdrop becomes 0.05 V 
which is A of 0.2 V. Since the OFF State of the field effect 
transistor Switch is usually set to a high Voltage that is 
ranged from about 1 V to 2V normally due to Vith, when 
Vdrop is set from about 0.05 to 0.2 V, the off state is 
sufficiently allowed with respect to the voltage of from about 
1 V to 2 V due to the Vith. That is, it is exhibited that the 
resistance 10 to 20 kO when the length of the n' layer is set 
to 1 to 2 mm may be larger than about 10 kO which is the 
normal resistance of the potential stabilization resistor, and 
it is exhibited that the width is preferably suppressed to 
about 0.5 um even when the resistance of the n" layer is 
large. In the case where the Voltage drop cannot be ignored 
because the gate width is further increased, the connection 
of the potential stabilization resistors between the n" layer 
and the ohmic electrode is disposed on not only one of the 
gate electrodes as in the second embodiment shown in FIG. 
6, but also both of the gate electrodes as shown in FIG. 19. 
thereby making it possible to Suppress Vdrop to the mini 
mum value. 

0094. In the above embodiment, the description is given 
of a structure (recess gate structure) in which the n" layer 
(cap layer) is disposed on both sides of the gate electrode by 
using the pHEMT transistor or the mHEMT transistor. 
However, the present invention is not limited to a case in 
which the cap layer is arranged. In the case where the cap 
layer is not arranged, feeding of electricity between the gate 
electrodes is conducted on the channel layer disposed on a 
portion between the gate electrodes. The inter-gate distance 
may be designed by using the sheet resistance of the channel 
layer on that portion instead of the sheet resistance of the n' 
layer according to the above concept. 

0.095 FIG. 15 shows a fourth embodiment of the present 
invention. This embodiment is related to an antenna Switch 
circuit using the Switching element of the present invention, 
and a radio frequency module that is equipped with the 
antenna Switch circuit and used in a cellular phone adaptive 
to a quad band. Referring to FIG. 15, reference numeral 76 
denotes an antenna Switch circuit, and 58 is a radio fre 
quency module. The quad band is directed to a band that 
conforms to four cellular phone standards (communication 
systems) consisting of GSM (global system for mobile 
communications) in Europe, and GSM, PCS (personal com 
munication services) and DCS (digital communication sys 
tem) in U.S. For the sake of description, it is assumed that 
the GSM in Europe is GSM1, and the GSM in U.S. is 
GSM2. The radio frequency module 58 is equipped with the 
respective terminals of one common system (GSM1/2) of 
transmission and two systems (GSM1 and GSM2) of recep 
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tion in GSM in order to conform to the cellular phone 
regulations. Also, the radio frequency module 58 is equipped 
with the respective terminals of one common system of 
transmission in PCS and DCS, one system of reception in 
PCS, and one system of reception in DCS. The GSM is of 
a 900 MHz band, and PCS and DCS are of a 1800 MHz 
band. 

0096) The antenna switch circuit 76 switches over the 
above seven systems and one antenna 75. In the antenna 
switch circuit 76 shown in FIG. 15, reference numerals 79 
to 86 denote switching elements, 96 to 103 are control 
terminals that input control signals for controlling conduc 
tion and non-conduction of the switching elements 79 to 86, 
and 87 is a high frequency coupling capacity. In addition, 
reference numeral 88 denotes a PCS/DCS transmitting ter 
minal (first terminal), 89 is a GSM transmitting terminal 
(first terminal), and 90 is an antenna terminal (second 
terminal). Also, reference numeral 91 denotes an ground 
terminal, 92 is a GSM1 receiving terminal (third terminal), 
93 is a GSM2 receiving terminal (third terminal), 94 is a 
PCS receiving terminal (third terminal), and 95 is a DCS 
receiving terminal (third terminal). The ground terminal 91 
is connected to a ground plane of the module 58. The 
switching elements 79 and 80 are formed of the switching 
elements of the first or second embodiment. The switching 
element 81 is formed of the switching element of the third 
embodiment. 

