SPECI FI CATI ON TI TLE OF THE | NVENTI ON FI LTER MODULE AND DUPLEXER MODULE
Field [0001] A certain aspect of the present invention relates to a filter
nodul e and a dupl exer nodul e. Background [ 0002] Wrel ess comuni cati on
devices typified by nobile phone termi nals have been nodified into
mul ti band systens, and nultiple wreless devices have been installed in one
W rel ess communi cati on device. For exanple, there has been known a nobile
phone term nal supporting multiple frequency bands, and nmultiple reception
filters and nmultiple duplexers are installed in the nobile phone termnal.

SPECIFICATION
TITLE OF THE INVENTION

FILTER MODULE AND DUPLEXER MODULE

Field

[0001] A certain aspect of the present invention relates to a filter module and a duplexer
module.

Background

[0002] Wireless communication devices typified by mobile phone terminals have been

modified into multiband systems, and multiple wireless devices have been installed in one
wireless communication device. For example, there has been known a mobile phone terminal
supporting multiple frequency bands, and multiple reception filters and multiple duplexers are
installed in the mobile phone terminal.

[0003] There has been known a module including two duplexers configured so that a
reception terminal to be electrically coupled to a low noise amplifier (hereinafter, referred to as
LNA) is switched between the reception terminals of the two duplexers by an external switch
(e.g. Japanese Patent Application Publication No. 2000-349586). Also, there has been known a
module including two duplexers configured so that antenna terminals of the two duplexers are
unified (e.g. Japanese Patent Application Publication No. 2010-45563).

[0004] The mobile phone terminal supporting multiple frequency bands includes large
numbers of reception filters and duplexers, and thereby the number of reception filters increases

and wiring arrangement becomes complicated. In recent years, use of a differential circuit has



[ 0003] There has been known a nodul e including two dupl exers configured so
that a reception termnal to be electrically coupled to a | ow noi se
anplifier (hereinafter, referred to as LNA) is switched between the
reception termnals of the two duplexers by an external switch (e.qg.
Japanese Patent Application Publication No. 2000-349586). Also, there has
been known a nodul e including two dupl exers configured so that antenna
termnals of the two duplexers are unified (e.g. Japanese Patent
Application Publication No. 2010-45563). [0004] The nobil e phone term nal
supporting multiple frequency bands includes | arge nunbers of reception
filters and dupl exers, and thereby the nunber of reception filters

i ncr easesasachth fimn B nggeptionatigeiténin RE cranesivedifplradiafreghentyntransecewr year s, use
of a differential circuit has increased to forma reception circuit in an
RF t r dmsgraied eirclif) t¢ watha récepquiefityr dnd anseptioteterrhinblagraalpdxed arcttupledt 0 whi ch
a reception filter and a reception term nal of a duplexer are coupled. In
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dupl exer are provided with respect to one reception band, and thus the
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nunbers of reception filters and dupl exers causes a filter nodule in which
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dupl exers are installed to grow in size. [0005] Moreover, an LTE (Long Term
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bands to be supported by one nobile phone term nal further increases

becausgstdlfed td dlowntsired of ten uses a uni que frequency band. Therefore,
reception filters and dupl exers further increase, and thereby the wring
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dupl exer nodule further grow in size.
number of frequency bands to be supported by one mobile phone terminal further increases
because the LTE method often uses a unique frequency band. Therefore, reception filters and
duplexers further increase, and thereby the wiring arrangement becomes further complicated and
the filter module and the duplexer module further grow in size.
[0006] The above problems may be solved by configuring the reception filter and the

duplexer to be tunable. However, when an acoustic wave filter is used for the reception filter

and the duplexer, they are difficult to be configured to be tunable.

SUMMARY OF THE INVENTION
[0007] According to an aspect of the present invention, there is provided a filter module
including: reception filters connected between an antenna terminal and a reception terminal; and
a module substrate, wherein a first reception filter that is at least one reception filter of the
reception filters is embedded in the module substrate, and a second reception filter that is at least
another one reception filter is mounted on a surface of the module substrate so as to overlap the

first reception filter.



[ 0006] The above probl ens may be solved by configuring the reception filter
and t he dupl exer to be tunable. However, when an acoustic wave filter is
used for the reception filter and the duplexer, they are difficult to be
configured to be tunable. SUVMMARY OF THE | NVENTI ON [ 0007] According to an
aspect of the present invention, there is provided a filter nodule
including: reception filters connected between an antenna term nal and a
reception termnal; and a nodul e substrate, wherein a first reception
filter that is at |east one reception filter of the reception filters is
enbedded in the nodul e substrate, and a second reception filter that is at
| east anot her one reception filter is nounted on a surface of the nodul e
subst [&#@]so ascardingveadotipr tifyect dfithd pregneipveaionf theteds provivedaldeplexe! udi ng:
t he above described filter nodul e. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0009]nkddale ihclugding: the nlonvietdegtiribgd filerirhddudd.r ati ng a wirel ess device unit of a
nobi | e phone
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a circuit diagram illustrating a wireless device unit of a mobile phone
terminal in accordance with a first comparative example;
FIG. 2 is a circuit diagram illustrating a wireless device unit of a mobile phone terminal
in accordance with a second comparative example;
FIG. 3 is a block diagram illustrating a filter module in accordance with a first
embodiment;
FIG. 4 is a perspective view of the filter module in accordance with the first
embodiment;
FIG. 5 is a circuit diagram illustrating a filter module in accordance with a second
embodiment;
FIG. 6A is a plan view illustrating a first reception filter and a second reception filter,
and FIG. 6B is a cross-sectional view taken along line A-A in FIG. 6A;
FIG. 7 is a diagram illustrating pass characteristics of the filter module in accordance
with the second embodiment;
FIG. 8 is a circuit diagram illustrating a configuration for separately measuring the pass
characteristics of the first reception filter and the second reception filter alone;
FIG. 9 is an enlarged view around reception bands in FIG. 7;

FIG. 10 is a perspective view illustrating a filter module in accordance with the second

embodiment;



termnal in accordance with a first conparative exanpl e; FIG 2 is
a circuit diagramillustrating a wireless device unit of a nobile phone
terminal in accordance with a second conparative exanpl e; FIG 3is
a block diagramillustrating a filter nodule in accordance with a first
enbodi nment ; FIG4 is a perspective view of the filter nodule in
accordance with the first enbodi nent; FIG 5 is acircuit diagram
illustrating a filter nodule in accordance with a second enbodi nent;
FIG 6Ais aplan viewillustrating a first reception filter and a second
reception filter, and FIG 6B is a cross-sectional view taken along |ine A-A
in FI G 6A FIG 7 is a diagramillustrating pass characteristics of
the filter RHEUl ésa arcadtciaotandiistrating a fileer secloledn ecdoodtineewtith a first FIG 8
is acircuit diagramillustrating a configuration for separately neasuring
t he passatohartaet ecositdngdodohent;ne first reception filter and the second
reception filter alone; FIG 9 is an enlarged view around reception bands
in FIG 7; FIG 12 is a perspective view illustrating the filter module in accordance with the first
variation of the second embodiment;
FIG. 13 is a circuit diagram illustrating a filter module in accordance with a third
embodiment;
FIG. 14 is a perspective view illustrating the filter module in accordance with the third
embodiment;
FIG. 15 is a perspective view of the first reception filter and the second reception filter
mounted on a surface of a module substrate;
FIG. 16 is a perspective view illustrating a filter module in accordance with a first
variation of the third embodiment;
FIG. 17 is a block diagram illustrating a duplexer module in accordance with a fourth
embodiment;
FIG. 18 is a perspective view illustrating the duplexer module in accordance with the
fourth embodiment;
FIG. 19 is a circuit diagram illustrating a duplexer module in accordance with a fifth
embodiment;
FIG. 20 is a plan view illustrating a first transmission filter and a second transmission
filter;
FIG. 21 is a diagram illustrating pass characteristics of the duplexer module in

- accordance with the fifth embodiment;

FIG. 22 is a diagram illustrating pass characteristics of the first reception filter and the



FIG 10 is a perspective viewillustrating a filter nodule in accordance

with the second enbodi nent; FIG 11 is a circuit diagram
illustrating a filter nodule in accordance with a first variation of the
second enbodi nent; FIG 12 is a perspective viewillustrating the
filter nodule in accordance with the first variation of the second
enbodi nment ; FIG 13 is a circuit diagramillustrating a filter
nodul e in accordance with a third enbodi nent; FIG 14 is a
perspective view illustrating the filter nodule in accordance with the
third enbodi nent; FIG 15 is a perspective view of the first

reception filter and the second reception filter nmounted on a surface of a

nodul eesunldstdaeptien filter of the dubléxerliiodide m goesrdpee twithahy filvembbdisient@at i ng a

filter nodule in accordance with a first variation of the third enbodi nent;

FIG 17 is &ibl20dkaderdggahviewlansing addepgorebaatdpinedd€r22yodul e i n accor dance
with a fourth enbodi nent;

FIG. 24 is a perspective view illustrating the duplexer module in accordance with the
fifth embodiment;

FIG. 25A is a plan view illustrating foot pads by transparently illustrating a first
duplexer from above, and FIG. 25B is a plan view illustrating foot pads by transparently
illustrating a second duplexer from above;

FIG. 26 is a circuit diagram illustrating a duplexer module in accordance with a sixth
embodiment;

FI1G. 27 is a perspective view illustrating the duplexer module in accordance with the
sixth embodiment;

FIG 28A is a cross-sectional view taken along line A-A in FIG 27, and FIG. 28B is a
cross-sectional view taken along line B-B in FIG. 27; and

FIG. 29A is a plan view of a piezoelectric thin film resonator, and FIG. 29B is a

cross-sectional view taken along line A-A in FIG. 29A.

DETAILED DESCRIPTION
[0010] A description will first be given of a comparative example using a wireless device
unit of a mobile phone terminal supporting four frequency bands as an example. Four
frequency bands may be band 1, band 2, band 5, and band 8 of W-CDMA (Wideband Code

Division Multiple Access). Table 1 lists a transmission band and a reception band of each band.



FIG 18 is a perspective viewillustrating the dupl exer nodule in

accordance with the fourth enbodi nent; FIG 19 is a circuit diagram
illustrating a dupl exer nodule in accordance with a fifth enbodi nent; FIG
20 is a plan viewillustrating a first transm ssion filter and a second
transm ssion filter; FIG 21 is a diagramillustrating pass
characteristics of the duplexer nodule in accordance with the fifth
enbodiment; FIG 22 is a diagramillustrating pass characteristics of the

first reception filter and the second reception filter of the dupl exer
nmodul e in accordance with the fifth enbodinent; FIG 23 is an enlarged view

around reception bands in FIG 22; FIG 24 is a perspective view
i || ust[Tte hlg t he dupl exer nodul e in accordance with the fifth enbodi nent;
TRANSMISSION BAND RECEPTION BAND
BAND
[MHz] [MHz]

1 1920 — 1980 2110-2170

2 1850 - 1910 1930 - 1990

5 824 — 849 869 — 894

8 880 -915 925 — 960

[0011] FIG. 1 is a circuit diagram illustrating a wireless device unit of a mobile phone

terminal in accordance with a first comparative example.  As illustrated in FIG. 1, the wireless
device unit of the mobile phone terminal of the first comparative example includes a main
antenna 200 and a reception diversity antenna 300 that complements the main antenna 200. A
duplexer module 204 is coupled to the main antenna 200 through an antenna switch 202. A
fifter module 304 is coupled to the reception diversity antenna 300 through an antenna switch
302.

[0012] The duplexer module 204 includes four duplexers 206 in order to support four
frequency bands. Antenna terminals 208 of the duplexers 206 are coupled to the antenna switch
202. This configuration allows the antenna switch 202 to select a duplexer to be electrically
connected to the main antenna 200 from the four duplexers 206.

[0013] Each of the duplexers 206 includes a transmission filter 210 and a reception filter 212.
The transmission filters 210 of the four duplexers 206 are coupled to an RF transceiver IC 400
through transmission terminals 214. Power amplifiers 216 are coupled between the
transmission filters 210 and the transmission terminals 214. The reception filters 212 of the
four duplexers 206 are coupled to LNAs 220 in the RF transceiver IC 400 through reception

terminals 218.



FIG 25A is a plan viewillustrating foot pads by transparently
illustrating a first duplexer fromabove, and FIG 25B is a plan view

illustrating foot pads by transparently illustrating a second dupl exer from
above; FIG 26 is acircuit diagramillustrating a dupl exer nodul e
I n accordance with a sixth enbodi nent; FIG 27 is a perspective view

illustrating the dupl exer nodul e in accordance with the sixth enbodi nent;
FIG 28A is a cross-sectional viewtaken along line AAAin FIG 27, and FIG
28B is a cross-sectional viewtaken along Iine B-Bin FIG 27; and
FIG 29A is a plan view of a piezoelectric thin filmresonator, and FIG 29B
IS a cross-sectional viewtaken along line A-Ain FIG 29A DETAILED
DESCRI[GUIUON [ Dbl Hlkoh notelaterI0dtinadwdoaifdur rédepen fileerg 3 Wein coder s supppafatri ve
exanpl e using a wirel ess device unit of a nobile phone term nal supporting
four flreqognenbyndsandsteass @rmiaxia3ps ef thEdeur réceptiprefiicys BEthas compedae thizand 1,
band 2, band 5, and band 8 of W CDVA (W deband Code Division Miltiple
Accesantenldstich BORI sTlsis aortficarsioh alowsthb andn@navieeh 362 éptdlana beogtionf each
band.

filter to be electrically coupled to the reception diversity antenna 300 from the four reception

filters 306. The four reception filters 306 are coupled to LNAs 312 in the RF transceiver IC

400 through reception terminals 310.

[0015] In the first comparative example, the duplexer module 204 includes the four

duplexers 206, and the antenna terminals 208, transmission terminals 214, and reception

terminals 218 coupled to respective duplexers 206 in order to support four frequency bands.

Thus, wirings increases and the wiring arrangement becomes complicated. In addition, the

duplexer module 204 grows in size because it includes the four duplexers 206. Likewise, the

filter module 304 includes the four reception filters 306, and the antenna terminals 308 and

reception terminals 310 coupled to respective reception filters 306. Thus, the wiring

arrangement becomes complicated and the filter module 304 grows in size.

[0016] A description will next be given of a wireless device unit of a mobile phone terminal

using an RF transceiver IC of which a reception circuit is formed by a differential circuit. FIG.

2 is a circuit diagram illustrating a wireless device unit of a mobile phone terminal in accordance

with a second comparative example. As illustrated in FIG. 2, a differential filter is used for the

reception filters 212 of the duplexers 206. Thus, two reception terminals 218 are connected to

each of the reception filters 212.  Likewise, a differential filter is used for the reception filters

306, and two reception terminals 310 are coupled to each of the reception filters 306.

[0017] When a differential filter is used for a reception filter as described in the second

comparative example, the number of reception terminals doubles, and the wiring arrangement



[ Tabl e 1] BAND TRANSM SSI ON BAND [ MHz] RECEPTI ON BAND [ MHz] 1 1920 - 1980

becomes further complicated.

