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(57) ABSTRACT

A front end circuit includes: a first antenna terminal from/to
which transmission/reception signals of a low band (LB) and
a high band (HB); a second antenna terminal from/to which
a transmission/reception signal of a middle band (MB) is
output/input; an LB terminal to/from which the transmis-
sion/reception signal of the LB is input/output, an MB
terminal to/from which the transmission/reception signal of
the MB is input/output; an HB terminal to/from which the
transmission/reception signal of the HB is input/output; and
a separating circuit that passes the transmission and recep-
tion signals of the LB and suppresses the transmission and
reception signals of the MB and the HB between the first
antenna terminal and the LB terminal, and that passes the
transmission and reception signals of the HB and suppresses
the transmission and reception signals of the LB and the MB
between the first antenna terminal and the HB terminal.
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LOW BAND

BAND TRANSMIT BAND(MHz) RECEIVE BAND (MHz)

5 824-848 869-694

8 880-81h 925-060

12 699716 729-746

13 177187 7146-756

17 704-716 134-146

20 832-862 791-821

26 814-849 859-89%4

29 - 17-728

MIDDLE BAND

BAND TRANSMIT BAND (MHz) RECEIVE BAND (MHz)
1 1920-1980 2110-2170
2 1850-1910 1930-1990
3 17101785 1805-1880
4 1710-1755 2100-2155
25 1850-1915 1930-1995
HIGH BAND
BAND TRANSMIT BAND (MHz) RECEIVE BAND (MHz)
7 2500-2570 2620-2690
30 2305-2315 2350-2360
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FRONT END CIRCUIT, MODULE, AND
COMMUNICATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2015-090663, filed on Apr. 27, 2015, and the prior
Japanese Patent Application No. 2015-157557, filed on Aug.
7, 2015, the entire contents of which are incorporated herein
by reference.

FIELD

[0002] A certain aspect of the present invention relates to
a front end circuit, a module, and a communication device.

BACKGROUND

[0003] Signals of multiple bands may be transmitted and
received in wireless communication devices such as mobile
phone terminals. For example, LTE (Long Term Evolution)
or the like uses bands including a low band of 1 GHz or
lower, a middle band around 2 GHz, and a high band around
2.5 GHz. Each of the low band, the middle band, and the
high band includes two or more bands each including a
transmit band and a receive band.

[0004] Sharing an antenna terminal between the low band
and the middle band with use of a diplexer is disclosed in
Japanese Patent Application Publication No. 2014-526847
(Patent Document 1), U.S. Patent Application Publication
No. 2006/0128393 (Patent Document 2), and International
Publication No. 2012/093539 (Patent Document 3). Patent
Document 2 discloses an art that uses individual antenna
terminals for the low band, the middle band, and the high
band. Patent Document 3 discloses an arrangement of filters
for two or more bands.

[0005] When separate antenna terminals are provided as
described in Patent Documents 1, 2, the interference
between the bands is reduced (for example, the isolation is
improved), but three connectors for RF (Radio Frequency)
are required, and thus the cost and the size increase. On the
other hand, when the antenna terminal is shared, the cost and
the size can be reduced, but the interference between the
bands increases. For example, when three antenna terminals
are unified to be a shared single antenna, the number of
required RF connectors becomes one, but the loss of a
multiplexer and/or the interference between the bands
increases. Moreover, the methods disclosed in Patent Docu-
ments 1 through 3 fail to sufficiently reduce the interference
between the bands.

SUMMARY OF THE INVENTION

[0006] According to an aspect of the present invention,
there is provided a front end circuit including: a first antenna
terminal that is coupled to a first antenna, from which
transmission signals of a low band and a high band are
output, and to which reception signals of the low band and
the high band are input, frequency of the high band being
higher than frequency of the low band; a second antenna
terminal that is coupled to a second antenna different from
the first antenna, from which a transmission signal of a
middle band is output, and to which a reception signal of the
middle band is input, frequency of the middle band being
higher than the frequency of the low band and being lower
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than the frequency of the high band; a low band terminal to
which the transmission signal of the low band is input, and
from which the reception signal of the low band is output;
a middle band terminal to which the transmission signal of
the middle band is input, and from which the reception
signal of the middle band is output; a high band terminal to
which the transmission signal of the high band is input, and
from which the reception signal of the high band is output;
and a separating circuit that passes the transmission signal
and the reception signal of the low band between the first
antenna terminal and the low band terminal, suppresses the
transmission signal and the reception signal of the middle
band and the transmission signal and the reception signal of
the high band between the first antenna terminal and the low
band terminal, passes the transmission signal and the recep-
tion signal of the high band between the first antenna
terminal and the high band terminal, and suppresses the
transmission signal and the reception signal of the low band
and the transmission signal and the reception signal of the
middle band between the first antenna terminal and the high
band terminal.

[0007] According to another aspect of the present inven-
tion, there is provided a module including: the above front
end circuit.

[0008] According to another aspect of the present inven-
tion, there is provided a communication device including:
the above front end circuit.

[0009] According to another aspect of the present inven-
tion, there is provided a module including: a first transmit
filter that passes a transmission signal of a first band; a first
receive filter that passes a reception signal of the first band;
a second transmit filter that passes a transmission signal of
a second band; a second receive filter that passes a reception
signal of the second band; a third transmit filter that passes
a transmission signal of a third band; and a third receive
filter that passes a reception signal of the third band, wherein
a transmit band of the first band overlaps with at least a part
of a receive band of the second band, a receive band of the
third band does not overlap with the transmit band of the first
band or a transmit band of the second band, and the third
receive filter is located between the first receive filter and the
second receive filter.

[0010] According to another aspect of the present inven-
tion, there is provided a module including: a first transmit
filter that passes a transmission signal of a first band; a first
receive filter that passes a reception signal of the first band;
a second transmit filter that passes a transmission signal of
a second band; a second receive filter that passes a reception
signal of the second band; a third transmit filter that passes
a transmission signal of a third band; a third receive filter
that passes a reception signal of the third band; a fourth
transmit filter that passes a transmission signal of a fourth
band; and a fourth receive filter that passes a reception signal
of the fourth band, wherein the reception signal of the first
band and the reception signal of the second band are
simultaneously received, a receive band of the third band
overlaps with at least a part of a transmit band of the first
band; a receive band of the fourth band does not overlap
with the transmit band of the first band or a transmit band of
the second band, and the fourth receive filter is located
between the second receive filter and the third receive filter.
[0011] According to another aspect of the present inven-
tion, there is provided a module including: at least three first
filters that are connected between one first common terminal
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and a corresponding one of at least three first terminals, and
have different passbands; at least one second filter that is
connected between one second common terminal and at
least one second terminal; a first wiring line that connects the
one first common terminal to the at least three first filters;
and a second wiring line that connects the one second
common terminal to the at least one second filter, wherein
the first common terminal and the second common terminal
are located at a same side as the at least three first filters, the
at least one second filter is opposite the first common
terminal and the second common terminal across the at least
three first filters, and the second wiring line intersects with
the first wiring line only in a single region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates a transmit band and a receive
band of each of bands used in first through fifth embodi-
ments;

[0013] FIG. 2 is a circuit diagram of a front end circuit in
accordance with the first embodiment;

[0014] FIG. 3 is a circuit diagram of a front end circuit in
accordance with a first comparative example;

[0015] FIG. 4 is a circuit diagram of a front end circuit in
accordance with a second comparative example;

[0016] FIG. 5A is a block diagram of a diplexer in
accordance with the first comparative example, and FIG. 5B
illustrates the frequency characteristic of the diplexer;
[0017] FIG. 6A is a block diagram of a diplexer in
accordance with the first embodiment, and FIG. 6B illus-
trates the frequency characteristic of the diplexer;

[0018] FIG. 7 is a circuit diagram of a front end circuit in
accordance with the second embodiment;

[0019] FIG. 8 is a circuit diagram of a front end circuit in
accordance with a first variation of the second embodiment;
[0020] FIG. 9 is a circuit diagram of a front end circuit in
accordance with a second variation of the second embodi-
ment;

[0021] FIG. 10A through FIG. 10D are circuit diagrams
illustrating other examples of a separating circuit in the
second variation of the second embodiment;

[0022] FIG. 11 is a circuit diagram of a middle band circuit
in the third embodiment;

[0023] FIG. 12A and FIG. 12B illustrate a module in
accordance with a third comparative example;

[0024] FIG. 13 is a schematic plan view illustrating a
module in accordance with the third embodiment;

[0025] FIG. 14 is a schematic plan view illustrating a
module in accordance with a first variation of the third
embodiment;

[0026] FIG. 15 is a schematic plan view illustrating a
module in accordance with a second variation of the third
embodiment;

[0027] FIG. 16 is a circuit diagram of a middle band
circuit in a third variation of the third embodiment;

[0028] FIG. 17 is a schematic plan view illustrating a
module in accordance with the third variation of the third
embodiment;

[0029] FIG. 18 is a circuit diagram of a low band circuit
in a fourth variation of the third embodiment;

[0030] FIG. 19 is a schematic plan view illustrating a
module in accordance with a fourth comparative example;
[0031] FIG. 20 is a schematic plan view illustrating a
module in accordance with the fourth variation of the third
embodiment;
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[0032] FIG. 21 is a schematic plan view illustrating
another module in accordance with the third variation of the
third embodiment;

[0033] FIG. 22 is a schematic plan view illustrating a
module in accordance with the fourth embodiment;

[0034] FIG. 23 is a schematic plan view illustrating a
module in accordance with a first variation of the fourth
embodiment;

[0035] FIG. 24 is a schematic plan view illustrating a
module in accordance with a second variation of the fourth
embodiment;

[0036] FIG. 25 is a schematic plan view illustrating
another module in accordance with the fourth variation of
the third embodiment;

[0037] FIG. 26 is a schematic plan view illustrating a
module in accordance with a third variation of the fourth
embodiment;

[0038] FIG. 27A is a block diagram around an antenna of
a communication device in accordance with the fifth
embodiment, and FIG. 27B is a perspective view of the
antenna,

[0039] FIG. 28A is a block diagram around an antenna of
a communication device in accordance with a first variation
of' the fifth embodiment, and FIG. 28B is a perspective view
of the antenna;

[0040] FIG. 29A is a plan view of the module in accor-
dance with the fourth embodiment, and FIG. 29B is a plan
view of a module in accordance with a sixth embodiment;
[0041] FIG. 30 is a cross-sectional view of the module in
accordance with the sixth embodiment;

[0042] FIG. 31A and FIG. 31B are plan views of insulat-
ing layers in the sixth embodiment (No. 1);

[0043] FIG. 32A and FIG. 32B are plan views of insulat-
ing layers in the sixth embodiment (No. 2);

[0044] FIG. 33 is a plan view of an insulating layer 60 in
the fourth embodiment; and

[0045] FIG. 34A and FIG. 34B are plan views of insulat-
ing layers in a first variation of the sixth embodiment.

