DESCRIPTION DUPLEXER, COMMUNICATION MODULE, AND COMMUNICATION DEVICE
Technical Field 5 [0001] The disclosure of the present application relates to a duplexer, a
communication module, and a communication device. %ackground Art [0002] From the viewpoint of
achieving high-capacity data communication at a 10 higher speed, there has been a trend in recent
years in mobile terminals for high frequency communication toward an increase in the transmission
signal power. In a mobile terminal, an increase REREBIGNBEIGdwer may result in deterioration of

configuring a BN Gt TR M A A RO OB

attenuation in the opposite band (the receiving band for the transmitting filter and the transmitting band
for the receivisrglg filter). In reality however, the isolation becomes saturated at a certain level. The
reason for this'f %Fﬁﬁltdonly a current that flows through the filters but also a current that flows

through the duplEpr vineRRES.SERGARCPTRBACHBRRMIRA ALAILENER.NSRG, 30 Isolation. In order
S

to achieve a high level of isolation, it is desirable to study measures against the current that flows
through the d@plesewyieativacacidies]Ebarpies wiedeetiiedonfigurations in removing the influence
of the current that flows through the duplexer via space, in other words, the influence of
electromagnetic coupling components include increasing the physical distance 25 between a source
and a target t@helgruptetiAmbid placing an electromagnetic shielding structure. Patent Document 1

discloses a su acqustic wave device ipn which a shield electrode is disposed between two surface
acoustic Waveféﬁ@]pgﬁmmgmmﬂﬁ@%’?%i@écﬁ%ﬁ R TRRAREALR AR in which an
input extegnal kesinapasnd anAUHMIRKC aLiedRinataie wisposes dRatieneachriish 30

diagonally. Prior Art Documents ) } o
- frequency communication toward an increase in the transmission signal power. Ina

mobile terminal, an increase in the signal power may result in deterioration of
isolation of the duplexer. Theoretically, it is possible to improve the isolation of the
duplexer by configuring a transmitting filter or receiving filter used in the duplexer to

15 have an increased attenuation in the opposite band (the receiving band for the
transmitting filter and the transmitting band for the receiving filter). In reality,
however, the isolation becomes saturated at a certain level. The reason for this
because not only a current that flows through the filters but also a current that flows
through the duplexer via space serve as components having an influence on the

20 1solation. In order to achieve a high level of isolation, it 1s desirable to study
measures against the current that flows through the duplexer via space.
[0003] Examples of effective configurations in removing the influence of the current
that flows through the duplexer via space, in other words, the influence of
electromagnetic coupling components include increasing the physical distance

25  between a source and a target to be coupled and placing an electromagnetic shielding
structure. Patent Document 1 discloses a surface acoustic wave device in which a
shield electrode is disposed between two surface acoustic wave filter patterns. Patent
Document 2 discloses a surface acoustic wave device in which an input external
terminal and an output external terminal are disposed apart from each other

30 diagonally.

Prior Art Documents



2 Patent Documents [0004] Patent Document 1: JP 2006-60747 A Patent Document 2: JP
2002-76829 A 5 Disclosure of Invention Problem to be Solved by the Invention [0005] In the case of
the configuration disclosed in Patent Document 1, adeguate improvements in the isolation may be
achieved by increasing the size of the shielding membér. However, an increase in the size of the
shielding member may impair a 10 downsizing of the duplexer. Further, in the case of the configuration
disclosed in PRs¢enidooumemt®, adequate improvements in the isolation may be achieved by

increasing the distan etween the input al inal and the output external terminal. However,
an increase iiﬂ@%is“gﬁ @E@&%&g}?#gﬂéﬁ%ﬁ@@ ﬁ@% air a downsizing of the duplexer. That is,
with the configurationPgiseioBedim&atendRadecrgrrisil and 2, it is difficult to achieve both the

downsizing of the duplexer and improvements in the isolation. Means for Solving Problem [0006] The
duplexer disclosed in the present application includes: an unbalanced 20 transmitting filter; a balanced

receiving filtem)a tiaa g itingeagennected to the transmitting filter; a primary receiving port
connected to the receiving filter; a secondary receiving port connected to the receiving filter; and an

electrostatic cBughlam pohiphavehbr it havigabenthe transmitting port and the primary receiving port

and between nsmitting portand the secondary.receiving port. electrostatig 25 coupling
portion aIIowsﬁEﬁggsTe-ZEjlft}t%? %%elgct%ﬂe oty aﬂo o %dlﬁﬁa%nglin%cblg}ﬂ%ﬁh aﬁe%a%

ed electric power to ow from the transm, o0 the primary receiving
port and fromithefsaesiiiting phetitoldtaanantaryctacesd hy patieksdieg th e kihedi theniloal Shg0007]
According to the d'scIOSﬁe of the present appIiCﬁtion, iti ﬁosﬂblgigo achieye a simple duplexer with
good isolationtember. ~ However, an mcrease in the size of the shielding member may impair'a
10  downsizing of the duplexer. Further, in the case of the configuration disclosed in
Patent Document 2, adequate improvements in the isolation may be achieved by
increasing the distance between the input external terminal and the output external
terminal. However, an increase in the distance between the terminals may impair a
downsizing of the duplexer. That is, with the configurations disclosed in Patent
15 Documents 1 and 2, 1t is difficult to achieve both the downsizing of the duplexer and

improvements in the isolation.

Means for Solving Problem
[0006] The duplexer disclosed in the present application includes: an unbalanced

20 transmitting filter; a balanced receiving filter; a transmitting port connected to the
transmitting filter; a primary receiving port connected to the receiving filter; a
secondary receiving port connected to the receiving filter; and an electrostatic coupling
portion connected between the transmitting port and the primary receiving port and
between the transmitting port and the secondary receiving port. The electrostatic

25  coupling portion allows phase-adjusted electric power to flow from the transmitting
port to the primary receiving port and from the transmitting port to the secondary

receiving port.

Effects of the Invention
30 [0007] According to the disclosure of the present application, it is possible to achieve

a simple duplexer with good isolation.



3 Brief Description of the Drawings [0008] [FIG. 1] FIG. 1 is a block diagram of a duplexer. [FIG.
21 FIG. 2 is a graph showing a phase difference between currents that flow to two receiving ports from
a transmitting port. 5[FIG. 3A1 FIG. 3A is a graph showing SEI of the duplexer. [FIG. 3B] FIG. 3B is a
graph showing SET of the duplexer. [FIG. 3C1] FIG. 3 isa graph showing DI of the duplexer. [FIG.
41 FIG. 4 is a block diagram schematically showing the occurrence of an electromagnetic coupling in a
duplexer. 10[BaeEPddclipihbh if thgBplwahgwing electric power transmission characteristics of the

paths from the transmit rt to the twa receiving ports in terms of phase. [FIG. 5B] FIG. 5B is
a graph showiqg(@ cﬁﬁoﬁ)ﬁ[ﬁ%t}%ﬁéﬂ%&ﬂgﬁ%ﬁfﬁc tH& paths from the transmitting port to
the two receiving port$pGl S¢S PiphesstifRrNae d hKasb Mfeien&bigwarepi-rhiawinad! of the
duplexer. [FIG. 6B] FIG. 6B is a graph showing SET of the duplexer. [FIG. 6C] FIG. 6C is a graph

showing SET @%@@W@Ié@@ﬁi@ﬁ?@tﬁ ﬁ@?@@%&%g a phase difference between currents
SET fromhe tansmg o A e TN et e PRt MR 2 oraph howing SET
from the transmitting RBECRBBIE G 8Bving gragth showing SEI of the duplexer.
[FIG. 3C] FIG. 3C is a graph showing DI of the duplexer.
[FIG. 4] FIG. 4 1s a block diagram schematically showing the occurrence of an
electromagnetic coupling in a duplexer.

10 [FI1G. A] FIG. 5A is a graph showing electric power transmission
characteristics of the paths from the transmitting port to the two receiving ports in
terms of phase.

[FIG. 5B] FIG. 5B is a graph showing electric power transmission
characteristics of the paths from the transmitting port to the two receiving ports in

15  terms of phase difference.

[FIG. 6A] FIG. 6A is a graph showing DI of the duplexer.

[FIG. 6B] FIG. 6B is a graph showing SEI of the duplexer.

[FIG. 6C] FIC. 6C is a graph showing SEI of the duplexer.

[FIG. 7] FIG. 7 is a graph showing a phase difference between currents that

20  flow to the two receiving ports from the transmitting port.

[FIG. 8A] FIG. 8Ais a graph showing SEI from the transmitting port and the
receiving port.

[FIG. 8Bl FIG. 8B is a graph showing SEI from the transmitting port and the
receiving port.

25 [FIG. 8C] FIG. 8C is a graph showing DI of the duplexer.

[FIG. 9] FIG. 9 is a circuit diagram of a ladder filer.

[FIG. 10] FIG. 10 is a circuit diagram of a double-mode filter.

[FIG. 11A] FIG. 11Ais a plan view of a film bulk acoustic resonator.

[FIG. 11B] FIG. 11B is a cross-sectional view of the A-A portion in FIG. 11A.

30 [FIG. 12A] FIG. 12A1s a plan view of an acoustic wave resonator.

[FIG. 12Bl FIG. 12B is a cross-sectional view of the A-A portion in FIG. 12A.
[FIG. 13] FIG. 13 is a circuit diagram showing a specific configuration of the



25[FIG. 8C] FIG. 8C is a graph showing DI of the duplexer. [FIG. 9] FIG. 9 is a circuit diagram of a
ladder filer. [FIG. 101 FIG. 10 is a circuit diagram of a double-mode filter. [FIG. 11A] FIG. 11A is a plan
view of a film bulk acoustic resonator. [FIG. 11B] FIG. 11B is a cross-sectional view of the A-A portion
in FIG. 11A. 30[FIG. 12A] FIG. 12A is a plan view of arf acoustic wave resonator. [FIG. 12B] FIG. 12B
IS a cross-sectional view of the A-A portion in FIG. 12A. [FIG. 131 FIG. 13 is a circuit diagram showing
a specific configpletian of the 4 duplexer. [FIG. 14A1 FIG. 14A is a graph showing electric power

transmission characteristics of the paths from the transmitting port to the two receiving ports in terms
of phase. 5[FIG. 148%_ H‘éﬁ i&ﬁ’gﬂé‘ﬁ’rﬂ%ﬂﬁﬁ'ﬂ?&éI&H?F&%%W@PﬁHﬂ%’ﬁ%%ﬁ%@Eteristics of the
paths from th%ﬁ%&aémﬁgaes%@%@fﬁﬁﬂlm;ﬁ%@ﬂ&&%&iﬂé@r@pﬁt@&ﬁ@@&@ fliffatenspold& 15A1
FIG. 15A is a graph showing DI of the duplexer. [FIG. 15B] FIG. 15B is a graph showing SEI

from the trans¥erria@iidrase- the 10 receiving port. [FIG. 15d FIG. 15C is a graph showing SEI from
e G o 4 TR N [ L5 R oo
characteristics of the paths from the transmitting port to the two receiving ports in
terms of phase difference.
[FIG. 15A] FIG. 15A is a graph showing DI of the duplexer.
[FIG. 15B] FIG. 15B is a graph showing SEI from the transmitting port to the
10 receiving port.

