DESCRI PTI ON DUPLEXER COVMUNI CATI ON MODULE AND COVMUNI CATI ON DEVI CE
Techni cal Field 5[0001] The disclosure of the present application
relates to a dupl exer, a comuni cati on nodul e, and a conmuni cati on
devi ce, Background An.. 00021 Fromthe viewpoi nt of achieving

hi ghtainmty data comuni cation at a to higher speed, there has been
a trend Mrecent years in nobile teppwiRgeHer hi gh frequency
communi cation toward. an increase in the transtinssion signal poweii
In a nobi | e AEPHERER, &ONINEY BHS ATI GNtMO i lgh A NPowe MIWEWICESIIION DiEVICE
deteitoratian of Isolation of the duplexet Theoretically, It is
possible to inprove the isolatrimof the duplexer by configuring a
transrenting fjller.@r receiving filM used in tile chtplexer to 15
have an i ncreased attenuation in the opposite band (the receiving
band for t Heodif andm ditdlagrd bi theprasedt dpslidatianselhtdsitnd deghsket, a: © t he
man:ring 6lter), hi reality; however: the isolation becones saturated
at a cert aicamieyratiorhaodelasor & gemprhingcatepalgsisenot only a currant
that flows through the filters but also a current that flows

t hr ought hed. ur dexer vasnacesar veasconponel lts Viri E anell the

20i sol at i orBackgrdgﬁlq%t e achieve a high level of isolation, it is
desirable to study neasures against the current that flows through

t he dapl exdf0di]a Iapacite vidOa3nEfarhleemodfiglelhp20tiden canfivgitaaibhans
in removing to influence of dmcurrent that flows through the _
dupl exdf vitaghggpeed, thetgthee eop pdeendtingeqent Verande netbile[tampine efgnbighc
anpling couracinents |Include in:,easi. h |, di stance ii. between
source and B 4SPGO B UREAHPR VIR, aﬁ}]g?gféﬁéggﬁth& Eﬁ%ﬁﬂ%@@@f power. “Ina
shi el di ng shsiEltFBinadald Sbidas DEUMEIdfa] bofbSHa9SESIASWILAGS tion of
acoustic wave clevice iii which a shield electrode 1s di spesed1

bet ween t wosdaiidracfehadopkkec Aawerdtichliyeit ipabdsérlaso indatbenthdledutiembf the
di scl oses %&urfa e acoustic wave device in which an input cxternal

terra: hal BT BUEPUISERIZET HANSIDEFRE AT aF eceivaposley uipd it the grmlexer fo
each otlfger h?éQ/e %'rﬁﬁ&%géeldyattenuation 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 isolation. In order to achieve a high level of isolation, it is 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

ba
&n

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



Prior Art Docunents Patent Docunents [00041 Patent Docunent 1: JP
200&- $0747A Patent: Docunment 2: JP 2002-76829 A Discl osure of

I nvention Problemto he Solved by the Inventno R110051 In the case of
the onfiguration disclosed in Patent Doc nt |. dequate inprovenents
in the isolation may be achieved by increasing the size of the

shi el di ng mepbeDoddeyweyer, an increase in the size of the shielding
menber may inpair a 1.0 downsi zing of the duplexer. Further, in the
case of thd0@enf RyderetD@nndingdl 68 8606+60P4T Ant Docunent 2, adequate

i nprovenents in e isolation: be a.chieved. by ili CTCE(Sing the
di stance bet men@ﬂ@q%“%geﬁép@'t%ﬁ%ﬁal and. the out put
external term nal. However, an increase hi the distance between the
terminals Ellay inpair a downsizing of the duplexer. That: is, with
t he confi guniatlosns oflirsehesed i n Patent 15Docunents: 1. and 2, it: is
difficult to achieve both the downsizing of the d uplexer and

i mpr ovenent&oblem toie Sodeiddryi the Inkedis: f or Sol vi ng Probl em [ 0006] The

dupl exer di sed jn the.present appligation.inc]udes, a.n
unbat anced GO St g B onppu R ERiedin PEIbE ForgRef 1 crleagate
transmtti Hﬂgfe N i et Pl 13
recei vi ng ggl})’? %%%érilgégt e ? gol%dﬁoeﬁ ?‘2‘8@?%@5%‘? ng{}c?éa{ghgéetgg%zgrd;@ﬁé dhielding
recei vi ng pasmhbercoifeeted ahondrbgseriacke vizo gf fhielsheldingmtbraBer may impair a
el ectrostatic coupli Portion connected, between the transmtti ng_

ont

n

port arfl tHevmsizng gl tg@d@plemg Hortheand threeare oh thermonfigamdwntdisohege
and the seggpndary receivin ort. The el ectrostatjc. couplin ortion
2l Towe pli dELTAdPAEET e ARTRIC HORHST P atRs BRETHE T RARR AT TEY Y
port to the,REhiBEYhd ECBIn: thﬂéhtthéﬂﬁdt%%rhme%ﬁ{ﬁ Bhi thOGuRf bxiePnal
the secondary receiving port. Effects of the Invention

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, 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 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

recelving 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.



[ 0007] According to the disclosure of the present apidication, t is

possi ble to chieve a sinple duplexer with good isolation.. Brief
Descriptitmtii,s Drawings ;00081 iFIG 1,1 FIG 1. is a bleak
di agram of a dupi exer. [FIG 21 Hil 2is a graph show ng a.

phase di:fen-ince between currents that flow to two receiving ports

fitima |ragkishmtieg,Por, id. '"XAls a graph showi ng SEI of the
ditplexer. | Ms 881 EHOG %Sepgaa‘gﬁgééaph showi ng SEI (if. the duplexer.

rf.n. 3C FI[®0GC [FEGallgileph ishblick diddraafof b ieptitpt. exer . FI G
41 FIG 4 is a bl ock diagram schematically showi ng the occurrence
el an el ect r omagnéfiG &l& Py BYRDR Shepres ehase diffregee Brtverpgursngs fhat

a graph shawi ng .el ectri.c power. transm ssj.on characteristics of the
pat hs: fro#?lgt“h% rogﬁgWipﬂl\é@&?m attﬁal}sﬁgjftwqrgcei ving ports in terns
of phase. [FIG. 3AIAGE Balis _Elggap}fﬁﬁiomﬁg BEI9F aRMgowm.ng el ectric

newer transmn ssion characteristics of the iniths fromthe
transmtting por tIFi@. 3BEICEBrieeeraph Hpviiny SAH §thenluBesteer ms of phase

di fference. 9kl E is a graph showing DI_ of the Mnimter. .FIG
GB] FIG 1i3Bis [E%Tééi@‘@éﬁlﬁ@ esrrh ﬂfomng%al@grw@mlem I, o FIG

CC is a graph shagw . I : - I Fl 7
is a graph show ﬂgﬁ(g'g%ﬁts}égc]ﬁ ép @F gﬁga(;? %@t@?mh%rﬁla%ﬁarnry esrlllto‘émtl%%%uﬁrf}%%ﬁ ofan
to the two di@e@nYAdM@tiBesltidelifm dufgetek.ansi nitting port.

10 [FIG. 5A] FIG. 5A is a graph showing electric power transmission
charactenistics 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. 6Ais a graph showing DI of the duplexer.

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

[FIG. 6C] FIG. 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. 8B] 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. 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. 12Ais a plan view of an acoustic wave resonator.

[FIG. 12B] 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



ItAl FIG SA is a graph showing SEI fromthe transmtting port and

t he receiving port, [FIG 813] FIG 813 is a graph show ng
SElI fromthe transmtting port and the receiving port. itoFl G SC|
FIG 8Cis a graph showing DI of the th.dgdexer. [FIG 911 FIG C. is
acircuit diagramof a l|ladder filer. IFIG 101 FIG11.0 is a circuit

di agr am of

ple-inedo filter WG 1 IAL FIG 11Ais a plan view of

a filmbul k acoustic resonator 11.8.1 FIG 1.18

i s a cross-secti dREG. MAGWIO! 14h6 AgAparshoiva dlocthit owddAantintdoa  12A
FIG 12A is_a plan new of ari acoustic wave resonator, 12E112E4

i s a cross-beadgrIcs of @ neths iemAba tyseseliGinenaE! @ the2wo rpgeiGng parts in
FIG 13 |s a Ci rﬁ%}t di agram showi ng a specific cant:pirate-al of the

dopl exer.

BFIG HAiti a graph showi ng el ectric power

transm gsi 0” ohs [FRg!eBHICS 198 id &%fadyh e élbé%c%ﬁ%e} Eﬁﬁ%ésﬁdrﬁg

port to the two receiving ports |il

trin ase

14131 MG XhatBtérsstas gf dpelpashofsomghe Itfmtsnuttnrg;vm't td thartsmreceiving ports in
characteristics f the Eat hs fromthe transm tt| ng port to the two

recei kinig tﬁ%}p@g
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ICfe- phase difffirence"
[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
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.