DETAILED DESCRIPTION

[0046] Hereinafter, a description will be given of embodi-
ments with reference to accompanying drawings. The LTE
band used in the embodiments is a frequency band that
supports the LTE standard (E-UTRA Operating Band).

First Embodiment

[0047] A first embodiment is an exemplary front end
circuit that performs so-called carrier aggregation that
simultaneously receives reception signals of multiple bands
and/or simultaneously transmits transmission signals of
multiple bands. As the multiple bands, used are LTE bands
B1, B2 (or B25), B3, B4, B5 (or B26), B7, B8, B12 (or B17),
B13, B20, and B30. “B” is affixed to the number indicating
the band to distinguish from the reference numerals.
[0048] FIG. 1 illustrates the transmit band and the receive
band of each of the bands used in the first through fifth
embodiments. As illustrated in FIG. 1, LTE bands BS, BS,
B12, B13, B17, B20, B26, and B29 are low bands. LTE
bands B1 through B4, and B25 are middle bands, and LTE
bands B7 and B30 are high bands.

[0049] FIG. 2 is a circuit diagram of a communication
device and a front end circuit in accordance with the first
embodiment. The chain line indicates a line through which
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a transmission signal is mainly transmitted, the dashed line
indicates a line through which a reception signal is mainly
transmitted, and the solid line indicates a line through which
a transmission signal and a reception signal are transmitted.
As illustrated in FIG. 2, a front end circuit 104 mainly
includes terminals T1 (a first antenna terminal), T2 (a second
antenna terminal), TL (a low band terminal), TM (a middle
band terminal), and TH (a high band terminal), a diplexer 16,
a low band circuit 10L,, a middle band circuit 10M, a high
band circuit 10H, and an RFIC (Radio Frequency Integrated
Circuit) 48. The communication device includes the front
end circuit 104, and antennas 40LH and 40M.

[0050] The terminal T1 is coupled to the antenna 40L.H,
and the terminal T2 is coupled to the antenna 40M. The
transmission signal of the low band is input to the terminal
TL, and the reception signal of the low band is output from
the terminal TL. The transmission signal of the middle band
is input to the terminal TM, and the reception signal of the
middle band is output from the terminal TM. The transmis-
sion signal of the high band is input to the terminal TH, and
the reception signal of the high band is output from the
terminal TH. The diplexer 16 is coupled to the terminals T1,
TL, and TH. The terminal T2 is coupled to the terminal TM.
A tuner 384 is connected between the terminal T1 and the
diplexer 16, and a tuner 385 is connected between the
terminal T2 and the terminal TM. The tuner 384 matches
impedance when the impedance of the antenna 40LH
changes, and the tuner 385 matches impedance when the
impedance of the antenna 40M changes. The tuners 384 and
386 may be omitted. A coupler used to feedback a part of the
transmission signal may be located between the terminal T1
and the diplexer 16 and/or between the terminals T2 and
™.

[0051] The diplexer 16 includes a low-pass filter con-
nected between the terminals T1 and TL, and a high-pass
filter connected between the terminals T1 and TH. This
configuration allows the diplexer 16 to pass the transmission
signal and the reception signal of the low band between the
terminal T1 and the terminal TL, and suppresses the trans-
mission signals and the reception signals of the middle band
and the high band between the terminal T1 and the terminal
TL. The diplexer 16 passes the transmission signal and the
reception signal of the high band between the terminal T1
and the terminal TH, and suppresses the transmission signals
and the reception signals of the low band and the middle
band between the terminal T1 and the terminal TH.

[0052] The terminal TL connects to the low band circuit
10L, the terminal TM connects to the middle band circuit
10M, and the terminal TH connects to the high band circuit
10H. The low band circuit 10L, the middle band circuit 10M,
and the high band circuit 10H connect to the RFIC 48. The
RFIC 48 transmits a transmission signal before amplified to
the low band circuit 10L, the middle band circuit 10M, and
the high band circuit 10H. The RFIC 48 includes a low noise
amplifier, and amplifies reception signals received from the
low band circuit 10L, the middle band circuit 10M, and the
high band circuit 10H.

[0053] The low band circuit 10L includes quadplexers
154, 15i, a switch 20, and power amplifiers 365 and 36¢. The
middle band circuit 10M includes quadplexers 15¢, 154,
switches 21, 26, and power amplifiers 364 and 36e. The high
band circuit 10H includes a quadplexer 15¢, a switch 29, and
a power amplifier 36/
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[0054] The quadplexer 15/ includes a transmit filter 12
and a receive filter 14 for LTE band B5/B26, and the
transmit filter 12 and the receive filter 14 for LTE band B12.
The filter 12 and the receive filter 14 for LTE band B20. The
quadplexer 15¢ includes the transmit filter 12 and the receive
filter 14 for LTE band B2, and the transmit filter 12 and the
receive filter 14 for LTE band B4. The quadplexer 154
includes the transmit filter 12 and the receive filter 14 for
LTE band B1, and the transmit filter 12 and the receive filter
14 for LTE band B3. The quadplexer 15¢ includes the
transmit filter 12 and the receive filter 14 for LTE band B7,
and the transmit filter 12 and the receive filter 14 for LTE
band B30.

[0055] The transmit filter 12 is a bandpass filter, passes the
transmission signal in the corresponding band, and sup-
presses the reception signal. The receive filter 14 is a
bandpass filter, passes the reception signal in the corre-
sponding band, and suppresses the transmission signal. The
transmission band of LTE band B5 overlap with the trans-
mission band of LTE band B26, and the reception band of
LTE band B5 overlap with the reception band of LTE band
B26. Thus, the transmit filter 12 and the receive filter 14 for
LTE band B5/B26 can be shared by LTE bands B5 and B26.
[0056] The SP3T (Single Pole 3 Throw) switch 20 selects
one of the outputs from the common terminals of the
quadplexers 15/ and 15/ and from the power amplifier 36¢
for GSM (global system for mobile communications) (reg-
istered trademark) of the low band, and connects the selected
output to the terminal TL. A transmission signal is output
from the RFIC 48 to the power amplifiers 365 through 36/
A SP4T (Single Pole 4 Throw) switch 25a outputs the output
of the power amplifier 365 to one of the transmit filters 12
for LTE bands B5/B26, B12, B8, and B20.

[0057] The SP3T switch 21 selects one of the outputs from
the common terminals of the quadplexers 15¢ and 154 and
from the power amplifier 364 for GSM (registered trade-
mark) of the high band, and connects the selected output to
the terminal TM. A SP4T (Single Pole 4 Throw) switch 26
outputs the output of the power amplifier 36e to one of the
transmit filters 12 for LTE bands B2, B1, B4, and B3. The
SPDT switch 29 outputs the output of the power amplifier
36/ to one of the transmit filters 12 for LTE bands B7 and
B3o0.

[0058] To explain the advantage of the first embodiment,
a description will be given of comparative examples. FIG. 3
is a circuit diagram of a front end circuit in accordance with
a first comparative example. As illustrated in FIG. 3, in a
front end circuit 110, the terminal T1 is coupled to an
antenna 40L.M. The diplexer 16 is connected between the
terminal T1 and the terminal TL, and between the terminal
T1 and the terminal TM. The terminal T2 is coupled to an
antenna 40H. The terminal T2 is coupled to the terminal TH.
Instead of the quadplexer 15¢, duplexers 15/, 15g and an
SPDT switch 28 are provided. Other configurations are the
same as those of the first embodiment, and thus the descrip-
tion thereof is omitted.

[0059] FIG. 4 is a circuit diagram of a front end circuit in
accordance with a second comparative example. As illus-
trated in FIG. 4, in a front end circuit 112, the terminal T1
is coupled to an antenna 40L and to the terminal TL. The
terminal T2 is coupled to the middle band antenna 40M and
to the terminal TM. A terminal T3 is coupled to the antenna
40H and to the terminal TH. Tuners 38 are connected
between the antenna 40L and the terminal TL, between the
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antenna 40M and the terminal TM, and between the antenna
40H and the terminal TH. Other configurations are the same
as those of the first comparative example, and thus the
description thereof is omitted.