[FIG. 15C] FIG. 15C is a graph showing SEI from the transmitting port to the
receiving port.

[FIG. 16] FIG. 16 is a schematic diagram showing a specific configuration of a

ladder filter.
15 [FIG. 17] FIG. 17 is a schematic diagram showing a specific configuration of a
double-mode filter.

[FIG. 18A] FIG. 18Ais a schematic diagram showing a specific configuration
of the upper layer of a duplexer.

[FIG. 18B] FIG. 18B is a schematic diagram showing a specific configuration

20  of the internal layer of the duplexer.

[FIG. 18C] FIG. 18C is a schematic diagram showing a specific configuration
of the lower layer of the duplexer.

[FIG. 18D] FIG. 18D is a cross-sectional view of the duplexer shown in FIG.
18A.

25 [FIG. 191 FIG. 19 is a circuit diagram showing a specific circuit configuration
of a duplexer.

[FIG. 20A] FIG. 20A is a graph showing electric power transmission
characteristics of the paths from the transmitting port to the two receiving ports in
terms of phase.

30 [FIG. 20B] FIG. 20B is a graph showing electric power transmission
characteristics of the paths from the transmitting port to the two receiving ports in

terms of phase difference.



15[FIG. 171 FIG. 17 is a schematic diagram showing a specific configuration of a double-mode filter.
[FIG. 18A] FIG. 18A is a schematic diagram showing a specific configuration of the upper layer of a
duplexer. [FIG. 18B] FIG. 18B is a schematic diagram showing a specific configuration 20 of
the internal layer of the duplexer. [FIG. 18C] FIG. 18C is a schematic diagram showing a specific
configuration of the lower layer of the duplexer. [FIG. 18D] FIG. 18D is a cross-sectional view of the
duplexer shown in FIGF18A2 PY[FIG. 20AR4G. ¢rapd aleiveiip dagfahe dupldng.a specific circuit
configuration of a dup . . 1 FIG. 20Ais a gr owing electric.power transmission
characteristics of the m R ﬁﬁtéﬁ@ﬁlﬁlﬁ@Bﬁ%ﬁgﬁﬁﬁﬁgﬁﬁ% BBH%%&&%BO& Bh%lgee.
30[FIG. 20B] kei#lB o graph showing electric power transmission characteristics of the paths from
the transmitting port to the two receiving ports in terms of phase difference. 5 [FIG, 21A1 FIG, 21A is
a graph showing DI of & dRHieSIG- 2 CFF@@.&‘EB& shesvingplal fropa bheManipgtEes perhtte
transmitti@g p%tcé%ﬂg E%(I:Eiving port. [FIG. 21C1 FIG. 21C is a graph showing SET from the

t

transmitting port to receiving port.
[FIG. 22] FIG. 22 is a circuit diagram showing a specific configuration of a

duplexer.
[FIG. 23A] FIG. 23Ais a schematic diagram showing a specific configuration
of the upper layer of the duplexer.
10 [FIG. 23B] FIG. 23B is a schematic diagram showing a specific configuration
of the internal layer of the duplexer.
[FIG. 23C] FIG. 23C is a schematic diagram showing a specific configuration
of the lower layer of the duplexer.
[FIG. 23D] FIG. 23D is a cross-sectional view of the duplexer shown in FIG.
15  18A.
[FIG. 24A] FIG. 24A is a schematic diagram showing a specific configuration
of the upper layer of the duplexer.
[FIG. 24B] FIG. 24B is a schematic diagram showing a specific configuration
of the first internal layer of the duplexer.
20 [FIG. 24C] FIG. 24C is a schematic diagram showing a specific configuration
of the second internal layer of the duplexer.
[FIG. 24D] FIG. 24D is a schematic diagram showing a specific configuration
of the lower layer of the duplexer.
[FIG. 25A] FIG. 25A is a schematic diagram showing a specific configuration
25  of the upper layer of the duplexer.
[FIG. 25B] FIG. 25B is a schematic diagram showing a specific configuration
of the first internal layer of the duplexer.
[FIG. 25C] FIG. 25C is a schematic diagram showing a specific configuration
of the second internal layer of the duplexer.
30 [FIG. 25D] FIG. 25D is a schematic diagram showing a specific configuration
of the lower layer of the duplexer.
[FIG. 26] FIG. 26 is a block diagram of a communication module.



[FIG. 221 FIG. 22 is a circuit diagram showing a specific configuration of a duplexer. [FIG. 23A1
FIG. 23A is a schematic diagram showing a specific configuration of the upper layer of the duplexer.
10[FIG. 23B] FIG. 23B is a schematic diagram showin%t?a specific configuration of the internal layer of
the duplexer. [FIG. 23C] FIG. 23C is a schematic diagram showing a specific configuration of the
lower layer of the duplexer. [FIG. 23D1 FIG. 23D is a cross-sectional view of the duplexer shown in
FIG. 1518A. [FIG [RPEHALRFBIQ4ZViss a bikkndatiradingfaneashowimgaispeleficeonfiguration of the
upper layer of the duplexer. [FIG. 24B] HG. 24B is a schematic diagram showing a specific
configuration of the first internal layer of the duplexer. 20[FIG. 24C1 HG. 24C is a schematic diagram
showing a spegifigepaifigwRirTfdhasecond internal layer of the duplexer. [FIG. 24D1 FIG. 24D
is a schematic diagram showing a specific configuration of the lower layer of the duplexer.

[FIG. 25A1 FIE0PBA i&Famferdimant Hiagram showing a specific configuration 25 of the upper layer of

the duple>§er. (1 dlfd_ﬁ ﬁ%f&%&g@ is,§ schematic diagram showing a specific configuration of the
first internal layer of the duplexer. FIG. 25C1 FIG. 25C is a schematic diagram showing a specific

configuration of the seEtdlinterhdddaykagpbtnetiabaieacc8oirlala8ed duglegsDusng Sbindmditic

diagram show g & R S g R0, SR e VSO NS AURISIEF1G. 1, the duplexer
includes a transmitting filter 1, a receiving filter 2, a transmitting port 3, and
receiving ports 4a and 4b.  The duplexer shown in FIG. 1isofa

10  balanced-unbalanced type and includes one transmitting port 3 and two receiving
ports 4a and 4b.

[0010] Asshown in FIG. 1, in the balanced-unbalanced duplexer, a current It
inputted to the transmitting port 3 partially flows into an antenna port Ant and also
flows into the receiving filter 2. The receiving filter 2 is of an unbalanced

15  input-balanced output type, and is configured to phase-shift one of the balanced
outputs by +90° and the other of the balanced outputs by —=90°. Thus, a current I1
that flows into the receiving port 4a and a current I2 that flows into the receiving port
4b have a phase difference of 180°. Thus, to the receiving ports 4a and 4b, currents
having opposite phases are outputted in the receiving band (hereinafter referred to as

20  the Rx band) and in-phase currents are outputted in other frequency bands.

[0011] FIG. 2 shows the relationship between currents that flow into the two
receiving ports 4a and 4b in the duplexer shown in FIG. 1. As shown in FIG. 2,
currents having a phase difference of 180° are outputted from the receiving filter 2 in
the Rx band.

25 [0012] FIG. 3A and 3B each show isolation with respect to a single path (hereinafter
referred to as single end isolation, and SEI for short) of a duplexer having the current
characteristic as shown in FIG. 2. FIG. 3A shows the isolation from the transmitting
port 3 to the receiving port 4a. FIG. 3B shows the isolation from the transmitting
port 3 to the receiving port 4b. FIG. 3C shows differential isolation (hereinafter

30 referred to as DI for short) of the duplexer having the current characteristic as shown
in FIG. 2. The differential isolation is obtained by synthesizing the 1solations of the
two paths with a balun. As shown in FIG. 3C, SEI and DI have a small level



[FIG. 26] FIG. 26 is a block diagram of a communication module. 6 [FIG. 271 FIG. 27 is a block
diagram of a communication device. Description of the Invention [0009] (Embodiment 1) 5 [1.
Configuration of Duplexer] FIG. 1 is a block diagram of a balanced-unbalanced duplexer using film
bulk acoustic resonators or acoustic wave resonators. As shown in FIG. 1, the duplexer includes a
transmitting filter 1, a receiving filter 2, a transmitting port 3, and receiving ports 4a and 4b. The
duplexer shovdiffer&hGe ih ithoflx Tahd aheadeuntvalnheditgpeppodtnphmtes arsottgnaneidindhert 3

and two receiving ports 4a and.4b. [0010] As shown in EIG. 1, in the balanced-unbalanced dyplexer, a
corent 1t o TEEEHES TG e A BT PR B S T AP e B e it
the receiving BleY the¥ i iRfekIREIfHiRh 2ihaf ARHRRNERSk thrfRH-HBIA0GEHA BhERUEIRRRgaNd is

configured to phase-shift one of the balanced outputs by +90 and the other of the balanced outputs by

-90. Thus, a civehei tia hseshatd et deimgsdutttanhagastcnvirt drmeiose RESHbm receiving
port 4b have aphase dHBIERAS, AR 80 HBHE 19 BEHRAAINI PRI 48,370 4RiCUTRIL lele}

opposite phases are outputted in the receiving band (hereinafter referred to as 20 the RIK band) and
in-phase curremgents catpettea-notsenfrtop dityréntmdfectiri@., vbhoweethpass dhiomstlip
between curr%r%ts tglat flow into the two receiving ports 4a and 4b in the duplexer shown in FIG. 1. As

shown in FIG. ?(]:Our}ler}its having a phase difference of 1800 are outputted from the receiving filter 2 in

the it band 25[[@02] Ficw3ddennH3B AecnBhawasalation Witherpectiaplisnglaypedbuihineingliter

referred to as single end isqlation, and SEI for sk O%R of a dt‘;ﬁlexer having the current characteristic as

shown in FIG SPag9@s dasenborsabeyisol didif ahexRsHRR T SABPIETE S EhahErPRER2a. FIG.
38 showgythe {seltiRndrom P AN iiag Reth 30 thecRiviRG A B4 JUSHAC shows differential

isolation (hereinafter 30 referred to as DI for short) of the duplexer having the current characteristic as

shown in FIG.@W@@@M&PW@ toapkiaige dtigreypadiesisiel the isolations of the two paths
with a balun. 2, SHWRA G 3RS A IR BIRLEN 1o as an “clectromagnetic

coupling.”
[0014] FIG. 4 is a diagram for explaining the principles of an electromagnetic

15 coupling between the transmitting port 3 and the receiving port 4a and that between
the transmitting port 3 and the receiving port 4b in the duplexer. As shown in FIG. 4,
when the duplexer is in the operating state, an electromagnetic coupling occurs
between the transmitting port 3 and the receiving port 4a spatially as indicated by the
arrow A, so that a current I11 flows to the receiving port 4a from the transmitting port .