[FIG. 17] 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
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.

[FIG. 19] 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.

[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.



15A, FIG 15A is a graph showing D of the dupl exer,

EFI G 1511 FIG 15E is a graph showing SEE fromthe transmtting port
to the race wing poiL. [FIGIS5E FIG 15C is a graph show ng SEE from
the transmitting port to the receiving pott, [FIG 161 FIG 16
is a schkitnatic diagram show ng a specific configuration of a |adder

filter, 1.5n0. |.[FGHG) G boad SEhmbiokid: BECARShoweg a speci fic

configuration of a doplole-no FIG 18A is

a schematic di agrlabtshHdMiFiG. a1Bpeg pfiph donfihg8Eafioantheftradenitppeport to the
| ayer of a dupl exer, FIG 1881 FIG 18B is a schematic

di agr am showrHgg P9Pleci fi ¢ configuration 20 of the internal |ayer of

t he dupl ei cer 1 FIG ;180 I.s hemat i.c _di agr.am
showing & speci fIEISHTGTCAETGH 6EAmET3Sr SFRGER BF (FHE OGN eRoo the
1.811) 1 5Fl GecdiBihl post. @ t 0: Ki ss-sectional view of the chiplexer shown

in FIG 18A, WG 19 FIG 19 is a circuit diagramshow ng a
specific circuit [E06@fI2ulat 2Dis ofiraiiddipgexn Khowing a specific config2@a#bn of a
FIG 20A is_a_graph showi ng electric power transni ssion

char act er | STH&esf t he paths fromthe transmitting port to Bre two

receiving ports I[g(?%g% e 2?&?&3 schematic di%%la% g%%fi% Ia('jsé&gj?g&%n]éﬁgjﬁat?on

graph show ng ebe ower “transni ssion characteris
pat hs fromdfiiRe ipgSATdridf fig PRFlExd0 the two receiving ports in terms

of phase difihronm
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.



WG 21AI Ha 21A is a graph showi ng DI of the duplexer 21111 FIG 21B
is a graph showing SE1 fromthe transmtting port to the receiving
port. :JaepUt nteiving pert. WG 221 KG 22 is a circuit

di agram showi ng a specific configuration bf a dupl exer. [FI G
23Al FIG 23A is a schematic diagram showi ng a specific configuration

of ale upper |ayqpiqfafinacauplextiel diagram 3if%;€é&m£§éa%n'ale@ce.2311 i s

a schematic diagram showi ng a specific cor gation of the internal
| ayer of the dupl exer. [FIG 2301 FIG 230188. 8c:thematic
di agram showi ng a specific configuration of the | ower Myer of the

t hi pl exer -IPescpgtion offhg Ingeatjory s a j nnsasectional view of the

dupl ei cer s i El G 1518A. 24/ kl FIG 24Ais a
schemati c o@%@a@%@%‘lﬁﬁn@ﬁspeci fic configuration of the upper |ayer

of the di mM@xesnfiguration of DihISker?4131 FIG 241) is a schematic diagram
showi ng a specific configuration of the first internal |ayer of the.

dupl exer, 20Fl a 240s.ilss a bdwhehegram disdgdamed howvitegicad dpelekdr wsing film bulk
configuration of the second internal |ayer of ége dupl eﬁé"
[1FI G 24D; 2RNEEC BAMATrsPr SEpETISATIVE 18P Em Sh 8y al & pleéhe daplexer

configurati B&uﬁés 5 %n%%h{)g ﬁlﬂ%qr, a%ceﬁ\ﬁﬁg ﬁHB}' §,§eﬂ}ansmitting port 3, and

receiving ports 4a and 4b.  The duplexer shown in FIG. 1is of a

10  balanced-unbalanced type and includes one transmitting port 3 and two receiving
ports 4a and 4b.
[0010] As shown 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 12 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.

v5  [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 isolations of the
two paths with a balun. As shown in FIG. 3C, SEI and DI have a small level



[FIG 25A1 FIG 25A is a schematic diagramthaw ng a specific

configuration ge of the upper |ayer of the iinplemi [FIG
25111 FIG 251) is a schematic diagram showi ng a: Tee& configuration
of the first internal |ayer of the chiple?(er. [FIG 250 FIG

25015 a schemahc di agram showi ng a specific configuration of the

second i nt efifglenl@¥eiheatx HAEI QH&le%?fenFs havin% O??Osite ghgée]s)a}? %hﬁ)ut?&ﬂl)l‘he
is a sthanatie diagram show ng a specific tut:figuration of the [ower

| ayer of theagaplexienid thhGouentsHaanboppssiee phaek ati agpattedin the Boband
MULt haati OX) 1110dille. 6 2711 FIG 27 ts a block diagramof a
comuni cat i il deyideaot prwel ¢ashioghersien Hethpwpast thapnah 4 halun in the receiving

Confi i i d Fl i bl . di f )

ol anced- uriga ghe I Mgt B dhands PAgbot it bR uSsiic B8 AeEbe Bprin the
acoust i ¢ Wapeh4RSRRatOhSHhaAS c@ireMistre blibhuMed. L¥he 3easoh M HUPL XS in-phase
includes a transmtting filter 1, a receiving filter 2, a

transm tti nguports c@icebgrmthratheanithg diterdérsiad apamdiodbi.e., Fhieerdihely exes through
shown in FI 1 is of a bal anced-anhal anced type and i ndades one
transmttin ?H%‘FI- 3 and two receiving ports 4a and db. 10010] As

shown in FI ﬁOH.Jd I LNE @?%%&%goﬁfgggia%ggse d Iglﬂgz%ﬁ%tg,:e{ ?O@gﬁg%{a%(%ccﬁlt through

inputted to the transmt rally enna

port Ant anghaaé §9dédcenEd hhER. t A8 deasRicMiaReve, thdrkb®s canpdit@its @ERip¥oMGate
filter 2 is of an unbal anced 15 i nput-bal anced out put type, and is

conf i gutled todhphessinspafis 4oned db ficne thrairanaedtiogppatdsdupytos80(' and
the ot her of the bal anced outeuts y ---90". Thus, a current |l that

flows into R A e g £0 Hd'&a PI8Ate 5U¢that flows into the
recerving p&é&rosﬁ%c%éég%}fﬁgﬁa%ﬁ%%o l[r{é\[rﬁl%ere?efrre;d?t?)gas %Tlaléﬁroﬁlgig{l@ﬁc

receiving ports rren Vi ng oppo ases ar
out putted idupliggtecei ving hand (hereinafter referred toss 20 the Rx
band) and iﬁé?hase currents are outputted in other frequency bands.

100111 FI G 0914l o> trie ardedgreiofes Rkplaeesderprourplenokan Hattrompgyetiont o

the t W5 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. 4 in
terms of phase difference. As shown in FIG. 5B, a phase difference between electric

30  power transmitted 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



receiving ports 4a and 4b in the duplexer shown in FIG 1. As shown

in FIG 2, currents having a phase difference Of[ are outputted from
the receiving filter 2 in the Rx 25 [0012i FIG 3A and 3B each show
isolation with respect to a single path (hereinafter refrirred to as
single and itzdation, and SEI for short) of a duplexer having the
current Chaéﬁﬁfeﬁ{ﬁaﬁﬁé.c B% 3Rl GevirtiohldGursdh SRS hi e becaus F}a.gre is
isolation horn the transmitting port 3 to the receiving port 4n. =

311 shows thpodsiinligtdfan ebctinidgaetic anpiing betvgedpaht tSuismitthey @€ Siavidnbe
port Ib. FIG.3C shows diffinential isolation (hereinafter ito Aire

to as Di fofecgHBEorofa ppdagakcgemnagoetiteariphgs Phsvestrthe renspi@ineport 3
etcrisisi c_as,,shown .in_ Fl 2. The differential isolation is

obt ai ned bya%@meﬁggﬁl‘?flﬁaoﬁ "isolations of dhe two paths with a bat

int As showoi@l ARG, 630hoRsiTsl sk BlriftaN e thesiBidxek 84&kn idFTGieamaed vB
the Rx band where currients havi ng opposite phases arie outputted,