[0060] The problem of the first comparative example will
be explained. FIG. 5A is a block diagram of a diplexer in the
first comparative example, and FIG. 5B illustrates the fre-
quency characteristic of the diplexer. As illustrated in FIG.
5A, the diplexer 16 includes a low-pass filter (LPF) 16a and
a high-pass filter (HPF) 165. The LPF 164 is connected
between the terminals T1 and TL. The HPF 165 is connected
between the terminals T1 and TM. As described above, the
first comparative example uses the diplexer 16 to separate
the low band LB and the middle band MB. As described
above, the use of the diplexer 16 allows the antenna to be
shared.

[0061] As illustrated in FIG. 5B, the low band LB is the
passband of the LPF 164, and is the suppression band of the
HPF 1654. The middle band MB is the passband of the HPF
1654, and is the suppression band of the LPF 16a. However,
the suppression characteristic of the HPF 164 in the low
band LB and/or the suppression characteristic of the LPF
164 in the middle band MB is not sufficient. Thus, to achieve
the sufficient suppression, the loss of the LPF 164 in the low
band LB and/or the loss of the HPF 164 in the middle band
MB increases. Accordingly, the power of the transmission
signal in the terminals TL. and TM needs to be increased.
This increases the electrical power consumption of the
power amplifier. In addition, when the power of the trans-
mission signal is large, harmonic signals, intermodulation
distortion, or/and cross modulation distortion generated in
the power amplifier, the switch, and the filter for the low
band LB increase. They interfere with the middle band MB
and/or the high band HB.

[0062] Furthermore, the loss of the LPF 16a in the low
band LB and/or the loss of the HPF 164 in the middle band
MB is large. Thus, the level of the reception signal in the
terminals TL and TM decreases.

[0063] FIG. 6A is a block diagram of the diplexer in the
first embodiment, and FIG. 6B illustrates the frequency
characteristic of the diplexer. As illustrated in FIG. 6A, the
LPF 16a is connected between the terminals T1 and TL. The
HPF 165 is connected between the terminals T1 and TH. As
described above, the first embodiment uses the diplexer 16
to separate the low band LB and the high band HB.
[0064] As illustrated in FIG. 6B, the low band LB is the
passband of the LPF 164, and is the suppression band of the
HPF 1654. The high band HB is the passband of the HPF 165,
and is the suppression band of the LPF 16a. Since the
frequency interval between the low band LB and the high
band HB is wide, the suppression characteristic of the HPF
1654 in the low band LB and the suppression characteristic of
the LPF 164 in the high band HB can be improved. Thus, the
loss of the LPF 164 in the low band LB and the loss of the
HPF 165 in the high band HB can be reduced. Accordingly,
the power of the transmission signal in the terminals TL and
TH can be reduced. This decreases the electrical power
consumption of the power amplifier. Moreover, since the
power of the transmission signal is small, harmonic signals,
intermodulation distortion, or/and cross modulation distor-
tion generated in the power amplifier, the switch, and the
filter for the low band LB decrease. Thus, these signals can
be prevented from interfering with the middle band MB
and/or the high band HB.
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[0065] Furthermore, the loss of the LPF 16a in the low
band LB and the loss of the HPF 165 in the high band HB
can be reduced. Thus, the level of the reception signal in the
terminals TL and TH can be increased.

[0066] A problem of the second comparative example will
be explained. In the second comparative example, since the
antenna terminal T1 and the antenna 40L are provided for
the low band LB, the antenna terminal T2 and the antenna
40M are provided for the middle band MB, and the antenna
terminal T3 and the antenna 40H are provided for the high
band HB, the cost and the size increase. Furthermore, to
improve the isolation among three antenna terminals T1
through T3 and/or the isolation among three antennas 40L,,
40M, and 40H, the arrangement of the antenna terminals T1
through T3 and/or the three antennas 40L, 40M, and 40H
becomes complicated. When it is difficult to arrange the
antenna terminals and/or the antennas, a filter needs to be
added, and thus the cost further increases.

[0067] In the first embodiment, the transmission signals of
the low band and the high band are output from the terminal
T1, and the reception signals of the low band and the high
band are input to the terminal T1. The terminal T2 is
connected to an antenna different from the antenna con-
nected to the terminal T1, and the transmission signal of the
middle band is output from the terminal T2, and the recep-
tion signal of the middle band is input to the terminal T2.
The diplexer 16 is used as a separating circuit that separates
the low band and the high band.

[0068] This configuration reduces the number of antenna
terminals, and reduces the number of RF connectors com-
pared to the second comparative example that provides three
antenna terminals. Thus, the cost and the size can be
reduced. Furthermore, compared to the first comparative
example that uses a separating circuit that separates the low
band and the middle band to share an antenna terminal by
the low band and the middle band, the electrical power
consumption can be reduced, the interference of the har-
monic signal, the intermodulation distortion signal, and/or
the cross modulation distortion signal of the low band with
the middle band and/or the high band can be reduced, and
the sensitivity of the reception signal can be improved.

Second Embodiment

[0069] FIG. 7 is a circuit diagram of a front end circuit in
accordance with the second embodiment. As illustrated in
FIG. 7, in a front end circuit 100, the low band circuit 10L
includes multiplexers 15a, 155, switches 20, 22 through 24,
30, and the power amplifiers 36a through 36¢. The multi-
plexer 15a includes the transmit filters 12 and the receive
filters 14 for LTE bands B5/B26, B13, and B29. The
multiplexer 156 includes the transmit filters 12 and the
receive filters 14 for LTE bands B8, B20, and B12.

[0070] The SPDT (Single Pole double Throw) switch 22
connects the output of the power amplifier 36a to one of the
transmit filters 12 for LTE bands B12 and B13. A SPDT
switch 23 selects one of the outputs from the receive filters
14 for LTE bands B12 and B5/B26, and outputs the selected
output to the RFIC 48. The SPDT switch 24 selects one of
the outputs from the receive filters 14 for LTE bands B8 and
B20, and outputs the selected output to the RFIC 48. A
[0071] SP3T switch 25 outputs the output of the power
amplifier 365 to one of the transmit filters 12 for LTE bands
B5/B26, B8, and B20.
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[0072] The SPDT switch 30 outputs the output of the
RFIC 48 to one of the power amplifiers 365 and 36¢c. A
SPDT switch 31 outputs the output of the RFIC 48 to one of
the power amplifiers 364 and 36e. Other configurations are
the same as those of the first embodiment, and thus the
description thereof is omitted.

[0073] FIG. 8 is a circuit diagram of a front end circuit in
accordance with a first variation of the second embodiment.
As illustrated in FIG. 8, in a front end circuit 101, the
multiplexers 15a and 155 are replaced with duplexers, and
the quadplexers 15¢ through 15¢ are replaced with duplex-
ers. Accordingly, the SP3T switch 20 is replaced with a
multi-throw RF switch 20a capable of independently switch-
ing ON/OFF, and the SP3T switch 21 is replaced with a
multi-throw RF switch 21a capable of independently switch-
ing ON/OFF. The SPDT switch 28 is located between the
terminal TH and the duplexers for LTE bands B30 and B7.
Other configurations are the same as those of the second
embodiment illustrated in FIG. 7, and thus the description
thereof is omitted.

[0074] As described in the first variation of the second
embodiment, the multiplexers 154 and 156 and the quad-
plexers 15¢ through 15¢ may be replaced with duplexers.
Moreover, one or more of the multiplexers 154 and 1556 and
the quadplexers 15¢ through 15¢ may be replaced with
duplexers.

[0075] FIG. 9 is a circuit diagram of a front end circuit in
accordance with a second variation of the second embodi-
ment. As illustrated in FIG. 9, in a front end circuit 102,
instead of the diplexer 16, a separating circuit 42 is provided.
The separating circuit 42 includes a matching circuit 44 and
an LPF 46. The matching circuit 44 is located between the
terminal T1 and the terminals TL and TH. The LPF 46 is
located between the matching circuit 44 and the terminal TL.
The separating circuit 42 decreases the impedance in the low
band when the terminal TL is viewed from the terminal T1
side, and increases the impedance in the high band. On the
other hand, the separating circuit 42 decreases the imped-
ance in the high band when the terminal TH is viewed from
the terminal T1 side, and increases the impedance in the low
band. As described above, the separating circuit may not be
a diplexer.

[0076] FIG. 10A through FIG. 10D are circuit diagrams
illustrating other examples of the separating circuit in the
second variation of the second embodiment. As illustrated in
FIG. 10A, matching circuits 43 and 45 may be located
separately at the terminal TL side and at the terminal TH
side, respectively. As illustrated in FIG. 10B, the LPF 46
may be omitted, and an HPF 47 may be located between the
terminal T1 and the terminal TH. As described above, one of
the LPF 46 and the HPF 47 may be provided. As illustrated
in FIG. 10C, the LPF 46 and the HPF 47 may be omitted,
and only the matching circuit 44 may be provided. As
illustrated in FIG. 10D, the matching circuits 43 through 45,
the LPF 46, and the HPF 47 may be omitted. In the case
illustrated in FIG. 10D, the circuit including the transmit
filter 12 and the receive filter 14 functions as a separating
circuit.

[0077] As described in the first embodiment, the second
embodiment, and the variations thereof, the separating cir-
cuit preferably includes the diplexer 16 including an LPF
connected between the terminal T1 and the terminal TL and
an HPF connected between the terminal T1 and the terminal
TH. This configuration enables to further separate signals of
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the low band and signals of the high band. As described in
the second variation of the second embodiment, the sepa-
rating circuit may not include a diplexer.

[0078] The first and second embodiments and the varia-
tions thereof describe a case where, as the bands used for
wireless communication such as LTE, the low band includes
at least a part of a band from 699 to 960 MHz, the middle
band includes at least a part of a band from 1710 to 2170
MHz, and the high band includes at least a part of a band
from 2305 to 2690 MHz, as an example. The low band, the
middle band, and the high band may be other than these
frequencies.