[0018] Thus, hereinafter, a description will be given of embodiments capable of making
wiring arrangement less complicated and reducing the size by reducing the number of reception
terminals without reducing the number of frequency bands to be supported.

First Embodiment

[0019] A first embodiment is an exemplary filter module supporting two frequency bands.
FIG. 3 is a block diagram illustrating a filter module in accordance with the first embodiment.

As illustrated in FIG. 3, a filter module 10 of the first embodiment includes a first reception filter
18, a second reception filter 20, and a matching circuit 22 connected between antenna terminals
12 and a reception terminal 14. The first reception filter 18 is a bandpass filter for a first
frequency band. The second reception filter 20 is a bandpass filter for a second frequency band
different from the first frequency band. The matching circuit 22 is coupled to the first reception
filter 18 and the second reception filter 20.  The first reception filter 18 and the second
reception filter 20 are connected to respective antenna terminals 12. Reception terminals of the
first reception filter 18 and the second reception filter 20 are unified through the matching circuit
22, and forms one reception terminal 14.

[0020] Here, a description will be given of a function of the matching circuit. The
matching circuit 22 is a passive circuit that matches an impedance of the first reception filter 18
with an impedance of the reception terminal 14 and significantly increases an impedance of the
second reception filter 20 in the first frequency band. In addition, the matching circuit 22 is a
passive circuit that significantly increases an impedance of the first reception filter 18 and
matches an impedance of the second reception filter 20 with an impedance of the reception

terminal 14 in the second frequency band. Thus, the matching circuit 22 makes the second
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2110 - 2170 2 1850 - 1910 1930 - 1990 5 824

frequency band, which is the reception band of the second reception filter 20, suppressed when
passing signals in the first frequency band that is the reception band of the first reception filter 18.
Moreover, the matching circuit 22 makes the first frequency band, which is the reception band of
the first reception filter 18, suppressed when passing signals in the second frequency band that is
the reception band of the second reception filter 20.  This configuration allows switching a
reception filter to be electrically connected to the unified reception terminal 14 between the first
reception filter 18 and the second reception filter 20.

[0021] FIG. 4 is a perspective view illustrating the filter module in accordance with the first
embodiment. As illustrated in FIG. 4, the filter module 10 of the first embodiment is configured
so that the first reception filter 18 is embedded in a module substrate 24 and the second reception
filter 20 is mounted on a surface of the module substrate 24. The first reception filter 18 and
the second reception filter 20 are located so as to overlap each other.  The first reception filter
18 and the second reception filter 20 are wafer [evel packages including a sealing portion that is
formed on a substrate including an electrode exciting an acoustic wave formed therein to seal the
electrode exciting the acoustic wave, or packages including a sealing portion that is formed on a
wiring substrate in which a substrate with an electrode exciting an acoustic wave formed therein
is installed to seal the substrate. The matching circuit 22 is located on the surface of the module
substirate 24. The module substrate 24 is a multilayered substrate formed by stacking an
insulating layer made of resin such as an epoxy resin and a wiring layer made of metal formed
thereon.

[0022] The filter module 10 of the first embodiment includes the first reception filter 18 for
the first frequency band, the second reception filter 20 for the second frequency band, and the

matching circuit 22 that is coupled to the first reception filter 18 and the second reception filter



849 869 - 894 8 880 - 915 925 - 960

20 and makes one of the first frequency band and the second frequency band suppressed when
passing signals in the other one. This configuration allows the matching circuit 22 to switch a
reception filter to be electrically coupled to the reception terminal 14 in accordance with the
frequency band, and the reception terminals of the first reception filter 18 and the second
reception filter 20 to be unified through the matching circuit 22.  Therefore, the number of
reception terminals can be reduced without reducing the number of frequency bands to be
supported, and thus, the wiring arrangement can be less complicated. The wiring arrangement
may be less complicated not only between the first reception filter 18 and second reception filter
20 and the reception terminal 14, but also between the reception terminal 14 and LANs
subsequently coupled. For example, when one LNA supporting the first frequency band and the
second frequency band is coupled to the unified reception terminal 14, the wiring between the
reception terminal 14 and the LNA can be made singie, and the wiring arrangement can become
less complicated. The LNA is located in the RF transceiver IC as illustrated in FIG. 1, and thus
the number of input terminals of the RF transceiver IC can be also reduced.

[0023] In addition, the first reception filter 18 is embedded in the module substrate 24 and
the second reception filter 20 is mounted on the surface of the module substrate 24 so that the
first reception filter 18 and the second reception filter 20 are located so as to overlap each other.
This configuration reduces the size of the filter module 10 compared to mounting both the first
reception filter 18 and the second reception filter 20 on the surface of the module substrate 24.
[0024] The size of the filter module 10 can be reduced if the first reception filter 18 and the
second reception filter 20 are arranged so as to overlap each other in at least a part thereof.
However, to reduce the size of the filter module 10, preferably a half or more of areas of the first

reception filter 18 and the second reception filter 20 overlap each other, more preferably three

10



[0011]FIG 1 is a circuit diagramillustrating a wirel ess device unit of a
mobi | e phone termnal in accordance with a first conparative exanple. As
illustrated in FIG 1, the wireless device unit of the nobile phone
termnal of the first conparative exanple includes a main antenna 200 and a
reception diversity antenna 300 that conplenents the nmain antenna 200. A
dupl exer nodule 204 is coupled to the main antenna 200 t hrough an antenna
switch 202. Afilter nodule 304 is coupled to the reception diversity
antenna 300 t hrough an antenna switch 302. [0012] The dupl exer nodul e 204

i ncl udes four duplexers 206 in order to support four frequency bands.
Antenna term nals 208 of the duplexers 206 are coupled to the antenna

swi t clquat@s oifmioss afandas guerkdpicoch athéroswel finlihergndfemably atlwirdas lbva0d dach sthbiect a
dupl exer to be electrically connected to the main antenna 200 fromthe four
dupl exarsx&ffie, 4 1063k Eagionaff ohb ef the fire xewksti@0fltdr 18 landl 6% sacdndaspii@si on
filter 210 and a reception filter 212. The transmssion filters 210 of the
four dilpr 28 é&rmef2Oblyanaudaliplaeedsitwobthe Bfhet srgnscei ver | C 400 t hrough

transm ssion termnals 214. Power anplifiers 216 are coupled between the

t ransrfgxijon fAirketeptisn Righaldndedkhend thanssibsstwtiohéy wipmadds Thd firsthe reception
filters 212 of the four duplexers 206 are coupled to LNAs 220 in the RF

t r ans awibodimdnCeatdkcteascotig vitigg elpbiiginwhieh Henradeptidl Sgnal pRPhddtddend thhs er
nodul e 304 includes four reception filters 306 in order to support four

f r equahewkchaivdsigndnicenne dees nvisadasilR08T Mt isttheay Obsise RERAEd BNhé tdcéRion 306
are coupled to the antenna switch 302. This configuration allows the

ant enniggnaldan®d rédided By eieifyeed tha récemapt tbiindl bf e fit® rlepdrefitdr 18 ahd thecoupl ed
to the reception diversity antenna 300 fromthe four reception filters 306.

The f ausondeeptidOnitdridotRiogoBMe ntehifotRRA21 0ALMRIos3 1Rtk fdr e Rienna
transceiver | C 400 through reception term nals 310.
terminals 12 is already achieved, and a reception filter to be electrically coupled to the antenna
can be switched by the antenna switch, and thus the unification is not performed. In additioh,
the matching circuit 22 is a passive circuit, and thus it is not necessary to newly provide a control
terminal.
Second Embodiment
[0026] A second embodiment is an exemplary filter module including a reception filter
supporting band [ of W-CDMA and a reception filter supporting band 2. FIG. 5 is a circuit
diagram illustrating a filter module in accordance with the second embodiment.  As illustrated
in FIG. 5, a filter module 30 of the second embodiment includes a first reception filter 32
supporting band 1, a second reception filter 34 supporting band 2, and a matching circuit 36
coupled to the first reception filter 32 and the second reception filter 34. Antenna terminals are
separately provided for band 1 and band 2, and the first reception filter 32 is coupled to an
antenna terminal 12a for band 1, and second reception filter 34 is coupled to an antenna terminal

12b for band 2.  The first reception filter 32 and the second reception filter 34 are coupled to the

matching circuit 36 through terminals 38 and 40 respectively, and reception terminals of the

11



[0015]In the first conparative exanple, the duplexer nodule 204 includes
the four duplexers 206, and the antenna term nals 208, transm ssion
termnals 214, and reception termnals 218 coupled to respective dupl exers
206 in order to support four frequency bands. Thus, w rings increases and
the wiring arrangenment becones conplicated. In addition, the dupl exer
nodul e 204 grows in size because it includes the four duplexers 206.

Li kewi se, the filter nodule 304 includes the four reception filters 306,
and the antenna term nals 308 and reception termnals 310 coupled to
respective reception filters 306. Thus, the wiring arrangenent becones
conplicated and the filter nodule 304 grows in size. [0016] A description
wi | | mexptidrefilgpry am voified thmbugh the matbbingeercuin B¢ awf foamsis reesppho feeminal k. nal
using an RF transceiver 1C of which a reception circuit is fornmed by a

di f f ef@027] al The metching Fir i34 lss shecdiamedintetion agthahofithe mstchmgicivguia2n r el ess
device unit of a nobile phone termnal in accordance with a second
conparedcrived @xherfitseembalimbihtus Thatatthing cibGt 3Qinchdel ihflententilahdfilter is
used for the reception filters 212 of the dupl exers 206. Thus, two

r eceptapoitdre il NFhsinddBorarie acooneadt«iin tparadlalich tief firsthrecapeor fitterdd? Heiwdear s 212.
Likewise, a differential filter is used for the reception filters 306, and
two r ageqd, ivaich ie batweah theJitQ ravepti@ofiidred ahd tlearedeptbn tehainab bk phd @prohind,t er s
306. [0017]When a differential filter is used for a reception filter as

descr ahétheiimducties $260RonRorP &t pdralled tethamidoad rdchgionutiize 84 bétweac£pddepn
termnals doubles, and the wiring arrangenent becones further conplicated.

[ ]90 18]&v?5|iuh8is b&wekeel halstadhd receptisCiltap Bl and wiclrécepgorpierinalol4, amdbogioumht s capabl e

o Tlhg gapacitors 44 are connected in series between the first reception filter 32 and the reception
terminal 14 and between the second reception filter 34 and the reception terminal 14.
[0028] FIG. 6A is a plan view illustrating the first reception filter 32 and the second
reception filter 34, and FIG. 6B is a cross-sectional view taken along line A-A in FIG. 6A. As
illustrated in FIG. 6A and FIG. 6B, each of the first reception filter 32 and the second reception
filter 34 includes three IDTs (Interdigital Transducer) IDTO arranged in a propagation direction
of an acoustic wave on a piezoelectric substrate 46 such as a lithium tantalate substrate (LT
substrate) and reflectors RO located at both sides thereof.  As illustrated, the first reception filter
32 and the second reception filter 34 are surface acoustic wave filters of double mode coupling
type. The IDTO and reflectors RO are formed of metal such as Al (aluminum).
[0029] The second embodiment designs the antenna terminals 12a and 12b to have an
impedance of 50 Q, and the reception terminal 14 to have an impedance of 100 Q. The
inductors 42 connected between the first reception filter 32 and the reception terminal 14 are
designed to have an inductance of 42 nH and a Q-value of 40 at 2 GHz, and the capacitor 44

connected between the first reception filter 32 and the reception terminal 14 is designed to have a

capacitance of 3 pF and a Q-value of 100 at 2 GHz. The inductors 42 connected between the

12



W ring arrangenent |ess conplicated and reducing the size by reducing the
nunber of reception termnals w thout reducing the nunber of frequency
bands to be supported. First Enbodi ment [0019] A first enbodinent is an
exenplary filter nodul e supporting two frequency bands. FIG 3 is a block
diagramillustrating a filter nodule in accordance with the first
enbodinment. As illustrated in FIG 3, a filter nodule 10 of the first
enbodi ment includes a first reception filter 18, a second reception filter
20, and a matching circuit 22 connected between antenna termnals 12 and a
reception termnal 14. The first reception filter 18 is a bandpass filter
for a first frequency band. The second reception filter 20 is a bandpass
filt ersefand receptonfilierfidend draycdpting tedinfriab t Lot dbsigmadttinbaviei andbdctaacguieitdy band.
The matching circuit 22 is coupled to the first reception filter 18 and the
seconthH suepOiahiefdfHd et 2 GOz, didehé tapatitorddephncoted bietvicen thkSeeond rédepti@econd
reception filter 20 are connected to respective antenna termnals 12.
Receptfilen34 endrihnatceptidn teheindli ISt destgmepto lave faichpritariod ofim@hFtahé a SpeOndof
reception filter 20 are unified through the matching circuit 22, and forns
one rddept2GHzt erm nal 14. [0020] Here, a description will be given of a
function of the matching circuit. The matching circuit 22 is a passive

ci rcui[00ithat FHE CHes dagrannilesieuniag pads chiractbiistist of B Eikd @8ddlé I Reorddhosi th an
i npedance of the reception termnal 14 and significantly increases an

i npedawitethebedohé embedinent. e GePLG. Ona balll belid R indicitbea Hdsk Sharddi@ftiepemeband. In
addition, the matching circuit 22 is a passive circuit that significantly

i ncr edBesea@ptionfiRetad2dacl0dedtih enef filfes nodaRSPtIf e dktdddembb8indne sAALGHRIS an
i npedance of the second reception filter 20 with an i npedance of the

r eceptdashiedti@e Mdidktes kdabschaltetesiStOstihd sREmEREHHdAMer I UIn aldiBodTRE §hi N

circuit 22 makes the second
comparative example, a thin solid line indicates a pass characteristic of the first reception filter
32 separately measured alone, and a thin dashed line indicates a pass characteristic of the second
reception filter 34 separately measured alone. The pass characteristics of the first reception
filter 32 and the second reception filter 34 separately measured alone are pass characteristics
measured in a state where the first reception filter 32 or the second reception filter 34 is
connected alone between the antenna terminal 12 and the reception terminal 14 as illustrated in
FIG. 8.
[0031] As illustrated in FIG. 7, the first reception filter 32 and the second reception filter 34
of the second embodiment exhibit good filter characteristics approximately same as the pass
characteristics of the comparative example. The attenuation in the suppression range is
improved in the first reception filter 32 and the second reception filter 34 of the second
embodiment compared to the comparative example. As described above, the attenuation in the
suppression range is improved by unifying the reception terminals through the matching circuit.