The :r easonsHawissSSEThihsragetistat betweaeanths tirasimgigppos B hed phasesivangeport 4a

ut..putedMth and and they do rjot cancel each other even if
they pass tlﬁlrtgegfmgxwh% TG He Fé e‘ﬁé ﬁﬁw Pt gharpcteprtieyletyenathe

hand. DI s r terjsti n_t - in t T
AL M N e S AR T A M I M S s I
that i n- phagRreidd ®RESIIRFBESH el%@ﬁ*bm@%ﬂ@tﬁc dotipliRe bedw BB BO tr@hsmitting port 3
operation, e., when they pass through the balun. 0013 However,

t hese. ofl y aufette reaseisg port 4seaid 2y elecvaphigngicmypbog betweentherbianspattiog
as dean:| b: A ahove._ As described, above, there are co ent ha

pr opagat e 1@943 Aighe ERBHENHBHT %bt“% theduplgarperhanioy rﬁér@#% ﬁ% 6A)
port 3 due i icgelect j L Bg reinafter,
such a el ec@%%s&gt%‘%;&ié %@ﬁ#@%%é&%@@%%ﬁi@(&ﬁ#ﬁhﬁ%&% ereed to as

an ' el ectr ojpagriet A engouiHarAgeristi O the pRisbas erboditeat i td@b @Ml diirents that
explaining the principles elan electronzioetic 15 coupling between
t he transni oW mefopbe tw@regaring praty @ewi the m@qsunttm@p@hwm&at et weemts

the trapsmtting port 3 amd the receiying port 41) in the duplexer.
h shoulp 1 miep Rt bo i R G TR Skt RE Hopt sl e MR A own
an electro i ngd ttilgg‘@nﬁrrt. I bt |

and the reg%%g'c pg‘r??' %‘gg}éﬁf?@ﬁ?@sﬁﬁ%ﬁﬁ% ed by tB #éﬂréérl:bg%g%{.gt%%@ .

t hat a cur r Bl SBldhdw Wil fromtthe treseiitinggp@oBto tle fec@mnighert 4b. FIG. 8C
transmtti ngn port 20 3. Further, an_ el ectromagnetic coupling OCCU

bet Wegn t heS qgwhﬁenemﬁblsglamn $DRnehiches pb@m%i ngsypélﬁsmbg @pal@f}latiil)gss of the
i ndi . B, 112 Q.
eceivi ng. poreram raah B  ERGR R el ARt ow A cnodTabidy *Bre

transm ¢ i ngy;pMhe dudids tb De1l-8ELleMhNHe PRHanbacRNEdl BEDY (TS BLY EANBe
port 3 and the receiving port 1h are el eetromagnetically coupled, the

i sol ati on detenivet atoesso tHa@l thht & ST GACShBMsSB) acthoivn ipdWer 7 even if the
characteristics of the pa{{spiwfromthe, transmtting Port ttj the
recei vi ng p@rpemitsngpgrt ansl fhg thraeeipna parts shpMrcirampregtically goyrdedrs

of phase. |0M. -85 SPONS. Sl B3fLBIRBWREENIHBSLEN S hGRe B AR R iFaed

fromthe tr i ng por he receiving ports la an

t hi pl exer shpw dfow i) & FH5.IST 48588 a9 thPRaAas ok tRIDZPRBad ASinsiRaval hythe
Hu, 58, a phase difference between electric 30 power transmtted from

the transm atrowdo.port $ to the receiving part 4a and el ectric power
Lranom (1 ed Lo A1 LansTLLLNg, PO, e Lo,d e reesiuing BoTt LD g, o
dillifierri &re%\ﬁ‘e%ﬁ? b 69%(9‘%%%@ 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. 9 is a circuit diagram of a transmitting filter included in the duplexer
according to the present embodiment. The transmitting filter shown in FIG. 9



an ideal value,. The phase fference deviation occurs in the Ex band
because there is a possibility of an el ectromagnetic coupling between
the transmtting port 3 and the receiving port 4a and an

el ectromagnetic coupling between the trandmitting port 3 and the
receiving port 4b, [00161 FIG BA shows D characteristics cf the
duplexer shawubs séi'iag‘;'r%s%naﬁﬁRE@ £3 QY. §ga]leﬂ§5ﬁ‘§&)?§ ﬁES?iPﬁ) RESHEEh
the transmitting port hand the receiving: port 4a in the dupl exer
shown i n Fligdudordl.Gio L3 &ishiomst 8K Q vahariat1®).i stliccerhetaseerothBES] to
transrritti\r;ﬁ gort 3 and the receivi nngort 4b in the dupl exer shown

in FIG e Wkndtererwnested theeilisimist y ¢pawﬂé¥@@9wﬁﬁ81ﬁ‘%tlhs%m@cﬁedgoa

between the trgnsmttin rt 3 and the rgeceivin ort and

ol ot romagRET ORI e Bavhe et R iPangh i ghalire AT Rz

recei vi ng pprd pAhilel RsbRoARPEEN & corSe B ggraﬁl'eﬁanﬂcoﬁec{e_ﬂ% difbde

tiltO deteriorates nore so than SET (tfee FIGS. GB and 60) in the Rx
hand, 10017detAeemjlor sechdraoharsRES2ahdtRIESHr edenparelitodiamendr RES1®is
control currents that flag]\g%into the two receiving ports fromthe

trﬁnsm'ht t i rignpesied & Raraigl axmp gogpackeios EE HREVeIHIE seHa) Tesprkers RES3
. . . . et
v E B on DNORESEITRR Bt RErPuitbr RS GipPRtcg AR Roh Do red to

port 4a.  anBk ishewen 8E scdii0RdoRstok FsMd AR Buip@it terdhih® O The
receiving port 4b. FIG 80 shows differential isolation (D), which

i s obt althedindyctey hil hesimzienigdithéhd sohdelieamatdr REE1t.wollpantsctai {8 ia

bal un. FIGS. 8A tg BC each_show i dea rac iLSstics, adjusting
currents toc%@e?tﬁgﬁ%glfep@yﬁll%ées%@méhﬁgﬁ?é@tgﬁSﬁéof ‘]—l@gj“g@f i‘g‘é% be

i mproved no t f B i [
T T e

el ect r omagnekbgabls) of AR batk sPatii@tdsynaibat (BAR4) tah Be POSEiokicBidvO the serial
improve the isolation in. the Ex hand as indicated by the arrow D in
FIG SC as webhatges RBel e BEStison tha patadleTrespanidraBESAtiic BESd4by t he

C t this tine, h in.th band. in whi ch Sl 3l
beconestbet PO2OL HEIE D gt AeRIy 6 el Sa g s el Gatht FpRESe

achi eved by Bﬁhﬁ i i =MD Lectd I g
90' as a ra%égce S ‘Jf; ted ?%r%?%nﬁ)gg/ﬂ%&)% 3\233 eﬁ@%%p%lggv@% %12}0'195%’59%

range shi f t edbalfin@hilHek bdyndedbutpveliubyt fod¢ BABOIDNIEXAltpt e The rdeGring
is acircuit diagrama a transmtting filter included in the dupl exer
. present eMberdibesmin FithdOimdndas an inpyt fesprator S¥owd qopnggted togan input

i ncludes serial r nators RESI to aral l.el resonators. R

to R ESia,  KRRRHDcrBra g er gt b T RAE (T han O AR OO UTL an
serial gesonahaf fesBEstbr REIBHnAEReSIUILEEDHt 1@ nSRAI @UT225 B relERB s
paral l el resonator RES11. is connected to a parallel arm connected to

a node bet WwBEN2f haddd¥Fzl.. Tresopat wssnRESRESRd 1RE82ed Pheedoar dbdtel signals
resonator 11E812 is connected to paral | el ‘arm connected to a_node
botween t holBSFEAI FRaBHEE BRRREdD, 5Ad ORplations s tha gyt é?soslé%rlﬁgzl
ItES13 is ¢ [ e

serial rosonaporat e oA MEARRE S RS2 T ARt B

connect ed toutpupadsdhhdks RESREORASTLSTE. t At REAR, dledtweeiznhhens etiAltted
resonator RES4 and an. output termnal O01.1T The inductor Li is

connectéd. fromtthe opandltbehimaésOhdtlomdRBETL, . The inductor L2 is
connected t aral l el rgesaonators RESI 2 and RES13. The_jpduct or

i s connect e@)O{ZE]E t %fml?’eﬁﬁmo%@%ﬁa?wcw@g&ﬁﬁ E‘Qné’ég‘gggi ﬂl‘%\%‘\‘félﬂs)B
resonators (AW LEIARALRESY (1 rebbr 4Tyl g@?%ﬁ?gﬁgﬁﬁhﬂﬁ]ﬁgﬁc&cwsﬁc

used to achieve the serial resonatorsRE e par
resonat ors FRE&1dtot.0 IRES14B id 5 cfd302@tiobhGriedQfitlse A:A portiodiih Fli:agr/am e
a receiving- filter included in the duplexer according to the present

