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(57) ABSTRACT

A high-frequency module includes a directivity switching
switch unit that switches an end portion of a first sub line,
which is connected to an output terminal, and first and
second resistor switching switch units that switch first and
second termination resistors which are connected to the first
sub line. The directivity of coupled output in the first sub line
of a first directional coupler is able to be switched and
detection accuracy of a high-frequency signal is able to be
improved by improving isolation characteristics of the first
directional coupler to improve the directivity.
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HIGH-FREQUENCY MODULE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
Japanese Patent Application No. 2015-015781 filed on Jan.
29, 2015 and is a Continuation Application of PCT Appli-
cation No. PCT/JP2016/050456 filed on Jan. 8, 2016. The
entire contents of each application are hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a high-frequency
module including a directional coupler to detect a high-
frequency signal transmitted through a signal path.

2. Description of the Related Art

[0003] An existing high-frequency circuit 500 illustrated
in FIG. 12 includes a switch circuit 503 connecting an
antenna ANT and one of a reception circuit 501 and a
transmission circuit 502 in a switching manner, and a
connection state of the switch circuit 503 is controlled to be
switched based on a control signal that is input to a control
terminal 503¢. When the antenna ANT and the reception
circuit 501 are connected, a reception signal input to the
antenna ANT passes through a filter 504 and is input to a low
noise amplifier 505. When the antenna ANT and the trans-
mission circuit 502 are connected, a transmission signal
output from a power amplifier 506 passes through an isolator
507 and is output from the antenna ANT.

[0004] In the high-frequency circuit 500, a directional
coupler 508 including a main line 508a located in a signal
path 502a through which the transmission signal passes is
provided, a termination resistor R is connected to an end
portion (port), at the isolation side, of a sub line 5085 that is
electromagnetically coupled to the main line 5084, and an
automatic power control (APC) circuit 509 is connected to
an end portion (port) thereof at a coupling side. The gain of
the power amplifier 506 is adjusted based on a control signal
for gain adjustment, which is output from the APC circuit
509 in accordance with the signal level of the transmission
signal detected by the directional coupler 508, such that the
signal level of the transmission signal to be output from the
power amplifier 506 is substantially constant.

[0005] In recent years, as communication apparatuses
including mobile communication terminals, such as cellular
phones and portable information terminals, and wireless
LAN terminals, and the like, a communication apparatus
that includes a plurality of communication systems for
making communication based on different communication
standards, such as GSM (Global System for Mobile Com-
munications, registered trademark) standards, W-CDMA
(Wideband Code Division Multiple Access) standards, LTE
(Long Term Evolution) standards, and Bluetooth (registered
trademark) standards and is compatible with communication
based on a plurality of communication standards (multiple
modes) has been provided. In the communication apparatus
that includes the plurality of communication systems and is
therefore compatible with the multiple modes, predeter-
mined frequency bands are assigned to the respective com-
munication systems and communication is performed using
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the plurality of frequency bands (multiple bands). As the
communication apparatus that is compatible with the mul-
tiple modes as described above, a communication apparatus
including a communication system for receiving signals
from GPS (Global Positioning System) satellite in addition
to the respective communication systems for making com-
munication based on the above-described communication
standards has been also provided.

[0006] The communication apparatus that is compatible
with the multiple modes and multiple bands uses a plurality
of multiband antennas to improve quality and reliability of
communication and improve communication speed. For
example, the same reception signal is received using a
plurality of multiband antennas with a diversity system.
Then, the plurality of same reception signals received by the
respective multiband antennas are compared and communi-
cation is performed using the multiband antenna which is the
best in a reception state among the multiband antennas or the
plurality of same reception signals received by the plurality
of multiband antennas are combined to remove noise con-
tained in the reception signals, thereby improving the quality
and reliability of communication.

[0007] For example, communication is performed using a
plurality of multiband antennas to which different frequency
bands are respectively assigned with a carrier aggregation
system. That is to say, the plurality of multiband antennas
are used for communication and the respective frequency
bands are combined to be simultaneously used, thereby
improving communication volume.

[0008] In the communication apparatus including the plu-
rality of communication systems and employing a commu-
nication method, such as the diversity system and the carrier
aggregation system, the high-frequency circuit 500 is
required to have a function of causing the directional coupler
508 to detect, with high accuracy, transmission signals of the
plurality of frequency bands, which are output from the
respective communication systems, and high-frequency sig-
nals of the plurality of frequency bands, which are returned
after the transmission signals are reflected by the antenna
ANT, in order to further improve transfer characteristics of
the transmission signals of predetermined frequency bands
of the respective communication systems and suppress
reflection and flow-in of the transmission signals of the
predetermined frequency bands to the transmission circuit
502 side due to mismatching in the antenna ANT.

SUMMARY OF THE INVENTION

[0009] Preferred embodiments of the present invention
provide techniques that are capable of switching the direc-
tivity of coupled output of a directional coupler and improv-
ing detection accuracy of a high-frequency signal by
improving isolation characteristics.

[0010] A high-frequency module according to a preferred
embodiment of the present invention includes a first direc-
tional coupler including a first main line located in a first
signal path of a high-frequency circuit and a first sub line
which is electromagnetically coupled to the first main line;
and a switch unit that switches directivity of coupled output
in the first sub line, wherein the switch unit includes a first
input terminal which is connected to one end portion of the
first sub line; a second input terminal which is connected to
the other end portion of the first sub line; an output terminal
from which the coupled output input to the first input
terminal or the second input terminal in the first sub line is
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output; a plurality of first resistor switching terminals to
which a plurality of first termination resistors with different
resistance values are connected in a one-to-one correspon-
dence manner; a plurality of second resistor switching
terminals to which a plurality of second termination resistors
with different resistance values are connected in a one-to-
one correspondence manner; a directivity switching switch
unit which connects one of the first input terminal and the
second input terminal and the output terminal in a switching
manner; the plurality of first termination resistors which are
connected to the first input terminal in parallel; the plurality
of second termination resistors which are connected to the
second input terminal in parallel; a first resistor switching
switch unit which connects at least one of the first termina-
tion resistors to the first input terminal when the directivity
switching switch unit connects the second input terminal to
the output terminal; and a second resistor switching switch
unit which connects at least one of the second termination
resistors to the second input terminal when the directivity
switching switch unit connects the first input terminal to the
output terminal.