0097. In the radio frequency module 58 shown in FIG. 
15, reference numeral 104 denotes an input terminal of the 
GSM transmitted signal, 105 is an input terminal of the 
PCS/DCS transmitted signal, and 106 is an antenna connec 
tion terminal. Also, reference numeral 107 denotes an output 
terminal of the GSM1 received signal, 108 is an output 
terminal of the GSM2 received signal, 109 is an output 
terminal of the PCS received signal, and 110 is an output 
terminal of the DCS received signal. Also, reference 
numeral 78 denotes a control circuit that generates a control 
signal to the control terminals 96 to 103. In addition, 
reference numerals 59 and 61 are power amplifiers (first 
amplifier), reference numerals 60 and 62 are low pass filters, 
and 77a to 77fare high frequency coupling capacities. Also, 
reference numerals 65, 68, 71, and 74 denote frequency 
converters, 64, 67, 70, and 73 are low noise amplifiers 
(second amplifier), and 63, 66, 69, and 72 are SAW (surface 
acoustic wave) filters. The filters 60 and 62 at the transmis 
sion side may be disposed inside of the power amplifiers 59 
and 60 as a part of a matching circuit of the power amplifiers 
59 and 60. 

0098. At the time of transmission, the GSM transmitted 
signal that is outputted from the external GSM transmitting 
circuit is inputted to the input terminal 104, and amplified by 
the power amplifier 59. The high frequency component is 
removed from the GSM transmitted signal by the low pass 
filter 60, and the GSM transmitted signal is inputted to the 
transmitting terminal 89 of the switching element 76. In this 
situation, the control circuit 78 allows a positive voltage to 
be applied to the control terminals 97 and 99, and 0 voltage 
to be applied to the control terminals 96.98, and 100 to 103, 
respectively, whereby the switching elements 80 and 82 are 
rendered conductive and the switching elements 79, 81, and 
83 to 86 are rendered nonconductive. As a result, the GSM 
transmitted signal after being amplified is transmitted from 



US 2006/01 18951 A1 

the antenna 75 connected to the antenna connection terminal 
106, through the switching element 80 and the antenna 
terminal 90. 

0099. In this situation, the switching elements 80 and 82 
are resistively connected with the n layers and the ohmic 
electrodes by application of the present invention, and the 
interval between the gate electrodes is narrowly set. As a 
result, the resistance when the switching elements 80 and 82 
are conductive is made resistive. Accordingly, the low 
insertion loss is realized. The low insertion loss of the 
switching element 82 improves the isolation between the 
antenna terminal 90 of the antenna switching circuit 76 and 
the receiving terminals 92 to 95. 
0100 Subsequently, a signal that has been outputted from 
the external PCS/DCS transmitting circuit is inputted to the 
input terminal 105, and amplified by the power amplifier 61. 
Then, the high frequency component is removed from the 
signal by the low pass filter 62, and the signal is inputted to 
the transmitting terminal 88. In this situation, the control 
circuit 78 allows the switching elements 79 and 82 to be 
rendered conductive, and the switching elements 80, 81, and 
83 to 86 to be rendered nonconductive, and the signal is 
transmitted from the antenna 75 that is connected to the 
antenna terminal 106 through the switching element 79 and 
the antenna terminal 90. 

0101. In this situation, the switching elements 79 and 82 
are resistively connected with the n' layers and the ohmic 
electrodes by application of the present invention, and the 
interval between the gate electrodes is narrowly set. As a 
result, the resistance when the switching elements 79 and 82 
are conductive is made resistive. Accordingly, the low 
insertion loss is realized. As described above, the low 
insertion loss of the switching element 82 improves the 
isolation between the antenna terminal 90 of the antenna 
switching circuit 76 and the receiving terminals 92 to 95. 
0102) In particular, because the frequency bands of from 
1850 MHz to 1875 MHz are overlapped in the operating 
frequency with each other in the PCS transmission fre 
quency and the DCS reception frequency, there is an a fear 
that the SAW filter 72 may be destroyed if the isolation from 
the transmission side is not sufficiently high when the PCS 
transmitted signal of the high output is leaked to the DCS 
receiving terminal 95. However, in the present invention, the 
SWA filter is not destroyed since the high isolation is 
realized. 