20 3. Further, an electromagnetic coupling occurs between the transmitting port 3 and
the receiving port 4b spatially as indicated by the arrow B, so that a current 112 flows
to the receiving port 4b from the transmitting port 3. In this way, if the transmitting
port 3 and the receiving port 4a and the transmitting port 3 and the receiving port 4b
are electromagnetically coupled, the isolation deteriorates.

25 [0015] FIG. 5A shows electric power characteristics of the paths from the
transmitting port 3 to the receiving ports 4a and 4b in the duplexer shown in FIG. 4 in
terms of phase. FIG. 5B shows electric power characteristics of the paths from the
transmitting port 3 to the receiving ports 4a and 4b in the duplexer shown in FIG. 4in
terms of phase difference. As shown in FIG. 5B, a phase difference between electric

30 power transmmtted from the transmitting port 3 to the receiving port 4a and electric
power transmitted from the transmitting port 3 to the receiving port 4b is roughly 0°
in the Tx band. However, in the Rx band, the phase difference deviates from 180° as



7 difference in the fix band where currents having opposite phases are outputted. The reason for this
is that currents having opposite phases are outputted in the RX band and they do not cancel each
other even if they pass through a balun in the receivingf%filter 2. On the other hand, DI shows better
characteristics than those of SET in the 5 Tx band wherte in-phase currents are outputted. The reason
for this is that in-phase currents cancel each other in the differential operation, i.e., when they pass

through the balind¢aD¢Ahkloviidwephthesé fsecandydedaticasesnin redlity Rxdeuplibegcavay teawrithrough
space as described.ahove..As described abave, there are compgnents that propagate 10.tq the
receiving port§ B8°8 ﬁlﬁ%%gﬁ %‘F&tﬁ%ﬂéﬁﬂﬁﬁﬁc%@%%%%egﬂ @85%&%&5&5&? aagqf]eﬁ&ecoupling.
Hereinafter, sushwigleptinsiaticidl astiasnaonaimeadrRbingiml hewelairad pasantriegkanagnetic

coupling.” [0014] FIG. 4 is a diagram for explaining the principles of an electromagnetic 15 coupling
between the t?dh%FhﬁtFﬁ@%@ﬂ@ﬁﬁd@he receiving port 4a and that between the transmitting port 3 and

e receiyno pasdp IOegIELAI TS SHONR LG bawhenihe dupletenisolhe opftedpg statc

an electromagnetic coupling occurs between the transmitting port 3 and the receiving port 4a spatially
as indicated bshivesstElwharaotermtmscoetertel fievwsatesthitiogaivind pod dee frecpiviegtpansdatting port

20 3. Further, .an.electramagnetic cou%loir&g ccurs.\b en th smitting port,3 and the receiving
rlglse (f @%}tisg f%%]gr Wk 1. so - %@VS%IOWS C. arac{te #ICS F?e%.veen ghe

port 4b spatiaffy a8 'in at a’current Ows'to the Teceiving port 4b from

the transmitting=peshatindbiaveurttiettensmitngpal thahd hipleesivingvpai FiGad tWhen
transmitting port 3 and the r_eg:eiving port 4b are electromagnetically coupled, the isolation deteriorates.

25 [0015] FIGHIKeds ROttty phveelerttrapesneficCorie s RAY R IR L AR Y® 3 to the
receiving ports ARG RS SMRISXEISHOWBIR il Fe Aetic SR HAL PRASBerT 16a ectric

power characteristics of the paths from the transmittin? port 3 to the receiving ports 4a and 4b in the

duplexer shoviaeuh 3aad fhie negeirs s poeisth difthe dewlexesnoshowrAICIER 4% Dhisce Biforehte

between electgic, 30 0981\:’3%%5%%@{%63% gm%g%%giggm %}}E{QM%%% ing port 4a and electric

power transml%'?e rom the transmitting port 3 t receiving port 4b is roughly 00 in the Tx band.
However, in tHe(RX]bahdyafue chasediffetent cldguatesifrmbddifhast 8 andosablaluesrheipitase
difference devjation oc&;rs in the Rx band because there is a possibility of an electromagnetic

coupling betwlBN ML AR SRR IPEPora biowh S G puitins BAE SHob Bhat e SraE Soupling
between;the tiRsmENaPes s skt eHepRMBdBRIAB: & 0SS 16hsTovisa R ahamsiaristics of

the duplexer shown in FIG. 4. FIG, 6B shows SET, characteristics between the transmitting port 3 and

the receiving poA Uz ih tHELGu S RBPYEGHH fromdhe iapsrytiagawe: St thrapsetsngiperbdtveen the
transmitting pef3 aRAHIGLEERIRGPATE %&H&Hhﬁﬂﬁﬂiﬁ?ﬁ%@%ﬁ%@ﬂ&&%ﬁ%&? theyg 18@

possibility of an electromagnetic coupling between the transmitting port 3 10 and the receiving port 4a
and an electratheryadifferenpiihiptiaty Thevhadsmithtapestbs syethesirawethiedspotions of the
duplexer as shown in FIG. 4, DI (see F. tepjorates more so than SET (see FIGS. 6B and 6(J)
in the fix bandt.v[rB %ﬁ&%ﬁ%ctﬁgﬁ’:%gﬁ%%p@ggg%tser% 6%?%&%”‘%%3%% c%yrents that flow
into the ty0o0 resdjivinmp eus-ficsntthectiantmiding theRalemth ahtHevel vEDISFE h &Hmendlose to

in-phase (the phase difference ig close to g%@t n shqwn in FIG. 7. FIG. 8A shows SET
from the transmﬁﬁ?@’eﬁlgﬁ‘l%r&l@‘fﬁ%ar@fgﬁﬁ t@i&él %18%%7?&/9 B, tt?e%é#ﬁ’[ﬁng port 3 to
the receiving peshdRifrife: SSrtshorvadifigseatakispipien t?b e whirdhia ghiaingd Byupyathesizing the
isolations of the two paths with a balun. FIGS. 8A to 8C each show ideal characteristics. By
spatially. That is, 1t is possible to improve the isolation in the Rx band as indicated
by the arrow D in FIG. 8C as well as the isolation in the Tx band as indicated by the
25  arrow C.
[0018] At this time, the phases in the Rx band in which SEI becomes better than DI
are preferably 0° or 360° as perfect in-phase achieved by the principles of
common-mode rejection by a balun, 0 to 90° as a range shifted from 0° by 1/4
wavelength or 270 to 360° as a range shifted from 360° by 1/4 wavelength.
30 [0019] (Example 1)

FIG. 91s a circuit diagram of a transmitting filter included in the duplexer

according to the present embodiment. The transmitting filter shown in FIG. 9



20 adjusting currents to be in-phase in the Ex band, the level of DI (FIG. 8C) can be improved more so
than that of SET (FIGS. 8A, 8B) as shown in FIG. 7 even if the transmitting port and the two receiving
ports are electromagnetically coupled spatially That is, it is possible to improve the isolation in the fix
band as indicated by the arrow D in FIG. 8C as well as'the isolation in the Tx band as indicated by the
25 arrow C. [0018] At this time, the phases in the fix band in which SET becomes better than DI are
preferably 0 oirizblas seerid ctsnmpliaseRdtRicieR Biy4heapriladi pbesraftoonitBG Ino L dchind by a
balun, 0 to 90.as a range, shi from Q by 1/4 wavelengt| 270 to 360 .as a range shi from 360
oy 114 vavelehEHCISER 18] G AAREH ) 16 T o ach il S B A G e Roluced in
the duplexer aREgMling terhechsasertarkedinenths hatidabritngHHESOWe donnketed t3 includes
serial resonators RES1 to RES4, parallel resonators RES11 to RES14, and_inductors Li to L3 (given

that the Q valbaralalgammeaaesaf ey Aadsbarresn heietalarsopase BHS aefdiEans. The
parallel resonginy Rizidh I3sonReCieAds A pasalisl e aMASAIRY 4o paRAsIE g seral

resonators RES1 and RES2. 5 The parallel resonator RES12 is connected to a parallel arm connected
to a node betwebretetberalalssaatatsR BESAanRRES3 . THEhsaratiellebyenoarspRBISI Bitsconnected
to a parallel arm connpected to a e between the serial resonators RES3.and RES4. T rallel
resonator RES B R ] B AL oty Do e e gty WSR2
RES4 and an sndREStMiThe@kirblldleonacucRIES 1 1Sconecied to theapaliallelresomasoreR &S511.
The inductor L2 is connected to the parallel reso rs RES12 and RES13 Tfﬁ inductor L3 is
connected to fh@%lﬁrgﬂgf?@&%ﬁ ROPANEGH AE Gt depmLrat (é?éjw%ggonators) or

film bulk geoustinygsPAt s RAR:6INL VSR 1o ReiRYRING BeriafkesARalars IRES1 to RES4
and the parallel resonators RES11 to RES14. 15 [0020] FIG. 10 is a circuit diagram of a receiving filter

included in thewusierdrtadbemialiel tesonatosnbdimbaamndeREThe rebesvipduster Ishéivn in FIG. 10 is
an “”ba'ancz%ﬂﬂ&&&ﬂ%%%%g%%%ﬁr%%%%% %%Zsé@wéﬁ%%%é HH&Es&P%&%%‘Q&Qa%%@AW nin