[0011] In a high-frequency module according to a pre-
ferred embodiment of the present invention, the first resistor
switching switch unit connects at least one of the plurality of
first termination resistors to the first input terminal (one end
portion of the sub line) when the directivity switching switch
unit connects the second input terminal (the other end
portion of the first sub line) to the output terminal. When the
directivity switching switch unit connects the first input
terminal (one end portion of the sub line) to the output
terminal, the second resistor switching switch unit connects
at least one of the plurality of second termination resistors to
the second input terminal (the other end portion of the sub
line). With these, the directivity of the coupled output in the
first sub line of the first directional coupler is able to be
switched.

[0012] In a high-frequency module according to a pre-
ferred embodiment of the present invention, when the
coupled output in the first sub line is input to the second
input terminal from the other end portion, the first termina-
tion resistor with an optimum resistance value is connected
to the one end portion of the sub line with the first input
terminal interposed therebetween in accordance with a fre-
quency band of a high-frequency signal as a detection target,
the high-frequency circuit that is connected to the first main
line, and the fluctuation of load, and in the same or similar
manner when the coupled output in the first sub line is input
to the first input terminal from the one end portion, the
second termination resistor with an optimum resistance
value is connected to the other end portion of the sub line
with the second input terminal interposed therebetween.
With this configuration, the directivity is able to be improved
by eliminating mismatching caused by fluctuation in the
frequency of the coupled output, and the like and improving
the isolation characteristics of the first directional coupler,
thus improving the detection accuracy of the high-frequency
signal.

[0013] Furthermore, the switch unit may preferably fur-
ther include a first inductor which is connected between the
first input terminal and the output terminal; and a second
inductor which is connected between the second input
terminal and the output terminal.

[0014] With this configuration, when the coupled output in
the first sub line is input to the second input terminal from
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the other end portion, the first inductor and off capacitance
of the directivity switching switch unit define an L.C parallel
resonance circuit between the first input terminal and the
output terminal. By setting the inductance of the first induc-
tor such that the resonant frequency of the LC parallel
resonance circuit is a frequency at which isolation charac-
teristics are desired to be improved, the isolation character-
istics between the first input terminal and the output terminal
at a frequency of a signal that is input to the second input
terminal is able to be improved. When the coupled output in
the first sub line is input to the first input terminal from the
one end portion, the second inductor and the off capacitance
of the directivity switching switch unit define an L.C parallel
resonance circuit between the second input terminal and the
output terminal. By setting the inductance of the second
inductor in the same or similar manner as for the first
inductor, the isolation characteristics between the second
input terminal and the output terminal at a frequency of a
signal that is input to the first input terminal are able to be
improved.

[0015] The switch unit may preferably further include a
capacitor which is connected between the first input terminal
and the second input terminal.

[0016] With this configuration, a parasitic inductance
component in the first sub line and the capacitor define an
LC parallel resonance circuit between the first input terminal
and the second input terminal. By setting the shape of the
first sub line, such as the line length and the width thereof,
and the capacitance of the capacitor such that the resonant
frequency of the L.C parallel resonance circuit is a frequency
at which isolation characteristics are desired to be improved,
the isolation characteristics between the first input terminal
and the second input terminal at a desired frequency are able
to be improved.

[0017] A high-frequency module according to a preferred
embodiment of the present invention may preferably include
a multilayer substrate including a laminate of a plurality of
insulating layers and in which the first directional coupler
and the switch unit are provided, wherein the switch unit
includes a switch IC component mounted on the multilayer
substrate, and the first termination resistors and the second
termination resistors are provided in the switch IC compo-
nent.

[0018] With this configuration, a circuit to switch the
directivity of the first directional coupler is able to be easily
formed only by mounting the switch IC component on the
multilayer substrate.

[0019] Furthermore, a high-frequency module according
to a preferred embodiment of the present invention may
preferably include a multilayer substrate including a lami-
nate of a plurality of insulating layers and in which the first
directional coupler and the switch unit are provided, wherein
the switch unit includes a switch IC component mounted on
the multilayer substrate, and the first termination resistors
and the second termination resistors are respectively defined
by chip components mounted on the multilayer substrate.
[0020] With this configuration, a circuit to switch the
directivity of the first directional coupler is able to be
provided with a practical configuration by the switch IC
component and the chip components. In addition, the resis-
tance values are able to be easily changed only by replacing
the chip components defining the first and second termina-
tion resistors, so as to increase the degree of freedom in
design of the resistance values.
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[0021] Furthermore, it is preferable that a first connection
wiring connecting the one end portion of the first sub line
and the first input terminal and a second connection wiring
connecting the other end portion of the first sub line and the
second input terminal be provided on or in insulating layers
which are different from each other.

[0022] With this configuration, electromagnetic coupling
between the first connection wiring and the second connec-
tion wiring is able to be reduced or prevented, so as to
improve the isolation characteristics between the first input
terminal and the second input terminal.

[0023] Furthermore, the first directional coupler may pret-
erably be defined by a surface mount device mounted on the
multilayer substrate.

[0024] With this configuration, the first directional coupler
is able to be connected to the high-frequency circuit only by
mounting the surface mount device on the multilayer sub-
strate.