[0079] A description has been given of a case where each
of'the low band, the middle band, and the high band includes
two or more bands each including a transmit band and a
receive band, as an example. At least one of the low band,
the middle band, and the high band may include two or more
bands each including a transmit band and a receive band.
Each of the low band, the middle band, and the high band
may include only one band.

[0080] In the second embodiment and the variations
thereof, the switches 23 and 24 may be replaced with
multiplexers such as diplexers. This reduces the number of
wiring lines for the power source and control signals used
for the switch. Accordingly, the size of the front end circuit
can be reduced.

Third Embodiment

[0081] The third embodiment is an exemplary module
including a front end circuit or a part of the front end circuit.
FIG. 11 is a circuit diagram of a middle band circuit in the
third embodiment. As illustrated in FIG. 11, a circuit of the
third embodiment is the same as the middle band circuit
10M of the first variation of the second embodiment.
[0082] FIG. 12A and FIG. 12B illustrate a module in
accordance with a third comparative example. As illustrated
in FIG. 12A and FIG. 12B, the module includes a substrate
50, the transmit filters 12, and the receive filters 14. The
transmit filters 12 and the receive filters 14 are mounted on
the substrate 50, or embedded in the substrate 50. The
substrate 50 is a wiring substrate formed by stacking, for
example, resin layers. The transmit filter 12 and the receive
filter 14 are interconnected through a wiring line 52 formed
in the substrate 50. B1Rx through B4Rx correspond to the
receive filters 14 for LTE bands B1 through B4, respectively,
and B1Tx through B4Tx correspond to the transmit filters 12
for LTE bands B1 through B4, respectively.

[0083] As illustrated in FIG. 1, the transmit band of LTE
band B1 partially overlap with the receive band of LTE band
B2. As indicated by the dashed line arrow in FIG. 12A, a
signal input from the transmit terminal for LTE band B1 is
input to the switch 21a. Since the isolation in the switch 21a
is finite, a part of the transmission signal of LTE band B1
leaks to the receive filter 14 for LTE band B2. When the
receive filters 14 for LTE bands B2 and B1 are adjacent to
each other, the coupling between LTE bands B2 and B1 is
large. Thus, the signal of the receive filter 14 for LTE band
B2 (a part of the transmission signal of LTE band B1) is
output as the reception signal of LTE band B1. This
decreases the receiving sensitivity of LTE band B1.

[0084] In the same manner, the transmit band of LTE band
B2 partially overlaps with the receive band of LTE band B3.
As indicated by the dashed line arrow in FIG. 12B, a signal
input from the transmit terminal for LTE band B2 is input to
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the switch 21a. A part of the transmission signal of LTE
band B2 leaks to the receive filter 14 for LTE band B3. When
the receive filters 14 for LTE bands B3 and B2 are adjacent
to each other, the signal of the receive filter 14 for LTE band
B3 (a part of the transmission signal of LTE band B2) is
output as the reception signal of LTE band B2. This
decreases the receiving sensitivity of LTE band B2.

[0085] FIG. 13 is a schematic plan view illustrating a
module in accordance with the third embodiment. The
transmit filters 12 and the receive filters 14 for LTE bands B1
through B4 are mounted on the substrate 50, or embedded in
the substrate 50. The multi-throw RF switch 21a is located
outside the module. The receive filters 14 are located in the
order of LTE bands B1, B3, B4, and B2. Thus, the receive
filters 14 for LTE bands B1 and B2 are not adjacent to each
other, and the receive filters 14 for LTE bands B2 and B3 are
not adjacent to each other. This configuration can reduce the
degradation in the receiving sensitivity of LTE bands B1 and
B2 described in FIG. 12A and FIG. 12B.

[0086] FIG. 14 is a schematic plan view illustrating a
module in accordance with a first variation of the third
embodiment. As illustrated in FIG. 14, the switch 21a is
mounted on or embedded in the substrate 50. Other con-
figurations are the same as those of the third embodiment,
and thus the description thereof is omitted.

[0087] FIG. 15 is a schematic plan view illustrating a
module in accordance with a second variation of the third
embodiment. As illustrated in FIG. 15, the switch 26 and the
power amplifier 36e are mounted on or embedded in the
substrate 50. Other configurations are the same as those of
the first variation of the third embodiment, and thus the
description thereof is omitted.

[0088] As illustrated in FIG. 14 and FIG. 15, at least one
of the switches 21q, 26 and the power amplifier 36e may be
mounted on or embedded in the substrate 50 in addition to
the transmit filters 12 and the receive filters 14. Alterna-
tively, other components may be mounted on or embedded
in the substrate 50.

[0089] FIG. 16 is a circuit diagram of a middle band
circuit in a third variation of the third embodiment. As
illustrated in FIG. 16, the transmit filters 12 and the receive
filters 14 for LTE bands B2 and B4 are included in the
quadplexer 15¢. The transmit filters 12 and the receive filters
14 for LTE bands B1 and B3 are included in the quadplexer
15d. The multi-throw RF switch 21a is replaced with the
SP3T switch 21. Other configurations are the same as those
of the third embodiment, and thus the description thereof is
omitted. The isolation between Throws in a switch such as
a SP3T having a small number of Throws is greater than that
in a switch having a large number of Throws. Thus, the third
variation of the third embodiment can further reduce the
interference between bands.

[0090] Even when the transmit filters 12 and the receive
filters 14 form a multiplexer such as a quadplexer as
described in the third variation of the third embodiment, the
receive filters 14 for LTE bands B1 and B2 are preferably not
adjacent to each other, and the receive filters 14 for LTE
bands B2 and B3 are preferably not adjacent to each other.
[0091] FIG. 17 is a schematic plan view illustrating a
module in accordance with the third variation of the third
embodiment. As illustrated in FIG. 17, the transmit filters 12
and the receive filters 14 for LTE bands B1 and B3 are
mounted on the substrate 50 as the quadplexer 154. The
transmit filters 12 and the receive filters 14 for LTE bands B2
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and B4 are mounted on the substrate 50 as the quadplexer
15¢. Each of the quadplexers 15¢ and 154 is packaged. Other
configurations are the same as those of the second variation
of the second embodiment, and thus the description thereof
is omitted. Even when the transmit filters 12 and the receive
filters 14 are mounted on the substrate 50 as the quadplexers
15¢ and 154, the receive filters 14 for LTE bands B1 and B2
are configured not to be adjacent to each other, and the
receive filters 14 for LTE bands B2 and B3 are configured
not to be adjacent to each other. This configuration enables
to reduce the deterioration in the isolation between LTE
bands B2 and B3. The same applies to a case where the
transmit filters 12 and the receive filters 14 are packaged in
a unit of a duplexer or in a unit of a filter.

[0092] FIG. 18 is a circuit diagram of a low band circuit
in a fourth variation of the third embodiment. As illustrated
in FIG. 18, the circuit of the fourth variation of the third
embodiment includes duplexers for LTE bands B8, B20,
B12, and B26 in the low band circuit 10L of the first
variation of the second embodiment. The multi-throw RF
switch 20a having seven throws of the first variation of the
second embodiment is replaced with the multi-throw RF
switch 20a having five throws. Other configurations are the
same as those of the first variation of the second embodi-
ment, and thus the description thereof is omitted.

[0093] FIG. 19 is a schematic plan view illustrating a
module in accordance with a fourth comparative example.
As illustrated in FIG. 19, the module includes the substrate
50, the transmit filters 12, and the receive filters 14. The
transmit filters 12 and the receive filters 14 are mounted on
or embedded in the substrate 50. The substrate 50 is a wiring
substrate formed by stacking, for example, resin layers. The
transmit filter 12 and the receive filter 14 are interconnected
through the wiring line 52 formed in the substrate 50. The
transmit filters 12 and the receive filters 14 support LTE
bands B8, B12, B20, and B26. Other configurations are the
same as those of the third comparative example, and thus the
description thereof is omitted.

[0094] As illustrated in FIG. 1, the transmit band of LTE
band B26 partially overlaps with the receive band of LTE
band B20. The transmit band of LTE band B8 partially
overlaps with the receive band of LTE band B26. Thus, as
indicated by the dashed line arrow in FIG. 19, a signal input
from the transmit terminal for LTE band B26 is input to the
switch 20a. A part of the transmission signal of LTE band
B26 leaks to the receive filter 14 for LTE band B20. When
the receive filters 14 for LTE bands B26 and B20 are
adjacent to each other, the signal of the receive filter 14 for
LTE band B20 (a part of the transmission signal of LTE band
B26) is output as the reception signal of LTE band B26. This
decreases the receiving sensitivity of LTE band B26. In the
same manner, when the receive filters 14 for LTE bands B8
and B26 are adjacent to each other, a part of the transmission
signal of LTE band B8 is output as the reception signal of
LTE band B8. This decreases the receiving sensitivity of
LTE band B8.

[0095] FIG. 20 is a schematic plan view illustrating a
module in accordance with the fourth variation of the third
embodiment. As illustrated in FIG. 20, the transmit filters 12
and the receive filters 14 for LTE bands B8, B12, B20, and
B26 are mounted on or embedded in the substrate 50. The
multi-throw RF switch 20a is located outside the module.
The receive filters 14 are located in the order of LTE bands
B8, B20, B12, and B26. Thus, the receive filters 14 for LTE
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bands B8 and B26 are not adjacent to each other, and the
receive filters 14 for LTE bands B20 and B26 are not
adjacent to each other. This configuration can reduce the
degradation in the receiving sensitivity of LTE bands B26
and B8 described in FIG. 19.