FIG. 10 includes an input res to an input terminal IN, an output resonator
RE522 connectadriatarzantfilrntbrikimab@tE toam2tneuiiBARsomatbe RESA8 adnrectde tom@al output

electc signal A FGE ARG HREA LN S ORGSR A J6Rbhator RES2L
propagatg; towgudiie PUPUYRSPERRNS BES323Td RS itiabndsddatinglb agibxet resonators

RES22 and RES23. As a result, electric si%?l?lls are outputted _ ]
according to the present embodiment. The receiving filter shown in FIG. 10is an

unbalanced input-balanced output double mode SAW (DMS) filter. The receiving
filter shown in FIG. 10 includes an input resonator RES21 connected to an input
terminal IN, an output resonator RES22 connected to an output terminal OUT1, an

20  output resonator RES23 connected to an output terminal OUTZ2, and reflectors
REF21 and REF22. The input resonator RES21 1s excited based on electric signals
inputted to the input terminal IN, and oscillations of the input resonator RES21
propagate toward the output resonators RES22 and RES23, thereby oscillating the
output resonators RES22 and RES23.  As a result, electric signals are outputted

25  from the output terminals OUT1T and OUT2.
[0021] For example, film bulk acoustic resonators as shown in FIGS. 11A and 11B
can be used to achieve the resonators. FIG. 11A1s a plan view of a film bulk acoustic
resonator. FIG. 11B is a cross-sectional view of the A-A portion in FIG. 11A. The
film butk acoustic resonator includes a substrate 11, an upper electrode 12, a lower

30 electrode 13, and a piezoelectric film 14. The upper electrode 12, the lower electrode
13, and the piezoelectric film 14 are laminated on the substrate 11. The substrate 11

includes a cavity 15 at a portion overlapping an area (membrane area) 16 in which at



25 from the output terminals OUT1 and OUTZ2. [0021] For example, film bulk acoustic resonators as
shown in FIGS. HA and 11B can be used to achieve the resonators. FIG. 11A is a plan view of a film
bulk acoustic resonator FIG. 11B is a cross-sectional vi w of the A-A portion in FIG. 11A. The film bulk
acoustic resonator includes a substrate 11, an upper eiéctrode 12, a lower 30 electrode 13, and a
piezoelectric film 14. The upper electrode 12, the lower electrode 13, and the piezoelectric film 14 are
laminated on lhessthstaieHelEttecsiebktrand thinkiwdeslactadeylBoppespestbrotherlappingeanlarea

(membrane ar #i6 in which at 10 lgast the upper. electrode 12 and the lower electrode 13 oppose
each other. Aéﬁg %Jﬁ%?%g?%cgﬁe@%netpe%?ﬁfpﬁﬁﬁj%f%an oscillate. [0022] For example, acoustic
wave resonatfnezy siuvextie, ddtanowldB sabhausad Khashien&Toe 1esonaiagBicla bE2A is a
plan view of an acoustic wave resonator. 5 FIG. 12B is_ a crgss-sectional view of the A-A portion in

FIG. 12A. The'gedltienchiaNrethestiiarsimeindeiCa RibiiraRian eyt 4t serRE RSt desopptor
(Intercligital TriapgdpaghdD holElecisA3R-aN d2baa0BRIEHTING! 248ndrap Quipuidsraypal 25.

The input terminal 24 is connected to one of the comb electrodes 22. The output terminal 25 is
connected to tlesastiker dichalesmibistaiodts 22200 wiloalestata 2dbaterdigital is excited based

on electric sigrals inputte € ipput terminal scillations, of oneloﬁ he gomb elecirodes 22
propagate to t &0 r&g}c% 't%feﬂlctgr%eoﬂg%%ﬁsro gsaﬂ'ﬁ,%aSr% aé‘lle%ﬁllgcé?gnas arezlou %u e %ﬁe output
terminal 25. [G@Zafimd @5 haTHeci g 8o vatolisal @izt dintiecidd fimnewktheausils slestndtarand

acoustic wave resonators, and other resonators_such as acoustic boundary waye resonatQrs may
be used to acﬁ%@@‘ﬂﬁ%%@b" 2206 59 Rseted ¢ &Fﬁ%ﬁtoési% f%’?&tﬁ‘ﬁﬁ%égr a@&@rﬂ ng to the
present gmbogimeshiy fecirisxes shexadn biGd dierlegasariaRsailnsdi3 ingyeceiving filter

32, a transmitting port 33, receiving ports 34a and 34b, an antenna port 35, and an electrostatic

coupling p(.)rt.iéﬁr!.;én?\l %d@ﬁﬂ@ﬂﬁ@%ﬁr@ﬂ#@ ghthe g@ﬂbﬁ]ﬁgﬂﬁﬁ% %@Iﬁh@%\ﬂhﬁhﬁﬂ@?@q&_ used as
the tfansm'tt'%@!%851%151@@‘#%3{{3&2ma\_@[b%ﬁt}gsigﬂéﬁscﬁ@f %Eﬂ@to%@ﬁ?é\i‘sﬂé ar; 148 Is used

as the receiving filter ectrostatic coupling portion 36 Includes capaci C2. The
capacities Cl 400280 a¥etedineé ttedréscmatbre thermntdarieedanditindywdkencomstactesbbetweemdhe

ivi ts 34a and 34b. Anode between th ities Cland C2 25 ted to th
ransmiting pAPA3 T RETE KRR B AHA ¢ ASRANEAE a0 16 HAE RORN ALSOREI At hat

electric peweransmissipaEharasiistichiol theeathdramide transmitting port 33 to the receiving
port 34a and those .of the path from the transmitting port 33 to the receiving port the 34b have a phase

difference of 09948 inFilE &3 18 arareuittingranm e iveleren HEREHRERINATREESES. 14A and 30
14B. As an examplg; Gaah C%ﬂ@%@ﬁ@ﬁﬂﬁﬁ%%@ﬂ%ﬁ%&ﬁ&ﬁ%ﬂ@%R@@gﬁ difference

becomes about 40 as shown in t X band in FIG. 14B. FIG. 14A shows electric power transmission
characteristicgofkinngditerfagrmttransmsmmitgmyrt 33, recetving ports 34a and 34b, an antenna

port 35, and an electrostatic coupling portion 36. Aladder filter having the same

20 - configuration as that shown in FIG. 9 is used as the transmitting filter 31. A DMS
filter having the same configuration as that shown in FIG. 10 is used as the receiving
filter 32. The electrostatic coupling portion 36 includes capacities C1 and C2. The
capacities C1 and C2 are connected to each other in series, and they are connected
between the receiving ports 34a and 34b. A node between the capacities C1 and C2

25  is connected to the transmitting port 33. The capacities C1 and C2 each are
configured to have such a constant that electric power transmission characteristics of
the path from the transmitting port 33 to the receiving port 34a and those of the path
from the transmitting port 33 to the receiving port the 34b have a phase difference of
0 to 90° in the Rx band except at a phase inversion point as shown in FIGS. 14A and

30 14B. Asanexample, each constant i the present embodiment 1s set such that the
phase difference becomes about 40° as shown 1n the Rx band in FIG. 14B. FIG. 14A

shows electric power transmission characteristics of the paths from the transmitting



11 port 33 to the receiving port 34a and 34b in terms of phase FIG. 14B shows electric power
transmission characteristics of the paths from the transmitting port 33 to the receiving ports 34a and
34b in terms of phase difference. [0025] By configuring the duplexer in this way, DI can have
characteristics as shown 5 in FIG. 15A and SEI can have characteristics as shown in FIGS. 15B and
15C. FIG. 15A shows DI of the duplexer shown in FIG. 13. FIG. 15B shows SEI from the transmitting
port 33 to the pereddng hert&éaranpportiBda Gnd 34k 1@ 146G:sHpheSE| Filem B stowsriltictgiport 33

to the receiving port 34b shown in FIG. 13. A comparison betweep FIG. 15A and FlI 5B and 15C
shows that DS EREFIRTAR EheRar SEREs f&]éal‘%p B@ﬁ%ﬁfgﬂ%f ST EH&&%°§§ Ee%& ic%example
of the transmitiipgFiligrpdltnghidacdisdhedisplaxer phavadifiééacd 3. The transmitting filter shown in
FIG. 16 includes, on a substrate 41, signal terminals 42a and_42b, ground terminals 43a, 43b, and

43c, a dummy PR rBmcenfimmagdhs e iREss 1 dingveay, I b rossretaistRERshey s
RES14. Ror canygpience ol SYRIRRAIARy NG SRR IRIGEE DS NRER IR NBEeIRd16¢.9 grRgised to

denote the serial resonators and the parallel resonators. [0027] FIG. 17 shows a specific example of

the receiving flibéy SR webetthe thepdnsteskeruhowliir A8 . TG HS Peduivin§hikéroshshn in FIG. 17
includes, on a substrate 51, si terminals 52a, 52b,and;52¢, gr rm'@ﬁl}s 23b, and 53c,
20 and resonif' rssﬁﬁé%?ﬂﬁggﬁ;ﬁor RESTE %Iépg%ansa}ﬁgr?n%lﬂal ai IS a terr‘n?r%aq ?219 ‘Fvésceiving
electric signalsElfethelsignahtesieiialpotinand thiaetevaimpoat3ihr divputimg’ledBic signals.
[0028] FIGS. 18A to 18D show a ific exa the duplexer, As shown in FIGS. 18A to 1811,
the duplexer ey RRRROR RSTRTS @%@%ﬁ%ﬁé@%@éﬁé@hﬂ@% alitlg it A% scribed
above arg mopiedHaResEIWNAR RHAfiipYer ceramics substrate through the use of bumps.
Specifically, FIG. 18A is a plan view showing the configuration of the upper layer of the ceramics

substrate, FId092¢] isﬂ@l&ﬁ@wsmﬁ@ﬁmm@&ﬁﬁwwwm&ﬂﬁﬁy@ writHdeddmbhies
substrate, anlftF s mRiPRIGe tehatiog iz aanliatien giiisbacields ollaaetarics 39