[0025] It is preferable that a high-frequency module
according to a preferred embodiment of the present inven-
tion further includes a second directional coupler including
a second main line located in a second signal path and a
second sub line which is electromagnetically coupled to the
second main line, wherein the switch unit includes a third
input terminal which is connected to one end portion of the
second sub line; a fourth input terminal which is connected
to the other end portion of the second sub line; a plurality of
third termination resistors which are connected to the third
input terminal in parallel; and a plurality of fourth termina-
tion resistors which are connected to the fourth input ter-
minal in parallel, the directivity switching switch unit con-
nects any one of the first to fourth input terminals and the
output terminal in a switching manner, the switch unit
further includes a third resistor switching switch unit which
connects at least one of the third termination resistors to the
third input terminal when the directivity switching switch
unit connects the fourth input terminal to the output termi-
nal; and a fourth resistor switching switch unit which
connects at least one of the fourth termination resistors to the
fourth input terminal when the directivity switching switch
unit connects the third input terminal to the output terminal,
and the switch unit selectively switches directivity of
coupled output in any one of the first sub line and the second
sub line.

[0026] This configuration is practical because the first and
second directional couplers provided in the first and second
main lines, respectively, are able to detect high-frequency
signals passing through the first and second main lines in
both directions.

[0027] According to various preferred embodiments of the
present invention, a directivity switching switch unit
switches an end portion of a first sub line that is connected
to an output terminal and first and second resistor switching
switch units switch first and second termination resistors that
are connected to the first sub line. With this configuration,
directivity of coupled output in the first sub line of a first
directional coupler is able to be switched, and detection
accuracy of the high-frequency signal is able to be improved
by improving isolation characteristics of the first directional
coupler to improve the directivity.

[0028] The above and other elements, features, steps,
characteristics and advantages of the present invention will
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become more apparent from the following detailed descrip-
tion of the preferred embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a cross-sectional view illustrating a high-
frequency module according to a first preferred embodiment
of the present invention.

[0030] FIG. 2 is a diagram illustrating a high-frequency
circuit included in the high-frequency module in FIG. 1.
[0031] FIG. 3 is a circuit diagram for explaining improve-
ment of isolation characteristics by adding an inductor.
[0032] FIGS. 4A and 4B are graphs illustrating bandpass
characteristics of the circuit in FIG. 3, where FIG. 4A is a
graph illustrating the bandpass characteristics of a line at a
signal output side, and FIG. 4B is a graph illustrating the
bandpass characteristics of a line at an isolation side.
[0033] FIG. 5 is a circuit diagram for explaining a com-
parative example of FIG. 3.

[0034] FIGS. 6A and 6B are graphs illustrating bandpass
characteristics of the circuit in FIG. 5, where FIG. 6A is a
graph illustrating the bandpass characteristics of a line at a
signal output side, and FIG. 6B is a graph illustrating the
bandpass characteristics of a line at an isolation side.
[0035] FIG. 7 is a circuit diagram for explaining improve-
ment of the isolation characteristics by adding a capacitor.
[0036] FIGS. 8A and 8B are graphs illustrating bandpass
characteristics of the circuit in FIG. 7, where FIG. 8A is a
graph illustrating the bandpass characteristics of a line at a
signal output side, and FIG. 8B is a graph illustrating the
bandpass characteristics of a line at an isolation side.
[0037] FIG. 9 is a circuit diagram for explaining a com-
parative example of FIG. 7.

[0038] FIGS. 10A and 10B are graphs illustrating band-
pass characteristics of the circuit in FIG. 9, where FIG. 10A
is a graph illustrating the bandpass characteristics of a line
at a signal output side, and FIG. 10B is a graph illustrating
the bandpass characteristics of a line at an isolation side.
[0039] FIG. 11 is a view illustrating a high-frequency
circuit included in a high-frequency module according to a
second preferred embodiment of the present invention.
[0040] FIG. 12 is a view illustrating a high-frequency
circuit included in an existing high-frequency module.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Preferred Embodiment

[0041] A first preferred embodiment of the present inven-
tion will be described with reference to FIG. 1 to FIG. 10.
FIG. 1 and FIG. 2 illustrate only main configurations accord-
ing to preferred embodiments of the present invention and
other configurations are not illustrated in the drawings for
making explanation easy. FIG. 11 to be referred to later in
the description also illustrates only main configurations as in
FIG. 2 but explanation thereof is omitted in the following
description.

[0042] A high-frequency module 1 illustrated in FIG. 1
and FIG. 2 is mounted on a communication apparatus (not
illustrated) which makes communication using a plurality of
frequency bands based on a plurality of communication
standards and is compatible with multiple modes and mul-
tiple bands. The communication apparatus includes a plu-
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rality of communication systems to make communication
based on different communication standards, such as GSM
standards, W-CDMA standards, LTE standards, and Blu-
etooth standards, and a plurality of communication systems
to make communication in different bands (frequency
bands) based on the same communication standards. The
high-frequency module 1 connects a plurality of antennas
Al and A2 provided in the communication apparatus and the
plurality of communication systems (not illustrated)
mounted on the communication apparatus in a switching
manner. The high-frequency module 1 is located at a sub-
sequent stage to the antennas Al and A2 that are capable of
transmitting and receiving communication signals of the
plurality of frequency bands and compatible with the mul-
tiple bands.

[0043] The high-frequency module 1 includes first and
second directional couplers 3 and 4, a switch IC 5, a switch
IC component 6, chip components 7 defining first to fourth
inductors .1 to L4, chip components 8 defining first and
second capacitors C1 and C2, and an output control circuit
(output control component) 9, and includes a multilayer
substrate 2 including a plurality of (for example, five)
insulating layers 2a to 2fthat are laminated. The switch IC
5, the switch IC component 6, the chip components 7 and 8,
and the output control circuit (output control component) 9
are mounted on land electrodes 22 that mount components,
which are provided on a mounting surface 21 of the multi-
layer substrate 2, and are electrically connected to a plurality
of outer connection terminals 24 provided on a back surface
23 of the multilayer substrate 2 with wiring electrodes 10
provided in the multilayer substrate 2 interposed therebe-
tween.