enbodi ment . fiphsubkercongiihepsppatpemckisiean. supatryted L, 20 uppensleitiskl lEne dever
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



filter shown in Ha 10 includes an input resonator RES21 connected to
an input termnal 1N, an output resonator RE522 connected. to an
output termnal. (JUTE an 20 out put resonator 11E523 connected to an
output term nal OQUT2, and reflectors REF2? and REF22. The i nput
resonator RES21 is excited based on electric signals inputted to the

i nput termpal; tgyuﬁg&delg&i:ddel l@tdﬂ%eQ$wéﬂ@e&f&Ht13r gg%aéagﬁ of P21 As a result

propagat e towar tput resonators R522 and t her eby
osci | | ati ngoftths, Guetiperdocleesanfdint $cdRES22laand 1113523, As a resul t
eI ectrl C S|i%nal s are out putted fromthe output termnals

| 0021 Ksrrprwle, picpyatisot /e gesuators ap éb@wamFH}ab%sm\AZB an be

FI GS 11A d b t
A s e e RS o FR LA e P SEROM B pet hY resguator
a Cross-secti@nalB ¥ Ia%égfse&h@lad\vémthé AP brtioh@n Fi&A 24 heThd hapRuk kave

acoustic resonator includes a substrate 11., an upper ehictrode 12, a
| oner 3: 3 etesatatodmchfles andbstrpicdoe pentaf banb ilentrades Zhénteppiertal

el ectrode elo ctrode 1% d the piezoelectric film 14
are |ani nag’ﬁ@néauqeﬁeﬁﬁm ogpozs e i 258, st Eorminglicd Anfean Uy @ity

15 at a por ri

1o east rrs onsarte BPRDGe ¥Riated EORAARR B GRorth Lt fibdodls 22
each ot her. TS o@piu€ sdthiin®f 23 Ricsnndchel 10itBe 0flee of fietcobil éIb(MOd@éQZ One of
oscillate. 0022 For exanple, acoustic wave resonators as shown in

FIG 121 anﬁlemmbaéectmdes P8 wemaedabmed\w dléndric pigseisatpriged #l tBe mrzutA
is ra. plan vie IanaC|mt|cwav 3 5FI
crossasect | @ﬁlau 9§C ﬁ%orz%aefaeﬁp 09%41 egqcﬂodeigip G&J&é@ ofher of
wav e -reso t
ans s%k :%Ld dak ﬁ: %@MS%gg{éfpéﬁ%dztg‘Bﬂé Qut‘f)lﬁ't el nRdgsos.

22 (Interdunta ers an i nput

term nal 24[cang] aNotMthéﬂ-t}ﬂe]reséIﬁftﬁiisﬂﬁb ndblimitea tb ﬁhﬂbulki‘zﬁdoﬁlsﬁ@i'esaﬂaﬂoﬁs and
connected to one of fife conb el ectrodes 22. The output termmial 25
i s , i onnectawusiac Whee pishertons, anAetlwompswlages sodess 2ustnbowidapmvee

conb el ectrodes 22 is exci t<ﬁjq sed pn el ectrlc signals inputted to
the inp YeSAmA AT ™3y De sy ‘6?95(%% of the conmb el ectrodes 22

pr opagat e tR @]e Fﬁcﬁl% 96 chlaﬁltmaﬁ gghé Fgg%x&%co&raﬂlﬁo%a r&legpal s

are outputte to the output termn 3 'Note t

resonat ors ambodiatenkt.i Miieduploxdr dhowhbuihKTac 08 aidha:delsestmmmmgﬁ]ier 31,a
acousti c wave resonators: and other resonators such as acoustic
boundary waleseWEEOHERTOMS 2 feanspatiirasprt 85 .aepiTens POHE Has@datddr an antenna

port 35, and an electrostatic coupling portion 36. A ladder 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  1is 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. Asan example, each constant in the present embodiment is set such that the
phase difference becomes about 40° as shown in the Rx band in FIG. 14B. FIG. 14A

shows electric power transmission characteristics of the paths from the transmitting



[00241 Fla 13 is a circuit diagram of the duplexer according to the
present enbodi nent. The dupl exer shown in FIG 13 includes: a
transmtting fla ter 31, a receiving filter 32, a transmtting port

33, receiving poi:s 34a and 34b, an ant enna port 35, and an
Eilectaitstatic coupling portion 36. A |ladder filter having the sane

20 confi gur t i t r

filter 31. %%%%t?ﬁetlg?é g:ﬁrqgt% eﬂ@r&e@ﬁ?ﬁ%ﬁ&a}ﬁggn@g tlﬁgéﬂs"h”@mﬂ& tric
in FIG 1. Odbvarsethsasstibe chi@eeievistigs dfithé path3ZyonT hiee eheehitts @boiric33 to the
fiemlling portion 36 includes capacities Cl._and C2. The capacities

0. and C2 HeevEsimeEEa and whon totmeel nhase diffesgnceand they are

connected b the ecei v [ts. and~341. . Anode het we

capaci t1 es QPR aPtO sk et RuB et p AR, PE AP e AR RE R A o
' The capaci i e%y. GbAand G2 @aalhva cBa &Rt @Qsﬁ&vrhamcw qRBEEPISE ankIG,
that electric power transm ssion characteristics of the path fromthe

transm tti ntphpsindwSBI viche IdapleexeleshuwrganEG 131 aFéndl GhasevsdfEl frempdieh
fromthe transmtting port to the I‘eCIVI gpor e3ﬁ,\11hvea
phase di der@ﬁewmgppﬁ%tpﬁ © PERCHARHP @% é%ﬁ WD Er $pGghows

P the pr asout Soibe Tnshifih it Sidtnd AT IEREMD LSRRI INRE ST 4

becomes aboemliassowsen MG NeARer @158l ﬁc dholhbt BI idd¢% lower

shows el ectric power transm ssion characteristics 01 the paths from
t he trahsm keveltgan pdiltin 813 Rebahé. recei ving port. 34a and $4, in terns

char act or | SAVEET oI HE SDARRE RerHEE RETEP RS His TRRGTBHRE flder P ipded in the
receiving pgy lgx%%ﬁloaﬁqn%’lélh nTﬁee{rHﬁsﬁ%FLBga Jv&r? 16180%0ks BY a

configuring t ex:1x" in thi's way, avecaracterlstlds

shown in Fl&bstbhe 411@@@ t@atinhaviea chdrad! grohﬁammslsﬂmmb Anb485, a
1.513 and 15C. FIG 15A shows DI of the duplexer showmn in FIG 13.

FIG 15B shéwsusBattqromd brialrasesaiars Big Iporitli3% and narellel é@semtqrg RES11 to

t 34 h 13 FIG, 15 f the t
Port 3301 n TS ok R niEn S s e SBRACHR UBr caint STeletin hyBRF Blsras thoke in
bet ween Fl Gryd %e&lﬁ% notSkh al%élsoﬁﬂ&\ﬂ@aﬁ&'%e leaua I%Eor?atmwer El
| evel . than SET In theRx band, [0 026 FIG 16 shows a specif

exanpl e ot [WB7F i FiGrl3hoimcl spdenﬂclenambbe adtipd socervighidver 32nnElluGed 13the
The transraating filter shown in FIG 16 includes, on_a substrate 41,

si gnal ter nileRlpYey showndnd'ap3. gFleuirreevareilishowndn Fign 17 medndescon a

d | Sl RES4' |
i sonat er s Ptz BEadn \ERRRALRR P et G  arpraf B rBRIE RS yana soe
ref orenge niPhabsaSs RESSA, RS Gun PRI 3USTHe LendRABke hon 564 tétninal

resonators and the parallel resonators, [0027] shows a.
specific exﬁ)mpe(@noﬁg eleetricetgials, agdfthé slgnaBl@rmnmﬂlﬁd%biandl Seheredaphecéds for
shown in FIG 13, erecelv ng filter shown in FIG. 17 includes, on

a substrat eo‘{’ﬂ’“tté‘il% PICSHERAAl s 52a., 526, and 52c, ground term nal s

o3a. 930 Ride] SRfas A LORINAN 3 6 &Fcr 163652 s JHY

S|gnal termna ais a ermna ece|V|ngee2{h|c S|gnas and
the signal rensi el ® B2 thadupllterdingy haydh fens irf @hicBuhp UitansAGtting filter and

electric signals, [0028] FIGS. 18A to 181) show a specific exanple

of Aexer 2As 1vmg 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 ceramics substrate, FIG. 18Bis a
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. 18A, the transmitting filter 40 and the receiving filter 50