[0096] At least one of a switch, an amplifier, and other
components may be mounted on or embedded in the sub-
strate 50 in addition to the transmit filters 12 and the receive
filters 14. Additionally, the transmit filters 12 and the receive
filters 14 may form a multiplexer.

[0097] In the third embodiment and the variations thereof,
the transmission band of a first band (e.g., LTE band B1)
overlaps with at least a part of the receive band of a second
band (e.g., LTE band B2), and the receive band of a third
band (e.g., LTE band B4) does not overlap with the transmit
band of the first band or the transmit band of the second
band. In this case, the receive filter for the third band is
located between the receive filter for the first band and the
receive filter for the second band. This configuration pre-
vents the transmission signal of the first band from passing
through the receive filter for the second band and leaking to
the receive filter for the first band. Therefore, the degrada-
tion in the receiving sensitivity of the first band can be
reduced.

[0098] Inamoduleincluding the transmit filters 12 and the
receive filters 14 for LTE bands B1 through B4, the receive
filters 14 are arranged in the order of LTE bands B1, B3, B4,
and B2. This arrangement can reduce the degradation in the
receiving sensitivity of LTE bands B1 and B2. Moreover, in
a module including the transmit filters 12 and the receive
filters 14 for LTE bands B8, B12, B20, and B26, the receive
filters 14 are arranged in the order of LTE bands B8, B20,
B12, and B26. This arrangement can reduce the degradation
in the receiving sensitivity of LTE bands B8 and B26.

[0099] As illustrated in FIG. 1, the transmit band of LTE
band B25 overlaps with the transmit band of LTE band B2,
and the receive band of LTE band B25 overlaps with the
receive band of LTE band B2. Thus, instead of the receive
filter 14 and the transmit filter 12 for LTE band B2, the
receive filter 14 and the transmit filter 12 for LTE band B25
may be used in the third embodiment and the variations
thereof. The transmit band of LTE band B5 overlaps with the
transmit band of LTE band B26, and the receive band of LTE
band B5 overlaps with the receive band of LTE band B26.
Thus, instead of the receive filter 14 and the transmit filter
12 for LTE band B26, the receive filter 14 and the transmit
filter 12 for LTE band BS may be used in the fourth variation
of the third embodiment. The transmit band of I'TE band
B17 overlaps with the transmit band of LTE band B12, and
the receive band of LTE band B17 overlaps with the receive
band of LTE band B12. Thus, instead of the receive filter 14
and the transmit filter 12 for LTE band B12, the receive filter
14 and the transmit filter 12 for LTE band B17 may be used
in the fourth variation of the third embodiment.

[0100] As with in the third embodiment and the variations
thereof, the transmit filter 12 and the receive filter 14 for the
same band may be arranged next to each other, or the
transmit filters 12 may be arranged in the order different
from the arrangement order of the receive filters 14.

[0101] The third embodiment and the variations thereof
can be applied to the first and second embodiments and the
variations thereof.
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Fourth Embodiment

[0102] The fourth embodiment performs carrier aggrega-
tion. FIG. 21 is a schematic plan view illustrating another
module in accordance with the third variation of the third
embodiment. As illustrated in FIG. 21, the quadplexers 15¢
and 154 are mounted on the substrate 50. The receive filters
14 for LTE bands B3 and B4 are located next to each other.
The SP3T switch 21, the SP4T switch 26, and the power
amplifier 36¢ are not mounted on the substrate 50. Other
configurations are the same as those of the third variation of
the third embodiment illustrated in FIG. 16, and thus the
description thereof is omitted.

[0103] During carrier aggregation, signals of LTE bands
B2 and B4 are simultaneously received. At this time, leakage
of the signal from the transmit terminal for LTE band B2 to
the receive terminals for LTE bands B2 and B4, and leakage
of the signal from the transmit terminal for LTE band B4 to
the receive terminals for LTE bands B4 and B2 become a
problem.

[0104] As indicated by the dashed line arrow in FIG. 21,
a transmission signal input from the transmit terminal for
LTE band B2 reaches the switch 21. Since the transmit band
of LTE band B2 partially overlaps with the receive band of
LTE band B3, a part of the transmission signal of LTE band
B2 leaks to the receive filter 14 for LTE band B3 in the
switch 21. When the receive filters 14 for LTE bands B3 and
B4 are adjacent to each other, the coupling between LTE
bands B3 and B4 is large. Thus, the signal of the receive
filter 14 for LTE band B3 (a part of the transmission signal
of LTE band B2) is output as the reception signal of LTE
band B4. This decreases the receiving sensitivity of LTE
band B4.

[0105] FIG. 22 is a schematic plan view illustrating a
module in accordance with the fourth embodiment. As
illustrated in FIG. 22, the receive filters 14 are arranged so
that the receive filters 14 for LTE bands B1 and B4 are
adjacent to each other. Other configurations are the same as
those of FIG. 21, and thus the description thereof is omitted.
As indicated by the dashed line arrow in FIG. 22, even when
a part of the transmission signal of LUTE band B2 leaks to the
receive filter 14 for LTE band B3, the receive filter 14 for
LTE band B3 and the receive filters 14 for LTE bands B2 and
B4 are not adjacent to each other. Thus, a part of the
transmission signal of LTE band B2 can be prevented from
leaking to the receive terminals for LTE bands B2 and B4.
Accordingly, the degradation in the receiving sensitivity of
LTE bands B2 and B4 can be reduced.

[0106] Signals of LTE bands B1 and B3 are simultane-
ously received during carrier aggregation. Thus, it is pref-
erable to prevent leakage of the signal from the transmit
terminal for LTE band B1 to the receive terminals for LTE
bands B1 and B3 and leakage of the signal from the transmit
terminal for LTE band B3 to the receive terminals for LTE
bands B3 and B1. The transmit band of LTE band B1
partially overlaps with the receive band of LTE band B2.
Thus, as indicated by the long interval dashed line arrow, a
part of the transmission signal of LTE band B1 leaks to the
receive filter 14 for LTE band B2 through the switch 21.
However, the receive filter 14 for LTE band B2 and the
receive filters 14 for LTE bands B3 and B1 are not adjacent
to each other. Thus, a part of the transmission signal of LTE
band B1 can be prevented from leaking to the receive
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terminals for LTE bands B1 and B3. Accordingly, the
degradation in the receiving sensitivity of LTE bands B1 and
B3 can be reduced.

[0107] FIG. 23 is a schematic plan view illustrating a
module in accordance with a first variation of the fourth
embodiment. As illustrated in FIG. 23, the switch 21 is
mounted on or embedded in the substrate 50. Other con-
figurations are the same as those of the fourth embodiment,
and thus the description thereof is omitted.

[0108] FIG. 24 is a schematic plan view illustrating a
module in accordance with a second variation of the fourth
embodiment. As illustrated in FIG. 24, the switch 26 and the
power amplifier 36e are mounted on or embedded in the
substrate 50. Other configurations are the same as those of
the first variation of the fourth embodiment, and thus the
description thereof is omitted.

[0109] As illustrated in FIG. 23 and FIG. 24, at least one
of the switches 21, 26, and the power amplifier 36¢ may be
mounted on or embedded in the substrate 50 in addition to
the transmit filters 12 and the receive filters 14. Alterna-
tively, other components may be mounted on or embedded
in the substrate 50.

[0110] FIG. 25 is a schematic plan view illustrating
another module in accordance with the fourth variation of
the third embodiment. As illustrated in FIG. 25, the quad-
plexers 154 and 15/ are mounted on the substrate 50. The
transmit filters 12 and the receive filters 14 for LTE bands B8
and B20 are included in the quadplexer 15i. The transmit
filters 12 and the receive filters 14 for LTE bands B12 and
B26 are included in the quadplexer 154. Other configura-
tions are the same as those of FIG. 20, and thus the
description thereof is omitted.

[0111] Signals of LTE bands B12 and B26 are simultane-
ously received during carrier aggregation. Thus, it is pref-
erable to prevent leakage of the signal from the transmit
terminal for LTE band B12 to the receive terminals for LTE
bands B12 and B26 and leakage of the signal from the
transmit terminal for LTE band B26 to the receive terminals
for LTE bands B12 and B26. The transmit band of LTE band
B26 partially overlaps with the receive band of LTE band
B20. Thus, as indicated by the dashed line arrow, a part of
the transmission signal of LTE band B26 leaks to the receive
filter 14 for LTE band B20 through the switch 20. The
receive filters 14 for LTE bands B12 and B20 are adjacent
to each other. Thus, a part of the transmission signal of LTE
band B26 leaks to the receive terminal for LTE band B12.
Accordingly, the receiving sensitivity of LTE band B12
decreases.

[0112] FIG. 26 is a schematic plan view illustrating a
module in accordance with a third variation of the fourth
embodiment. As illustrated in FIG. 26, the receive filters 14
are arranged so that the receive filters 14 for LTE bands B8
and B12 are adjacent to each other. Other configurations are
the same as those of FIG. 25, and thus the description thereof
is omitted. As indicated by the dashed line arrow in FIG. 26,
even when a part of the transmission signal of U'TE band B26
leaks to the receive filter 14 for LTE band B20, the receive
filter 14 for LTE band B20 and the receive filters 14 for LTE
bands B12 and B26 are not adjacent to each other. Thus, a
part of the transmission signal of LTE band B26 can be
prevented from leaking to the receive terminals for LTE
bands B12 and B26. Accordingly, the degradation in the
receiving sensitivity of LTE bands B12 and B26 can be
reduced.
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[0113] In the fourth embodiment and the wvariations
thereof, the reception signal of a first band (e.g., LTE band
B1) and the reception signal of a second band (e.g., LTE
band B3) are simultaneously received. The receive band of
a third band (e.g., LTE band B2) overlaps with at least a part
of the transmit band of the first band. The receive band of a
fourth band (e.g., LTE band B4) does not overlap with the
transmit band of the first band. In this case, the receive filter
for the fourth band is located between the receive filters for
the first band and the second band and the receive filter for
the third band. This configuration can prevent the transmis-
sion signal of the first band from passing through the receive
filter for the third band and leaking to the receive filters for
the first band and the second band. Accordingly, the degra-
dation in the receiving sensitivity of the first band and the
second band can be reduced.