substrate. FIG. IS a cross-sectional vie e A-A portion in FIG. 18A. [0029] As shown in FIG.
18A, the transmlkitingfiltét, 4@zantttreninakividg Hiltd 12D, greypattemethels tia upferiaydBéh Of the
transmitting fil&%’%yt BS arrrnliél, serial resonators RES] to RES4, and parallel resonators RES11 to
15 RES14. For convenience of explanation, the same reference numerals as those in
FIG. 9 are used to denote the serial resonators and the parallel resonators.
[0027] FIG. 17 shows a specific example of the receiving filter 32 included in the
duplexer shown in FIG. 13. The receiving filter shown in FIG. 17 includes, on a
substrate 51, signal terminals 52a, 52b, and 52¢, ground terminals 53a, 53b, and 53¢,
20 and resonators RES 21, RES22, and RES23. The signal terminal 52a is a terminal
for receiving electric signals, and the signal terminals 52b and 52¢ are terminals for
outputting electric signals.
[0028] FIGS. 18A to 18D show a specific example of the duplexer. As shown in
FIGS. 18A to 18D, the duplexer may have a form in which the transmitting filter and
25  the receiving filter as described above are mounted face down on a multilayer
ceramics substrate through the use of bumps. Specifically, FIG. 18A is a plan view
showing the configuration of the upper layer of the qeramics substrate, FIG. 18Bisa
plan view showing the configuration of the internal layer of the ceramics substrate,
and FIG. 18C is a plan view showing the configuration of the backside of the ceramics
30 substrate. FIG. 18D is a cross-sectional view of the A-A portion in FIG. 18A.
[0029] As shown in FIG. 184, the transmitting filter 40 and the receiving filter 50

are patterned on the upper layer 61.  Of the transmitting filter 40, the same



12 components as those shown in FIG. 16 are denoted by the same reference numerals Of the
receiving filter 50, the same components as those shown in FIG. 17 are denoted by the same
reference numerals. A signal terminal 42a of the transmjtting filter 40 is connected to a through hole
6l1a via a signal line 61m A signal terminal 42b of the % ransmitting filter 40 is connected to a through
hole 61b via a signal line 61p. A ground terminal 43a of the transmitting filter 40 is connected to a
through hole @henplrgnotsn tdweinsict@h iof TE: tidnsmidengthidnibésaornedtednies amhmeudla hole

61g. A groun inal 43c of the mitting filter 40 is connected tp a thro e 61f A
tormina 520 SIS S Ry o0 e BB TR D1 Rt ST DA AG f S, A
signal terminabpPeahife feRebABE AiltelcPds cARRatiethiondnilrong bifhtettrbehiiarngiginalliae 61r. A

signal terminal 52c of the receiving filter 50 is connected tq.a through hole 61c via a signal line 61g. A

ground terminii BRI SmsRolshIR Harhdera g tmugh Fisrab tirrne b iithsole 61a
s connecied 19,48, ARIERREIITINAL G34HR0 ISP HIRYEEERABRND RIS A RYgh 16 the interna

layer 62 shown in FIG. 1 he through hole 61b is connected to a transmitting port 63b on the lower

layer 63 showgrimpdGensidahdiagi the tmasmaitaye fE2sHOwronEiced 83 ttreuakolela tte 61c is
52 shown in FS 1AL AR GO Mol N a0 et e T U R O
63 shown in F@r&ﬁﬁdttﬁﬂugtalmﬂﬂﬂmtiamﬁﬁﬂm@ﬂmum@i&o‘tﬁﬁcféﬂedlardmghg}olﬁ)ﬁﬂ@lfs
connected to g ground terminal_63e on the lower layer 63 shown in FIG. 18C throu nterpal layer
62 shown in F %%Wﬂ‘?%ﬂ i[? W@&%gﬁ 15 RS é'f ‘&%%???Iﬁehl’o%r layer
63 showiyin FiGiABE1theasah the dpiesnaliavan s Wb bl FinSRltd s irauaedelpB 1g is

connected 25 to a ground terminal 63g on the lower layer 63 shown in FIG. 18C through the internal

layer 62 showthiewssheeb Ithaarsiggnlible 61n iscaamekiermeal Gésnfdhe mermemeafiléer & lower
? g Iser6 31;h|2 aﬁc%%ggt&(gr%r% Es%y&?ﬁ? ﬁ%%%%%%%%&tﬁ@%gpg gvgl eigg %[%Exglnpe ple ﬁ{g1'l§a3l§c)§:%ogr1 Ing to the
present emborcieenhSilize ﬁﬂaubammtmbhmethscstg]mlmla tFJIl‘B TBheaihipmghehskenfid s those in FIG.
ine present e BUHONES S CARI e ET RIS CA AR b ST BE or aie Spene
term "equgl cohstafisnablugerdiikivmaanithasRot aMy theveghdaliesiGliasshnected to a
transmitting port 63b on the lower layer 63 shown in FIG. 18C through the internal
layer 62 shown in FIG. 18B. The through hole 61cis connected to a receiving port
63c on the lower layer 63 shown in FIG. 18C through the internal layer 62 shown in
FIG. 18B. The through hole 61d is connected to a receiving port 63d on the lower
20 layer 63 shown in FIG. 18C through the internal layer 62 shown in FIG. 18B. The
through hole 61e is connected to a ground terminal 63e on the lower layer 63 shown in
FIG. 18C through the internal layer 62 shown in FIG. 18B. The through hole 61f1s
connected to the ground terminal 63f on the lower layer 63 shown in FIG. 18C
through the internal layer 62 shown in FIG. 18B. The through hole 61g is connected
25  toa ground terminal 63g on the lower layer 63 shown in FIG. 18C through the
internal layer 62 shown in FIG. 18B. The through hole 61h is connected to a ground
terminal 63h on the lower layer 63 shown in FIG. 18C through the internal layer 62
shown in FIG. 18B.
[0030] (Example 2)
30 FIG. 19 1s a circuit diagram showing the configuration of a duplexer of
Example 2 according to the present embodiment. Since the basic components shown

in FIG. 19 can be the same as those in FIG. 13, the description thereof will not be



C2 have completely the same constant but also have constants different in some 5 degree due to
production variation or the like, so that their constants are not limited to completely coinciding
constants. In this way, when the capacities Cl and C2 are configured to have equal constants, electric
power transmission characteristics of the paths from thi transmitting port to the two receiving ports
have a phase difference of about 10 to 20 in the Rx band except at a phase inversion point as shown
in FIGS. 10 2GApantb@0EBTHdeapatiphfidereldtidhaverejice atistitatitan the thiegeesmiation shown in

FIG. 14B can be achieved. FIG. 20A shows electric pawer transmissio racteristjcs_of the paths
from the ran<H O ST IRE B g PO S SRS b B BBl B shows
electric powerTtansmissigndnriagtatisties abdhepatinsthiemdie:lranssnlindoapsdtieston eeepiving
ports 34a 15 and 34b in terms of phase difference. [00311 By configuring the duplexer in this way, DI

will have charkediastcompletehysha savme oanstany laytiakin have omstapts dfferent BHwme in FIGS.
21B and 21C. 5.2 4038 MIRA NG ALRISEF BROWIR IR 1 Befr GnetR SNaws R Fhiten the

transmitting port 33 to the receiving port 34a shown in FIG. 19. FIG. 21C shows 20 SEI from the
transmitting péetceBdisdyredarithyHermsanisholm thisay1ehandde paprstidsdilead E31121A and

FIGS. 21B and 21C shows,that DI is,at a lower leve| than SE].in the Rx.band. [00321 (Example 3) FIG.
2 15 cireut SO L o LA S O e SRR
present embogitienfrobh ehadupiaxenstioy pont BdEGhe Baocluaad iptpansyhifivac tersd Hifcreaed g filter
32, a transmitting port 33, receiying ports 34a and 34b, an antenna port 35 and an elec agnetic
coupling portiGR % ]»45?33 M feef %@t?oﬂh@?ﬁéﬂﬁ?f%}gth%%‘?ﬂvﬁlﬁ égn be used

as the trapsmisipg.Hiesca. ATRMSHilgHARYIRAdheSAmeR snfigwatiomandialaheua g0 FIG. 10

can be used as the receiving filter 32. The electromagnetic coupling portion 36 includes inductors L31,

L32, and |__33.shﬁ@fmicmE¥6‘x- 4B epsdineduaresbt @@r@b@m 3¢ BOVEdIRSTRISSIOMg port
34a. The indugtlck 32 REQNIGHPERAERD chd IR GHaNinaIes % and IRGReena.gr) 34b. The

inductor L33 is connecte e transmitting port 3 the ground. The inddctors L31 and
L32 are disposed ddiasewtrmssdqhateer Hid.SeBtbowemkgtmtipatecagletsidavelop a capacity in

the space therebetween. The inductoys 1.32 and L33 are dispose djacent to each other and are
electiomagnol ARLETRIGE tb HE R Lo Ly H o ShoR BT eh TSR Rt et
coupling jportiom384s Gopfighsed b pavdifisieha constant that the paths from the transmitting port 33
to the two receiving ports 34a and 34b have a phase difference of roughly 0 to 900 in the Rx band. By

configuring theO§dblexBY srafigwing Bedirbaaa fdvwer s dlimal kave tharreiexistics as shown
in FIG. 21A and SEI will have characteristics as shown in FIGS. 21B and 21C. FIG.