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



FIGS. 18A to 18D, the duplexer may have a farmin which the
transmtting filter and the receiving. filter as described above are
mount ed face down on a Mi:inlayer ceram cs substrate through the use
of bunps. Specifically, Mc 18A is a. pl d%. view showi ng the
configuration of the upper |ayer of the cerami cs substrate, FIG

1.813 s a QhafhnkhewmShow g}g,vaml%@pf%bgyé atim ¥ tﬁetk%rﬁéqlteﬁé@ﬁ&e h&xhl%fals.

of the ceram cs substrate, and F .80 Is a plan view show ng the
conf i gur at i Ofitlefretdireinhddics Hbdehefsatkeoteoaaits sis shidstshatva in FIG. 171 a8Dldisted
a ctross-sectional view of the A-A portion in nil 18A 00291 As

shownFI G Ugnathersaena fedieniertumagrals. | Yeviswrd tamaioehd2s efdbe Viamgrttmesfilte o

are pattern er layar .01..01 .the transmtti.ng filter

the Same. comomelREodRFuENEh sl viart ikt LT kst o the
same refh. eprag@mAHAR ks 40 (& cohRBctb @ 68h Vb gh hble&l 10385 a ki@ aPBARG1p. A
conponents as those shown in FIG 17 are denoted by the sane

ref erence ngmendltermifabidmelthe GramsmattingAdtenf40tib eorteated b atthrgighi hdle6le.

40 is connected to a through hole Ella viag a signal line El.m
signal ter FERundpmeal A of ¢ ISP RS gltﬁ%iélsmnp%ct%g%@frea@ﬂ golg 61g.

t hr ough hol ' [ Li 0. |

transtt1 ng T Er PR SRR PR Bing TRCHTR RN, Ao il et
term nal 43R siphat hentihAsaiof thegcéivlieeflted G 0i 1S ceanoRalte ghd thraugheM@a via
hole A ground. termnal 43c of the transmtting filter 40 is

connect &4 t @signahimeugin. hdt egnalltbroainsi gHad! the rademang §ar of istcdepnected to a
receiving fjlter i §,connected.to fhe, through hole 613 via 10. a

G gnal 1 nethsaiEh BoleGlg i A bl I O BR6ASTEPLEHHRE] AL UH4 eparingdilies 50
connected tQ g,fhropgh, tH}Q{x%b ﬁ?lg 618%1%&’]% él'gpgé%}%ﬁ%d @ﬁﬁﬁﬂgﬁ%a of the

term nal 52c of the receivi Ilte conne rou

hol e A e vigcaiviigdiiadr 50ii8 eorAegtedAogribung:H lesletnh.d Baathebughkole 61a is
receiving filter 50 is connected to a through hole Gft. The throuc};}?
bol e G a i scasnariedtedn anteran. terniteh fida pe AP wer layeses shewn i Flénd8C through

PG 105 THE CHTBULR Hore st 1o cbrinBet df tronefEl i AR el o

83b on the hﬁi’i@z&ﬁt\tﬁé?brt%bsdﬁ)m 1bWettaber 480 dWH RUOIT HRE thRS @@k internal

| ayer 62 shown 1n. G 1813. The through hole 81.c is connected to a
recei vi ng pbytr 63shom irhEIG.omEY. [Tayehrddhsivdmbld 8 chhifactelB0 o recaugly port
the internal layer 62 showmn in FIG -18R The through hole 61d is

connect ed t B3 BEPVEHGYpoF1 slestn Bnlthd Sohspugptheaprma/darsidirshionn in

PEG. 180 th heqwi [ 1 . 62 sh in FIG 181 h

through_ ol BT - 1 iehERBA S i GrBRAT . Wk imgib e R PR e gy

llayer 6% shpyar 6Mslidvia inl BLE: LIHOREBusiehd iﬁteg«htaﬂla{yém;ého% SNOMR 18B.  The
0}

FIG 188. The through hole 61f is connecte he ground term nal
631 on t he tlowegh halpéile 6Scapmovtnd itma Er@ndite8@inditsagh thbbwenigren&B shown in

oo o I pont RPN U RBERN L i
(e okt T RO ELS o1 LN oU e, S

Fi G 180 t hilaugsh theinkdihal Rebr b2ayeswi8z BIOWSE. N THeGhrdihdhole 61¢g is connected
[00301maniple 2) FIG 19 is a circuit diagram show E'th he

confi guriat i Bra gfovaddennexép3pin Exalvplee lead shaingn FoGt HE gresgnthe
crtodl Ten L o RS LA, RTRAOETLA SRON | 0BG, 0,680, 08 rn
13 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

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



zweateii The capacities 0 and 02 have equal constants. in the present
enbodi nment, tbh.e capacities C1| and 02 oath have a constant of, fbr
exanpl e, 15pfs. The term "equal constants" as used herein neans that
not only the capacities el and 02 have cdnpletely the same constant

but al so have constants different in sonme 5 degree due to production
variation o li t hej ot 1l jym

conpl etely I(r:eg%%%fldi *5568 nscftt%%:qsl ﬁﬁnc%ﬁ?géwéﬁﬁn%hé%g%gg?%n& 01
and. 02 ar ecrabsdirgut,etle topdeaus Eoual C2enst RiNeSy clsenitiof, dopometple, 5pF.
transm ssion diarariteristics of the paths fromthe transinitting

port to thelhakerrecaredl ngsiport sshasdherephasangiidtanepely the capnicaias Gband

to 20" int I N ban cept at a a I nversion i nt shown in

o' Gs, 10 2oRrde Sgpe s tie SrlRiEEul BRERRY P TP ok an
the phasg rglatd 0 8AWAudtRNRGatbtBr SROIRE B ERAEKEE cofidtGhts206 b ANGted
el ectric power transm ssion characteristics of the pcAs tramthe
transm tti ng qarletdly dncidieg teseints nglnpbid wa$ehearitie 3diaditiest @ ard Of2 are

phase. FIG 203 shows el ectric power transni ssion characteristics of
the paths feowmetrrsl torhane ailvelicagstiants elegaicmevier SransBailahg aparte s stespf the

15 and $41) i er f pha. difference. Lot.h. A: By .conliguririesthe
e ot phe B Phe iR B2 b3 B Gro b tire nes i sk e of
and SET w | jpdiave t§havi ochgms&a&ﬁ%xe@t%gﬁﬁa@e h{vePdé oidl dSsianeh 21P1GS.

M5 21 A shows DI of the di:Wwxer shown in FIG 19. FM 213 shows SEI

fromthe tramseand 20Bg Pbnt, tB8phasectiemtivaceseiideplpor th84theghiosn relatifh G
19. FIG 210 shows 1 fromthe transmttin ort 33 to the receivi.ng
pert 3413 s%@ﬁ%ﬂ Mﬁféﬁ@,an/be@@hﬁaﬁ?s %ﬁ) AWEPECIEROW S fEAspEgsion
213 and 210 1 hat ' j

iﬁa@%x&%ﬁ% cg @cﬁm%\h@%??n Llr?evﬁénérﬁl\f ghgﬁ%ﬁ-{h% Pecﬁ%&%rts 34a

hand. 10032 iS a circul Iagram show ng

confi gurati gid 8fb tn @opkexghaef Q. 2PN de@sie PodbNGahomidaPnpr esent
enbodi nent. The dtail exer shown in FIG 22 includes a transmtting
filter 31, eharedeiiviiespith¢ pathsIdm she iransmitting pgripoirto the receweeg vomg34a
perin ffla an(? %‘)I’h, an agt nnadfjﬁort 35 and an el ectromagnetic

coupl i n{f poftf B8RP BElerRS PLRRAT FiF8FS hayi ng t he same conligi mation as

t hat shown | 1?;;91]?9% Lhe; i & 17 fi :

DI VES fil tewbﬁg]viqr%%? € sa ﬂ%gﬁlp }eg(t%{ rati éo{r;1Va ’?T[&ﬁﬂaltﬁ%’ﬁcérh\%ﬁerﬁmﬁéasmwn

10 can be useBl@1thed S€ewill hgvd dhat&itedics BRehekach FOGBINE hed €1C. FIG.
inPling Portion 36 includes inductors L31, L32, and L33. The_ inductor
LID i s conndbheboweDhebimerhwlaxet shamin FiGt 1 33CadtB shevs sBEfippnige

port 34a, 'The inductor hills connected tween .t receivi ilter
DS and 1) n: TP BRBT T RGoFor ode TRPNTe bPHaerDevE i3 Trs Fao Ach BafshoR
bet weenyd hestr anaMHt i AERhg ?&t%@% Ttl*i@r&éﬂfﬂfggborﬂ_ Bey bRerehPrRy ho31a
and- 032 are disposed adjacent to each other and are

el ect r omagnetracdridon leowpdreBlG.32 1devel BiE Ddpacd 21C shows tispddes at a lower
t her ebetween. The inductors L32 and h33 are disposed iadjant cacti

ot her and a]f%’e]élhéétsr@ilﬁtth%ﬁétha@él Iy coupled to develop a capacity in

the s;iace b \Ile electromagnetic coupling portion 36 is
configured Fdsg):%ﬁa@ex\%?ﬂe 3