[0114] In addition, it becomes a problem that a part of the
transmission signal of the second band leaks to the receive
filter 14 for the fourth band, and then leaks from the receive
filter 14 for the fourth band to the receive filter 14 for the first
or second band. Thus, it is preferable that the receive band
of the fourth band does not overlap with the transmit band
of the second band.

[0115] To prevent leakage of the signal between different
bands, it is preferable to arrange the receive filters 14 in the
order of LTE bands B3, B1l, B4, and B2 in a module
including the transmit filters 12 and the receive filters 14 for
LTE bands B1 through B4. Moreover, it is preferable to
arrange the receive filters 14 in the order of LTE bands B20,
B8, B12, and B26 in a module including the transmit filters
12 and the receive filters 14 for LTE bands B8, B12, B20,
and B26.

[0116] As illustrated in FIG. 1, the transmit band of LTE
band B25 overlaps with the transmit band of LTE band B2,
and the receive band of LTE band B25 overlaps with the
receive band of LTE band B2. Thus, instead of the receive
filter 14 and the transmit filter 12 for LTE band B2, the
receive filter 14 and the transmit filter 12 for LTE band B25
may be used in the fourth embodiment and the variations
thereof. The transmit band of LTE band B5 overlaps with the
transmit band of LTE band B26, and the receive band of LTE
band B5 overlaps with the receive band of LTE band B26.
Thus, instead of the receive filter 14 and the transmit filter
12 for LTE band B26, the receive filter 14 and the transmit
filter 12 for LTE band B5 may be used in the fourth
embodiment and the variations thereof. The transmit band of
LTE band B17 overlaps with the transmit band of LTE band
B12, and the receive band of LTE band B17 overlaps with
the receive band of LTE band B12. Thus, instead of the
receive filter 14 and the transmit filter 12 for LTE band B12,
the receive filter 14 and the transmit filter 12 for LTE band
B17 may be used in the fourth embodiment and the varia-
tions thereof.

[0117] In the fourth embodiment and the wvariations
thereof, the transmit filter 12 and the receive filter 14 are
included in a quadplexer, but the transmit filter 12 and the
receive filter 14 may be individually mounted on the sub-
strate 50. Additionally, a switch, a power amplifier, and the
like may be mounted on the substrate 50.

Fifth Embodiment

[0118] FIG. 27A is a block diagram around an antenna of
a communication device in accordance with the fifth
embodiment, and FIG. 27B is a perspective view of the
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antenna. As illustrated in FIG. 27A, the terminal T1 is
coupled to the low band antenna 40L. and the high band
antenna 40H. The terminal T2 is coupled to the middle band
antenna 40M.

[0119] As illustrated in FIG. 27B, a metal film 56 is
formed on a dielectric substance 54. The metal film includes
signal terminals S0LH and 50M, ground terminals 52[.H and
52M, the low band antenna 40L, the high band antenna 40H,
and the middle band antenna 40M. The antennas 401, 40H,
and 40M are antenna radiators. The low band antenna 40L
is coupled to the high band antenna 40H on the dielectric
substance 54. The signal terminal S0LH and the ground
terminal 52LH are coupled to a region where the low band
antenna 40L is coupled to the high band antenna 40H. The
middle band antenna 40M electrically separates from the
low band antenna 40L and the high band antenna 40H. The
signal terminal 50M and the ground terminal 52M are
coupled to the middle band antenna 40M. Other configura-
tions are the same as those of the first embodiment, and thus
the description thereof is omitted.

[0120] In the fifth embodiment, the low band antenna 40L
and the high band antenna 40H share the signal terminal
50LH and the ground terminal 52L.H. This configuration
enables to reduce the size and the cost.

[0121] FIG. 28A is a block diagram around an antenna of
a communication device in accordance with a first variation
of the fifth embodiment, and FIG. 28B is a perspective view
of the antenna. As illustrated in FIG. 28A and FIG. 28B, the
low band antenna 40L is located between the high band
antenna 40H and the middle band antenna 40M. Other
configurations are the same as those of the fifth embodiment,
and thus the description thereof is omitted.

[0122] When the high band antenna 40H is located
between the low band antenna 400 and the middle band
antenna 40M like in the fifth embodiment, the isolation
between the high band antenna 40H and the middle band
antenna 40M deteriorates.

[0123] In the first variation of the fifth embodiment, the
low band antenna 40L is located between the high band
antenna 40H and the middle band antenna 40M. This
configuration enables to improve the isolation between the
high band antenna 40H and the middle band antenna 40M.
The low band antenna 40L is adjacent to the middle band
antenna 40M. However, as illustrated in FIG. 1, the fre-
quency interval between the low band and the middle band
is wider than the frequency interval between the middle
band and the high band. Thus, the isolation between the low
band antenna 401 and the middle band antenna 40M little
deteriorates. Additionally, the signal terminal can be shared
by the high band and the low band, and thus the cost and the
size can be reduced.

[0124] The fifth embodiment and the variation thereof can
be applied to the first through fourth embodiments and the
variations thereof.

Sixth Embodiment

[0125] A sixth embodiment is an exemplary module
including common terminals as with in the third embodi-
ment, the fourth embodiment, and the variations thereof.
FIG. 29A is a plan view of the module in accordance with
the fourth embodiment, and FIG. 29B is a plan view of a
module in accordance with the sixth embodiment. As illus-
trated in FIG. 29A, in the module illustrated in FIG. 22 of
the fourth embodiment, the quadplexer 154 includes receive
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filters 14a and transmit filters 12a (first filters), and the
quadplexer 15¢ includes receive filters 145 and transmit
filters 125 (second filters). Each of the receive filters 14a is
connected between a common terminal Antl (a first com-
mon terminal) and a receive terminal Rx (a first terminal).
Each of the transmit filters 12a is connected between the
common terminal Antl and a transmit terminal Tx (a second
terminal). Each of the receive filters 145 is connected
between a common terminal Ant2 (a second common ter-
minal) and the receive terminal Rx. Each of the transmit
filters 124 is connected between the common terminal Ant2
and the transmit terminal Tx.

[0126] A wiring line L1 commonly connects the receive
filters 14a and the transmit filters 12¢ to the common
terminal Antl. A wiring line 1.2 commonly connects the
receive filters 14b and the transmit filters 125 to the common
terminal Ant2. The wiring lines [.1 and [.2 are formed in the
substrate 50.

[0127] The wiring line L1 includes a wiring line 11 that
interconnects the receive filter 14a and the transmit filter 12a
for LTE band B3, and a wiring line [.12 that interconnects
the receive filter 14a and the transmit filter 12a for LTE band
B1. Thus, the wiring line [.2 intersects with two wiring lines
L11 and 112 of the wiring line L1 in intersect regions 78. A
high-frequency signal is reflected in the intersect region 78
of the wiring lines .1 and [2. This deteriorates high-
frequency characteristics.

[0128] As illustrated in FIG. 29B, in the sixth embodi-
ment, the receive filters 14a and the transmit filters 12a are
interconnected by a single wiring line [.13 of the wiring line
L1 in the quadplexer 15d. Other configurations are the same
as those of the fourth embodiment illustrated in FIG. 29A,
and thus the description thereof is omitted. Thus, the number
of the intersect regions 78 at which the wiring lines [.1 and
L2 intersect is one. This reduces the deterioration of high-
frequency characteristics.

[0129] A description will next be given of an example of
the arrangement of wiring lines in the sixth embodiment.
FIG. 30 is a cross-sectional view of the module of the sixth
embodiment. As illustrated in FIG. 30, the substrate 50
includes stacked insulating layers 60 through 62. The insu-
lating layers 60 through 62 are, for example, resin layers.
Metal layers 63 are formed on the upper surfaces of the
insulating layers 60 through 62 and the lower surface of the
insulating layer 62. The metal layer 63 is, for example, a
copper layer or a gold layer. Wiring lines 64, pads 66, and
foot pads 67 are formed of the metal layers 63. Vias 65
piercing through the insulating layers 60 through 62 are
formed. A metal such as copper is embedded in the via 65.
The transmit filter 12 and the receive filter 14 are mounted
on the pads 66 through solder 68. The transmit filter 12 and
the receive filter 14 are integrated in a chip or a package in
which filters are formed.

[0130] FIG. 31A through FIG. 32B are plan views of the
insulating layers in the sixth embodiment. FIG. 31A through
FIG. 32A are plan views of the upper surfaces of the
insulating layers 60 through 62, respectively, and FIG. 32B
is a transparent view of the lower surface of the insulating
layer 62 viewed from above. In FIG. 31A, the filters 124,
125, 14a, and 145 are illustrated by dashed lines.

[0131] As illustrated in FIG. 31A, the metal layer 63 is
formed on the upper surface of the insulating layer 60, and
the vias 65 piercing through the insulating layer 60 are
formed. The receive filters 14a and the transmit filters 12a
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in the quadplexer 154 and the receive filters 145 and the
transmit filters 125 in the quadplexer 15¢ are mounted on the
insulating layer 60. The metal layer 63 includes the wiring
lines 64, and the pads 66. The wiring lines 64 include the
wiring lines L1, 1.2, and a ground pattern Gnd. The pads 66
include receive pads Prx, transmit pads Ptx, and common
pads Pant.