0103 As the operation at the time of reception, the DCS 
reception will be representatively described. The DCS 
received signal that has been received by the antenna 75 is 
inputted to the antenna terminal 90 through the antenna 
terminal 106. In this situation, the control circuit 78 allows 
the switching elements 79, 80, and 82 to 85 to be rendered 
nonconductive, and the switching elements 81 and 86 to be 
rendered conductive. As a result, after spurious out of the 
band is removed by the SAW 72, and the noises are lowered, 
the received signal is amplified by the low noise amplifier 
circuit 73, converted into an IF signal or a demodulation 
signal by the frequency converter 74, and then outputted to 
the output terminal 110. 

0104. As described above, according to this embodiment, 
it is possible to realize an antenna Switch circuit and a radio 
frequency module which are low in the insertion loss in the 
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transmission and reception operation, and obtain the high 
isolation between the transmission and the reception. 
0105. In this embodiment, a positive voltage that is 
applied to the Switching element in the transmission opera 
tion is increased to make the bias of the Switching element 
which is in the nonconductive state large with the result that 
the withstand power property is improved. In addition, 
because the switching element is biased to a point where the 
dependency of the capacity on the bias is Small, the har 
monic distortion is also improved. For that reason, the 
present invention is also applicable to the communication 
system that is applied with digital modulation which 
requires the high linearity such as WCDMA (wideband code 
division multiplex access), EDGE (enhanced data rates for 
GSM evolution), or the radio LAN (local area network). 
0106 Also, in the case of a cellular phone for single band, 
the switching elements 82 to 86 are omitted in the antenna 
switch circuit 76, and needless to say, the transmitter and 
receiving circuits in the radio frequency module 58 are 
structured by one system. 
0.107 According to the present invention, since it is 
possible to set the inter-gate distance to be Smaller so as not 
to increase the insertion loss, there can be realized the 
switching element that can stabilize the potential between 
the gates of the multi-gates without an increase in the 
insertion loss. 

0108. It is further understood by those skilled in the art 
that the foregoing description is a preferred embodiment of 
the disclosed device and that various changes and modifi 
cations may be made in the invention without departing 
from the spirit and scope thereof. 
What is claimed is: 

1. A Switching element, comprising: 
two ohmic electrodes formed on a semiconductor Sub 

Strate; 

at least two gate electrodes disposed between the two 
ohmic electrodes; and 

a conductive region interposed between the adjacent gate 
electrodes among the at least two gate electrodes, a 
field effective transistor being structured by the two 
ohmic electrodes, the at least two gate electrodes, and 
the conductive region, 

wherein the conductive region has a wider portion that is 
wider in width than the conductive region interposed 
between the adjacent gate electrodes on one end 
thereof, 

wherein the distance between the adjacent gate electrodes 
is narrower than the width of the wider portion, and 

wherein resistors are connected in series between the two 
ohmic electrodes through the wider portion. 

2. The Switching element according to claim 1, 
wherein one end of the gate electrode adjacent to the two 

ohmic electrode among the at least two gate electrodes 
extends in a direction apart from the conductive region 
interposed. 

3. The Switching element according to claim 1, 
wherein the conductive region includes an n-type cap 

layer. 
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4. The Switching element according to claim 1, 
wherein the field effect transistor comprises a high elec 

tron mobility transistor. 
5. The Switching element according to claim 4. 
wherein the high electron mobility transistor comprises a 

pseudomorphic high electron mobility transistor. 
6. The Switching element according to claim 4. 
wherein the high electron mobility transistor comprises a 

metamorphic high electron mobility transistor. 
7. The Switching element according to claim 1, 

wherein the respective resistance values of the resistors 
which are connected in series between the two ohmic 
electrodes through the wider portion are smaller than 
the effective resistance values of the conductive region. 