[0044] The multilayer substrate 2 is preferably defined by
a common multilayer substrate, such as a low-temperature
co-fired ceramics (LTCC) multilayer substrate and a resin
multilayer substrate made of glass epoxy resin, for example.
The chip components 7 and 8 that adjust characteristics of
the switch IC 5 and the switch IC component 6 and provide
a matching circuit, and various filter circuits, are mounted on
the multilayer substrate 2 as necessary. Electrodes, such as
the land electrodes 22, the outer connection terminals 24,
and the wiring electrodes 10 are preferably provided on and
in the multilayer substrate 2 using a conductive material
containing Cu, Ag, or other suitable material.

[0045] The wiring electrodes 10 include in-plane conduc-
tors and via conductors provided in the five insulating layers
2a to 2f as necessary, and the switch IC 5, the switch IC
component 6, and the respective chip components 7 and 8
provided on the multilayer substrate 2 are electrically con-
nected to one another with the wiring electrodes 10 to define
first and second signal paths SL.1 and SL.2, first to fourth
connection wirings 10a to 104, and other circuit elements.
Furthermore, the first and second directional couplers 3 and
4, and circuit elements, such as capacitors and inductors
defining the matching circuit, and various filter circuits are
appropriately defined by the wiring electrodes 10. It should
be noted that the directional coupler 4 is not illustrated in
FIG. 1.

[0046] The directional coupler 3 includes a first main line
31 and a first sub line 32. The first main line 31 is located
in the first signal path SL1 connecting an antenna terminal
ANT1a (outer connection terminal 24) to which the antenna
Al is connected and a first common terminal ANT1 of the
switch IC 5. The first sub line 32 is electromagnetically
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coupled to the first main line 31. The first connection wiring
10a connects one end portion 32a of the first sub line 32 and
a first input terminal 6a of the switch IC 6 and the second
connection wiring 105 connects the other end portion 3256 of
the first sub line 32 and a second input terminal 65 of the
switch IC 6. As illustrated in FIG. 1, the first and second
connection wirings 10a and 105 are respectively provided
on the different insulating layers 24 and 2f of the multilayer
substrate 2.

[0047] The directional coupler 4 includes a second main
line 41 and a second sub line 42. The second main line 41
is located in the second signal path SL.2 connecting an
antenna terminal ANT2a (outer connection terminal 24) to
which the antenna A2 is connected and a second common
terminal ANT?2 of the switch IC 5. The second sub line 42
is electromagnetically coupled to the second main line 41.
The third connection wiring 10¢ connects one end portion
42a of the second sub line 42 and a third input terminal 6¢
of the switch IC 6 and the fourth connection wiring 104
connects the other end portion 425 of the second sub line 42
and the fourth input terminal 64 of the switch IC 6. Although
not illustrated in the drawings, in the same or similar manner
as the first and second connection wirings 10a and 105, the
third and fourth connection wirings 10¢ and 104 are respec-
tively provided on the different insulating layers of the
multilayer substrate 2.

[0048] As illustrated in FIG. 2, the switch IC 5 includes
the first and second common terminals ANT1 and ANT2 and
a plurality of switching terminals 51. The first and second
common terminals ANT1 and ANT2 are connected to the
antenna terminals ANT1lae and ANT2a provided in the
multilayer substrate 2 with the first and second signal paths
SL.1 and SL.2, respectively. The individual antennas Al and
A2 are connected to the common terminals ANT1 and
ANT?2, respectively, by connecting the individual antennas
Al and A2 to the antenna terminals ANT1a and ANT2a,
respectively. Corresponding communication systems (not
illustrated) are respectively connected to the switching ter-
minals 51, and any one of the common terminals ANT1 and
ANT2 and any one of the switching terminals 51 are
connected to each other in a switching manner to select the
antenna Al or A2 that is used by each of the communication
systems. The configuration of the switch IC 5 is well known
and the specific configuration thereof is therefore omitted.
[0049] The switch IC 6 (corresponding to a “switch unit™)
switches the directivity of coupled output in each of the first
sub line 32 of the directional coupler 3 and the second sub
line 42 of the directional coupler 4, and includes the first to
fourth input terminals 6a to 6d, the output terminal 6e, a
directivity switching switch unit 62 connecting any one of
the first to fourth input terminals 6a to 64 and the output
terminal 6¢ in a switching manner, and first to fourth resistor
switching switch units 63a to 634.

[0050] Each of the first to fourth resistor switching switch
units 63a to 63d includes a plurality of switches and a
plurality of termination resistors with different resistance
values are connected to the respective switches in a one-to-
one correspondence manner. For example, the first resistor
switching switch unit 63a includes first to third switch
elements 64al to 64a3. First end portions of the switch
elements 64al to 64a3 are connected to the first input
terminal 6a and the second end portions thereof are respec-
tively connected to one ends of a plurality of first termina-
tion resistors R11 to R13 with different resistance values.
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The second to fourth resistor switching switch units 635 to
63d also have the same or similar configurations as that of
the first resistor switching switch unit and explanation of the
detailed configurations thereof is omitted by applying
equivalent reference numerals. It should be noted that the
second ends of the first to fourth termination resistors are
connected to ground connection electrodes of the multilayer
substrate 2 with ground terminals 6/ of the switch IC 6
interposed therebetween.