[0132] Each of the receive filters 14a and 145 is coupled
to the corresponding receive pad Prx and to the correspond-
ing common pad Pant by solder 68. Each of the transmit
filters 12a and 125 is coupled to the corresponding transmit
pad Ptx and the corresponding common pad Pant by solder
68. The ground of each of the filters 12a, 125, 144, and 145
is coupled to a region 69 in the ground pattern Gnd by solder
68. The wiring line .1 commonly connects the common
pads Pant to which the receive filters 14a and the transmit
filters 12a are connected. The wiring line .2 commonly
connects the common pads Pant to which the receive filters
145 and the transmit filters 126 are connected. The wiring
line .2 is not formed in the intersect region 78 where the
wiring lines [.1 and L2 intersect. The ground pattern Gnd is
formed to surround the wiring lines 64 and the pads 66. The
vias 65 each piercing through the insulating layer 60 and
connecting to the wiring line 64 are formed.

[0133] As illustrated in FIG. 31B, the metal layer 63 is
formed on the upper surface of the insulating layer 61. The
metal layer includes the wiring lines 64. The wiring lines 64
include a part of the wiring line [.2 in the intersect region 78
and the ground pattern Gnd. The vias 65 each piercing
through the insulating layer 61 and connecting to the wiring
line 64 are formed. As illustrated in FIG. 32A, the metal
layer 63 is formed on the upper surface of the insulating
layer 62. The vias 65 each piercing through the insulating
layer 62 and connecting to the wiring line 64 are formed.

[0134] As illustrated in FIG. 32B, the metal layer 63 is
formed on the lower surface of the insulating layer 62. The
metal layer 63 includes the foot pads 67. The foot pads 67
include receive foot pads Frx, transmit foot pads Fix,
common foot pads Fantl, Fant2, and a ground foot pad
Fgnd. The receive foot pads Frx, the transmit foot pads Fix,
and the common foot pads Fantl and Fant2 correspond to
the receive terminals Rx, the transmit terminals Tx, and the
common terminals Antl and Ant2 in FIG. 29B, respectively.
The vias 65 each piercing through the insulating layer 62 and
connecting to the foot pad 67 are formed.

[0135] As illustrated in FIG. 31A through FIG. 32B, the
wiring line L1 is electrically connected to the common foot
pad Fantl through the wiring lines 64 and the vias 65 of the
insulating layers 60 through 62. The wiring line [.2 is
electrically connected to the common foot pad Fant2
through the wiring lines 64 and the vias 65 of the insulating
layers 60 through 62. The receive pads Prx are electrically
connected to the receive foot pads Frx through the wiring
lines 64 and the vias 65, and the transmit pads Ptx are
electrically coupled to the transmit foot pads Ftx through the
wiring lines 64 and the vias 65. The ground patterns Gnd and
the ground foot pad Fgnd formed on the upper surfaces of
the insulating layers 60 through 62 are electrically intercon-
nected through the vias 65, but FIG. 31A through FIG. 32B
do not illustrate the ground vias 65.

[0136] FIG. 33 is a plan view of the insulating layer 60 in
the fourth embodiment. As illustrated in FIG. 33, in the
fourth embodiment, the wiring lines [.1 and [.2 intersect in
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two intersect regions 78. Other configurations are the same
as those of FIG. 30 through FIG. 32B, and thus the descrip-
tion thereof is omitted.

[0137] In the sixth embodiment, as illustrated in FIG. 29B
through FIG. 32B, the receive filter 14a and the transmit
filter 12a have different passbands, and the receive filter 145
and the transmit filter 126 have different passbands. That is
to say, the passband of the receive filter 14a does not overlap
with the passband of the transmit filter 12a, and the passband
of the receive filter 145 does not overlap with the passband
of the transmit filter 125. The common terminals Antl and
Ant2 are located at the same side as the receive filter 14a and
the transmit filter 12a. The receive filter 145 and the transmit
filter 125 are opposite the common terminals Antl and Ant2
across the receive filter 14a and the transmit filter 124. In
such an arrangement, the wiring line 1.2 intersects the wiring
line I1 in a single region. This configuration improves
high-frequency characteristics compared to a case where the
wiring line [.2 intersects the wiring line [.1 in two or more
regions as with in the fourth embodiment of FIG. 29A
through FIG. 33.

[0138] The sixth embodiment describes a case where each
of the wiring line [.1 and the wiring line [.2 are coupled to
four filters. The wiring line L1 is required to connect at least
three first filters to the common terminal Antl. The wiring
line 1.2 is required to connect at least one second filter to the
common terminal Ant2. When the number of the receive
filters 14a and the number of the transmit filters 12a are at
least three, the number of the intersect regions 78 where the
wiring line L1 intersects the wiring line [.2 is two or more,
and thus high-frequency characteristics may deteriorate. The
sixth embodiment configures the number of the intersect
regions 78 to be one, thereby reducing the deterioration of
high-frequency characteristics.

[0139] Additionally, the receive filter 14a and the transmit
filter 12a are located at both sides of the wiring line L1. In
this case, the number of the intersect regions 78 easily
becomes two or more, and high-frequency characteristics
may deteriorate. The sixth embodiment configures the num-
ber of the intersect regions 78 to be one, thereby reducing the
deterioration of high-frequency characteristics. Moreover,
when the receive filter 14a and the transmit filter 124 are
located at both sides of the wiring line .1, the ground pattern
Gnd and the ground via connected to the receive filter 14a
can be separated from the ground pattern Gnd and the
ground via connected to the transmit filter 12¢. This
decreases the impedance shared by the receive filter 14a and
the transmit filter 12a, thereby reducing the interference
between the reception signal and the transmission signal.

[0140] Furthermore, the wiring line [.2 connects at least
three second filters to the common terminal Ant2. In this
case, even when the second filter is located closer to the
common terminals Antl and Ant2 than the first filter, the
number of the intersect regions 78 easily becomes two or
more, and high-frequency characteristics may deteriorate.
The sixth embodiment configures the number of the intersect
regions 78 to be one, thereby reducing the deterioration of
high-frequency characteristics.

[0141] In the sixth embodiment, the first filter includes the
receive filter 14a and the transmit filter 124, and the second
filter includes the receive filter 145 and the transmit filter
12b. However, the first filter may include only one of the
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receive filter and the transmit filter, and the second filter may
include only the other of the receive filter and the transmit
filter.

[0142] As described in the sixth embodiment, the first
filter includes the transmit filter 124 (a first transmit filter)
and the receive filter 14a (a first receive filter) for LTE band
B3 (a first band), and the transmit filter 12a (a second
transmit filter) and the receive filter 14a (a second receive
filter) for LTE band B1 (a second band). The second filter
includes the transmit filter 126 (a third transmit filter) and
the receive filter 145 (a third receive filter) for LTE band B4
(a third band), and the transmit filter 126 (a fourth transmit
filter) and the receive filter 146 (a fourth receive filter) for
LTE band B2 (a fourth band). As described above, when the
quadplexers 154 and 15¢ for different bands are mounted on
the substrate 50, the wiring becomes complicated, and
high-frequency characteristics easily deteriorate. The dete-
rioration of high-frequency characteristics can be reduced by
configuring the number of the intersect regions 78 to be one.
LTE bands B3, B1, B4, and B2 are used as an example, but
the above discussion is applicable to other bands.

[0143] In the intersect region 78, the wiring line L1 and
the wiring line [.2 are formed on the surfaces of the different
insulating layers 60 and 61 among the insulating layers 60
through 62. Thus, the wiring line L1 can easily intersect with
the wiring line [.2. However, the distance between the
wiring lines [.1 and .2 in the intersect region 78 decreases,
and high-frequency signals easily interfere. Therefore, the
deterioration of high-frequency characteristics can be reduce
by configuring the number of the intersect regions 78 to be
one.

[0144] FIG. 34A and FIG. 34B are plan views of the
insulating layers in a first variation of the sixth embodiment.
FIG. 34A and FIG. 34B are plan views of the insulating
layers 61 and 62, respectively. The upper surface of the
insulating layer 60 and the lower surface of the insulating
layer 62 are the same as those in the sixth embodiment
illustrated in FIG. 31A and FIG. 32B.

[0145] As illustrated in FIG. 34A, the wiring line 1.2 is not
formed in the intersect region 78 of the insulating layer 61.
The ground pattern Gnd is formed in the intersect region 78.
As illustrated in FIG. 34B, the wiring line L2 including the
intersect region 78 is formed. Other configurations are the
same as those of the sixth embodiment, and thus the descrip-
tion thereof is omitted.

[0146] In the first variation of the sixth embodiment, the
ground pattern Gnd is located between the wiring line L1
and the wiring line L2 in the intersect region 78 where the
wiring line L1 intersects the wiring ling 1.2. This configu-
ration reduces the interference of high-frequency signals in
the intersect region 78, and improves high-frequency char-
acteristics. In the intersect region 78, two or more insulating
layers may be located between the wiring lines [.1 and [.2.
In the intersect region 78, two or more ground patterns Gnd
may be located between the wiring lines L1 and [.2.

[0147] The module of the sixth embodiment and the
variation thereof can be applied to the first through fifth
embodiments and the variations thereof.

[0148] Although the embodiments of the present invention
have been described in detail, it is to be understood that the
various change, substitutions, and alterations could be made
hereto without departing from the spirit and scope of the
invention.