[0032] FIG. 9 is an enlarged view around the reception bands in FIG. 7.  As illustrated in

FIG. 9, an insertion loss increases by approximately 0.3 dB in the first reception filter 32 and the
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frequency band, which is the reception band of the second reception filter
20, suppressed when passing signals in the first frequency band that is the
reception band of the first reception filter 18. Mreover, the matching
circuit 22 makes the first frequency band, which is the reception band of
the first reception filter 18, suppressed when passing signals in the
second frequency band that is the reception band of the second reception
filter 20. This configuration allows switching a reception filter to be
electrically connected to the unified reception term nal 14 between the
first reception filter 18 and the second reception filter 20. [0021]FIG 4
is a perspective viewillustrating the filter nodule in accordance with the
first sewinddéaptitn filtg 3iloff tetseaind@nibadifed compardigofthd ¢comrparmtice bxaandpde.of t he
first enmbodinment is configured so that the first reception filter 18 is
enbeddik increaseripchulselesed bise tethe (Rvilane thhmaskbmgricwied®phd dns Mill ber 20 is
nmounted on a surface of the nodule substrate 24. The first reception filter
18 andmplveed Be o ndtchagapicuio wvithia High Q2@her eModaate thesattemsatibo irother | ap each
other. The first reception filter 18 and the second reception filter 20 are
waf er shgwredsiopaskgdesxpetted tudbaignpaosed dly undyipg thel reteptibiatermmalsalinoegh tha a
substrate including an el ectrode exciting an acoustic wave forned therein

t 0 seahatd¢higy @loaittas dtlstrated int FIGY7 tane tlas dhusintieaswdr &yss 6dn fpaakedeisout bel udi ng a
sealing portion that is formed on a wiring substrate in which a substrate
W t h alesighieg b fidetogxsdintinidgly Avecbusdtiefuatdvand rwrkds.t herein is installed to
seal the substrate. The matching circuit 22 is |located on the surface of
the nMpoeg3e SUbKL Naiea gdspeding Vidd UhBtrstidysd filed: énoddlel i adcobdintd Waly e s&dnd
substrate fornmed by stacking an insulating | ayer nade of resin such as an
epoxy ekddiiiheand As Wustiatd ih #Y@r10nmedilef moeilaBo bomheretonl emeodimehi922] The
filter nodule 10 of the first enbodi nent includes the first reception

filtercod@air@ sotthe thé fist rebégipd Ny 3DRREhbeldtd is @ranciul €adpiiton4 ind ther 20 for
t he second frequency band, and the matching circuit 22 that is coupled to

t he fisk@indr&ep@dd MliferBitlid @bUKEd anthelshgaef dittnsRtenibkene bi.| e fird0 and makes
one of the first frequency band and the second frequency band suppressed

when papiitiOfiBdrBnahs thoketdhd reddpbn ANG 34T Begedbd &ub atétdp cath eher ihhe
matching circuit 22 to switch a reception filter to be electrically coupl ed

t 0 t hendsepORtth@Boft ML fgdh rebdptidh fAGE 97 dadgie sviohl rddagtidn fepdsnay waed, and the
reception termnals of the first reception filter 18 and the second

r eceptiéNpddkhde8incdRinPa RalinOPdrtiesltHahis Fotgidtone suBéthi MBluing GH electddde
Therefore, the nunber of reception termnals can be reduced w t hout

r educieR@itih$en MoARRS whfe HAUBSEK: (B3 ThelePecBBISHRRIp BSacoa Rt Wddser t he
W ring arrangenent can be | ess conplicated. The wiring arrangenent may be

| ess %&H&%&sﬁﬁ&lﬁ@ing Alse M YoRRWMBL D foRfed b 8 vitiRCoBti@NinfWHibIes subBiragd second
reception filter 20 and the reception term nal 14, but al so between the

I eceptyifiant @édfoB@bx clithdithebitie wib ERRKE Mckoin GOHRAIRD to E&H) (1Rs8PIaR. When one
LNA supporting the first frequency band and the second frequency band is

coupl g tiuikties 4nidd c"aﬂaditg%eﬂtdoﬁﬂitﬁﬁ{grﬁxg Blatchthg dirogit ¥ bleRSouReld¥agRe: t he

reception termnal 14 and the LNA can be maldeg single, and the wiring

ar r angeRAo X MOREO Mstr&8 $4.COTRY ﬂq(ﬁ%ﬁ@ﬂ]bsﬂ’t@ 24 A it Be Rk 88bdtdte! hinddr

transceiver IC as illustrated in F 1, and thus the nunber of i nput

ter i 1alstoRhe b i dhiliARIGANSh iClafRRIRE ALRS: fegfuced. [0023]1n addition,

the fifst reception fiTter 18 is enbeddeéd in the nodul e substrate 24 and
the Sﬁ@@ﬂqﬁ r e¢ROLlAMaf 34 tro%hi@(pthle%rﬁ‘?éb@%ﬁ% RerBhEs édagfea%cda},lem@aw e
substrate 24 so that the first reception filter 18 and the second reception

fil ter48%9%b%&&‘ed| iﬁ%trﬁgq]tlz@%@?tréﬁzﬁveﬂ}eaxpiriglg% i@él@&ﬁcatlly&hﬁplg&{&u Qg@?tﬁbgﬂe

reduces the size of t ter nodule 10 conpare unt 1 ng

first ff)t%‘fe?&tni tRé‘ser{‘a'cé &f tgéglfﬁ[h@ shbGraf O fHERRIH Ychbld . Hhenfi(l surface

of the no e substr at

40 to which the second reception filter 34 is coupled is coupled to the wiring 52 formed on the
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[ 0024] The size of the filter nodule 10 can be reduced if the first
reception filter 18 and the second reception filter 20 are arranged so as
to overlap each other in at |east a part thereof However, to reduce the
size of the filter nodule 10, preferably a half or nore of areas of the
first reception filter 18 and the second reception filter 20 overlap each
other, nore preferably three quarters or nore of areas overlap each other,
and further preferably all areas overlap each other. For exanple, a
projected region of one of the first reception filter 18 and the second
reception filter 20 is preferably included in a region of the other one.

[ 0025] A reception signal is weak, and thus noise reduction is required. The
first neovobeckiubgrdte 24an Theovigag 62 tdrehivh therfgst redepbagfilteni2ak elettecalbaeppledn
signal propagates, and thus the reception signal does not get a noise

easi | ynd THeatiring 52 oo ¢high tle secorsleecapabulibet 34ns tlearicd@bhepupled asicgmiadctedan be
reduced by unifying the reception termnals of the first reception filter
18 andetuhificd panindupled apthe exeeftidnttermizd 18hr Ghig kot figratmhahibwe theirecepiidn 22. A

| ow-1 0ss switch for the antenna termnals 12 is already achieved, and a

r ecepttératindls bfithe fitsordoeptdndilter BZ and thie saopd edeptont flieer ah tebnaiiaitobensw t ched
by the antenna switch, and thus the unification is not perforned. In

addi t itlarecdpion mainddal hg ClheCwiring@2? inslude pdssitly poiai, badiibe induotrd 4Regeit i S not
necessary to newy provide a control term nal. Second Enbodi nent [0026] A
secondosidardiberien tig: @mchpeimns aidyerdindtveifingotiul & herapatiivn @4 ard @asgtddon
filter supporting band 1 of WCDMA and a reception filter supporting band
2. FI Gn Beries barwetd theirécepti@picaninkl 14usidnid fildOredephioh fitter 3ghdl letvwdenalic or dance
with the second enbodinment. As illustrated in FIG 5, a filter nodule 30 of
the seeeproerhachneinindithcdedsi@Breaeptiot Silter BCeption filter 32 supporting band
1, a second reception filter 34 supporting band 2, and a matching circuit
36 coymiasg t oThhechid Ghbddaaenicbipuirds thefecgtioanentihngs shOnet FeegRiphifionr fil ter
34. Antenna terminals are separately provided for band 1 and band 2, and
the fi3nshd BRGERIHGEcpiibl Blter32 th He GRifiRY BFodgh (BOmARhRGRAckiEsddTBIm da for
band 1, and second reception filter 34 is coupled to an antenna term nal
12b f Qéccp@dttednindiet dsiilltrate@GePIG. 8N ThérbRfe, 32 mMtbel BEre6QEON brm@ARRRGA ON
filter 34 are coupled to the matching circuit 36 through termnals 38 and

40 1 eppesducy¥EWithod ReluERE B idibet 6f fitduhdy Wahdd fae supported, and thus the wiring
arrangement can be less complicated. In addition, as described in FIG. 7, the attenuation in the
suppression ranges of the first reception filter 32 and the second reception filter 34 can be
improved by unifying the reception terminais of the first reception filter 32 and the second
reception filter 34 through the matching circuit 36. Further, as illustrated in FIG. 10, the first
reception filter 32 is embedded in the module substrate 24, the second reception filter 34 is
mounted on the surface of the module substrate 24, and the first reception filter 32 and the
second reception filter 34 are located so as to overlap each other. Thereby, the filter module 30
can be downsized.

[0036] As illustrated in FIG. 5, the matching circuit 36 preferably includes the inductor 42
connected between a node, which is between the first reception filter 32 and the reception

terminal 14, and a ground, and the inductor 42 connected between a node, which is between the
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reception filters are unified through the matching circuit 36 and forns one
reception termnal 14. [0027] The matching circuit 36 has the sane function
as that of the matching circuit 22 described in the first enbodi nent. The
mat ching circuit 36 includes inductors 42 and capacitors 44. The inductors
42 are connected in parallel to the first reception filter 32 between a
node, which is between the first reception filter 32 and the reception
termnal 14, and a ground, and the inductors 42 are connected in parall el
to the second reception filter 34 between a node, which is between the
second reception filter 34 and the reception termnal 14, and a ground. The
capacitors 44 are connected in series between the first reception filter 32
and t Becandceppiianiite3diandtheldception tretinebht, tika geondd Tlesepifigontibi tdner 34
and the reception termnal 14. [0028]FIG 6Ais a plan view illustrating

t he firediice (lede@tisomn fosd dfahe 82t speptidadilee 8D mdi the sephd exeftidntfdter 34 dueatod FI G
6B is a cross-sectional view taken along line AAAin FIG 6A As

i |l ustadaitien of the mafzhitgXirni 36beaubBhe atubtodivith hdarké resistanecamiponentfis | t er 32
and the second reception filter 34 includes three IDTs (Interdigital

Tr ansdigeeas)a pacil @l elemaitgeWHen tlee ipdeg@giatis ombetlded o the modblcanbsaarslt the wave on
a piezoelectric substrate 46 such as a lithiumtantal ate substrate (LT
subst radugjor dddoimed ¢dlewtto ik Vieink bea@iuach Rtgelhatdbessteisinghae dbied Asthiel | ust r at ed,
the first reception filter 32 and the second reception filter 34 are

sur f aggdateodeditite M \ud thuk e esdyadfurdaiib bénepamétbangiaiybbinh gdin tnduetanddwd! DTO and
reflectors RO are forned of netal such as Al (alum num. [0029] The second
enbodidepntataof QRsalid e anised nal Hegsfoteidl a5 oiidRe avde Yedrib&d Havtisancds@edance

of 50 Q and the reception termnal 14 to have an inpedance of 100 a The

i nductighigtAL4ZT eimeeiifgihb ey dikait36nasd preRe®pl lobded o thekurdieanthet he
reception termnal 14 are designed to have an inductance of 42 nH and a

Q val weodafe hBsttte 24 4dHEustARd ih FeG.a8PaAThisRbnAdir&RANER b@Hrdie thaaRfofnlicé | I St
reception filter 32 and the reception termnal 14 is designed to have a

capacidegRggionfof heifidwtbed 42, ddvaddRdede tHORcRbsedn @38 of the EirdtREbeplicH Hited 32

connect ed between the
and the second reception filter 34,
[0037] The reception band of the first reception filter 32 is close to the reception band of the
second reception filter 34 as revealed by Table 1.  Thus, an LNA supporting both reception
bands of the first reception filter 32 and the second reception filter 34 can be achieved.
Therefore, the LNA coupled to the unified reception terminal 14 through the matching circuit 36
becomes one, and the wiring between the reception terminal 14 and the LNA becomes one.
Thereby, the wiring arrangement can be less complicated. Therefore, when the filter module
includes multiple reception filters, the matching circuit is preferably coupled to reception filters
having adjoining reception bands in the multiple reception filters. For example, in a filter
module including reception filters supporting band 1, band 2, band 5, and band 8 presented in
Table 1, one matching circuit is preferably coupled to the reception filter suppoerting band 1 and

the reception filter supporting band 2, and another matching circuit is preferably coupled to the

reception filter supporting band 5 and the reception filter supporting band 8.
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second reception filter 34 and the reception termnal 14 are designed to
have an i nductance of 33 nH and a Q value of 40 at 2 GHz, and the capacitor
44 connected between the second reception filter 34 and the reception
termnal 14 is designed to have a capacitance of 1 pF and a Q value of 100
at 2GHz. [0030]FIG 7 is a diagramillustrating pass characteristics of the
filter nodule in accordance with the second enbodinent. In FIG 7, a bold
solid line indicates a pass characteristic of the first reception filter 32
included in the filter nodule 30 of the second enbodi nent, and a bold
dashed line indicates a pass characteristic of the second reception filter
34. In addition, as a conparative exanple, a thin solid line indicates a
pass ¢6@84ct el hsmiaching cirtvat Kinoslimrtet®phe ome llufttagad 18 XIS Spamaphetepoth@asur ed
al one, and a thin dashed |ine indicates a pass characteristic of the second
r eceptconfigiratidner BiG $kparditcelt Yiapmasillusichtiak @rigter odulp dsacofdan@otidra sti cs of
the first reception filter 32 and the second reception filter 34 separately
measurfiest vatisivn @tkee passl ahlimdanérer | Af ilbstraredsifl6d] I, norapatdatoghavinetchinghe fir st
reception filter 32 or the second reception filter 34 is connected al one
bet weeirciiibge ainthe fifter heduld BAbT the sandd ehbBodimerpi matchingroicmaBoalid adHter
illustrated in FIG 8. [0031]As illustrated in FIG 7, the first reception
filtemadaRkleadta dfie fhecandisrectpé ssoond érhb@lim34t ioéorifigered ac dradthe rifnhdionest
exhibit good filter characteristics approxi mtely sanme as the pass
char aat theirédepion Rfminhlel 4codarae adhbigedtannp) ad oflive ilut@®RLE dndnhé caphdigrs
suppression range is inproved in the first reception filter 32 and the
second4recepioved fTHat Brto 84, Ok nidichisedani 3eabadiniEily denfdhked 420 t he
conparati ve exanple. As described above, the attenuation in the suppression
range cofindctedetadn Rynodd) Whidhig bttheer tedittiredeplier Atarad2sint BEdHE Feckftonmat chi ng
circuit. [O032]FIG 9 is an enlarged view around the reception bands in
FI G TilteAS4 hihd W8 kdcapsh teiifrdl G4, £hd B@olmts eGth@tohfgfations bRARE Sankkyas
approximately 0.3 dB in the first reception filter 32 and the

those of the second embodiment illustrated in FIG. 5, and thus a description thereof is omitted.

[0039] As described for the filter module 30a of the first variation of the second embodiment,
the matching circuit 36a may be formed by one inductor 42. Even in this case, a reception filter
to be electrically coupled to the unified reception terminal 14 can be switched by the matching
circuit 36a in accordance with a frequency band.

[0040] FIG. 12 is a perspective view illustrating the filter module in accordance with the first
variation of the second embodiment. As illustrated in FIG. 12, the first variation differs from
the second embodiment illustrated in FIG. 10 in that only one inductor 42 is located as the
matching circuit 36a formed on the surface of the module substrate 24.  Other configurations
are the same as those of the second embodiment illustrated in FIG. 12, and thus a description
thereof is omitted.