[0051] The directivity switching switch unit 62 includes
switches 62a to 62d provided so as to correspond one to one
to the first to fourth input terminals 6a to 6d. First ends of
the switches 62a to 6d are respectively connected to the first
to fourth input terminals to which they correspond and the
second ends thereof are connected to the output terminal 6e.
In the present preferred embodiment, the directivity switch-
ing switch unit 62 and the first to fourth resistor switching
switch units 63a to 634 are defined by, if necessary, respec-
tively connecting inductors, capacitors, and resistors to
electric field effect transistors (FETs).

[0052] When the directivity switching switch unit 62
connects the second input terminal 65 to the output terminal
6e, the first resistor switching switch unit 63a connects any
one of the first termination resistors R11 to R13 to the first
input terminal 6a. When the directivity switching switch unit
62 connects the first input terminal 64 to the output terminal
6e, the second resistor switching switch unit 635 connects
any one of the second termination resistors R21 to R23 to the
second input terminal 6b. In this case, the coupled output in
the first sub line 32 is output from the output terminal 6e.

[0053] When the directivity switching switch unit 62
connects the fourth input terminal 64 to the output terminal
6e, the third resistor switching switch unit 63¢ connects any
one of the third termination resistors R31 to R33 to the third
input terminal 6¢. When the directivity switching switch unit
62 connects the third input terminal 6c to the output terminal
6e, the fourth resistor switching switch unit 634 connects
any one of the fourth termination resistors R41 to R43 to the
fourth input terminal 6d. In this case, the coupled output in
the second sub line 42 is output from the output terminal 6e.

[0054] As described above, switching of the connection
state in the directivity switching switch unit 62 and the first
to fourth resistor switching switch units 63a to 63d causes
the switch IC component 6 to selectively switch the direc-
tivity of the coupled output in either of the first sub line 32
or the second sub line 42.

[0055] As illustrated in FIG. 2, the first inductor L1 (for
example, about 100 nH) is connected between the first input
terminal 6a and the output terminal 6e, the second inductor
L2 (for example, about 100 nH) is connected between the
second input terminal 65 and the output terminal 6e, the
third inductor L3 (for example, about 100 nH) is connected
between the third input terminal 6c and the output terminal
6e, and the fourth inductor L4 (for example, about 100 nH)
is connected between the fourth input terminal 64 and the
output terminal 6e. Furthermore, the first to fourth inductors
L1 to L4 are preferably respectively defined by the chip
components 7 mounted on the multilayer substrate 2.
Accordingly, the inductances of the first to fourth inductors
L1 to L4 are able to be easily adjusted only by replacing the
chip components 7, so as to change adjustment ranges of the
inductances of the first to fourth inductors L1 to L4. In the
same or similar manner as the first to fourth termination
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resistors, at least any one of the first to fourth inductors L1
to L4 may be provided in the switch IC 6.

[0056] Furthermore, as illustrated in FIG. 2, the first
capacitor C1 (corresponding to a “capacitor” of, for
example, about 0.3 pF) is connected between the first input
terminal 6a and the second input terminal 65 and the second
capacitor C2 (for example, about 0.3 pF) is connected
between the third input terminal 6¢ and the fourth input
terminal 6d. The first and second capacitors C1 and C2 are
preferably respectively defined by the chip components
mounted on the multilayer substrate 2. Accordingly, the
capacitances of the first and second capacitors C1 and C2 are
able to be easily adjusted only by replacing the chip com-
ponents 8, so as to increase adjustment ranges of the
capacitances of the first and second capacitors C1 and C2. In
the same or similar manner as the first to fourth termination
resistors R1 to R4, at least any one of the first and second
capacitors C1 and C2 may be provided in the switch IC
component 6.

[0057] As illustrated in FIG. 2, the output control circuit 9
is connected to the output terminal 6e of the switch IC 6. For
example, a portion of a signal passing through the main line
is able to be taken out from the sub line with less influence
on the signal passing through the main line by, for example,
setting an electromagnetic coupling quantity between the
main line and the sub line in each of the first and second
directional couplers 3 and 4 to approximately 20 dB. The
signal taken out from the sub line is output from the output
terminal 6e and a control signal for gain adjustment is output
to a power amplifier or other suitable component connected
to the switching terminals 51 of the switch IC 5 from the
output control circuit 9 based on the output signal.

[0058] How the isolation characteristics between a path
connecting the first input terminal 6a and the output terminal
6e of the switch IC 6 and a path connecting the second input
terminal 65 and the output terminal 6e are improved by
adding the first inductor L1 will be described with reference
to FIG. 3 to FIG. 6B. The transverse axis in each of FIGS.
4A and 4B and FIGS. 6A and 6B indicates frequency (GHz)
and the longitudinal axis therein indicates passage loss (dB).
In each of FIGS. 4A and 4B and FIGS. 6A and 6B, the output
terminal 6e corresponds to a first port, the input terminal 6a
corresponds to a second port, and the input terminal 65
corresponds to a third port. Although the case in which the
input terminal 65 is connected to the first sub line 32 of the
first directional coupler 3 is described as an example, the
same or similar effects as those which will be described
below are also provided in the case in which any one of the
input terminals 6a, 6¢, and 64 is connected to the first sub
line 32 or the second sub line 42 and description thereof is
therefore omitted.

[0059] When the input terminal 65 is connected to the sub
line 32 of the directional coupler 3 with a signal path
indicated by a bold solid line in FIG. 3, the bandpass
characteristics (insertion loss) in a line connected to the sub
line 32 indicate the characteristics that are as illustrated in
FIG. 4A and are substantially the same or similar to the
bandpass characteristics (insertion loss) in a path connected
to the sub line 32 as illustrated in FIG. 6 A when the first and
second inductors [.1 and 1.2 are not provided as illustrated
in FIG. 5. As described above, the second inductor 1.2
produces less adverse influence on the insertion loss in the
signal path connected to the sub line 32. It should be noted
that in the present preferred embodiment, the center fre-
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quency in the frequency band of the communication signal
passing through the main line 32 is preferably about 2.17
GHz, for example.