Oct. 27, 2016

What is claimed is:

1. A front end circuit comprising:

a first antenna terminal that is coupled to a first antenna,
from which transmission signals of a low band and a
high band are output, and to which reception signals of
the low band and the high band are input, frequency of
the high band being higher than frequency of the low
band;

a second antenna terminal that is coupled to a second
antenna different from the first antenna, from which a
transmission signal of a middle band is output, and to
which a reception signal of the middle band is input,
frequency of the middle band being higher than the
frequency of the low band and being lower than the
frequency of the high band;

a low band terminal to which the transmission signal of
the low band is input, and from which the reception
signal of the low band is output;

a middle band terminal to which the transmission signal
of the middle band is input, and from which the
reception signal of the middle band is output;

a high band terminal to which the transmission signal of
the high band is input, and from which the reception
signal of the high band is output; and

a separating circuit that passes the transmission signal and
the reception signal of the low band between the first
antenna terminal and the low band terminal, suppresses
the transmission signal and the reception signal of the
middle band and the transmission signal and the recep-
tion signal of the high band between the first antenna
terminal and the low band terminal, passes the trans-
mission signal and the reception signal of the high band
between the first antenna terminal and the high band
terminal, and suppresses the transmission signal and
the reception signal of the low band and the transmis-
sion signal and the reception signal of the middle band
between the first antenna terminal and the high band
terminal.

2. The front end circuit according to claim 1, wherein

the separating circuit includes a low-pass filter connected
between the first antenna terminal and the low band
terminal, and a high-pass filter connected between the
first antenna terminal and the high band terminal.

3. The front end circuit according to claim 1, wherein

the low band includes at least a part of a band from 699
to 960 MHz,

the middle band includes at least a part of a band from
1710 to 2170 MHz, and

the high band includes a part of a band from 2305 to 2690
MHz.

4. The front end circuit according to claim 1, wherein

at least one of the low band, the middle band, and the high
band includes two or more bands each including a
transmit band and a receive band.

5. The front end circuit according to claim 1, wherein

each of the low band, the middle band, and the high band
includes two or more band each including a transmit
band and a receive band.

6. The front end circuit according to claim 4, further

comprising:

transmit bandpass filters that pass transmission signals of
bands; and

receive bandpass filters that pass reception signals of
bands.
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7. The front end circuit according to claim 6, wherein

the bands include a first band, a second band, and a third
band,

a transmit band of the first band overlaps with at least a
part of a receive band of the second band,

a receive band of the third band does not overlap with the
transmit band of the first band or a transmit band of the
second band, and

a receive filter for the third band is located between a
receive filter for the first band and a receive filter for the
second band.

8. The front end circuit according to claim 6, wherein

the bands include a first band, a second band, a third band,
and a fourth band,

a reception signal of the first band and a reception signal
of the second band are simultaneously received,

a receive band of the third band overlaps with at least a
part of a transmit band of the first band,

a receive band of the fourth band does not overlap with
the transmit band of the first band or a transmit band of
the second band, and

a receive filter for the fourth band is located between a
receive filter for the second band and a receive filter for
the third band.

9. The front end circuit according to claim 1, wherein

reception signals of at least two bands of the low band, the
middle band, and the high band are simultaneously
received, and/or transmission signals of the at least two
bands are simultaneously transmitted.

10. A module comprising:

a front end circuit including:

a first antenna terminal that is coupled to a first antenna,
from which transmission signals of a low band and
a high band are output, and to which reception
signals of the low band and the high band are input,
frequency of the high band being higher than fre-
quency of the low band;

a second antenna terminal that is coupled to a second
antenna different from the first antenna, from which
a transmission signal of a middle band is output, and
to which a reception signal of the middle band is
input, frequency of the middle band being higher
than the frequency of the low band and being lower
than the frequency of the high band;

a low band terminal to which the transmission signal of
the low band is input, and from which the reception
signal of the low band is output;

a middle band terminal to which the transmission signal
of the middle band is input, and from which the
reception signal of the middle band is output;

a high band terminal to which the transmission signal
of the high band is input, and from which the
reception signal of the high band is output; and

a separating circuit that passes the transmission signal
and the reception signal of the low band between the
first antenna terminal and the low band terminal,
suppresses the transmission signal and the reception
signal of the middle band and the transmission signal
and the reception signal of the high band between the
first antenna terminal and the low band terminal,
passes the transmission signal and the reception
signal of the high band between the first antenna
terminal and the high band terminal, and suppresses
the transmission signal and the reception signal of
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the low band and the transmission signal and the
reception signal of the middle band between the first
antenna terminal and the high band terminal.

11. A communication device comprising:

a front end circuit including:

a first antenna terminal that is coupled to a first antenna,
from which transmission signals of a low band and
a high band are output, and to which reception
signals of the low band and the high band are input,
frequency of the high band being higher than fre-
quency of the low band;

a second antenna terminal that is coupled to a second
antenna different from the first antenna, from which
a transmission signal of a middle band is output, and
to which a reception signal of the middle band is
input, frequency of the middle band being higher
than the frequency of the low band and being lower
than the frequency of the high band;

a low band terminal to which the transmission signal of
the low band is input, and from which the reception
signal of the low band is output;

a middle band terminal to which the transmission signal
of the middle band is input, and from which the
reception signal of the middle band is output;

a high band terminal to which the transmission signal
of the high band is input, and from which the
reception signal of the high band is output; and

a separating circuit that passes the transmission signal
and the reception signal of the low band between the
first antenna terminal and the low band terminal,
suppresses the transmission signal and the reception
signal of the middle band and the transmission signal
and the reception signal of the high band between the
first antenna terminal and the low band terminal,
passes the transmission signal and the reception
signal of the high band between the first antenna
terminal and the high band terminal, and suppresses
the transmission signal and the reception signal of
the low band and the transmission signal and the
reception signal of the middle band between the first
antenna terminal and the high band terminal.

12. The communication device according to claim 11,

further comprising:

a low band antenna and a high band antenna that are
coupled to the first antenna terminal; and

a middle band antenna that is coupled to the second
antenna terminal,

wherein the low band antenna is located between the high
band antenna and the middle band antenna.

13. A module comprising:

a first transmit filter that passes a transmission signal of a
first band;

a first receive filter that passes a reception signal of the
first band;

a second transmit filter that passes a transmission signal of
a second band;

a second receive filter that passes a reception signal of the
second band;

a third transmit filter that passes a transmission signal of
a third band; and

a third receive filter that passes a reception signal of the
third band,

wherein a transmit band of the first band overlaps with at
least a part of a receive band of the second band,
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a receive band of the third band does not overlap with the
transmit band of the first band or a transmit band of the
second band, and

the third receive filter is located between the first receive
filter and the second receive filter.

14. The module according to claim 13, wherein

an output of the first transmit filter and an input of the first
receive filter are commonly coupled to a first common
terminal, and

an output of the second transmit filter and an input of the
second receive filter are commonly coupled to a second
common terminal.

15. The module according to claim 14, further compris-

ing:

a switch that selects and connects one of the first common
terminal and the second common terminal to a third
common terminal.

16. A module comprising:

a first transmit filter that passes a transmission signal of a
first band;

a first receive filter that passes a reception signal of the
first band;

a second transmit filter that passes a transmission signal of
a second band;

a second receive filter that passes a reception signal of the
second band;

a third transmit filter that passes a transmission signal of
a third band;

a third receive filter that passes a reception signal of the
third band;

a fourth transmit filter that passes a transmission signal of
a fourth band; and

a fourth receive filter that passes a reception signal of the
fourth band,

wherein the reception signal of the first band and the
reception signal of the second band are simultaneously
received,

a receive band of the third band overlaps with at least a
part of a transmit band of the first band;

a receive band of the fourth band does not overlap with
the transmit band of the first band or a transmit band of
the second band, and

the fourth receive filter is located between the second
receive filter and the third receive filter.

17. The module according to claim 16, wherein

the first band is LTE band 1, the second band is LTE band
3, and the third band is LTE band 2 or LTE band 25,

the first band is LTE band 2 or LTE band 25, the second
band is LTE band 4, and the third band is LTE band 3,
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the first band is LTE band 26, the second band is LTE
band 12 or LTE band 17, and the third band is LTE band
20, or

the first band is LTE band 8, the second band is LTE band
20, and the third band is LTE band 5 or LTE band 26.

18. A module comprising:

at least three first filters that are connected between one
first common terminal and a corresponding one of at
least three first terminals, and have different passbands;

at least one second filter that is connected between one
second common terminal and at least one second
terminal;

a first wiring line that connects the one first common
terminal to the at least three first filters; and

a second wiring line that connects the one second com-
mon terminal to the at least one second filter,

wherein the first common terminal and the second com-
mon terminal are located at a same side as the at least
three first filters,

the at least one second filter is opposite the first common
terminal and the second common terminal across the at
least three first filters, and

the second wiring line intersects with the first wiring line
only in a single region.

19. The module according to claim 18, further comprising

a ground pattern that is located between the second wiring
line and the first wiring line located in a region where
the first wiring line intersects the second wiring line.

20. The module according to claim 18, wherein

the at least three first filters are located at both sides of the
first wiring line.

21. The module according to claim 18, wherein

the at least one second filter includes at least three second
filters.

22. The module according to claim 18, wherein

the first filter includes a first transmit filter and a first
receive filter for a first band, and a second transmit filter
and a second receive filter for a second band, and

the second filter includes a third transmit filter and a third
receive filter for a third band, and a fourth transmit filter
and a fourth receive filter for a fourth band.

23. The module according to claim 18, further compris-

ing:

a substrate formed by stacking insulating layers,

wherein the at least three first filters and the at least one
second filter are mounted on the substrate, and

the first wiring line and the second wiring line are formed
on surfaces of different insulating layers of the insu-
lating layers in a region where the first wiring line
intersects the second wiring line.
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