[0041] The first variation of the second embodiment configures the matching circuit 36a to
be formed by one inductor 42, and thus can reduce an area in which the components of the

matching circuit 36a and the wirings 52 are formed as illustrated in FIG. 12, and further reduce
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second reception filter 34 of the second enbodi nent conpared to the
conparative exanple. This increase is considered due to the Q value of the
matching circuit 36, and thus will be inproved by a matching circuit with a
hi gh Q val ue. Moreover, the attenuation in the suppression range is
expected to be inproved by unifying the reception termnals through the

matching circuit as illustrated in FIG 7, and thus the increase in |oss
can be cancel ed out by designing a filter to prelimnarily have a | ow
attenuation and lowloss. [0033]FIG 10 is a perspective view illustrating
a filter nodule in accordance with a second enbodinent. As illustrated in

FIG 10, the filter nodule 30 of the second enbodi nent is configured so

t hat ttheesifd ofshe fikgrenddute3tai [ter 32 is enbedded in the nodul e substrate 24
and the second reception filter 34 is nounted on the surface of the nodule
subst fé@42] 24. Thhgecbind shbadteeptdedgmsfthé teecptDa tandndl hé ickoend impakptdan filter
34 are located so as to overlap each other in nost parts thereof The first
r eceptlitd g, bi the inpdRingrdarichef ded 0l coupleitb itloredptibe ter@thabl £muabesthbevel
packages including a sealing portion that is formed on a substrate

i ncl udhangl 0arS2.el Betefodethe xeaitdhiniori@nit 36 esgthiace ainepellaicaeshviehiigeunction sseal t he
el ectrode exciting the acoustic wave, or packages including a sealing

port i olmt tHedtNAS cdndrerdaictncanpdrthadgio s uDhis kad fizuraiontthe Blirdinatdhld tisatofam t h an

el ectrode exciting an acoustic wave forned therein is installed to seal the

subst nap&landd@atchidlg eir@risin4a oatsilicbafath tiey flted modaRIMidnd thadTQNAhe mat chi ng
circuit 36 are nounted on the surface of the npdul e substrate 24. The

nodul €hgdSibodireen?4 is a nultil ayered substrate forned by stacking a netal
wiring layer and an insulating |ayer such as resin. [0034] The term nal 38

t o whifedu#3] he Aithisd erheRBREAtANar ddetPlarBBltbrSmeUPhReh 4 SiffeRUMAIGTet ®ra W ring 48
enbedded in the nodul e substrate 24. The wiring 48 is electrically coupled

to a wédeptigh Siterf OFIRWU3 B diftait Sef-ACRIuSkating@ TRE Hoguls WhadcbAfafccAfitPthed
penetrating el ectrode 50. The termnal 40 to which the second reception

filtethigdermbodiaehyl eds ilfuseauPtedd 03, bifRtewinodile 602t fiRIthRdemBodiRentREY e
substrate 24. The wiring 52 to which the first reception filter 32 is

el ect diffsaddtitl fleerFbedle &R rdcbtion filten 92 ard the s¥dting RedepBorsmERnd. 1 er@piHeon fil ter
34 is electrically coupled are connected to be unified, and coupled to the

r eceplfirfhedeptich Mddr 324s colipied 6 @ fat BiHAlilcOM 68 HrOWEh dderhBEAPLZLMJIB8H M Nal s of
the first reception filter 32 and the second reception filter 34 to be

uni fi gele k&oh@FdXepthn F18E8PII Rple@ tdihd Matdking FRAit b irBGish 92 thiAGhalsigoa branch
poi nt, and the inductors 42 are connected gbet ween the branch points and

gr OuUNgndoH. NAheWmiddIe3 GRBCiRh QfeltiffdeM# QMRS BRAE RrSflal:2Pahgl UGN the
reception termnal 14 and the first reception filter 32 and between the
r ecephiecikd Bffefehadi tekthiind t he second reception filter 34.

[0044] The first reception terminals (differential terminals) of the first reception filter 32 and

the second reception filter 34 are unified through the matching circuit 66 to form a reception

terminal 14a, and the second reception terminals thereof are unified through the matching circuit

66 to form a reception terminal 14b. The matching circuit 66 has the same function as the

matching circuit 22 described in the first embodiment. The matching circuit 66 includes the

inductor 42 connected between a node, which is between the terminal 38a and terminal 40a and

the reception terminal 14a, and a ground, and the inductor 42 connected between a node, which

is between the terminal 38b and terminal 40b and the reception terminal 14b, and a ground.
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[ 0035] The second enbodi nent configures the reception termnals of the first
reception filter 32 and the second reception filter 34 to be unified
through the matching circuit 36 to formone reception termnal 14 as
illustrated in FIG 5. Therefore, the nunber of reception term nals can be
reduced wi thout reducing the nunber of frequency bands to be supported, and
thus the wiring arrangenent can be | ess conplicated. In addition, as
described in FIG 7, the attenuation in the suppression ranges of the first
reception filter 32 and the second reception filter 34 can be inproved by
unifying the reception termnals of the first reception filter 32 and the
second reception filter 34 through the matching circuit 36. Further, as

i |l ustPedSed i hlG-IlGislOperspeetive view ilhstaptg the fifter edulSef thethindivediddithenn t he
nodul e substrate 24, the second reception filter 34 is nounted on the

sur f ac%es idfistiatesl imbtl 1d, thabistt raeptiduflteadd i< dnebaddedin thewedile subsfrate2érnd2 and
the second reception filter 34 are | ocated so as to overlap each other.
Ther eltlyg sectrel ecdptien fitredid ie nRBOinEdon e dhofarsofzbelmofillo 3@sAstei2HIsuas teat ed i n

FIG 5, the matching circuit 36 preferably includes the inductor 42
connecivedapbt et receptivaddier Bhirchimost pagtasedth RlGel f dfithsd sec@ciephbodimdnt] t er 32
and the reception termnal 14, and a ground, and the inductor 42 connected
bet wedrhedndvotbes 42dunstituiisg the twatehing direuit $6 asendountaiegt the surfdck béthe 3dbdaed t he
reception termnal 14, and a ground. This configuration can reduce the

i ncr easkbstiate 140ss of the first reception filter 32 and the second reception
filter 34 due to addition of the matching circuit 36 because the inductor
W th q00481 ge Thsieahmpic &8s ampBbantvhich the €ekt aeptiqnatiar B2lis @upla® i coupben t he

i nductor 42 is enbedded in the nodul e substrate 24, the inductor 42 comes
cl ose tb chetwieingd 48 ¢ngbedeahinske modile gebstraalgr The Wirlrigd g8 arredeckraly eslipldd t he
nodul e substrate 24, and thus an eddy current is generated and a change in
i nduct@ndingdnda aepsAddirh@ orothe QureRk B€the MfoduRLsiBdratel ek ethe henctdatn@voi d t he
above described circunstances, the inductors 42 constituting the matching
Ci I CUieleci6daarse. pThé efmhky40a06 ahad thhsdehe] uEptias gilef 34 Reoapediselatikally ate 24
as illustrated in FIG 10. This configuration can suppress the performance
degr adatipledtoahe tvirthg 32dus Which4ke teAiglalt 34 Ss sledtelylcbepled)ahe 8Rerniindlags of the
first reception filter 32 and the second reception filter 34. [0037] The

r eceptis eruphdns tefwiting 52 fosthitiete pérhinl BB {stilecBeall$ calpdsle tThe tdieptigcept i on
band of the second reception filter 34 as revealed by Table 1. Thus, an LNA

SUppoférimig:! Do iR cogslePio O WRARIRa06 whith thd fefibinbEIsaphi e tkiniheuosdreand t he
second reception filter 34 can be achieved. Therefore, the LNA coupled to

the uridirRaily &fQRU| 41 thefdtbih tdhihdln ey gheolipled fihe Rifige $11 6 Witichxfic becomes
one, and the wiring between the reception termnal 14 and the LNA becones

one. ThehebYsb tlRthdiinR@l 204 88 gRBEBAIICIpRE. | eR&elsOMmRIfirgdéRetonl her ef ore,
when the filter nodule includes multiple reception filters, the matching

Ci r cUidrmiifal PsfRhefinblete i HiRH31 thd ME SRbh® ReckptldnaTifer BRMINGifRA O FRHNEe
reception bands in the nmultiple reception filters. For exanple, in a filter

nodul @edepdriidinfigall €6 SditRNscbbhd RESptioH RRRidal e BAREd do foRAML: Leepiand 5, and
band 8 presented in Table 1, one matching circuit is preferably coupled to

the regemdom filter supporting band 1 and the reception filter supporting
band 2, and another matching circuit is preferably coupled to the reception

filterocyppor ThdWirl 3RBoinRRPukbE dIrREGRLT ferhblihg twS HRORTh it ehiRANDr the
first reception filter 32 and the second reception filter 34. Even in this case, as illustrated in
FIG. 13, the number of reception terminals can be reduced and the wiring arrangement can be
less complicated by unifying two reception terminals of the first reception filter 32 and the

second reception filter 34 through the matching circuit 66. Especially in a case of the
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[ 0038] The matching circuit is not limted to the one illustrated in FIG 5,
may have other configurations. FIG 11 is a circuit diagramillustrating a
filter nodule in accordance with a first variation of the second
enbodi ment. As illustrated in FIG 11, conpared to the matching circuit 36
inthe filter nodule 30 of the second enbodi ment, a matching circuit 36a in
a filter nodule 30a of the first variation of the second enbodi nent is
configured so that the inductors 42 at the reception termnal 14 side are
conbined to one, and other inductors 42 and the capacitors 44 are renoved.
That is to say, the matching circuit 36a is formed by one inductor 42
connected between a node, which is between the first reception filter 32
and seddfedentisb@lpdri tbanfiinbdrent r&4ptandietnnieals éclergeicompared m madn-differeania fdtegr ound.
O her configurations are the same as those of the second enbodi nent
i |1 ust esd éds reduéticB.in Bhe raunbet bilrscaptide seminpds iyrunifymgelof receptiomidringails if 0039] As
described for the filter nodule 30a of the first variation of the second
enbodi rfativet hdMaoredvehian glusiratediint FISG6 B4, mheeyfilire nfodokeed day bodewnsidddtyor 42. Even
in this case, a reception filter to be electrically coupled to the unified
r ecept momgdiey the fiadt rebdptomrilize 33 wnd thheetboby réchptiomdilechBAgo diat thay tvesha eadh
accordance with a frequency band. [0040]FIG 12 is a perspective view
il lustwodiet.ng the filter nodule in accordance with the first variation of
t he second enbodinent. As illustrated in FIG 12, the first variation
di f f e[8048] om Hee, 5 dsoripticnbitidierggvin of b lprsti¢naivdien both teQirstl@cdption fister 301 y one
i nductor 42 is located as the matching circuit 36a formed on the surface of
t he madditie ss¢undtré@pior?flter Qi aer moniéd Guthatindits ofitte mddulcabaras24.hada. of the
second enbodinent illustrated in FIG 12, and thus a description thereof is
om tt ad.is § POdgLihevitw ibistiuiid bt Fies reebptidiefilfe 60 acl elbadndeakpianiliegoses t he
matching circuit 36a to be forned by one inductor 42, and thus can reduce
an ar esuntedwhitedisu-face 60HP adealk Sulikkratc?d. MAlGiishgted in EMG. 15,3G@&ndach thbe W rings
52 are fornmed as illustrated in FIG 12, and further reduce

terminal 38a and the terminal 40a are coupled to a wiring 68a and both the terminal 38b and the

terminal 40b are coupled to a wiring 68b, an intersecting area 69 in which the wirings 68a and
68b intersect with each other is generated. In the intersecting area 69, the wirings 68a and 68b
are electromagnetically coupled to each other, and thus the characteristics of the first reception
filter 32 and the second reception filter 34 degrade.

[0049] In contrast, the third embodiment configures the first reception filter 32 to be
embedded in the module substrate 24, and the second reception filter 34 to be mounted on the
surface of the module substrate 24 as illustrated in FIG. 14, and thus prevents the wirings 52a and
52b from intersecting with each other. Therefore, when a differential filter is used for the first
reception filter 32 and the second reception filter 34, the configuration that embeds the first
reception filter 32 in the module substrate 24 and mounts the second reception filter 34 on the
surface of the module substrate 24 has an advantage in characteristics.

[0050] FIG. 16 is a perspective view of a filter module in accordance with a first variation of

the third embodiment. The third embodiment describes a filter module supporting two
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the size of the filter nodul e 30a. [0042] The second enbodi ment designs the
reception termnal 14 to have an inpedance of 100 LI, but the input

i npedance of the LNA coupled to the reception terminal 14 nay be other than
100 a Therefore, the matching circuit 36 nmay have an inpedance converting
function so that the LNAs can be directly coupled thereto. This
configuration can elimnate the use of an inpedance matching circuit in an
out side between the filter nodule 30 and the LNA. Third Enbodi nent [0043] A
third enbodinment is an exenplary filter nodule using a differential filter
for a reception filter. FIG 13 is a circuit diagramillustrating a filter
nodul e in accordance with the third enbodinent. As illustrated in FIG 13,
a fil tfesquersgbhedsgBaraf | drbant 2y, duethd idst veridtionsd sheathidd émbodimtatds ad i | ter for
the first reception filter 32 and the second reception filter 34. Thus, the
first exeaplpty Blireritddikrsupportisg foat fe@eéntobadsrétaadil Negpndi2r Bandts, Gied bamd@ygh t wo
termnals 38a and 38b. The second reception filter 34 is coupled to the

mat chiAxillastrated i F66. t6ha Gitghmodude 6@y ofitinadist ddatiam of 46 thirdHaebotiianit isal s 38a
and 38b are differential termnals, and the term nals 40a and 40b are al so
di f f ercenfiguatd §cethad thalisst rdcOfida]filiee 32 suppbriingdand i drenitedoddialise hdddié er ent i al
termnals) of the first reception filter 32 and the second reception filter
34 ar gubkitatd Bidarddh©stgbnd feeeptioh Giendy gipperting bl 2 B ni@nBdantBe aplacoal ther m nal
1l4a, and the second reception termnals thereof are unified through the

mat chimgiudd sudbtidte 86sd 4 th ok eAp theispidcaniondlrt Bal Add rébpriomEn&iarg circuit
66 has the sane function as the matching circuit 22 described in the first

enmbodisiptrting bedFeib ebadied if GivimodGR subgiatdPs afid & fdund wedeptionftZltce@anect ed
bet ween a node, which is between the ternmnal 38a and term nal 40a and the

r eceptsuppbrii®s Fandd is Abanted B 1l @FALYE thamdddlbeutisield ol @b add Sennett adrdet ween

a node, which is between the term nal 38b and term nal 40b and the

r eceptre@ptibefingri@l 14b, and a ground.
[0051] The first reception filter 32 through the fourth reception filter 64 are coupled to the
antenna terminals 12a through 12d respectively. The first and second reception terminals of the
first reception filter 32 and the second reception filter 34 are unified to form the reception
terminals 14a and 14b respectively. The first and second reception terminals of the third
reception filter 62 and the fourth reception filter 64 are unified to form reception terminals 14¢
and 14d respectively. The formation of the matching circuit is the same as that of the matching
circuit 36 described in FIG. 14 of the third embodiment, and thus a description is omitted.
[0052] The first variation of the third embodiment is a filter module supporting four
frequency bands. Even in this case, the number of reception terminals can be reduced, and the
wiring arrangement can be less complicated by unifying the first and second terminals of the first
reception filter 32 and the second reception filter 34 through the matching circuit, and unifying
the first and second reception terminals of the third reception filter 62 and the fourth reception

filter 64 through the matching circuit. Moreover, the filter module 60a can be downsized by

arranging the first reception filter 32 and the second reception filter 34 so as to overlap each
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[0045]FIG 14 is a perspective viewillustrating the filter nodule of the
third enbodinment. As illustrated in FIG 14, the first reception filter 32
i s enbedded in the nodul e substrate 24 and the second reception filter 34
is nounted on the surface of the nodul e substrate 24 so as to overlap the
first reception filter 32 in a nost part as wwth FIG 10 of the second
enbodi nent. The inductors 42 constituting the matching circuit 66 are
nounted on the surface of the nodul e substrate 24. [0046] The term nal s 38a
and 38b to which the first reception filter 32 is coupled is coupled to the
W rings 48 enbedded in the nodul e substrate 24. The wirings 48 are
electrically coupled to wirings 52a and 52b forned on the surface of the
nmodul etz had patreiddhbihitdheceptioefitatd2ngd dheefotrtlo ceepts. filfEh &4 tocovetiambachOa t o
whi ch the second reception filter 34 is coupled is electrically coupled to
t he wiotheng 52a to which the termnal 38a is electrically coupled, and the
termnal 40b is coupled to the wring 52b to which the termnal 38b is

el ect (ogs3) |y seoumhekk firkhenbwiiragit) tha sécondrimbthird 4mbbdineosphiedowsizetiee Wi ri ng
52a to which the terminal 38a and the term nal 40a are electrically

coupl efter MBAulE fthé ABeRcé@dntidenhald thd bedosd coelioadilico34 beerlap chakopthdb t o
which the termnal 38b and the termnal 40b are electrically coupl ed.