[0060] On the other hand, the bandpass characteristics in
a path that is not connected to the sub line 32 as indicated
by a bold dashed line in FIG. 3 indicate the characteristics
as illustrated in FIG. 4B because the off capacitance Cf of
the switch 62a (directivity switching switch unit 62) and the
first inductor L1 illustrated in FIG. 3 define an LC parallel
resonance circuit. In the present preferred embodiment, the
center frequency in the frequency band of the signal passing
through the main line 31 is preferably about 2.17 GHz, for
example. Therefore, a value of the inductor L1 is selected
such that the resonant frequency of the LC parallel reso-
nance circuit is preferably about 2.17 GHz, for example. In
comparison with the bandpass characteristics of approxi-
mately -34 dB (about 2.17 GHz) in a line that is not
connected to the sub line 32 as illustrated in FIG. 6B when
the first and second inductors [.1 and [.2 are not provided as
illustrated in FIG. 5, the bandpass characteristics in the path
that is not connected to the sub line 32 in FIG. 3 are
improved to approximately -56 dB, for example. As
described above, the addition of the first and second induc-
tors L1 and .2 reduces or prevents leakage of the signal to
the path that is not connected to the sub line 32 without
deteriorating the insertion loss in the path that is connected
to the sub line 32 in the frequency band of the signal passing
through the main line 31, so as to improve the isolation
characteristics between the first input terminal 6a and the
second input terminal 65.

[0061] How the isolation characteristics between the first
input terminal 6a and the second input terminal 65 of the
switch IC 6 are improved by adding the first capacitor C1
will be described with reference to FIG. 7 to FIG. 10B. The
transverse axis in each of FIGS. 8A and 8B and FIGS. 10A
and 10B indicates frequency (GHz) and the longitudinal axis
therein indicates passage loss (dB). In each of FIGS. 8A and
8B and FIGS. 10A and 10B, the output terminal 6e corre-
sponds to the first port, the input terminal 65 corresponds to
the second port, and the input terminal 6a corresponds to the
third port. Although the case in which the input terminal 6a
is connected to the sub line 32 of the directional coupler 3
is described as an example, the same or similar effects as
those which will be described below are also provided in the
case in which any one of the input terminals 65 to 6d is
connected to the first sub line 32 or the second sub line 42
and description thereof is therefore omitted.

[0062] When the input terminal 6« is connected to the sub
line of the directional coupler 3 as illustrated in FIG. 7, the
bandpass characteristics (insertion loss) in a path connected
to the sub line 32 as indicated by a bold solid line in FIG.
7 indicate the characteristics that are as illustrated in FIG.
8A and are substantially the same or similar to the bandpass
characteristics (insertion loss) in a path at the coupling side
as illustrated in FIG. 10A when the first capacitor C1 is not
provided as illustrated in FIG. 9. As described above, the
first capacitor C1 produces less adverse influence on the
insertion loss in the path connected to the sub line 32.
[0063] On the other hand, the bandpass characteristics
(isolation characteristics) in a path that is not connected to
the sub line 32 as indicated by a bold dashed line in FIG. 7
indicate the characteristics as illustrated in FIG. 8B because
a parasitic inductance component Lf of the sub line 32 and
the first capacitor C1 illustrated in FIG. 7 define an LC
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parallel resonance circuit. In comparison with the isolation
characteristics of approximately —40 dB in a path that is not
connected to the sub line 32 as illustrated in FIG. 10B when
the first capacitor C1 is not provided as illustrated in FIG. 9,
the isolation characteristics in the line at the isolation side in
FIG. 7 are improved to approximately —43 dB, for example.
As described above, the addition of the first capacitor C1
improves the isolation characteristics without deteriorating
the insertion loss in the path that is connected to the sub line
32.

[0064] As described above, the directivity of the coupled
output in the first sub line 32 of the first directional coupler
3 provided in the first signal path SL1 or the second sub line
42 of the second directional coupler 4 provided in the second
signal path SL2 is able to be switched, so as to detect a
high-frequency signal passing through each of the first and
second signal paths SL.1 and SL2 in both directions.
[0065] When the coupled output in the first sub line 32 is
input to the second input terminal 65 from the other end
portion 324, any one of the first termination resistors R11 to
R13 with an optimum resistance value is connected to the
one end portion 32a of the sub line 32 with the first input
terminal 6a interposed therebetween in accordance with the
frequency band of the high-frequency signal as a detection
target, the high-frequency circuit that are connected to the
first signal path SL1, and the fluctuation of the load. When
the coupled output in the first sub line 32 is input to the first
input terminal 6a from the one end portion 324, any one of
the second termination resistors R21 to R23 with an opti-
mum resistance value is connected to the other end portion
32b of the sub line 32 with the second input terminal 65
interposed therebetween. With this configuration, mismatch-
ing in the impedance between the end portion of the sub line
and the directivity switching switch unit 62 is improved and
the isolation characteristics of the first directional coupler 3
are improved, so as to improve the directivity. The detection
accuracy of the high-frequency signal in the first directional
coupler 3 is therefore improved.

[0066] Inthe same or similar manner, the third termination
resistors R3 connected to the third input terminal 6c¢ (the end
portion 42a of the second sub line 42) or the fourth termi-
nation resistors R4 connected to the fourth input terminal 64
(the other end portion 4256 of the second sub line 42) are
switched. With this configuration, mismatching in the
impedance between the end portion of the second sub line 42
and the directivity switching switch unit 62 is improved and
the directivity of the second directional coupler 4 is
improved, so as to improve the isolation characteristics. The
detection accuracy of the high-frequency signal in the sec-
ond directional coupler 4 is therefore improved.