21A shows DI of the duplexer shown in FIG. 19. FIG. 21B shows SEI from the
transmitting port 33 to the receiving port 34a shown in FIG. 19. FIG. 21C shows

20  SEI from the transmitting port 33 to the receiving port 34b shown in FIG. 19. A
comparison between FIG. 21A and FIGS. 21B and 21C shows that DI is at a lower
level than SEI in the Rx band.
[0032] (Example 3)

FIG. 22 is a circuit diagram showing the configuration of a duplexer of

25  Example 3 according to the present embodjment. The duplexer shown in FIG. 22
includes a transmitting filter 31, a receiving filter 32, a transmitting port 33, receiving
ports 34a and 34b, an antenna port 35 and an electromagnetic coupling portion 36. A
ladder filter having the same configuration as that shown in FIG. 9 can be used as the
transmitting filter 31. A DMS filter having the same configuration as that shown in

30  FIG. 10 can be used as the receiving filter 32. The electromagnetic coupling portion
36 includes inductors 131, L32, and L33. The inductor L31 is connected between the
recetving filter 32 and the receiving port 34a. The inductor 32 is connected between



10 band. [0033] (Example 4) FIGS. 23A to 23D are schematic diagrams showing the specific
configuration of the duplexer according to the present embodiment. In FIGS. 23A to 23D, the same
components as those shown in FIGS. 18A to 18D are denoted by the same reference 15 numerals,
and the description thereof will not be repeated. [0034 The duplexer of Example 4 includes a
conductor 64. As shown in FIG. 23A, the conductor 64 is disposed along the perimeter of the upper
layer 61 of thethe reneicsrs filstnale bnd thepedsshgporirBHG. 238 1tkicond it as Ghiecednected to

through holes.61b, 61c.and 61d in the internal layer 62 of the ceramicg substrate. Sin e 20
through hole XSS b EEA I ACH AR o B S A NS SRR dE PRl 61c i
connected to ifiepessi idpRet el showihhdGrd 3lecabshihadhiiighhaie81d dswdanacted to the
receiving port 63d shown in FIG. 23C, the transmitting port 33 and the receivingzlp;)rt 34a and the

transmitting p6AP3GIERER e FRGER thGTsBRIEE e anl Be Bidbgigsekidamnddepiade Stpes8s] In this way,
by SimP'y§ddm49&1€%‘9%%ﬁért&¥@%ﬂ&é%ﬁ%{n§£&%@iéﬁlﬁé %%;iié‘%ﬁ&(a&@e%ﬂtd%m@'ﬁﬂﬁl@chieve

the duplexer according to the present embodiment shown in FIG. 13 and the like. That is, this duplexer
can be achieverhasitthrrebeskisrnsighificeletishargmets toaping noion Heid apidhered soaveFIGS.
18A to 1811). Thus, the du er.¢can be achieved without substantially,increasing the size 30 [0036]
7 Example 4 S e Do Bt i K EE MR owever,
the conductor 1kt 3ybenid Bule thaore th phater diffdayetcad sthaytilyi0 td OB i24RetB2BaNE I BR4A is a

plan view of the upper. layer 6 Ofﬁtf?e 15 ceramicgs substrate. F]G. 24B is a plan_view of a first internal
layer 62. HG. A Yl %é@é@h%"?ﬁ?élﬁﬁ@é&/ ?Ggali(?@?é@ﬁéﬁa%gﬁi’éwqﬁ lower
layer 63.1k thg.gegamics substrate, the upper layer 61, the first internal layer 62, the second internal

layer 65 and the lower layer 63 are laminated in this order. As 5 shown in FIG. 24B, the conductor 64
is disposed cldeesd th@ﬁéﬁﬂ]@té} of the first internal layer 62. Further, as shown in FIG. 24C, the

conductor 64 is conneﬁ%’g%g}ﬁgﬁ%%%gv%?% %%%t%& 5@%@%? y ﬁgﬁgﬁg%g gggﬁ_&%%g s

connected to the transmitting port 63 thro Icisco ed to the
receiving port @3hsdoplexnrfacéoibes tnththeréseangmbothrfdatis dodfléiteIa the30, theaizing port

63d shown in HG. 24D, the transmitting por receiving,port 34 d the transmitting port 33
ol the ronen R BRI A STy S G By T S TR Ty o
partially gsoungegheralihandaliadestingico tibweie ol maybbedgeadlfferent layer from the layer on

which other part is 15 dispased. Further, the_conductor 64 may form an additional electrostatic

coupling at leaSP8Ak pHhe srmlexsamibirsmple4iRsRiARs APIIHEE1 64 e ASEROME BH T 34dMnd 34b.

[0038] As _'0”%Héé&?dﬁﬁ@ﬁ'@&%ﬂi@ﬁ&é?aﬂ&%ﬂ?erﬁéﬁhﬂm&%@&bﬁaﬂ IfRfensmitingar:3 and
the receiving port 34b can be electrostatically coupled, the

h
substrate in a loop. As shown in FIG. 23B, the conductor 64 is connected to through

holes 61b, 61¢c and 61d in the internal layer 62 of the ceramics substrate. Since the

20  through hole 61b is connected to the transmitting port 63b shown in FIG. 23C, the
through hole 61c is connected to the receiving port 63c shown in FIG. 23C, and the
through hole 61d is connected to the receiving port 63d shown in FIG. 23C, the
transmitting port 33 and the recetving port 34a and the transmitting port 33 and the
receiving port 34b can be electrostatically coupled.

25 [0035] In this way, by simply adding the conductor 64 to the duplexer shown in FIGS.
18A to 18D, it is possible to achieve the duplexer according to the present embodiment
shown in FIG. 13 and the like. That is, this duplexer can be achieved without
malking significant changes to the structure of the duplexer shown in FIGS. 18A to
18D. Thus, the duplexer can be achieved without substantially increasing the size.

30 [0036] In Example 4, the conductor 64 is provided on the upper layer 61 of the
ceramics substrate. However, the conductor 64 may be formed on the internal layer

as shown in FIGS. 24A to 24D. FIG. 24A is a plan view of the upper layer 61 of the



20 conductor 64 does not need to be in a loop. HG. 25A is a plan view of the upper layer 61 of the
ceramics substrate. FIG. 25B is a plan view of the first internal layer 62. FIG. 25C is a plan view of the
second internal layer 65. FIG. 25D is a plan view of th(ﬁlgower layer 63. In the ceramics substrate, the
upper layer 61, the first internal layer 62, the second internal layer 65 and the lower layer 63 are
laminated in this 25 order. As shown in FIG. 25B, a conductor 66 is disposed substantially in an L
shape near a partmidhsupetinteter IiGh84BssiatelaraviayerGofins ishemnalitaF G625 3 he2déhsuctor

66 is connected to the through holes 61b, %:LIC and.61d e ugh hole 61b is gconnected to the
transmitting pgrﬁ@?ov%%vg\?ﬁgﬁeﬁ%%s%, e ﬁ%’reorug i hg;[e 6%?@1%%%%&%1&%0 tgl erg%v& Iin%YSBrt 63c
shown in FIG 235 Dlatiktha-dnitidghuhale] dhs Jheonrated, ihéerseaaivnglpavep8d, shewn in FIG.
25D. Thus, the transmitting Eort 33 and the receiving port 34a and the transmitting port 33 and the

receiving port84eeasE yesEriant thsdpwer s dsare ritgartisn Yeommtunication
Module] 5  FiGwaPiahens ARSXAIRIERLAHF e B UNsalamadts i gkHingHS At¥er according

to the present embodiment. As shown in FIG. 26, a duplexer 92 includes a receiving filter 92a and a

transmitting fifketegnbl Bgeth6?, toftheheraivisipimeroPGsitedibingprelwiinasios scameded ttompatible
with balanced, gutput are connegted..for ex: le. Eurthey, the transmitting.filter 92h | npected to a
tge &ﬁ%%h%orfes gi% Gflc: an(ﬁgpilﬁ Cﬁ%fl’e F}t:ﬁéu%%piggf BIE Q(igeﬁ?o S

u
transmitting termina rough a power a ier 94. Here exer according e present
embodiment adaaeniisetkamih63tugiexar 2ET002aD0ffre deptigh $igleadd dnpediaththrd tgihan antenna

terminal 91, only signals in 1Q a certain f ncy band.are allowed t s through the receiving filter
92a during m&%%@g}%ﬂ%égaﬁﬁﬂwﬁ%&a&%&%@?&%ﬁﬁﬁ@ﬁ?ﬁm&mﬁg@eﬁmna|s 93a
and 93b;furthgle i ARPSID BRIChSIBAFSINGUIED fERE S dhARERBHINE. 3 midaliRraksh ampRlified by
the power amplifier 94, only signals in a certain frequency band are allowed to pass through the
transmitting filkdegmsl dheitepmsomiding Rertiddienbiha aterivinsrmbgdreasubs pledrestatisally from the

antenna termi&ﬂ %d[0041] By incorporating the duplexer according to the present embodiment into
the communication module, the communication module with improved isolation can be achieved

without substdf631y ifdbredsinghbesidac? 42 VotpatilihexonfipdratBartiche gorimitlication
module shown in FIG. 2§ is merely an mple, Even. if the duplexer according to the present
embodiment ETRRBIEE: QA IS TN T I OGS At LA EHette can be
achieveds[004@{s<donfigueationief ammtyricatiaasiemice?aidGodd] shausantRicdiphioha
mobile phone terminal as an example of a communication device including the duplexer according to

the present enfiBstRRe PRst dhERedAHRS Ao e HSMRUAEREReF A BRY SeePRa RIS Aitation

device whose ggnfigyration is shown in FIG. 27 can be a mobile phone terminal compatible with the
GSM (Global System for Mobile Communications) communication system and the 30 W-CDMA

(Wideband C&@@&ﬁ]vig@@d@ﬂﬂ%t@%@@é@@@@ﬂﬁ%ﬁi@ﬁ%ﬂ%@fﬁm Fenamdtheation system
I the present it A SYBRR B30 M6 o B S AR A LGSl odin

to the compontg?f% S
20  conductor 64 does not need to be in a loop. FIG. 25A 1s a plan view of the upper layer

61 of the ceramics substrate. FIG. 25B 1s a plan view of the first internal layer 62.
FIG. 25C is a plan view of the second internal layer 65. FIG. 25D is a plan view of
the lower layer 63. In the ceramics substrate, the upper layer 61, the first internal
layer 62, the second internal layer 65 and the lower layer 63 are laminated in this

25 order. Asshownin FIG. 25B, a conductor 66 is disposed substantially in an L shape
near a part of the perimeter of the first internal layer 62. As shown in FIG. 25C, the
conductor 66 is connected to the through holes 61b, 61c and 61d. The through hole
61b is connected to the transmitting port 63b shown m FIG. 25D, the through hole 61c
1s connected to the receiving port 63c shown in FIG. 25D, and the through hole 61d is

80  connected to the recetving port 63d shown in FIG. 25D. Thus, the transmitting port
33 and the receiving port 34a and the transmitting port 33 and the receiving port 34b
can be electrostatically coupled.