Ther eby at Ibdtea part Slerdo€.C SRéWORT, t@feduaths siaé of the filter mbdule pegitrably aflialfioer 32 and
t he second reception filter 34 are unified to formthe reception term nal
14a, aRfe bhGesatandfikecepiion fltteIMindahsscaoml tetdption dil034 ovelap behrodteept i on
termnal 14b. [0047] The third enbodi nent uses a differential filter having
tWo I egRPbichialle it \@lafieds OF ndoReofl drés overkpaath ohed, bid RFth&Zrafedblyd second
reception filter 34. Even in this case, as illustrated in FIG 13, the

numberyrf ot @RERuUORNErer Fbrebmpad pRfectaaduges obod dffie: fivs retigtian fikaggament can
be | ess conplicated by unifying two reception termnals of the first

r eceplah@thefsebdr@redptiandr3a s pretinsbly ReRidbd Ik deloh @F th3btlidhbaeIgTHihe mat chi ng
circuit 66. Especially in a case of the differential filter, the nunber of

I eceplahPifbsta8 WA IRG R thisd Feaé@Rn GRPEZ B the faurthqBeeptibd BR&@m4i lthd firkt er, and
thus reduction in the nunber of reception termnals by unifying the

r eceptARidneIrihd @8 einbo@bdcgcti ve . Mreover, as illustrated in FIG 14, the
filter nodule 60 can be downsi zed by arranging the first reception filter

32 andohhe Eadednsint eception filter 34 so that they overlap each other.
[ 0048] Here, a description wll be given of a problemwhen both the first

r ecept[b@ﬂ]f i | W&burBlembodiment is an exemplary duplexer module supporting two frequency
bands. FIG. 17 is a block diagram illustrating a duplexer module in accordance with the fourth
embodiment. As illustrated in FIG. 17, a duplexer module 70 of the fourth embodiment
includes a first duplexer 72, a second duplexer 74, and a matching circuit 76 connected between
the antenna terminals 12 and the reception terminal 14 and transmission terminals 16. The first
duplexer 72 is a duplexer for a first frequency band, and a transmission filter constituting the first
duplexer 72 is a bandpass filter having a transmission band of the first frequency band as a
passband, and a reception filter is a bandpass filter having a reception band of the first frequency
band as a passband. The second duplexer 74 is a duplexer for a second frequency band
different from the first frequency band, and a transmission filter constituting the second duplexer

74 is a bandpass filter having a transmission band of the second frequency band as a passband,
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and the second reception filter 34 are nounted on the surface of the nodul e
substrate 24. FIG 15 is a perspective view illustrating the first
reception filter 32 and the second reception filter 34 nounted on the
surface of the nodule substrate 24. As illustrated in FIG 15, when both
the termnal 38a and the term nal 40a are coupled to a wiring 68a and both
the termnal 38b and the term nal 40b are coupled to a wiring 68b, an
intersecting area 69 in which the wirings 68a and 68b intersect with each
other is generated. In the intersecting area 69, the wirings 68a and 68b
are el ectromagnetically coupled to each other, and thus the characteristics
of the first reception filter 32 and the second reception filter 34

degr aced a[r&@408¢1 filterdnd basipasstifier hdvingh eodpoidn bemnt ofchafdcontd squehey Hand as
reception filter 32 to be enbedded in the nodule substrate 24, and the
seconch pagsbepd.i Crhefrmdttlng Gdeuitd 6he coupluatte theaticdptien Shefmasitadngtthefirpdul e
substrate 24 as illustrated in FIG 14, and thus prevents the wirings 52a
and S52plekan antd elicecdptiog fittet dons@tatingthbescond beglefeprre, when a differenti al
filter is used for the first reception filter 32 and the second reception
filterfo®b) the&heantdgieat 7Dand thakeit ddsietdnd4 bte @luple te@bhar dnidnher 32 in

t he nodul e substrate 24 and nounts the second reception filter 34 on the
sur f agenfifiali k2 MEut@paotbsimmkbofile Raptian fikdyeonka@tng the thadaglkedi7at i cs.
[0050]FIG 16 is a perspective view of a filter nodule in accordance with a
first aiaticattpionferhihal $fthe ebcepRadil@eodnstithtifg theisecbna bpEkdrEMtard@fiiéd bes a
filter nodul e supporting two frequency bands (band 1 and band 2), but the

first (M@aogtadhe ktching di@uit 176 kel fopmad rdBapdon ternfiRaleMe NMThe mshiitsidr filpgpdul e
supporting four frequency bands (band 1, band 2, band 5, and band 8). As
i1 usteoadtetingnhdtifs dplex@r 72 biPthe HaskmissiGORIt@ cobdiRutinaitBd sedadd Riplexer of t he
third enbodi ment is configured so that the first reception filter 32
supporatd gaphans rebpdciiverhaddashn tormtihgs Modul e substrate 24 and the second
reception Filter 34 supporting band 2 is nounted on the surface of the

nodul gos3gpst I The€madhm caduit Po RIEHRE Shel Bctfonras Eherrﬁﬁ_@fﬂﬁ% eirculitt Dt REcribed il third
reception filter 62 supporting band 5 is enbedded in the nodul e substrate

24, angk first @HE3dIméRC ePhdtetolsal, R mBdhibs BRANH 701datbRiItin SmbSdaiBLHiRE ON the
surface of the nodule substrate 24 so as to overlap the third reception

filtere®gtiol ARGMF Teerirkd duplexBeLeRih MinpedbRl of thetrBepHOhetNRal DdHdh reception

filter 64 are coupled to the antenna termnals 12a through 12d

I espeGidniflaily ihdRadek hS impdildn REFAKEEBR il b 1R FHchR] dupixet Nearfthd St
reception filter 32 and the second reception filter 34 are unified to form

the reeRpfibPRrhRAM A% AderadndAHink e SPRFLV¥MEINé maldind difcel 78nd second
reception termnals of the third reception filter 62 and the fourth

r eceptsi@ftichhily Rikreféks @h Enpitiahdeast tﬁ&eééﬁiﬂh FRGERIthOfst @ﬁﬂﬁﬁ%@b@ atifie and 14d
respectively.” The formation of the matching circuit I's the sane as that of

the metehiifiDehinglUi 4 andnfAGRS 3?1 Reskdaftefdt e rdéep@bn HiRer dfihd Qcme’i@fﬁtk and

thus a descriptionis omtted.
with an impedance of the reception terminal 14 in the second frequency band. Thereby, a

reception filter to be electrically coupled to the unified reception terminal 14 can be switched
between the first duplexer 72 and the second duplexer 74.

[0057] FIG. 18 is a perspective view illustrating a duplexer module in accordance with the
fourth embodiment.  As illustrated in FIG. 18, the duplexer module 70 of the fourth
embodiment is configured so that the first duplexer 72 is embedded in the module substrate 24

and the second duplexer 74 is mounted on the surface of the module substrate 24,  The first
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[ 0052] The first variation of the third enbodinent is a filter nodul e
supporting four frequency bands. Even in this case, the nunber of reception
term nals can be reduced, and the wiring arrangenent can be |ess
conplicated by unifying the first and second termnals of the first
reception filter 32 and the second reception filter 34 through the matching
circuit, and unifying the first and second reception termnals of the third
reception filter 62 and the fourth reception filter 64 through the matching
circuit. Mreover, the filter nodul e 60a can be downsi zed by arranging the
first reception filter 32 and the second reception filter 34 so as to
overlap each other, and arranging the third reception filter 62 and the

f our t hluplezapiand tHed deterd dhigleker Bhaze lcapied ax bs totovenlap daCiD&BENASs The fitstt he fir st
enbodi nent, the second and third enbodi nents can downsize the filter nodule
i f t heluplerat72rand dpt seomdfdubleser B2randfer hwelgeckazds meludinigiacnaling fostion3latover | ap
each other in at |east a part thereof However, to reduce the size of the
filters fonded en a pubsfrae aklydig dedléctote axvithgan aaovestis weive fdrmedl thesdin teeeelpt | on
filter 32 and the second reception filter 34 overlap each other, nore

pr ef enladbdlyctiode escitingahé ecamisiie wanat, er pickagee asluorerd eplivaoiitiot theris famdd f ur t her
preferably all areas overlap each other. For exanple, a projected region of
one ofontaharihi swistrate Ge@hichn shibdtiaerwiBRarmelectidde esddmnsh doeaeietwayn frretler 34 i s
preferably included in a region of the other one. This applies as well to

t he t hhdréin iemepliddro sédl ifieesub&iritandtceatdhony dikcult¥6eplotsted b thiestrticd obthet he
first variation of the third enbodi nent. Fourth Enbodi ment [0054] A fourth
enbodini®inte dubstaite BXenpl ary dupl exer nodul e supporting two frequency bands.
FIG 17 is a block diagramillustrating a dupl exer nodul e in accordance

Wi th foess]our The euphe@t ABakle 7091 thel ot @biedimént dladed the fastduplegyen? fopdul e 70
of the fourth enbodi nent includes a first duplexer 72, a second dupl exer

74, amgk GrsMRé@BhdVDadll NtRdlidcorBdigMxRETA &l thadv@ritrddnencgmhed)aad ter m nal s 12
and the reception termnal 14 and transm ssion termnals 16. The first

dupl ex@fichlng difeurt 76 iRl @XRiple@ito the rédeptior filed e @Y irRiAglex& T Adiiieaansm ssi on
filter constituting the first duplexer 72 is a bandpass filter having a

t r ans meeplidfilRaod tfseddh@ dupleér 1486 WeReyolRUTthAFrsBfrQASHIIHAN aRNGic A _
reception filter is a bandpass filter having a reception band of the first

f r equeasd BRpGenas béhmgprla@seal whéh Pas%ﬁ@@fgﬂalg pihe%eler éfe. | SThds chupk@ygsn for a
second frequency band different fromthe first frequency band, and a

transnilswt MR mdwHiy cifeQRTEItd Whitdith fb&htide FPBttobeRIR¥RAIlY doupSeddo BRNdpass

filter having a transm ssion band of the second frequency band as a

passbagdption terminal 14 in accordance with the frequency band, and the reception terminals of the
first duplexer 72 and the second duplexer 74 to be unified through the matching circuit 76.
Thereby, the number of reception terminals can be reduced without reducing the number of
frequency bands to be supported, and the wiring arrangement can be less complicated.
Moreover, the first duplexer 72 is embedded in the module substrate 24 and the second duplexer
74 is mounted on the surface of the module substrate 24 so that the first duplexer 72 and the
second duplexer 74 are located so as to overlap each other. Thereby, the duplexer module 70
can be downsized.

[0059] The duplexer module 70 can be downsized if the first duplexer 72 and the second

duplexer 74 are arranged so as to overlap each other in at least a part thereof. However, to
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and a reception filter is a bandpass filter having a reception band of the
second frequency band as a passband. The matching circuit 76 is coupled to
the reception filter constituting the first duplexer 72 and the reception
filter constituting the second dupl exer 74. [0055] The first duplexer 72 and
t he second dupl exer 74 are coupled to separate antenna termnals 12. The
reception termnal of the reception filter constituting the first dupl exer
72 and the reception termnal of the reception filter constituting the
second dupl exer 74 are unified through the matching circuit 76 to form one
reception termnal 14. The transm ssion filter constituting the first

dupl exer 72 and the transm ssion filter constituting the second dupl exer 74
ar e cougicethet soverod sipatitplexer pduls it gs¢fomblyerhul fraingrd 61 arf305 @cThet duptestri ng
circuit 76 has the sane function as the matching circuit 22 described in

t he fiA2sihdédnbedimishplexdiiat oveslap eachayher, tiere patahbln thred quatets of Gonaéfches an

i npedance of the reception filter of the first duplexer 72 with an

i mpedainme ovdrldpleach eheapiidofartharprfablyldl saced osértppi chelcatheéd y Foneoasakes an

i npedance of the reception filter of the second duplexer 74 at the

r eceptprgactédregionalf ofdof the tirse diiplestr 72 nad)thenegoni dnplexdvtyd déopreferatihmchméd hi ng
circuit 76 significantly increases an inpedance of the reception filter of
t he fiingteghpbfakesthd2omat the reception termnal 14 and matches an i npedance
of the reception filter of the second duplexer 74 with an i npedance of the
recept[0@s0]t er Rihak of fapaiiest PeteseOmidat onelyibéita ionManN A000FBET58b MiscRsdsecept i on
filter to be electrically coupled to the unified reception termnal 14 can

be swichafigdathel theemnifidd eedebti@i tethbiphie ¥e4 médulanwtliding: i@ctuplixckdpl Hy®evers.
[0057]FIG 18 is a perspective view illustrating a duplexer nodule in

accor daggetemkiittin phaghphl 001 revddcthigid configufatibu stived &ge two fekbéptioh®andshe
dupl exer nodule 70 of the fourth enbodinent is configured so that the first

dupl exetrlaleach otigbaidRds hét supsortddlipk: Bedushdylaad4 1aadditibg MEcOnMddugl exer
74 is nounted on the surface of the nodul e substrate 24. The first
22 disclose diagrams in which reception terminals of reception filters are unified. However, the
statement in paragraph 0083 reveals that two reception filters are merely connected in parallel
and multiple frequency bands are not supported.
Fifth Embodiment
[0061] A fifth embodiment is an exemplary duplexer module including a duplexer
supporting band 1 of W-CDMA and a duplexer supporting band 2.  FIG. 19 is a circuit diagram
illustrating a duplexer module in accordance with the fifth embodiment. As illustrated in FIG.
19, a duplexer module 80 of the fifth embodiment includes a first duplexer 82 supporting band 1,
a second duplexer 84 supporting band 2, and a matching circuit 86. The first duplexer 82 is
coupled to the antenna terminal 12a for band 1, and the second duplexer 84 is coupled to the
antenna terminal 12b for band 2.
[0062] The first duplexer 82 includes a first reception filter 88 and a first transmission filter