[0067] Moreover, when the coupled output in the first sub
line 32 is input to the second input terminal 65 from the other
end portion 32, the first inductor [.1 and the off capacitance
Cf of the switch 624 define the LC parallel resonance circuit
between the first input terminal 6a and the output terminal
6e. By setting the inductance of the first inductor L1 such
that the resonant frequency of the L.C parallel resonance
circuit is a frequency at which the isolation characteristics
are desired to be improved, a signal input from the second
input terminal 65 is able to be prevented from coming
around to the first input terminal 6a side. When the coupled
output in the first sub line 32 is input to the first input
terminal 6a from the one end portion 32a, the second
inductor [.2 and the off capacitance Cf of the switch 625
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define the LC parallel resonance circuit between the second
input terminal 65 and the output terminal 6e. Therefore, by
setting the inductance of the second inductor L2 in the same
or similar manner as for the first inductor L1, a signal input
from the first input terminal 6« is prevented from coming
around to the second input terminal 65 side. As described
above, the isolation characteristics between the first input
terminal 6a and the second input terminal 65 are able to be
improved by arranging the inductor [.1 in parallel with the
path connecting the first input terminal 6a and the output
terminal 6e and arranging the inductor L2 in parallel with the
path connecting the second input terminal 65 and the output
terminal 6e.

[0068] Furthermore, by setting the inductances of the third
inductor L3 and fourth inductor L4 in the same or similar
manner as for the first and second inductors L1 and L2, the
isolation characteristics between the third input terminal 6¢
and the fourth input terminal 64 are able to be improved.
[0069] The parasitic inductance component in the first sub
line 32 and the first capacitor C1 connected to the first sub
line 32 in parallel define the LC parallel resonance circuit
between the first input terminal 6a and the second input
terminal 65. By setting the shape of the first sub line 32, such
as the line length and the width thereof, and the capacitance
of the first capacitor C1 such that the resonant frequency of
the LC parallel resonance circuit is a frequency at which the
isolation characteristics are desired to be improved, the
isolation characteristics between the first input terminal 6a
and the second input terminal 65 at a desired frequency are
able to be improved. Moreover, in the same or similar
manner, by setting the shape of the second sub line 42, such
as the line length and the width thereof, and the capacitance
of the second capacitor C2, the isolation characteristics
between the third input terminal 6¢ and the fourth input
terminal 64 at a desired frequency are able to be improved.
[0070] When the plurality of first to fourth termination
resistors are provided in the switch IC 6, a circuit that
switches the directivities of the first and second directional
couplers 3 and 4 is easily provided only by mounting the
switch IC 6 on the multilayer substrate 2. In addition, the
high-frequency module 1 is able to be reduced in size and
the characteristics of the first and second directional cou-
plers 3 and 4 are able to be made stable.

[0071] Furthermore, the first connection wiring 10a and
the second connection wiring 105 are respectively provided
on the different insulating layers 24 and 2f. Therefore,
electromagnetic coupling between the first connection wir-
ing 10a and the second connection wiring 105 is reduced or
prevented, so as to improve the isolation characteristics
between the first input terminal 6a and the second input
terminal 6b. In the same or similar manner, the third
connection wiring 10¢ and the fourth connection wiring 104
are respectively provided on the different insulating layers.
Therefore, electromagnetic coupling between the third con-
nection wiring 10¢ and the fourth connection wiring 104 is
reduced or prevented, so as to improve the isolation char-
acteristics between the third input terminal 6¢ and the fourth
input terminal 6d.

Second Preferred Embodiment

[0072] A second preferred embodiment of the present
invention will be described with reference to FIG. 11. The
high-frequency module 1 in the second preferred embodi-
ment is different from the above-described first preferred
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embodiment in that the first to fourth termination resistors
are preferably defined by chip components 11 mounted on
the multilayer substrate 2 as illustrated in FIG. 11. Moreover,
the first directional coupler 3 is preferably defined by a
surface mount device 12 mounted on the multilayer sub-
strate 2 and the second directional coupler 4 is preferably
defined by a surface mount device 13 mounted on the
multilayer substrate 2. Other configurations and operations
are the same or similar as those in the above-described first
preferred embodiment and explanation of the configurations
and operations thereof are omitted by applying the same
reference numerals.

[0073] With this configuration, the resistance values of the
first to fourth termination resistors are able to be easily
changed only by replacing the chip components 11, so as to
increase the change ranges of the resistance values. Further-
more, the first and second directional couplers 3 and 4 are
mounted on the main surface of the multilayer substrate 2.
Therefore, the isolation characteristics between the direc-
tional couplers and wirings and other circuit elements incor-
porated in the multilayer substrate are able to be improved
in comparison with the configuration in which the first and
second directional couplers 3 and 4 are incorporated in the
multilayer substrate.

[0074] It should be noted that the present invention is not
limited to the above-described preferred embodiments. In
addition to the above-described preferred embodiments,
various changes may be made without departing from the
gist thereof and the above-described configurations may be
combined in any manner. For example, the numbers of
circuit elements, such as the first to fourth termination
resistors and the directional couplers 3 and 4 are not limited
to the above-described numbers and it is sufficient that the
necessary numbers of circuit elements are provided in
accordance with the number of communication systems and
the number of antennas Al and A2 included in the commu-
nication apparatus. Although each of the first to fourth
termination resistors is preferably defined by the circuit
including three resistors in the preferred embodiments, each
of the resistor switching switch units 63a to 634 may select
one of the three resistors or equal to or more than two
resistors at the same time. This configuration is able to
increase the selection ranges of the termination resistors.
[0075] The first and second directional couplers 3 and 4
and the switch IC 6 may preferably be integrally defined by
a surface mount device. For example, providing the first and
second directional couplers 3 and 4 on the semiconductor
substrate of the switch IC 6 reduces the areas occupied by
the directional couplers and the switch IC and reduces the
high-frequency module in size.