17 the mobile phone terminal also includes a microphone, a speaker, a liquid crystal display and the
like but these components are not illustrated because they are irrelevant to the description of the
present embodiment. Here, the duplexer according to the present embodiment is used as a duplexer
73. 5 [0044] First, an antenna switching circuit 72 seledfs an LS to be operated based on the
communication system of reception signals inputted thereto through an antenna 71, i.e., based on
whether the ctoBR)ni¢aticm$igstemida W-CGRMAnicaiSM Médelelhe inputted reception signals

correspond to the W- ommunication system, switching is performed tq output.the reception
Cignals t the duplexel 13: X4 EhTE SR bR LA RS o TR P A8 HHR B e in
a certain frequeasybane tNoyshsairsabiamilier 738 SEMALDRRONCES] JeRgNHRN SYNMEAER a
outputted to a LNA 74. The LNA 74 amplifies the inputted reception signals and outputs the amplified

reception sigrifieeiyiag ikgrAPannda BraneiHpRasieE S2ption Yigharstakberstersps 85¢e Sk
signals info aydiesignals,andA0aNe's o35 ARESALIAR HierehRRMiaR Al mobis algneiprminal.

[0045] On the other hand, when transmitting signals, the LSI 76 produces transmission signals The
transmission sigmaislprodueteartharmplifeitinthdlireEb asnplifiectd e trenimpitiod terthinal

transmitting fil 3b. Qf the transmissjon signals inputted to, the transmitting filter 73b, only signals in

a certain freqég’:\@f%]ﬁg aanﬁog?%r%asl%%foéﬁgass rSrﬁP%@b‘B T hErarShs i%ne |IéenS§Fsl?outputted

from the transgnilbsdihiker é3h lesaqudputiae éxjpesralpdom the antenna 71 through the antenna

switching circyit 72. [0046] Further, when the inputted reception signals are signals correspaonding to
i %‘éﬁ‘é@@%ﬁé?&lré’é’é}{/ﬁ%l

the GSM comiHiAEatghrepertinn fignardRRY s iHPeE RuR TS fiters 77
to 80 baggd op g freawensontand:af e SIRRAIE B QURHESNGHE CERECR SIINAIDE ected

receiving filter. The reception signals whose bands are limited by one of the receiving filters 77 to 80
are inputted t¢kerespeRnBRssatisn.thadribastedaevaptidadkigtersathelion: 88 decdumethe signals into

audio signals 99@%1 (0] tggﬁg% fﬁ)e%ati F%tfél%elgc &%@g&g&g}?ﬁgﬁgﬁe&ﬁ%&gﬁ%{%r@e On the other 30
S, the pr ignals. Thetr

hand, when tranamit Ing signals, the L oduces transmission sig ansmission signals
produced are anuplifi¢dihy tenawed Shatiflentildicdbanbegrevmitputtdiiextetnally Signathenantenna 71

commtnicatiof O RFSUEBRUNEEE Ao TIESER e M ARRTE R B Gl G AL
communigatioghdevermitiihriatdso e fHestheRebited sdhioulisubsiatha hniaaieasing the
size [0048] N%ggli%tatlhgel‘configuration of the communication device shown in FIG. 27 is
[0041] By incorporating the duplexer according to the present embodiment into the
communication module, the communication module with improved 1solation can be
achieved without substantially increasing the size.

20 [0042] Note that the configuration of the commumication module shown in FIG. 26 is
merely an example. Even if the duplexer according to the present embodiment is
incorporated into a communication module in other form, the same effects can be
achieved.

[0043] [3. Configuration of Communication Device]

25 FIG. 27 shows an RF block of a mobile phone terminal as an example of a
commumnication device including the duplexer according to the present embodiment or
the communication module as described above. The communication device whose
configuration is shown in FIG. 27 can be a mobile phone terminal compatible with the
GSM (Global System for Mobile Communications) communication system and the

30 W-CDMA (Wideband Code Division Multiple Access) communication system. The
GSM communication system in the present embodiment can support 850 MHz, 950
MHz, 1.8 GHz and 1.9 GHz bands. In addition to the components shown in FIG. 27,



5 merely an example. Even if the duplexer according to the present embodiment is incorporated into a
communication device in other form, the same effects can be achieved. [0049] [4. Effects of '
Embodiment, etc.] According to the present embodiment, the isolation between the transmitting 10
filter and the receiving filter can be improved by electrolgtatically coupling the transmitting port and the
receiving port. Further, since an electrostatic coupling between the transmitting port and the receiving

ports can be athievddlbyHatceampta] alecitichijesanméatiphdhe, trapenliting puidagdhd receiving
ports through an element such ag a capacity an inductor or the like, a duplexer cgn be achieved
ithout 15 SURTAT S A e B e i S Bl PO ARG the specific
examples desgiibRdatavene delalplibe treseptdaventiondnardig. ChEegedirr dapitifad within the
scope of the appended claims.  [0051] The following notes are disclosed with respect to the present

embodiment. 20°f08 ik prpsent gisatifciemhgs arfluRlsaRINEdd transmitting filter; a
balanced fecepafites,& UANSRININ BRIt AoADERIAHPIRLARSI NG MHE LR DHENIXIRCSING por

connected to receiving filter; a secondary receiving port connected to the receiving filter; and an

electrostatic cthuptiompenioattonsEtted tfowwernothelgens mittisdeddhaastantithvighamanterueiving

port and between. the, transmitti ort and the secondary receiving,p« el tatic,.coupling
portion aIIowir?g;ip]heaS 28 juoé%éﬁ%é]c ?i?‘ﬁ&v@ﬁb‘?ﬂ%ﬁ%ﬁyﬁy Frcﬁ%nilré%@nﬁtﬁ?ng p%rrﬁg%ﬁe pri eei‘ry
receiving portrdhamtdtiedeapaomittia e ddadssopdanrtiarvi ST gopariuliosihh\easeaing to the
above configuratjon,. it is possible tg cancel the deterioration 30 of the isglation caused by a coupling

between the tAIREFRERY BSHreh i RdaviHip srrephidL R sdade the draisrerd SimpReduplexer with
high isolg§on can heAchievadiWHaELIRFRaIREIENE SRR RRINERNIRRILA RS D ElRgiROr and the 19

receiving ports or additionally providing an electromagnetic shielding structure.
' frequency band through a receiving filter 73a, so that balanced reception signals are

outputted to a LNA 74. The LNA 74 amplifies the inputted reception signals and
outputs the amplified reception signals to an L.SI 76.  Based on the inputted
reception signals, the LSI 76 decodes the signals into audio signals and controls the

15  operation of each portion of the mobile phone terminal.
[0045] On the other hand, when transmitting signals, the LSI 76 produces
transmission signals. The transmission signals produced are amplified by the power
amplifier 75 and are inputted to the transmitting filter 73b. Of the transmission
signals inputted to the transmitting filter 73b, only signals in a certain frequency

20  band are allowed to pass therethrough. The transmission signals outputted from the
transmitting filter 73b are outputted externally from the antenna 71 through the
antenna switching circuit 72.
[0046] Further, when the inputted reception signals are signals corresponding to the
GSM communication system, the antenna switching circuit 72 selects one of receiving

25  filters 77 to 80 based on the frequency band of the signals, and outputs the reception
signals to the selected receiving filter. The reception signals whose bands are limited
by one of the receiving filters 77 to 80 are inputted to an LSI 83. Based on the
inputted reception signals, the LSI 83 decodes the signals into audio signals and
controls the operation of each portion of the mobile phone terminal. On the other

30  hand, when transmitting signals, the LSI 83 produces transmission signals. The
transmission signals produced are amphfied by a power amplifier 81 or 82 and are

outputted externally from the antenna 71 through the antenna switching circuit 72.



[0054] (Note 2) The duplexer according to Note 1, wherein the electrostatic coupling portion
adjusts the phase of electric power such that electric power that flows from the 5 transmitting port to
the primary receiving port and electric power that flows from the transmitting port to the secondary
receiving port have an absolute phase difference in a rlgnge of 0 to 90 or 270 to 360 in the receiving
band. [0055] (Note 3) The duplexer according to Note 1 or 2, wherein the electrostatic coupling 10

portion providE¥4n elBstinstaticratingitis detviear trélramsmitting:gbonanddhle peratingdodiving port
and an electrostatic coupling between the transmitting port and the secondary receiying port.at the
ame degree FIOUER] RECSHARGIOAITE His e BRI 16T T PP AEHEs Ay BT it
higher isolatiomd& {88 5<di4Netec4h be achhsclipieketasehstingiillpmernagial Madeildo 3, wherein the
electrostatic cg)upling V&ortion is composed of a conductor. [0058] According to the above configuration,

it is possible t34Rlevdotaithiab s coRiegREFelAhe SURMOTTABRMECYISR HRer R AT 21d%he
structure of the, duplexer 20,5 ORMNAF Ble duplR& AURIEISLAEIAINEL B ARG AENOes 1 10 3,

wherein the electrostatic coupling portion includes a capacitative element. [0060] According to the
above configurtimnorafiepoysibleommehiasiendiptisrdn witiehfghes thelaane aliteisicandiéng significant
changes to thg %tlrg‘}:etgre of the duple_xer. 25 _[0061] (_Not_e 6) Th_e duplexer accoro!ing to any one of
Notes 1 to 3, {Wherein the electrostatic coupling portion includes an impedance-matching inductor.
[0062] Accordioguel thie abfive coffilgiiadiameitistedssible to achieve a duplexer with higher isolation
without making Signifiﬂ%lgﬁg%g%ﬁg Igggsgg’y g}gnulr)gdcigggtfj tlﬁ%l ?sxoﬁfr;tion between the transmitting
10 filter and the receiving filter can be improved by electrostatically coupling the
transmitting port and the receiving port. Further, since an electrostatic coupling
between the transmitting port and the receiving ports can be achieved by, for example,
electrically connecting the transmitting port and the receiving ports through an
element such as a capacity, an inductor or the like, a duplexer can be achieved without
15  substantially increasing the size.
[0050] The present invention is not limited to the specific examples described above
in detail. The present invention may be changed or modified within the scope of the
appended claims.
[0051] The following notes are disclosed with respect to the present embodiment.
20 [0052] (Note 1)

A duplexer including’ an unbalanced transmitting filter; a balanced receiving
filter; a transmittiﬁg port connected to the transmitting filter; a primary receiving port
connected to the receiving filter; a secondary receiving port connected to the receiving
filter; and an electrostatic coupling portion connected between the transmitting port

25  and the primary receiving port and between the transmitting port and the secondary
receiving port, the electrostatic coupling portion allowing phase-adjusted electric
power to flow from the transmitting port to the primary receiving port and from the
transmitting port to the secondary receiving port.