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

25  Example 3 according to the present embodiment. 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, 1.32, and .33. The inductor L31 1s connected between the
receiving filter 32 and the receiving port 34a. The inductor L32 is connected between



such a constant that the paths fromthe transmtting port. 38 to the
two receiving ports 34a and 34b have a phase difference ofroughly 0
to 90cin the Ex band, By cientiguring the duplexer mtins way D can
be at a itrwer level than Sid tri the it}fand. 60331 thlxtinuie

HOS. 23A to 2315 an schematic di agranms showi ng the specific
confignmat i e n
I s, 23A 1o e e P R S st

18D are denbdteden blye trhgsiaating @em}n@mﬁlﬁl s Thanddtdersdeslcanpi.Bpare
thereof will not be repeated, 100341 'Ile einpl exer_of Exanple 4
i ncl udes a @iopefse rEIASTsRGRAR PreFRE az%ﬂectrma@mwaﬂy gpunderl josdevelop a

di d al he f h
Cunetrate ] il B R fFetRtvidte, “BRThab¢Ht %3?:’#&&{&%? St
connect ed t 9qih R RYUGBa MBSy Mbarc@i@ tRMch Hle Ay le'd% @éi?e%p h%ﬁﬁécﬂ@@n the

of the ceram cs substrate, Since the 20 hrough o e 670)
connected t spatcb ehetrebetweent i Hlge eiea:trorﬁﬁglem@mphmglpdihﬁh 353$)cortﬁgured to have

t hrough hol e 61c |s co ed to he ecei ving. port 63c shown in FIG
230, and th&* P&tli ﬁ@&%@%ﬂ@ﬂ@ﬂ%@@ﬁﬁ&%@%%&&
h in Fl t

T e B me%ﬁé% W R SO g,

be el ectrostaifi gﬁﬁ!n )th@@uﬂle%irmlthﬁ% UI@aﬁBé?athW&MeﬁélﬂMﬂSE@ﬂlﬂgeRx
t he conduct or to the duplexer shown in FIGS. 18A to 180, it is

possi bl & t obawhi eve the dupi exer according to the present enbodi nent,
shown in FI 'J),ﬁ xﬁ i| ke. That is, this dupl eker can be achieved
wi t hout mak 8 @'ﬁi af changes to the structure of the dupl excr

shown in FlIGS. 18 T an,

W t hout substanti Jﬁ"% |3|116?:8tr])(]a2§§)| %‘é%tc éeﬁg?lggﬁ%gﬁg%ﬁ}gl |%%E§gé§pcﬁ}é(?%nﬁwamn
conduct or 64f ths dppRxktgeoating hethénResent adodherafl THBIGEr@A ©S23D, the same
substrate. However, the conductor 61 may be forned an the inter nal

| ayer as shewnpdnenk @shopaghaven 2YHHGS. |ﬂ18@t0218]9 drg danmedﬂvyﬁh@aamfe refeeence
upper layer 01 of t cer iltate. 24Bpl an vi ew of

a first'{nt BPW&FalFéV@rtthl %%&m%?‘ﬁwot@\f’%tfbeareg‘é 6fd i nternal |ayer

65. FIG 24 I; n i
Substrate. the fppaf Ol K Y ianklp AbgHitcd AXBLLORr: 617 AP ShGPR BRLFS. 234
second i nt ethwadondayter 665 dngbstthaldngwhe pbryeterad tlar eppaiayatcddfithe ctdir'aﬁlics

order. As 5 shown mFI G, 2413, the_conductor 64 15 di sposed cdo.
to the peri ﬁ%lzsélratgm@h@pf i R ehowin ar R 338 dhe gmduciirtias corﬁ@c@ﬁdwﬁhlmgh

and ara. SR Re e Hor EPSREET ket S e R Rl iRy e

P, i) SR BB ekt i ST 30 o

i s connect ethibogh hele &1t s commeiteil m@t}maret:&hmgrpom 68, shesh3dn Kike 23C, and the

transmttin %8&1% hgl?é 6%3(113 E:(t]n?lerct% & Vfle recelvmg port 63d shown in FIG. 23C, the
transmitting port 33 and the receiving port 34a and the transmitting port 33 and the
receiving port 34b can be electrostatically coupled.

5 [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
making 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



34a and the transmitting port 33 and the receiving port 343 can be

el ectrostatically coupled. 10037 Further, the Cl1)11:11.1nl T 64- may

be partially pit:waded. Further a t.)art of t he conductor 84 nay be

on a different layer fromthe | ayer On Wi Ch et her part is .15

di sposed. Further, the conductor 64 nmay torn an additiored

el eCt 1 0t at i 6o GANRLbAG ! SIIPRG AEK Vi of NE-PEIDSA LR BBe FIG. 24C s
transmttintic port 33 to the recei ng ports 34a and 34

| ong as t heapraansey bf & Bgopdinterda land 6bheFi@: 24Dllsngplpnlvievx8&'6thaﬂdwéﬂﬂleyer

transmttitt port lilt and the TeCC.tiving port 343 ca
el ect r ost at $Zallpghe @Qran@@ﬁ SubRE Ry th%vmneéé%ﬁ%ﬁlsﬂledi;é%mﬁwah@@er b4 the

substrate.  EreioaratiBeRln Ko thilor st B oy el R b aFad0 Ao
FIG 25G i sglpvRfih IVI'(?‘QALBf tHh®n88aenEs isHigidRad clbay®th perifiletar (}’#—ﬁﬁe figsta

plan view of the lower layer 63. In the ceram cs substrate, the upper
| ayer 61, timgerialstyehtt.i rl?laithéragzmhoﬁm intifi&r. @4Cotia dondlertmabd lsaypene@6d to

o e Lo, et .o L apted 0, SO R GRS e e
t t t

e o Do b AR SR B St AL AT VSR 6 s 0

613, 61c anghchivthg ﬁdi*ﬁ63MMﬂnm 26D1nd sheIBVb @81 BSle 618 s connected to the

transmtting port C33: trfwO sinin FIG 25D, Cho throni.:;t: iXx&
61c 10 15recemmegtoriAb3dshdyen neEKi\Mﬂﬂg tlpmtran@mttmg@m 33rarfl iBe 1284ting port

and the through e Add s, ati edtotherC|V| ort

shown in Fi %Ea a‘P‘m}esbﬂlismfFHﬂ% poxt I‘%&%‘%ﬁ?‘ﬁ‘ﬂﬂép ggaﬁf’%smmguY
receivcport, Aél) gand the transmtting port 33 and the recel Vi ng port

343 can be eq ctrostatically coupl ed. 16 [00391 [2. Configuration of
Communi cat i wo3todirdeher, the condu&or 26 zﬁ*ﬂiaﬁy@mhﬁledf Eurther a part of the
com nuni cation. nodule includntt the ggg exer accordi ng11to t he

present enbeuidreinr 64asashrowna diferpniday ratha!ﬂy@xen“@c ¢ibPudes ia

i vi filt 92 t lter 9 0 th
Toceivi e fipEkdgoRulti Bt (SRl et brgtin SfRtowtisidBhuatRshiling at
ith bal
U it ot 8 the SARIEE O e bolsRHAHTR) o | B Bfreodififc ports 342

t hrough a pewméB4lanplifier 94. Here, the dupl ex& according to the

pr esent en‘o{)d nt can be_used. as the dupl exer 92,
0038] As long as the transmitting port 33 and the receiving port 34a and the

transmitting port 33 and the receiving port 34b can be electrostatically coupled, the

20  conductor 64 does not need to be in aloop. FIG. 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 1s 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

v6  order. Asshown in 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 in FIG. 25D, the through hole 61c
1s connected to the receiving port 63c shown in FIG. 25D, and the through hole 61d is

30  connected to the receiving 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.