8. An antenna Switch circuit, comprising: 
a first terminal for inputting a transmitted signal; 
a second terminal that is connected to the antenna; 

a third terminal for outputting a received signal received 
by the antenna; 

a first switching element which is connected between the 
first terminal and the second terminal; and 

a second Switching element which is connected between 
the second terminal and the third terminal, 

wherein the first switching element is rendered conductive 
and the second Switching element is rendered noncon 
ductive at the time of transmission, and the first switch 
ing element is rendered nonconductive and the second 
switching element is rendered conductive at the time of 
reception, 

wherein each of the first and second Switching elements 
comprises: 

two ohmic electrodes formed on a semiconductor Sub 
Strate; 

at least two gate electrodes interposed between the two 
ohmic electrodes; and 

a conductive region disposed between the adjacent gate 
electrodes among the at least two gate electrodes, a 
field effective transistor being structured by the two 
ohmic electrodes, the at least two gate electrodes, and 
the conductive region, 

wherein the conductive region has a wider portion that is 
wider in width than the conductive region interposed 
between the adjacent gate electrodes on one end 
thereof, 

wherein the distance between the adjacent gate electrodes 
is narrower than the width of the wider portion, and 

wherein resistors are connected in series between the two 
ohmic electrodes through the wider portion. 

9. The antenna switch circuit according to claim 8, 

wherein one end of the gate electrode adjacent to the two 
ohmic electrode among the at least two gate electrodes 
extends in a direction apart from the conductive region 
interposed. 
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10. The switching element according to claim 8, 
wherein the conductive region includes an n-type cap 

layer. 
11. The antenna Switch circuit according to claim 8, 
wherein the field effect transistor comprises a high elec 

tron mobility transistor. 
12. The antenna Switch circuit according to claim 8. 
wherein the respective resistance values of the resistors 

which are connected in series between the two ohmic 
electrodes through the wider portion are smaller than 
the effective resistance values of the conductive region. 

13. A radio frequency module, comprising: 
a first amplifier that amplifies a transmitted signal; 
a second amplifier that amplifies a received signal 

received by an antenna; and 
an antenna Switch circuit that transmits the transmitted 

signal outputted by the first amplifier to the antenna at 
the time of transmission, and transmits the received 
signal received by the antenna to the second amplifier 
at the time of reception, 

wherein the antenna Switch circuit comprises: 
a first terminal for inputting the transmitted signal that is 

outputted by the first amplifier; 

a second terminal that is connected to the antenna; 
a third terminal for outputting a received signal that is 

received by the antenna; 
a first switching element which is connected between the 

first terminal and the second terminal; and 

a second Switching element which is connected between 
the second terminal and the third terminal, 

wherein the first switching element is rendered conductive 
and the second Switching element is rendered noncon 
ductive at the time of transmission, and the first switch 
ing element is rendered nonconductive and the second 
switching element is rendered conductive at the time of 
reception, 

wherein each of the first and second Switching elements 
comprises: 

two ohmic electrodes formed on a semiconductor Sub 
Strate; 

at least two gate electrodes interposed between the two 
ohmic electrodes; and 

a conductive region disposed between the adjacent gate 
electrodes among the at least two gate electrodes, a 
field effective transistor being structured by the two 
ohmic electrodes, the at least two gate electrodes, and 
the conductive region, 

wherein the conductive region has a wider portion that is 
wider in width than the conductive region interposed 
between the adjacent gate electrodes on one end 
thereof, 

wherein the distance between the adjacent gate electrodes 
is narrower than the width of the wider portion, and 
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wherein resistors are connected in series between the two 
ohmic electrodes through the wider portion. 

14. The radio frequency module according to claim 13, 
wherein one end of the gate electrode adjacent to the two 

ohmic electrode among the at least two gate electrodes 
extends in a direction apart from the conductive region 
interposed. 

15. The radio frequency module according to claim 13, 
wherein the conductive region includes an n-type cap 

layer. 
16. The radio frequency module according to claim 13, 
wherein the field effect transistor comprises a high elec 

tron mobility transistor. 
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17. The radio frequency module according to claim 16, 
wherein the high electron mobility transistor comprises a 

pseudomorphic high electron mobility transistor. 
18. The radio frequency module according to claim 16, 
wherein the high electron mobility transistor comprises a 

metamorphic high electron mobility transistor. 
19. The radio frequency module according to claim 15, 
wherein the respective resistance values of the resistors 

which are connected in series between the two ohmic 
electrodes through the wider portion are smaller than 
the effective resistance values of the conductive region. 

k k k k k 