90. The second duplexer 84 includes a second reception filter 92 and a second transmission

filter 94. The first reception filter 88 and the second reception filter 92 are coupled to the
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dupl exer 72 and the second dupl exer 74 are |located so as to overlap each
other. The first duplexer 72 and the second dupl exer 74 are wafer |evel
packages including a sealing portion that is formed on a substrate
including an el ectrode exciting an acoustic wave formed therein to seal the
el ectrode exciting the acoustic wave, or packages including a sealing
portion that is forned on a wiring substrate in which a substrate with an
el ectrode exciting an acoustic wave formed therein is installed to seal the
substrate. The matching circuit 76 is |ocated on the surface of the nodule
substrate 24. [0058] The dupl exer nodule 70 of the fourth enbodi nent

i ncludes the first duplexer 72 for the first frequency band, the second
dupl exeatclitdg fiowitt86ehoegiothd térmagplrsifcandidi@neaspeatinat iyt frel neetptibn mgmaoiatsofithe 76 t hat
is coupled to the reception filter of the first duplexer 72 and the

r eceptreaptidn fikas aefunifivd threaginthe dhaodhéngarircdid 86 malfomalons raxapticof tetnfigalflidr St
frequency band and the second frequency band suppressed when passing

si gnalBieinmatthing citda@r86daethe Fhrns fumotibn glthamawhinglcirowis7¢ Gescribdddhithegfoudti cui t 76
to switch a reception filter to be electrically coupled to the reception

t er m radbodénenn dlledirstarmmemistioh filtaedf andqlreseyndondmisaiod fillee94 are epiplah
termnals of the first duplexer 72 and the second duplexer 74 to be unified
t hr ougb trhdeenisedreiaimigale i1 6£ ahid 1 6bGespéttdredby The hatchinghdicuioB6 hechptdnan t er m nal s
can be reduced w thout reducing the nunber of frequency bands to be
supporchefigurativah dshigat of thic Adateingdigaitabidestibedd HSSSothapdconadtbodilbiiteover ,

the first duplexer 72 is enbedded in the nodul e substrate 24 and the second
dupl exad thid aidesdripudh e@drnisdmgiusdr f ace of the nodul e substrate 24 so that
the first duplexer 72 and the second dupl exer 74 are |ocated so as to

over| gpogzach BidQo is apied ey, illb&ietidy Hegiarraimedistion filercnundehdunal zed.

[ 0059] The dupl exer nodule 70 can be downsized if the first duplexer 72 and
the segaadisdbpligxess. 74 sanesualadan JEE 20 thaGirdt Ga@EEsi @100 afd hRlsedondat | east
a part thereof However, to reduce the size of the dupl exer nodule 70,

pr ef erghlbiisdo &lter VI arfRId@erApdieRse fbudthevdviefitersdeRh exdiidingscaiggl t he second
dupl exer 74 overlap each other, nore preferably three quarters or nore of

ar eas rg\Ritb RIS 16BN gR B esnneakd if skithBstwbEedeingitl ad ah but?_ﬁt&ﬁlﬂ par@el ap each
ot her. For exanple, a projected region of one of the tirst duplexer 72 and

the segRnstofUNl 8NP0 cofindciedif phaNab! Yhé Reley eRohdists 31 tegu@nsDindithe ot her one.
[ 0060] FI G 14 of Japanese Patent Application Publication No. 2000-349586
di scl gaRSlecPresonators P1 and P2 are located on the piezoelectric substrate 46 such as a LT substrate

or LN substrate.

[0064] The first reception filter 88 and the second reception filter 92 are double mode

coupling type surface acoustic wave filters, and have the same configuration as that illustrated in

FIG. 6A and FIG. 6B of the second embodiment, and thus a description is omitted.

[0065] The fifth embodiment designs the antenna terminals 12a and 12b to have an

impedance of 50 £, the reception terminal 14 to have an impedance of 100 €, and the

transmission terminals 16a and 16b to have an impedance of 50 Q as with the second

embodiment. The inductors 42 constituting the matching circuit 86 is designed to have the

inductance and the Q-value described in FIG. 5 of the second embodiment, and the capacitor 44

is designed to have the capacitance and the Q-value described in FIG. 5.
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configuration that unifies reception termnals in a nodule including two
dupl exers. However, the statenent in paragraph 0071 reveals that the
configuration is for a case two reception bands overlap each ot her and does
not support nultiple frequency bands. In addition, FIG 21 and FIG 22

di scl ose diagranms in which reception termnals of reception filters are
uni fi ed. However, the statenent in paragraph 0083 reveals that two
reception filters are nerely connected in parallel and nultiple frequency
bands are not supported. Fifth Enbodi nent [0061] A fifth enbodi nent is an
exenpl ary dupl exer nodul e i ncluding a dupl exer supporting band 1 of W CDVA
and a dupl exer supporting band 2. FIG 19 is a circuit diagramillustrating
a dupl[ét@] no8lEeliina diegremdinteting & hass kbarbétéisticefihediuplertr. mébils dfithst r at ed
in FIG 19, a duplexer nodule 80 of the fifth enbodi nment includes a first
dupl exéth Sabeslimpgor t iInngGbhaind bald salid dae indicdtep b @rsrch84ctstgparfthenyysbhand 2, and
a matching circuit 86. The first duplexer 82 is coupled to the antenna

t er m natepi@afiftarghdnicet first duptbxeh&?, asd o hdlddagHed tiae idcates apasyihedctedstiche
antenna termnal 12b for band 2. [0062] The first duplexer 82 includes a
first ofeeefiti tansinissior fil8B89@NAA thid sdliitlink iadicandssspasdichatdctegistiO6X thd ok cond
dupl exer 84 includes a second reception filter 92 and a second transm ssion
filterre@ptionNRefd2refthe Reaptduptexéd 84t end Sthimadthédknesiadionds 4 peption filter 92
are coupled to the matching circuit 86 through the termnals 38 and 40

r es pehhretkedsticasTahd et tranBmissionifitad $4. ofAdillastraeidpFi@r 1f bdth eeSirser € uni fi ed
through the matching circuit 86 to formone reception termnal 14. The

mat chiduglegén §2Uink tikOscbaval duptexsasreedhibicddodpagschifactefi®icghi ng circuit 76
described in the fourth enbodi ment. The first transmssion filter 90 and

the sqoosm tr &N D ssd PAgkil itledtralfe pase chabptatict of the ansracegioailicegsampl s 16a
and 16b respectively. The matching circuit 86 has the sane configuration as

t hat ahe $ddendRbGHHOAGIISF 9T the 168 Gloilledf the fHihembvdifient. helnFecoPda

enbodi ment, and thus a description thereof is omtted.
bold solid line indicates a pass characteristic of the first reception filter 88 of the fifth
embodiment, and a bold dashed line indicates a pass characteristic of the second reception filter
92. In addition, as a comparative example, a thin solid line indicates a pass characteristic of the
first reception filter 88 and a thin dashed line indicates a pass characteristic of the second
reception filter 92 when the first duplexer 82 and the second duplexer 84 are separately measured
alone. The first duplexer 82 and the second duplexer 84 are separately measured alone by the
same method described in FIG. 8 of the second embodiment.  As illustrated in FIG. 22, the first
reception filter 88 and the second reception filter 92 of the fifth embodiment exhibit good filter
characteristics same as those of the comparative example that separately measures the first
duplexer 82 and the second duplexer 84 alone. In addition, the attenuation in the suppression
range is improved in the first reception filter 88 and the second reception filter 92 of the fifth
embodiment compared to that of the comparative example. As described above, even in a case

of the duplexer module, the attenuation in the suppression range can be improved by unifying the

reception terminals through the matching circuit.
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[0063]FIG 20 is a plan view illustrating the first transmssion filter 90
and the second transm ssion filter 94. As illustrated in FIG 20, the first
transm ssion filter 90 and the second transm ssion filter 94 are

| adder-type surface acoustic wave filters, each including series resonators
SI through 53 connected in series between an input and an output and
paral l el resonators Pl and P2 connected in parallel. The series resonators
SI through S3 and the parallel resonators P1 and P2 are |ocated on the

pi ezoel ectric substrate 46 such as a LT substrate or LN substrate [0064] The
first reception filter 88 and the second reception filter 92 are double
node coupling type surface acoustic wave filters, and have the sane

confi dUb&lli onFHs 28 hean ¢rildrget view etbund tHelr&ep6én hards i BGR.0f At flastseaiind

enbodi ment, and thus a description is omtted. [0065] The fifth enbodi nent
desi gridGt Je thenthenima losrintrmakes byl 28 dBnid thi2first ecdpgive filter §mpedanseoaf 50 0, the
reception termnal 14 to have an inpedance of 100 O, and the transm ssion

t er m medeptidibfilten? i@l fifth drabwiimenticopeatad cethaf ofSROcaspavdtivh ekdigpls.ecand

enbodi nent. The inductors 42 constituting the matching circuit 86 is

desi griestribed hathe s¢doad emblodimant thisindrebdeeadby ahprevealidscaisb @diepéndsbfothed of t he
second enbodi nent, and the capacitor 44 is designed to have the capacitance
and t H@-vauw al the ntheching direditi8A, dnkd@e icreadeQ 66k Barbe icdlsd ut By dediging a
illustrating a pass characteristic of the duplexer nodule of the fifth
enbodifitento. prelimnkly e loav ftthdatiRaland 1dv-h@si ndi cat es a pass characteristic
of the first reception filter 88 of the first duplexer 82, and a bold

dashed00d%e i Rilk Catiespaspeats dbatilastratiigthe dumléxer AdvdhlefoSthet fifgnsm ssi on
filter 90. Athin solid line indicates a pass characteristic of the second

r ecepteimbodiindnt. er A Sillusifatdchia FSE.Canthediupleesanodide sesfthafifthembeaskeds!| i ne
i ndi cates a pass characteristic of the second transmssion filter 94. As

i || usteoafigded 3o thitGhe Bkt diéter 8D & dnbeddeddt phenedul82ubange bhensae eadndupl exer

84 exhibit good pass characteristics.
duplexer 84 is mounted on the surface of the module substrate 24 so as to overlap the first
duplexer in a most part. The first duplexer 82 and the second duplexer 84 are wafer level
packages including a sealing portion that is formed on a substrate including an electrode exciting
an acoustic wave formed therein to seal the electrode exciting the acoustic wave, or packages
including a sealing portion that is formed on a wiring substrate in which a substrate with an
electrode exciting an acoustic wave formed therein is installed to seal the substrate. The
inductors 42 and the capacitors 44 constituting the matching circuit 86 are mounted on the
surface of the module substrate 24. The formation of the matching circuit 86 is the same as that
of the matching circuit 36 described in FIG. 10 of the second embodiment, and thus a description
thereof is omitted.
[0070] FIG. 25A is a plan view illustrating foot pads by transparently illustrating the first
duplexer 82 from above, and FIG. 25B is a plan view illustrating foot pads by transparently

illustrating the second duplexer 84 from above. The foot pads are formed on lowermost

surfaces of the packages of the first duplexer 82 and the second duplexer 84, and are terminals
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[0067]FIG 22 is a diagramillustrating pass characteristics of the first
reception filter 88 and the second reception filter 92 in the dupl exer
nodul e of the fifth enbodinent. In FIG 22, a bold solid |ine indicates a
pass characteristic of the first reception filter 88 of the fifth

enbodi ment, and a bold dashed |line indicates a pass characteristic of the
second reception filter 92. In addition, as a conparative exanple, a thin
solid line indicates a pass characteristic of the first reception filter 88
and a thin dashed line indicates a pass characteristic of the second
reception filter 92 when the first duplexer 82 and the second dupl exer 84
are separately neasured al one. The first duplexer 82 and the second

dupl exter elgdricalky asd prechanadally fisinguhephckigsnéo bynottagsarfacendtthrododidecri bed in
FIG 8 of the second enbodinent. As illustrated in FIG 22, the first

r eceptsubsiratd 24. erAG8usiratediin 1S @0 Aredd FEG P BL amarftéernadootPad dht ¢dupleflité thia

enbodi nent exhibit good filter characteristics sane as those of the

c onparaatdnue tegxan) lagrah fraissise ot padkTy conpisitio g ttanemfiskios terohimpl,@ndr 82 and t he
second dupl exer 84 alone. In addition, the attenuation in the suppression

r ange resepiing fav petl Ry coupded tortlsd receptiop términal inl the firsg 8uiderckr 8P erese tlendirmecept i on
filter 92 of the fifth enbodi nent conpared to that of the conparative
exanplieverdisn ekdgtmnstip b thbsevia theeseeond duplexen®e dfhat laéo shypivieotethe aeirladpoit he
attenuation in the suppression range can be inproved by unifying the

r eceptpad it &riotanal ia atdentorigha dherighthaliiwit respectio b centfr0GE8N BleGirstBiplegeran

enl arged view around the reception bands in FIG 22. As illustrated in FIG
23, t 82 witse rdctangulhoshapéd, tereasaisioy fét padiBx iinlothel dtiarfitt ehdcrlpiof ofeff i [ t er 88
and the second reception filter 92 of the fifth enbodi nent conpared to that
of t hehatfOsmbhatdcymicdfanipag RxAs laderd ai Dedonderideideseeipnidft datbate asaina t hi s

i ncrease can be inproved because it depends on the Q value of the matching
Ci r cuifboi§ad Aandk lb&ked inGr@ARLakNof Ok aHwitharcgrbelagdntetlinduf thiescgni ng a
filter to prelimnarily have |ow attenuation and | owloss. [0069]FIG 24 is
a per siplkev®l Witewrdckdndslbr sapé) hd thesahibgiotfest pad Oulicloddted e firkd dnld side of

enbodi nent. As illustrated in FIG 24, the duplexer nodule 80 of the fifth
enbodiamght hhlf, 260THd @edpaon St pidRx ihcdted tthekepbeiaid s@R df sheaiddersed in the
nodul e substrate 24 and the second dupl exer 84 is nmounted on the surface of
the nuothet pads wieh fah ¢he2mhiBa 8ot bad ANE HeaRinthBsibh sk pstUPX,ex@ thel roceptio®st part .
The first dupl exer 82 and the second dupl exer 84 are wafer |evel packages

i ncl udobipad REat bRAn® ek bady Glbdoupd k@4 BREn@®N a substrate including an

el ectrode exciting an acoustic wave fornmed therein to seal the el ectrode
excit id[ogn fihe aFaeas: pedswadsesd iflthdsiREe HlusRabAR FIG. 25 S&al FIGRIPédubOthet hat i s
formed on a wiring substrate in which a substrate with an el ectrode

exci t i ngenaf ted@MHab 1 200 WaNeh the Firge dublBes 82 s dodiplcd $ Bé loesled & tBEappokiteside _
substrate. The inductors 42 and the capacitors 44 constituting the matching