1,0040] O reception signals inputted through an antenna term nal 91,
only signals in a certain frequency band are allowed to pass thronen
the receiving filter 92a during the reception operation, and they are
outputted externally fromthe receiving %rminals 93a and 93b.
Further, of transm ssion signals inputted fromthe transmtting
termnal O5i0Aag) aBPELhfdHalY, biCoRRNETcATRIMbILEr 4. only signals in
a certain frequency bantd are allowed to pass through the transmtting

filter 92b duri ngFIs 26hR0tvE anSRhEDIO aoparatihatioranddulenayludirg the duplexer
outputted externally fromthe antenna termi nal 91. 1.00411 By

i ncor por at i #§otdies Hiibiedxesent aebodianeny. t 6s shevn pr BKeri6, adwblsgpneaincludes a
into the communi cat,j on modyle, the. co ni catigp. .nodule with.

| mproved | SOPRPTGE 2R crirebu GF BHOLYLby B e, Wi Mrhbreadlingo2e.
the size, 200400424 N0otes 38ind 98 CRREILHI AR Alceh BREARIIUEAGALIRN for
nodul e show nerel’y an exam ple. Even, 1f the duplexer according to

t he presenteseniddi Néntthes theneangoitahe dltei H2loisaonoethiocatroosmitbdyglterminal
in other fortn, the sanme effects can_be achjeved, [00431Confi guration

of Communi cat MyAUEegPewer amplifigy . derghidirslupieer pecoplag ko bre RreRsli | e
h t er ni | e of ication device including th
pnone er m%Lﬁeggé%?ﬁsea%stﬁtﬁg%g?ﬁa I ONn evi ce | ncludl ng e

dupl exer accor nent or the comrunication
nodul e as deegoj betrabays: si ﬁg{ﬂmi&%& HI8¥ic68a WS8al 91, only signals i
configuration is shovm@ﬁiyn Fli%ﬁsz can be ag}{rhbbi e p%one term r(1)alySlgn i
conpat i bl e akeainHeeqGEMy( @ cbale :8ysedm pass thivhighethCoarainig tteofga Juring

conmuni catign system and t he (\'Vi deband Cod i vision Miltiple
Access) conﬁwwwﬁoaﬁpgwwﬁ%we%% CANPSHY S8 é}%lieﬁplt’wg
present enbodj or . N i 9
diz bands,%%%g%%???gﬁatggﬂt h@“@g%p%%‘?s S SMI%H‘%I%P@#‘%%&%’? t he
.mobile p hOﬁﬁnémftﬂthaémﬁhapgs A6l udgsifiad tt;’z%h@pmmp]jﬁém, bEl.sighals in a

liquid crystal display and the Ki m but eee conaponents are not .
i || ustr at edcaytdaficquenmybaadere atetved tnpassshtdvghdbs trangtiidmediltarto@b during

present  enbqdi nent.. l.ithe, the duplex& arcairding tO th resent

o kbt 1 (aBSNOR ORARH R T4 dBo UM PUFeH Ster Ao thg ntenna
swi tching cithaiitg172 sel ects an LSI to be operated based on the
cammunimaitin 1ss,..,amof reception signals inputted thereto thnugh
an antenna [0041] By basesbratinybles hesletdreceatimgniocht paresyahBadiniesit into the
W CDAI A or GSM Wien the inputted reception signals correspond to the
W CDVA COMMOREinpupaatign md@%h@mmm@hlpngn@@ﬂ@mm pyeed igolatiep ean be

the reception.signals to e duplexer 73..The 10 reception signals

i nputt ed toa‘%iﬂ%vegﬁnﬁfli%rwf?%agﬁéﬁ}' e % H6se in a certain

frequengy bﬁmz{ hROHAha R HESRI¥ LA dh! dfE RS cofdBunfi@tibAMoRM 8REEIIn FIG. 26 is
reception signals are outputted to a LNA 74. The:1,NA 74 anplifies

t he i nput t etherdg epteixampdd. griates 16ihd duyplguet acdoh@ngriptlid predenterdptdimant is
signals to an LEE 76. Based on the inpume_d. reception signals, the
LET 76 decod¥8rhokaedigns @mpapaicatien glosile infqtherfogmaiy sagim¢lsris capde
operation Ogc}ﬁé\%ﬁ portion of the nobile phone term nal.

[0043] [3. Configuration of Communication Device]

25 FIG. 27 shows an RF block of a mobile phone terminal as an example of a
communication 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,



100451 On the other hand, when transmtting signals, the 1ST 76
produces transm ssion signals. The transm ssion Sig:lab produced are
anplified by the power arrpl|f|er 75 and are inputted to the
transmitting filter 731.. O the transmi sion signals inputted to the
transmtting filter 73b, onIy signals in a certain frequency 20 band

are all owed I .

out putted f?}%}%n }%Oglgécgn%#%lng ?ﬂ} d%g‘kﬁf}&(g)ﬁhgﬁgqﬁ Ita%(%%geéthgdr%g 2l

firm the amrsplapamalhé likobghtHebe canp @nds S ot il pgraeed bwahsgﬂ;ey@ﬁém
: Rat her, when the inputted reception signals are si gﬁal S

cor r espondi heelewrt Iﬁ@tleslﬂsc@mmfcthe pmegygmbﬁdlmem eeente ditlexdi ng

circuit 72 selects, one of recei in f|9é1ters Tl based on the

frequency b&MH" gf‘h@eﬁr&?‘?ﬁl §m 3 %ﬂ%ﬂ? Elsif’ed?@’é’éeﬁtl on signals to
the sel eft efhougrefithiltn bl sWiRBMEGRRE PN AN BSPOASSRARY
limted by g)ne }c:)f the Irlélceeitn\‘%llrang ters 77 to 800 are mputtﬂeég tol%ﬁgdon
LSI 83. Bast omrhheicatipuitsedn of ecepfidrogigsalg ahsted therdiSih83gheaatesnna
thii signals into audio signals and controls the operation of each
portion of thdenbpsadeorptibpidet Qﬁoﬂapmtlf’lh&’sé@lﬁé*ﬁ Q@Méﬁa SMenWhen

transmtting si the LSI roduc ra on SI

trars ou o+ osinPRReR P ot Hrnds B ESHRE HRERCHIEA Mln Bk i B S5,
81 or 82 an&vﬁé@n&%@ff&ﬁf&d%%ﬁfﬁ?ﬁ%&’r&éﬂﬁaﬂ élgnﬂﬁﬁ:@ﬂ@dlﬁﬁeﬁe@f'?@ugmhéhe
antenna switching circuit 72. I'S 00471 By incorporating the dupl ex&
or the tomumbptati spnaie duletaiciodhd ingleker Therednesehto témbmnhl areartainnt o

t he communi cati on device, the coll nMead031 device wt npr oved
iSthita)fi CaAUEEYRend &houshicrreriyingdber daeiRIthyt halan ?@txon@@aé%are

0048, N0t ¢ BRukEch L TNARESULROL R 10l M55 PRy RN

in FIG 27 is*nerely .eanpe exer a

the Present o@@hb@ﬂie%xﬁﬂ?ﬁﬁéd&ebé}ﬁféh@ﬁ%ﬂé fh 191 P6.2 Rl Gld&hé dtﬂald

device in other form the ttaine effects can be achi eved, 0040Effects
of Enbodi nerdcepaercsigndlecibedidiy Gtdecedes tbe eiganals mmmhmgnals and controls the

| at bet t t dth filt
can he U1'si G GUBAOyBIBBRTYEUE RSP PIEBRHIEHEE he transmi {Ling
Port ai |1t ioger eoei . B ROk EHES Sty 8i06e D, €l RCTEOSE B uces

coupling between t ransm ng por cel'ving por can be
achi eved bytrahemigiag@ls. 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 L.SI 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 amplified by a power amplifier 81 or 82 and are