[0076] Although in the above-described preferred embodi-
ments, the directivity switching switch unit 62 and the first
to fourth resistor switching switch units 63a to 63d are
preferably primarily defined by the electric field effect
transistors, they may include various switching elements,
such as a PIN diode, a bipolar transistor, and an electrostatic
induction-type transistor, for example.

[0077] The antennas that are connected to the switch IC 5
are not limited to the above-described antennas A1l and A2
for multiple bands and a plurality of antennas for single
bands corresponding to the respective bands that are used in
the used communication systems may preferably be con-
nected to the switch IC 5. It is sufficient that the numbers of
antennas and communication systems which are connected
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to the switch IC are appropriately set to optimum numbers
in accordance with the configuration of the communication
apparatus on which the high-frequency module 1 is
mounted.

[0078] Preferred embodiments of the present invention
can be widely applied to high-frequency modules including
a high-frequency circuit in which a directional coupler that
detects a high-frequency signal transmitted through a signal
path is provided.

[0079] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:

1. A high-frequency module comprising:

a first directional coupler including a first main line
located in a first signal path and a first sub line which
is electromagnetically coupled to the first main line;
and

a switch unit that switches directivity of coupled output in
the first sub line; wherein

the switch unit includes:

a first input terminal which is connected to one end
portion of the first sub line;

a second input terminal which is coupled to another end
portion of the first sub line;

an output terminal from which the coupled output that
is input to the first input terminal or the second input
terminal in the first line is output;

a directivity switching switch unit which connects one
of the first input terminal and the output terminal in
a switching manner;

a first termination resistor which is connected to the
first input terminal in parallel;

a second termination resistor which is connected to the
second input terminal in parallel;

a first resistor switching switch unit which connects the
first termination resistor to the first input terminal
when the directivity switching switch unit connects
the second input terminal to the output terminal; and

a second resistor switching switch unit which connects
the second termination resistor to the second input
terminal when the directivity switching switch unit
connects the first input terminal to the output termi-
nal.

2. The high-frequency module according to claim 1,
wherein the switch unit further includes:

a first inductor which is connected between the first input

terminal and the output terminal; and

a second inductor which is connected between the second
input terminal and the output terminal.

3. The high-frequency module according to claim 1,
wherein the switch unit further includes a capacitor which is
connected between the first input terminal and the second
input terminal.

4. The high-frequency module according to claim 1,
further comprising:

a multilayer substrate that includes a plurality of insulat-
ing layers that are laminated and in which the first
directional coupler and the switch unit are provided;
wherein
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the switch unit includes a switch IC mounted on the
multilayer substrate; and

the first termination resistor and the second termination
resistor are provided in the switch IC.

5. The high-frequency module according to claim 1,

further comprising:

a multilayer substrate that includes a plurality of insulat-
ing layers that are laminated and in which the first
directional coupler and the switch unit are provided;
wherein

the switch unit includes a switch IC mounted on the
multilayer substrate; and

the first termination resistor and the second termination
resistor include chip components mounted on the mul-
tilayer substrate.

6. The high-frequency module according to claim 4,

further comprising:

a wiring electrode provided on and/or in the multilayer
substrate; wherein

at least one portion of the wiring electrode defines an
inductor.

7. The high-frequency module according to claim 4,

further comprising:

a wiring electrode provided on and/or in the multilayer
substrate; wherein

at least one portion of the wiring electrode defines a
capacitor.

8. The high-frequency module according to claim 2,

wherein

the switch unit includes a switch IC; and

at least one of the first inductor and the second inductor
is provided in the switch IC.

9. The high-frequency module according to claim 8,

wherein

the high-frequency module switches between two states
including a state in which at least one of the first
inductor and the second inductor is connected between
the directivity switching switch unit and the output
terminal, and a state in which at least one of the first
inductor and the second inductor is not connected
between the directivity switching switch unit and the
output terminal.

10. The high-frequency module according to claim 8,
wherein an inductance value of at least one of the first
inductor and the second inductor is variable.

11. The high-frequency module according to claim 3,
wherein

the switch unit includes a switch IC; and

the capacitor is provided in the switch IC.

12. The high-frequency module according to claim 11,
wherein the high-frequency module switches between two
states including a state in which the capacitor is connected
between the first input terminal and the second input termi-
nal, and a state in which the capacitor is not connected
between the first input terminal and the second input termi-
nal.

13. The high-frequency module according to claim 11,
wherein a capacitance value of the capacitor is variable.

14. The high-frequency module according to claim 13,
wherein the capacitance value is made variable by selec-
tively connecting at least one of a plurality of capacitors to
the first input terminal and the second input terminal.
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15. The high-frequency module according to claim 1,
wherein a variable capacitance is connected between the first
input terminal and a ground and/or the second input terminal
and a ground.

16. The high-frequency module according to claim 1,
wherein at least one of the directivity switching switch unit,
the first resistor switching switch unit, and the second
resistor switching switch unit is defined by at least one of an
inductor, a capacitor, and a resistor connected to an electric
field effect transistor.

17. The high-frequency module according to claim 16, at
least one of the directivity switching switch unit, the first
resistor switching switch unit, and the second resistor
switching switch unit includes a capacitance value.

18. The high-frequency module according to claim 17,
wherein the capacitance value is an off capacitance of the
electrical field effect transistor.

19. The high-frequency module according to claim 17,
wherein the capacitance value is a capacitance of the capaci-
tor connected to the electrical field effect transistor.

20. The high-frequency module according to claim 17,
wherein the capacitance value is variable by selectively
connecting at least one of a plurality of electrical field effect
transistors to the first input terminal.

#* #* #* #* #*
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