Ci I CUith t130anddnBa MM (21010 WHieh S kERAE daplekd 84 TDEHbRASLISE tha Fiest Adpleddie
formation of the matching circuit 86 is the sane as that of the matching

Circuig? 3@ thlesesdddfipldxBr # 42 i11dfra@ld ih PRG. 28C ONMbr&VRR tHe RMbmistiod tdriiil &
description thereof is omtted. [0070]FIG 25A is a plan viewillustrating

foot prdso BidhROSRAAGMLY 82 15l ddabiedls 1B&htddodet fosthe BB 1EMiSAE 106 gian above,
and FIG 25B is a plan'view illustrating foot pads by transparently

i 11 usteh @b ehatebeniSa a 00 Gnd UR! i£206hisSion iérRR200y @ wiiBethb Q&lonRAdBlcRr 84 fior med on
| ower nost surfaces of the packages of the first duplexer 82 and the second
dupl ex@upRé is 1B8HePE18set &) ik BAkSna terminal 12a than the antenna terminal 12b.  Thereby,

the space between the antenna terminal 12a and the transmission terminal 16a, the space between

the antenna terminal 12b and the transmission terminal 16b, and the space between the antenna

terminal 12a and the antenna terminal 12b can be made wide. Therefore, the electromagnetic
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for electrically and nechanically fixing the packages to a nounting surface
of the nodul e substrate 24. As illustrated in FIG 25A and FIG 25B, an
antenna foot pad Ant coupled to the antenna terminal, a transm ssion foot
pad Tx coupled to the transm ssion termnal, and a reception foot pad Rx
coupled to the reception termnal in the first duplexer 82 are in the
mrror inversion relationship to those in the second dupl exer 84. That is
to say, when the antenna foot pad Ant is |located in a center area of a
right half with respect to a center line of the first duplexer 82 wth a
rectangul ar shape, the transm ssion foot pad Tx is located at a first end
side of a left half, and the reception foot pad Rx is |located at a second
end siigterferbndehman befuppineskdd, anddus nhefmsadifpbater Baehdahe sdcond dapdesdd 84 panebecent er
area of a left half with respect to a center |ine of the second dupl exer 84
wi t h prevested igol degrsihepe isddtentchangmigies.on foot pad Tx is located at a
first end side of a right half, and the reception foot pad Rx is | ocated at
t he s¢@@ixd endsdegebeaf aliole, to isgiptresh alief deErdatigraid Ssotdtive chithaeridtiog, tienfimsnna f oot
pad Ant, the transm ssion foot pad Tx, and the reception foot pad Rx are
gr oundluplontr §2aad tiidnacanlunipéotet § ae greferaidy corifzniddSoahdt tet angmds fdovpat ed i n
the positions illustrated in FIG 25A and FIG 25B cause the antenna

t er m rfalt ad@thettmnwhissibn fdoe pid Ts tredoiateedat ppBRingSideaunpt dd: dnenbe fdoopat £at at t he
opposite side to the antenna term nal 12b to which the second dupl exer 84

i s cowflledirscdupset $kisflocatt adthp loppesite Side anthetahensefoonshdduploéerse@hdas
illustrated in FIG 24. Moreover, the transm ssion termnal 16a to which

t he fiduglexehfdl eideres2t o @aiepligcof the hieg ait ellich tlesfrst duplekhes2amidennsectel M nal

| 2b than the antenna termnal |2a, and the transmi ssion termnal 16b to
whi ch dupexaezavdrigiugickeier.84 is coupled is |ocated closer to the antenna
termnal 12a than the antenna term nal 12b. Thereby, the space between the
ant enfao3gr m ma¢ fifth 2abadithehh@ntipROS e $&depiion ©fmhplalfl tHbxst debptiop &iter §3et ween
the antenna term nal 12b and the transm ssion term nal 16b, and the space
bet ween tHelTRstatupRAGEE X S Mhd@beplida tamthdl bEthaRé@nd eckiion filek 91 Abihe astohé made
w de. Therefore, the electromagnetic interference can be suppressed, and
t hus, dupRxdr 843t bd upified eirodish Ao thalchihgAeoinEs (kR XaE rdddptbancdeingnevent ed
fromdegrading in isolation characteristics. [0072] As descri bed above, to
suppr elsstrafed il BOE adat TigtetyNthie 90MdEH EMe@PasReIRIMES lch Be reédb&dfiti®it

reducing the number of frequency bands to be supported, and the wiring arrangement can be less
complicated. Moreover, as described in FIG. 22, the attenuation in the suppression ranges of
the first reception fiiter 88 and the second reception filter 92 can be improved. Further, as
illustrated in FIG, 24, the first duplexer 82 is embedded in the module substrate 24, and the
second duplexer 84 are mounted on the surface of the module substrate 24 so that the first
duplexer 82 and the second duplexer 84 overlap each other. Thereby, the duplexer module 80
can be downsized.

[0074] Any of the first duplexer 82 and the second duplexer 84 may be embedded in the
module substrate 24, but the first duplexer 82 is preferably embedded as illustrated in FIG. 24.
The reason is the following. That is, as revealed in Table 1, band 2 supported by the second

duplexer 84 has a narrow frequency interval (guard band) between the transmission band and the
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dupl exer 82 and the second dupl exer 84 are preferably configured so that
the antenna foot pad Ant and the transm ssion foot pad Tx are | ocated at
opposi ng sides, and the antenna foot pad Ant of the first duplexer 82 is

| ocated at the opposite side to the antenna foot pad Ant of the second
dupl exer 84 with respect to a center line of the area in which the first
dupl exer 82 and the second dupl exer 84 overlap each other. [0073] The fifth
enbodi ment configures the reception termnal of the first reception filter
88 in the first duplexer 82 and the reception term nal of the second
reception filter 92 in the second dupl exer 84 to be unified through the
mat ching circuit 86 to formone reception termnal 14 as illustrated in

FI G h8ceplibe batycontpardne bdrer 1 afppoecidptthefirst dupiexeal?. c@hebthergegtddend isi t hout
reduci ng the nunber of frequency bands to be supported, and the wring

ar r angefent the anndeisiies fltaanp theaatepdon Nheeoy sgpirastodases stbgopasn FI G 22, the
attenuation in the suppression ranges of the first reception filter 88 and
t he seatandtefigieiptthosuatd band) ard2heahe hgertioP (Y dreabasr t MRerefos thel seersitlr at ed i n
FIG 24, the first duplexer 82 is enbedded in the nodul e substrate 24, and
t he saeapto ARbEahd e @EendAmBineGion filiched Bithé agendiupldxer BHavca lsgsbst rat e
24 so that the first duplexer 82 and the second dupl exer 84 overl ap each
ot her . grdh@rtedythatt dTen il rRXrionNBitted 88 £ thafirsbpariaistinZtictr 90 @R Fidmy of the
first duplexer 82 and the second dupl exer 84 nmay be enbedded in the nodul e

subst rapRxeds2. b 1o0bhRsd duptdxeAtBElX €in Belobtsingd 1Bf enildling edmetegplaasr 82
illustrated in FIG 24. The reason is the followng. That is, as reveal ed

i n Taldridaily Davidg Betfo RO @6 niydulehabsReonithed ik exahict&iktibadegeadatisn Qioh
frequency interval (guard band) between the transm ssion band and the

receptdsQR ikAdde GOITRAIREks iPtHo gl ctereuibradddas tHYmbdige fubk@dte. dud @xeribed2. Wien
the guard band is narrow, the transmssion filter and the reception filter

are regidid edlrddacd MY Bsd (B BRI SHEEHRbAGLET hS tiafsnhiBsibBandwad theanigtiomnd
thus the insertion | oss increases. Therefore, the second reception filter

92 andhhher HReCRPExdr At AieSh et thodll€subSdate 1 préferabBGoIaE: tHMPhekRfuddy have a
| oss greater than that of the first reception filter 88 and the first

tr anshesiaPPetlebd BE «BRhiBsibBanliiah & thedbiipY e bardof the dupléxkOmsuletbbexer nodul e
can be obtai ned by enbedding the first duplexer 82 originally having better

| 0SS i QrthbiEoMRIMbEUIS YhsthR! eFS4iRaIHEEn S BAAE hRhicSfitRSTlfe BAbRE bPtheSUCh as
an increase in loss occurs in the dupl exer enbedded in the nodul e

subst rﬁ%ﬁhreﬁ?h ARSI AT HPOVR red Ptib S HHEEVEINE whdRS Freqidiy T ot BB ch tHeer val
bet ween the transm ssion band and the reception band of the dupl exer

embeddedh sl ®aPaH tRe RUDSIhALRd bBhPE&IRFER ¥ quthSbantih@prefid Iy r equency

&
i nterval between the transm ssion band ‘and the reception band of the

dupl exghbaBanhesk B8ddibsusustace of the nodul e substrate. For simlar
reasons, even in a case of the filter nodules of the first through third

enbodi geitiSnbddifedi€ception filter with a wider frequency interval between
t he transé?gg%éneband and the reception band of the supported frequency

10075] 0BGt b SR RaT RRnT & o e G e A i o R R

diff erl%&}ﬂti@h filkd t 8FG. 128" Rcircuit diagram illustrating a duplexer module in accordance with
the sixth embodiment. As illustrated in FIG. 26, a duplexer module 100 of the sixth
embodiment uses a differential filter for the first reception filter 88 of the first duplexer 82 and
the second reception filter 92 of the second duplexer 84. Thus, the first reception filter 88 is

coupled to a matching circuit 106 through two terminals 38a and 38b. The second reception

filter 92 is coupled to the matching circuit 106 through two terminals 40a and 40b. The
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reception filter. FIG 26 is a circuit diagramillustrating a dupl exer
nodul e in accordance wth the sixth enbodinent. As illustrated in FIG 26,
a dupl exer nodul e 100 of the sixth enbodi nent uses a differential filter
for the first reception filter 88 of the first duplexer 82 and the second
reception filter 92 of the second dupl exer 84. Thus, the first reception
filter 88 is coupled to a matching circuit 106 through two term nals 38a
and 38b. The second reception filter 92 is coupled to the matching circuit
106 through two termnals 40a and 40b. The termnals 38a and 38b are
differential termnals, and the term nals 40a and 40b are also differenti al
termnals. [0076] The first reception termnals (differential term nals) of
t he f it¢rfinalet8pind 38b hicl differe@t] andimalearsitbe tminatselfh ianh4dh drt elso 92 ar e

uni fied through the matching circuit 106 to formthe reception term nal
l4a, angkrédial eea@ald. reception termnals are unified to formthe reception
termnal 14b. The matching circuit 106 has the sane function as the

mat chijo@regi r cUhé fikbred@sionitdatnadlgydiffieedtialicthinegpoftherfint recdftmnifitec B8 agl
circuit 106 has the sanme configuration of that of the matching circuit 66
descr ithegcbiil ketdptiod Bltef 92 die uhilfied chrewghahk fireching@irtuit hitstodordetie rédepticon
thereof is omtted. [0077]FIG 27 is a perspective view illustrating the
dupl ex&minddyd, @nd fheascond dedtpBondetinhl aresinifidal t@ fomdihareveptidnl t&nABA 14b. a
cross-sectional view taken along line AAAin FIG 27, and FIG 28B is a
Cross -meﬁdt@ﬂﬁghcimﬁwoé akele sdrBinttidieas BhdBmbtdhiip Girod’76 AScriideld s thedberch i n
FIG 27 through FIG 28B, the dupl exer nodule 100 of the sixth enbodi nent
i's confivguimast. S orHehadtcHiRecifduitSIins Gepihe xahe Sohfigira6ioh eftachiithe hbehirgdul e
substrate 24 and the second dupl exer 84 is nounted on the surface of the

nodul gieub8é AekRbetin IFOG.OBeSFkianthir embbdifient il ©4€4 d&Rriptioratherestis paittedas Wi t h
FIG 24 of the fifth enbodi nent. The inductor 42 constituting the matching

ci rcuippo 96 i srarund £sbr@RctReviswihageif thé beplakdwoauk i addoatatcordith Hae
formation of the matching circuit 106 is the sanme as the formation of the

mat chisfigh Einb&diinkntd 6 Fte 98 AI19E erokdisdetiGhal LkwobkdnhBordgineth-armh ol m8dnd FAG t hus
a description thereof is omtted. [0078] The first duplexer 82 and the

seconagduph gXRE s@fior] Qidh faRertdbd) IRUNBSH FO6. A7he AXBI@tel WPBLG. aF ehrddkhby
bunmps 102. The first dupl exer 82 may be face-down flip-chip nounted, or may

be faggquRBIAEHSRxerhSdfid (60 ofdHP LM Ainicht BRI Bded & hhehwkifst ngs 48
enbedded in the nodul e substrate 24 by the bunps 102, and is electrically

coupl gflpleQer $36 s Wnbéd¥98 irde nadieXabstiags MM daRe {daonBaiplaersPfs dimtaaeul e
substrape 24 through the penetrating el ectrodes 50. The

the surface of the module substrate 24 to overlap the first duplexer 82 in a most part as with FIG.
24 of the fifth embodiment. The inductor 42 constituting the matching circuit 106 is mounted
on the surface of the module substrate 24. The formation of the matching circuit 106 is the
same as the formation of the matching circuit 66 described in FIG. 14 of the third embodiment,
and thus a description thereof is omitted.