[0053] According to the above configuration, it is possible to cancel the deterioration

30  of the isolation caused by a coupling between the transmitting port and the receiving
ports through space. Therefore, a simple duplexer with high isolation can be

achieved without increasing the space between the transmitting port and the



30[0063] (Note 7) A communication module including a duplexer, the duplexer including: an
unbalanced transmitting filter; a balanced receiving filter; a transmitting port 20 connected to the
transmitting filter; a primary receiving port connected to the receiving filter; a secondary receiving port
connected to the receiving filter; and an electrostatic c&%pling portion connected between the
transmitting port and the primary receiving port and between the transmitting port and the secondary
receiving 5 partctireetguirestaticl doupimdypodtiodag ewialg ghane sadjtns tddebdactr ktpotvere to flow from
the transmitti ééoéiltwe pg#'mary receiving port and from the transmitting port to the secondary
receiving portr.@ ] Qr ng to the above configuration, it is possible to cancel the deterioration of

the isolation caused bylg-GRyflirerRebyREALRE NaRsiinghaarrnddhectsavioaplthpeasiftough

space. Therefore, a simple duplexer with high isolation can be achieved without increasing the space
between the tRHERtRERG Pt ptelpe Fsduviny sh b srtranany prdbalifg it tmagnetic
shielding gtruciuaqlfiftal (NAlG.Thé sammyneaion dpeadneliding. a Spiaet ABg Bl
including: an 15 unbalanced transmitting filtér; a balanced receiving filter; a transmitting port
connected to tensamstmigingrfilte the grivedseraivingporrt bave ae dheolnterpbadeidafiiitencain
secondary receivin opnect t ceiying filter; angd an, electrostatic coupling portion
connected beﬁv%%##%@r%%%%iﬁfﬁ%%?@rﬁg %Hgibe%rﬁ%ervirne%g?\ﬁrqg port and between the transmitting
port and the sfmB]ariNgeetying 20 port, the electrostatic coupling portion allowing phase-adjusted

electric power to flow from the transmitting port to the primary receiving port and from the transmitting
port to the secondary F‘elo'&“eﬂ}?ﬁb%%‘%ﬁ([% gax%?%b%%h@ W%%@ﬁr&ﬁkﬁ@m ible to

cancel thg detgsiaiali 3novidBe dQlpPR SAHRAY BYA S BeRIBENEIME A AR AR IAMIRAE and the

receiving 25 ports through space. Therefore, a simple duplexer with high isolation can be achieved

without increaBifidhiE ¥sabarsepwsamthen el edisstinbcsornling triveeaithed porsaitaddoshally
providing an eleciromagnelic Snieldng Susiue iRdusiialHpplicabilit

[0056] According to the above configurations, it is possible to achieve a duplexer with

higher 1solation.
15 [0057] (Note4)
The duplexer according to any one of Note 1 to 3, wherein the electrostatic
coupling portion is composed of a conductor.
[0058] According to the above configuration, it is possible to achieve a duplexer with
higher isolation without making significant changes to the structure of the duplexer.
20 [0059] (Note 5)
The duplexer according to any one of Notes 1 to 3, wherein the electrostatic
coupling portion includes a capacitative element.
[0060] According to the above configuration, it is possible to achieve a duplexer with
higher 1solation without making significant changes to the structure of the duplexer.
25 [0061] (Note 6)
The duplexer according to any one of Notes 1 to 3, wherein the electrostatic
coupling portion includes an impedance-matching inductor.
[0062] According to the above configuration, it is possible to achieve a duplexer with
higher isolation without making significant changes to the structure of the duplexer.
30 [0063] (Note 7)
A communication module including a duplexer, the duplexer including: an

unbalanced transmitting filter; a balanced receiving filter; a transmitting port



30 [0067] The present application is useful for a duplexer, a communication module, and a
communication device. 21 Description of Reference Numerals 100681 31transmitting filter 32receiving

filter 33transmitting port 534a, 34breceiving port 36ele§ rostatic coupling portion 22 CLAIMS 1. A
duplexer comprising: an unbalanced transmitting filter;

connected to the transmitting filter; a first receiving port connected to the receiving filter;

10

15

20

25

30

connected to the transmitting filter; a primary receiving port connected to the
receiving filter; a secondary receiving port connected to the receiving filter; and an
electrostatic coupling portion connected between the transmitting port and the
primary receiving port and between the transmitting port and the secondary receiving
port, the electrostatic coupling portion allowing phase-adjusted electric power to flow
from the transmitting port to the primary receiving port and from the transmitting
port to the secondary receiving port.

[0064] According to the above configuration, it is possible to cancel the deterioration
of the isolation caused by a coupling between the transmitting port and the receiving
ports through space. Therefore, a simple duplexer with high isolation can be
achieved without increasing the space between the transmitting port and the
receiving ports or additionally providing an electromagnetic shielding structure.
[0065] (Note 8)

A communication device including a duplexer, the duplexer including: an
unbalanced transmitting filter; a balanced receiving filter; a transmitting port
connected to the transmitting filter; a primary receiving port connected to the
receiving filter; a secondary receiving port connected to the receiving filter; and an
electrostatic couphing portion connected between the transmitting port and the
primary receiving port and between the transmitting port and the secondary receiving
port, the electrostatic coupling portion allowing phase-adjusted electric power to flow
from the transmitting port to the primary receiving port and from the transmitting
port to the secondary receiving port.

[0066] According to the above configuration, it is possible to cancel the deterioration
of the isolation caused by a coupling between the transmitting port and the receiving
ports through space. Therefore, a simple duplexer with high isolation can be
achieved without increasing the space between the transmitting port and the

recerving ports or additionally providing an electromagnetic shielding structure.

Industrial Applicability
[0067] The present application is useful for a duplexer, a communication module,

and a communication device.

balanced receiving filter; 5a transmitting port



a second receiving port connected to the receiving filter; and an electromagnetic coupling portion

" connected between the transmitting port and the first receiving port and between the transmitting port
and the second 10 receiving port, the electromagnetic coupllng portion allowing phase-adjusted
electric power to flow from the transmitting port to the ? rst receiving port and from the transmitting port
to the second receiving port. 2. The duplexer according to claim 1, wherein the electromagnetic
coupling 15 p&)ﬂmﬂaﬂpmtﬁ‘ Raftiaseoisleetridspower such that electric power that flows from the
transmitting p vfég{%ct st receiving ort agrédgg ggﬁgower that flows from the transmitting port to the
second recei ve an absolu ce in a range of 0 to 90 or 270 to 360 in a
receiving band. 20 3.Ti% duplexer acgetdinthiofittaim 1, wherein the electromagnetic coupling portion
provides an electromagnetic coupling between the transmitting port and the first receiving port and an
electromagnetic couplitty between the ¥?§i§§%ﬁﬂ%%ﬁ and the second receiving port at the same
degree. 25 4.The duplexersgcording e claimsl,herein the electromagnetic coupling portion is
composed of a conductor. 5.A communication module comprising a duplexer, the duplexer comprising:
30an unbalanced transfnitting filter; a pleltnestdtie celigginRerii®B a transmitting port connected to the
transmitting filter; a first receiving port connected to the receiving filter;



a second receiving port connected to the receiving filter; and an electromagnetic coupling portion
connected between the transmitting port 5 and the first receiving port and between the transmitting
port and the second receiving port, the electromagnetic coupling portion allowing phase-adjusted
electric power to flow from the transmitting port to the fast receiving port and from the transmitting port
to the second receiving port. 10 6.A communication device comprising a duplexer, the duplexer
comprising: an unbalanced transmitting filter; a balancgf receiving filter; a transmitting port connected
to the transmitting filter; 15a first receiving port con Al the receiving filter; a second receiving
port connected to the @gﬁwgge{n@gﬁlﬁﬁgng an electromagnetic coupling portion connected between
the transmitting port and the first receiving port and between the transmitting port and the second
receiving port, the ele@fornbgHareestlisgporsdt@fowing phase-adjusted electric 20 power to flow
from the transmitting poyi, Bﬁ}agdf&[géerl%%?évmport and from the transmitting port to the second
receiving port.

5 a transmitting port connected to the transmitting filter;

a first receiving port connected to the receiving filter;
a second receiving port connected to the receiving filter; and
an electromagnetic coupling portion connected between the transmitting
port and the first receiving port and between the transmitting port and the second
10  receiving port, the electromagnetic coupling portion allowing phase-adjusted electric
power to flow from the transmitting port to the first receiving port and from the

transmitting port to the second receiving port.

2. The duplexer according to claim 1, wherein the electromagnetic coupling

15 portion adjusts a phase of electric power such that electric power that flows from the
transmitting port to the first receiving port and electric power that flows from the
transmitting port to the second receiving port have an absolute phase difference in a

range of 0 to 90° or 270 to 360° in a receiving band.

20 3. The duplexer according to claim 1, wherein the electromagnetic coupling
portion provides an electromagnetic coupling between the transmitting port and the
first receiving port and an electromagnetic coupling between the transmitting port

and the second receiving port at the same degree.

25 4. The duplexer according to claim 1, wherein the electromagnetic coupling

portion is composed of a conductor.

5. A communication module comprising a duplexer,
the duplexer comprising:
30 an unbalanced transmitting filter;

a balanced receiving filter;
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20
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a transmitting port connected to the transmitting filter;

a first receiving port connected to the receiving filter;

a second receiving port connected to the receiving filter; and

an electromagnetic coupling portion connected between the transmitting port
and the first receiving port and between the transmitting port and the second
receiving port, the electromagnetic coupling portion allowing phase-adjusted electric
power to flow from the transmitting port to the first receiving port and from the

transmitting port to the second receiving port.

6. A communication device comprising a duplexer,

the duplexer comprising:

an unbalanced transmitting filter;

a balanced receiving filter;

a transmitting port connected to the transmitting filter;

a first receiving port connected to the receiving filter;

a second receiving port connected to the receiving filter; and

an electromagnetic coupling portion connected between the transmitting port
and the first receiving port and between the transmitting port and the second
receiving port, the electromagnetic coupling portion allowing phase-adjusted electric
power to flow from the transmitting port to the first receiving port and from the

transmitting port to the second receiving port.