[0078] The first duplexer 82 and the second duplexer 84 are flip-chip mounted on the
module substrate 24 by bumps 102.  The first duplexer 82 may be face-down flip-chip mounted,
or may be face-up mounted. The first duplexer 82 is coupled to the wirings 48 embedded in the
module substrate 24 by the bumps 102, and is electrically coupled to the wirings 52a and 52b

formed on the surface of the module substrate 24 through the penetrating electrodes 50. The
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second dupl exer 84 is coupled to the wirings 52a and 52b by the bunps 102.
Thereby, the first reception termnals of the first duplexer 82 and the
second dupl exer 84 are unified to formthe reception term nal 14a, and the
second reception termnals are also unified to formthe reception term nal
14b. Moreover, the first duplexer 82 is electrically coupled to the antenna
termnal 12a and the transm ssion term nal 16a through the bunps 102, the
Wi rings 48 enbedded in the nodul e substrate 24, the penetrating el ectrodes
50, and the wiring 52 forned on the surface of the nodul e substrate 24. The
second dupl exer 84 is coupled to the antenna term nal 12b and the

transm ssion termnal 16b through the bunps 102 and the wiring 52 fornmed on
t he suedoadeluplexdrsd isroaipled te theswiriapes24nd[500 B9 EHmmps X 0B eRpodivnbafirsises a
differential filter including two reception termnals for the first

r eceptrec@ptién letraimaB8f dfe firkteluplexat 82cmdtiexeroRRdupitet $vears egidied to foceplid on

filter 92 of the second duplexer 84. Even in this case, as illustrated in
FI G 2&epiitretentitbier4apindribe epbhdrecépioniteralimlcan aBe unifdd cefdrmithdrecdptiveduci ng
t he nunber of frequency bands to be supported by unifying the first and
seconderfrif P tib.oMMob Rtk SireiduploeerBRristlesctacaiytdoopied id the pntBBhaaachibdid2second
reception filter 92 through the matching circuit 106, and thus the wire

ar r angedettramamisbien kemnat 068thtigh e bubgpsiloR uké wardirgd 48 embbdded 207tHehr ough FI G
28B, the dupl exer nodule 100 can be downsized by arranging the first

dupl exgsduBPsudsiehté D tsespdatihgRlredesS4, 4l thy efrira s 2efaaheddrige surf@680] As wi t h
the fourth enbodi nent, the fifth and sixth enbodi nents can reduce the size
of t hehslmpl@yeibstrdele The tdaend dupldxetlpisexafledd thadnttdia teadad2blupd exer 84
are arranged so as to overlap each other in at |east parts thereof However,
t o r edpECRadshssiinaemdhal t1 B tioRihake buiPdLi2eind piiced #ing 30 Wortn dda@nfthesur faos f of
areas of the first duplexer 82 and the second dupl exer 84 overl ap each

ot her ,thd@b&ulpeeisgh@bhy three quarters or nore of areas overlap each other,
and further all areas overlap each other. For exanple, a projected region
of Ongo@fg]t heThé sigth chRaBX@R usd adnberbiitl fifQGAEIAdidY pheXeEptdA tirtmimilefoer abl y
included in a region of the other one.

the first reception filter 88 of the first duplexer 82 and the second reception filter 92 of the
second duplexer 84. Even in this case, as illustrated in FIG. 26, the number of reception
terminals can be reduced without reducing the number of frequency bands to be supported by
unifying the first and second reception terminals of the first reception filter 88 and the second
reception filter 92 through the matching circuit 106, and thus the wire arrangement can be less
complicated. As illustrated in FIG. 27 through FIG. 28B, the duplexer module 100 can be
downsized by arranging the first duplexer 82 and the second duplexer 84 to overlap each other.
[0080] As with the fourth embodiment, the fifth and sixth embodiments can reduce the size
of the duplexer module if the first duplexer 82 and the second duplexer 84 are arranged so as to
overlap each other in at least parts thereof. However, to reduce the size of the duplexer module,
preferably a half or more of areas of the first duplexer 82 and the second duplexer 84 overlap
cach other, more preferably three quarters or more of areas overlap each other, and further all

areas overlap each other. For example, a projected region of one of the first duplexer 82 and the
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[ 0081] The first through sixth enbodi mnents use surface acoustic wave filters
for the first reception filter, the second reception filter, the first
transm ssion filter, and the second transm ssion filter, but do not intend
to suggest any limtation, and may use a Love wave filter or a boundary
acoustic wave filter. A Love wave filter is a filter that includes a
dielectric filmsuch as a silicon oxide filmlocated on the piezoelectric
substrate 46 so as to cover the IDTO and the reflectors ROin FIG 6B. A
boundary acoustic wave filter is a filter formed by stacking a first
dielectric filmcovering the IDTO and the reflectors RO and a second
dielectric filmwth an acoustic velocity faster than that in the first

di el ectednd duplereri §4 it hieferagnlyl ercluded m aregiontob thesitlde on§.0082] A filter using a

pi ezoel ectric thin filmresonator may be used for the first reception
filter[p08lhe séhofict theaghtsixomehbddiments ukesukfacsicotstansave Sdtewrfof thk fiest, and t he
second transm ssion filter. FIG 29A is a plan view of a piezoelectric thin
fil m rresptiad filter, thadedoh@rec2RBmi ftes the Hsstrasatissandlltey iaedvtiteakamdal ong |ine A-A
in FIG 29A. As illustrated in FIG 29A and FIG 29B, the piezoelectric

t hi n fitdnsmiseisn ikt butide dooined tbyugeslahn miatiewand map ater olbeveae tdter or

pi ezoel ectric film 114 such as alumnumnitride, and an upper el ectrode 116
on a siHwehday ecobdfc waelfilas sALocoOwavafiltdriisa finelehatfimabindet heiedachsd filat e si de. A
resonance region 118 is a region in which the | ower electrode 112 and the
upper satiesd 4 dliconlokdediiar lbegied@iciie pichedlectiis abstrithigs po aztoebeaetlid D Tidnth 114. A
penetration hole 120 piercing the substrate 110 is formed in the substrate
110 behowflehers/RISQFAGE. I egb&mdidSicodstic Maeadltafis b figepfonaéd it staukidgal e 120,

an air-space may be forned by renoving a part of the substrate 110, a

done- stianiédeatic fibp aeeriARheIDTORNIEE roféct@e ROtAE 2 Sedaal drletrikIflmawith &he | ower
el ectrode 112, or an acoustic nultilayer filmthat reflects an acoustic
wave rmyushe vEiotiie@stel BASbin thefist Oelterictthann thiso@eotishiabonameaidel | ter nmay
be used for the first reception filter, the second reception filter, the

first bogmsm asfilen ufihg b plezoddtdrid thén SRCRBchatdrams HeSsédPdr tHelfirgrecdptién t he
acoustic wave filter 1s preferably used to reduce the cost and size and

obt ai @0 ekt LbaiECt&kios Filtes thelfRS8AhIMRsibA Fifikr, bkt BY eftohd irhtbnassRadiingnt s
describe filter nodul es supporting two frequency bands or four frequency
bands.F1ybreon aplant 1éw bk plebodldbi@u@h SinxieborRfh asid MO 29BAe 8§ efdsheectumdiexer
nodul es supporting two frequency bands. However, the nodul es may support

ot her i&eeeNsMnPBAES-A B 19G. 192 qUeNEstadria FIGIBIA dddgnclhamdmk, band 2, band
5, and band 8). Tn this case, the matching circuit is coupled to at |east

two r gfeRblebic kilih Tﬁﬁfl%s()ﬁ)étoﬁ!s'%rﬁ?é@'b?)staﬁkhtg aQbwerbidcBli®1 1206 @REbQE i filner s (O
dupl exers), and has a function that nmakes a reception band of one of the

coupl ed4keaeRtahRinfuhHi®iHS, HHRRLASE REHERN 1835% NBstfatIN@! ssch f HidoaGept i on
band of the other one. Further, at | east one reception filter (or dupl exer)

of thepRlorde@ @ th¥e¥s8&8RIde ONATrEdoh IR réddtn 183k 8X&GH& intvehivihe lbwidie mat chi ng
circuit is coupled is enbedded in the nodul e substrate, and at | east

anot heliecBBge | ECRRhOTpPet Lib&Fode Q16 BHR]aB%REN otRér REREhe hRE6ALI RO fifh hi£rs s
mounted on the surface of the nodul e Substrate so as to overlap the

enbedded. 8560 A 130 hibRng(RE sulbLiPde8X 8F is-formed in the substrate 110 below the
resonance region 118. In stead of the penetration hole 120, an air-space may be formed by
removing a part of the substrate 110, a dome-shaped air-space may be formed between the
substrate 110 and the lower electrode 112, or an acoustic multilayer film that reflects an acoustic
wave may be formed.

[0083] Filters other than the acoustic wave filter may be used for the first reception filter, the
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[ 0085] Al t hough t he enbodi nents of the present invention have been descri bed
in detail, it is to be understood that the various change, substitutions,
and alterations could be nade hereto without departing fromthe spirit and
scope of the invention. CLAIMS Wat is clainmed is: 1.Afilter nodule
conprising: reception filters connected between an antenna term nal and a

reception termnal; and a nodul e substrate, wherein a first
reception filter that is at |east one reception filter of the reception
filters is enbedded in the nodul e substrate, and a second reception

filter that is at |east another one reception filter is nmounted on a

surface of the nodule substrate so as to overlap the first reception

fi |t ersecond reception filter, the first transmission filter, and the second transmission filter, but the
acoustic wave filter is preferably used to reduce the cost and size and obtain good characteristics.
[0084] The first through third embodiments describe filter modules supporting two
frequency bands or four frequency bands. Moreover, the fourth through sixth embodiments
describe duplexer modules supporting two frequency bands. However, the modules may
support other frequency bands (e.g. frequency bands other than band 1, band 2, band 5, and band
8). In this case, the matching circuit is coupled to at least two reception filters (or duplexers)
out of multiple reception filters (or duplexers), and has a function that makes a reception band of
one of the coupled reception filters suppressed when passing signals in a reception band of the
other one. Further, at least one reception filter (or duplexer) of the at least two reception filters
(or duplexers) to which the matching circuit is coupled is embedded in the module substrate, and
at least another one reception filter (or duplexer) of other reception filters is mounted on the
surface of the module substrate so as to overlap the embedded reception filter (or duplexer).
[0085] 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.
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2. The filter nodule according to.claim1, wherein the reception filters
have reception bands different from each ot her, the filter nodul e
further conprises a passive circuit that is coupled to the first and second
reception filters, and makes a reception band of one of the first and
second reception filters suppressed when passing signals in a reception

band of another of the first and second reception filters, and t he
reception termnals of the first and second reception filters are unified
t hrough the passive circuit to forma unified reception termnal. 3. The

filter nodul e according to claim2, wherein the passive circuit includes an
i nductor coupl ed between a node and a ground, the node being between the
first and second reception filtersChaAdMShe unified reception term nal, and
the inductor is |located on the surface of the nodul e substrate. 4. The
filter nodul e according to any one of clainms 1 through 3, wherein the
reception filters are differential filters, each including two reception

t er m nEha is claimed is:

1. A filter module comprising:

reception filters connected between an antenna terminal and a reception terminal; and

a module substrate, wherein

a first reception filter that is at least one reception filter of the reception filters is
embedded in the module substrate, and

a second reception filter that is at least another one reception filter is mounted on a

surface of the module substrate so as to overlap the first reception filter.

2. The filter module according to claim 1, wherein

the reception filters have reception bands different from each other,

the filter module further comprises a passive circuit that is coupled to the first and
second reception filters, and makes a reception band of one of the first and second reception
filters suppressed when passing signals in a reception band of another of the first and second
reception filters, and

the reception terminals of the first and second reception filters are unified through the

passive circuit to form a unified reception terminal.

3. The filter module according to claim 2, wherein

the passive circuit includes an inductor coupled between a node and a ground, the node
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5. The filter nodule according to any one of clains 1 through 4, wherein
the reception filters are acoustic wave filters. 6. A duplexer nodul e
conpri si ng: dupl exers, each including a reception filter connected
bet ween an antenna termnal and a reception termnal and a transm ssion
filter connected between the antenna termnal and a transm ssion termnal;
and a nodul e substrate, wherein a first duplexer that is at | east
one dupl exer of the duplexers is enbedded in the nodul e substrate, and

a second dupl exer that is at | east another one duplexer is nounted on a
surface of the nodule substrate so as to overlap the first duplexer. 7.
The dupl exer nodul e according to claim®6, wherein t he dupl exers have
r ecepthemng Hetwss tlth firkteand second oenepa@hfiltdrhand the dnified reseptesitenmiberadd di f f er ent
from each other, the duplexer nodule further conprises a passive circuit
that is couphesidduaortihivcated eptlieanrface of the module substrate.

4, The filter module according to any one of claims 1 through 3, wherein

the reception filters are differential filters, each including two reception terminals.

5. The filter module according to any one of claims 1 through 4, wherein

the reception filters are acoustic wave filters.

6. A duplexer module comprising:

duplexers, each including a reception filter connected between an antenna terminal and
a reception terminal and a transmission filter connected between the antenna terminal and a
transmission terminal; and

a module substrate, wherein

a first duplexer that is at least one duplexer of the duplexers is embedded in the module
substrate, and

a second duplexer that is at least another one duplexer is mounted on a surface of the

module substrate so as to overlap the first duplexer.

7. The duplexer module according to claim 6, wherein
the duplexers have reception bands different from each other and transmission bands
different from each other,

the duplexer module further comprises a passive circuit that is coupled to the reception
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filters of the first and second dupl exers, and nmakes a reception band of
one of the first and second dupl exers suppressed when passing signhals in a

reception band of another of the first and second dupl exers, and t he
reception termnals of the first and second dupl exers are unified through
the passive circuit to forma unified reception termnal. 8. The

dupl exer nodul e according to claim7, wherein the passive circuit

i ncl udes an inductor connected between a node and a ground, the node being
between the first and second dupl exers and the unified reception termnal,
and the inductor is |ocated on a surface of the nodul e substrate. 9.
The dupl exer nodul e according to any one of clains 6 through 8, wherein
each dfltetshef tisufplsexersscandcluplieers.aanflinages 4 soeptipadandoipinedf the firkieandnt enna
term nal and a second foot pad coupled to the transmi ssion termnal, the
first stant dopexansufphssslogiencatdag sigrds inmaedeptat bahdat asitherof dpdostiand each
ot her, and the first foot pad of the first duplexer is |ocated at a
si de cpaodidiplekas,andi de at which the first foot pad of the second dupl exer
is located with respect to a center line of an area in which the first
dupl exer antheeepsies andindlsplf eheelirstandrsbamdelaplexat Arerunified thro0gh hheasdivel exer
nodul e according to any one of clains 6 through 9, wherein

circuit to form a unified reception terminal.

8. The duplexer module according to claim 7, wherein
the passive circuit includes an inductor connected between a node and a ground, the
node being between the first and second duplexers and the unified reception terminal, and

the inductor is located on a surface of the module substrate.

9. The duplexer module according to any one of claims 6 through 8, wherein

each of the duplexers includes a first foot pad coupled to the antenna terminal and a
second foot pad coupled to the transmission terminal,

the first foot pad and the second foot pad are located at sides opposing each other, and

the first foot pad of the first duplexer is located at a side opposite to a side at which the
first foot pad of the second duplexer is located with respect to a center line of an area in which

the first duplexer and the second duplexer overlap each other.

10. The duplexer module according to any one of claims 6 through 9, wherein
a frequency interval between a transmission band and a reception band of the first
duplexer is wider than a frequency interval between a transmission band and a reception band of

the second duplexer.
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a frequency interval between a transm ssion band and a reception band of
the first duplexer is wder than a frequency interval between a

transm ssion band and a reception band of the second duplexer. [I1.The
dupl exer nodul e according to any one of clainms 6 through 10, wherein

the reception filters of the duplexers are differential filters, each
including two reception termnals. 12. The dupl exer nodul e according to any
one of clainms 6 through 11, wherein the reception filters and the

transm ssion filters of the duplexers are acoustic wave filters.

11. The duplexer module according to any one of claims 6 through 10, wherein
the reception filters of the duplexers are differential filters, each including two reception

terminals.

12. The duplexer module according to any one of claims 6 through 11, wherein

the reception filters and the transmission filters of the duplexers are acoustic wave

filters.
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