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



el ectrically connecting the transmtting port and the receiving ports
t hrough an el ement such as a capacity; an inductor or the like, a
dupl exer can be achieved w thout |bsubstantially increasing the size,
d) 0501 The present. invention is not lini!®ed to the spedfic exanpl es
descri bed above An detail. The present invention may be changed or

nmodi fi ed w thiyA the: e I Cati .
fol |l ow ng nE(())tB 321 a?gugsﬁg%?%ﬁs?%%]g% %xﬁ)%%%g ggg%ecéo%h%{ﬁglc%t#%% renrcl)tg Q%Jrrabc-ggﬁrlr%’%lfq e
| MDO52 ( Not gredent embodiment bitdlthel @xshuhidglididildgee, 8 wabahaieeon device with

transmtting filter: a balanced receiving filter: a transmtting port
connect ed tonpiheed salagiancan hg athipyesk wihewt svbeiantiedk ndipapiagthsorie.
connected t eeem filter secandary recej.vi .per,t con .
Lo the recel WG NFRAER the b uafiolnr O GrVEUEEapTT N RoPEranm F1C- 21 is
connect e BEINEEHn biEmbleANHoh i thd dRBldxehcoRtifly thRb AR Kl BABHYAND
port and |I.)etween the transmtting port :and the secondary receiVving
port, the elrectpoestdinto acouphivmgator dévace ialdtiew fogm phha seredifiestsedn be

el ectric power to flow fromthe transmtting port to the prinmary

recei vi ng p@ﬁhle%dd fromthe transmitting port to the secondary

receiving p : Q0 Acear di to the above coodiguration, it is

possi bl e tofb@%%]eeﬁ' gﬁlgctagfgm%(g?gmrﬁnetpi of the isolation caused by a
coupling between ahg,dihafdtid fro8htRMBodanent A& EEGELY bBE&vRANhS transmitting
t hrough space. Thereibre, a sinple duplexer with high isolation can

be achi gvedfiteidout their€eieag filengant beirspaced betlseenstbhiealtyra@nshing thag

port and the 19 receiving ports aor aton.anc_pu ding electimm.gnetic
shi el di ng stPBERUFEE Port g ¢ FeqanGPe Poyt- %urtheil?ﬁ’éncﬁ@fil S%WPP]’%

to Note 1, yheieh Thd ﬂ‘gflg %ﬁ%ﬁ%%@&%%ﬁé%?ﬁé&%ﬁﬂgpg%%%e ﬁ%g%fbi B Rhmple,

so of electricsuch elrec rom

transm ttirge@eichlly &rindetils tHB-¥ndREehY FBrtROHithaNebeiREbHtE tHOWER an
that flows fromthe transmtting port to the secondaty receiving port

have an absekuest phdses aiédiaeity posninctar prihgdikef a Quplex@0@ndre Zh@eved without

360" in the receiyvi band. 0551 Note 3) The dopl exer accord ng to
Note 1 &t .seb%&m%&ﬁn%@@g%g% PigStatic cou

[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 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

26  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



fa portion provides an el ectrostatic coupling between the

transmtting port and the primary nettiving pert and an el ectrostatic
coupling between the transmtting port and the secondary receiving

port at: the sanme degree, [0056] Accordind to the above

configurations, it iS G651/ O to achieveNpi se. with higher isolation.

1. 00571 ( : : : i to
3, “wher ol n FL2 oFESrort DR HRLE KRARE R Mo Al el Mhfiute
conduct or, [PO9H8INoAsgording to the above configuration, it is

possi bl e to achieve a duplexer w th _higher_ isolation without making

si gni fi cant changbee dwpletrs aseqrdoeuipNae 1t hergupthexadectrosfapsopplingpertion
5) The,.dupl exer accoydi ng toone .0of, Notes.1 to erejn the

of ect r ost at TRt PR SS0F EPBH HHER SaeL e Gleps oz dbal ARt B6s0.
Accor di ng tQ.LHgiAROY G PHRALY Afboiviie St BAG Blclh, f Ve EhhEN G @from the
dupl exer with higher isolation wthout naking significant changes to

t he struct utrenehittihg pdutpb ekesdcon @ kpceiNog ofi)halhendibpblekephaechifdieng: in

to any one of Notes 1 to 3, wherein he ol eo couphng portiorE includes
an i npedancerangechPig M heuetldp. 360DDBR e reREEBEHRRY to t he above

configurati It ssible to achieve a duplexer wi th higher

i sol ation V\ppﬁ%]ut(%%g significant chanps to the structure of the
dupl aser. [0063] {No§&léter accordir oQBHNCALARMPERAE UhEolbAdsti NG ling
dupl exu the dupl exerincluding: an unbal anced transinitt ig filter; a

bal ancet) r epetivihpgofidds ar eleadrostatansnipting hgtwrentthe 2Ginsmitting port and the

primary receiving port and an electrostatic coupling between the transmitting port
and the secondary receiving port at the same degree.
[0056] According to the above configurations, it is possible to achieve a duplexer with
higher isolation.
15 [0057] (Note 4)
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 isolation 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] (Note7)
A communication module including a duplexer, the duplexer including: an

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



connected to the transmtting filter; a primary receiving port
connected, to the receiving filter: a secondary receiving port
connected. to the receiving filter; and an el ectrostatic coupling
portion connected between the transnittiﬁ@ port and the primary
receiving port and. between the transmtting port, and the SeCelidary
' ecei vi ng Pitheotbifo BlAEhAAREhL BEOURLAGPELTRR R4 @ihBled to the
phase-adjusted el ectric power t [ow fmmthe transmtting pert to

t he prnmay reeeeing filtprpordcoaddryfrecsivinheottr @naadted tanidepocdivihg filtee; and an
secondary receiving port, (00641 According to the above

confi gnr at | ¥Actrestaticcoypling Rpdilongopasited belieen dhe rperaittian Port apdthe

isolation c d by 8.coupling,betwe he transmttin ort and the. .
ecerving porrey s U Y pIRP e st U RRR O RP R e b B i v
i solation cadtRBearbienadc WhidRilpdrih 8BSING phiSe-aRasR dREWeE PokBeto flow
transmtti l;g port and the receiving ports or additionally providing

an el ect r onfagmeii ¢cragisivettdigneprs ta thetomearyl @06 GingNottear8) from the t¥ansmitting
comuni cati on devi ce ingcluding.a duplexer, the duplexer includhig: an
unbal anced.p@?é‘hé’rﬁ*ﬁ‘?‘?@g“-‘??@?é@l}gﬁo%al anced receiving filter; a

transmttin t t RTE B . jmry. ..
o vy DROBRLLARSRRSES Pha b DEAAOR A5 LS Pl Midioraion
recei ving pefithe ¢ANARELREsEDb HeowRER DetREef iHRakFanamitiingPort and the receiving
el ectrostatic coupling portion connected between the transmtting

port antd t heops ihrangh sesei Vihgrepoe.ta ampldénmerar wible highasdaiion cmgbpor t
and the secondary receivin ort, the electrostatic couplin rtion
al | owi ng ph#& e—"&&‘j"ﬂ‘&% IRFTERTRF EN5eRmee %?qupéaF FW‘H@%W&%@H%) ths ng
port to the, pring r . .
o the secondary Bab AP0y B r T gl R D BRE
configurati@igs) t(Ngeppbssi ble to cancel th.e deterioration of the

i sol ati on caused by a coupling between the transmtting port and the

recei ving ports tAcoughseste devitereflodiag sduilersirehd dpplexer ingudingiiagh
i sol ati i di i i h .b th L
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The present application 1s useful icr a exer, a conmmuni cation
nodul e; andreeworiiinire ate@ndadeviecayingdibrbDescettptl ito theofecdivingdiite; and an
Numeral s [00881 31.transmtting filter receiving filter transmtting

port. 34a, SaFetRiivingliperertaBeosseriedbatvendba pransgusrgiwhand the

primary receiving port and between the transmitting port and the secondary receiving

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 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

25  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.

Industrial Applicability
30 [0067] The present application is useful for a duplexer, a communication module,

and a communication device.



29 CLAI M5 1. A dupi exer conprising; an unbalanced transmtting filter;
a bal anced receiving filter; a transmtting port connected to the
transmtting a primary receiving port connected to the receiving
filter; a secondary receiving port connectled to the receiving filter;
and an el ectrostatic coupling portion connected between the

transm tting.Derti ARARLACREI Yroi€ceiving port and between the
transmtting port and the secondary 10 receiving port:, the

el ectrost atj0ocgloupl i ng porti ana@hiohgfitphase adj ustedel ectric power
to flowfromthe transmtting port to the primary receiving port and
fromthe transnit3dnjz pert tlecaifagddiesndary receiving port, 2, The
dupl exer according,to claiml, wherein the electrostatic coupkng
portion 15 adjusts a phase oﬁi%?%ﬁ¥??%pﬂ%mer such that electric power
that flopws fromthe Bransm t ting.Reord O the primary receiving port
and electric power that flows fromthe transmtting port to the
secondary receividy port havelatrabsalctipliphpseiodi fferent-xi in a
rallgiit of Un 00" or 270 to 360 in vc uvnne band, 20 3. The dupl exer
according to claim1 or 2; whem s thc electrostatic coupling portion
provi des an el ectrostatic coupling between the transmtting port and
the primary receiving port and an. electrostatic coupling between the
transmtting port; and the secondary receiving port at the sane
degree. 4. The dupk er awarding to any one of clains 1 to 3, where,
the &Coro.sta tic coupling port on is conposed of a conductor.



5. A communi cation .nodul e cornprisinga dopl exer, the dupl exer
conprising: 6. an unbal ancedem tting a bal anced receiving filter; a
transmtting port connected to the transmtting filer; a
primaryreceiving port connected to the ré&éeiving filter; a secondary
recei ving pod connected to the receiving Inter; and an el ectrostatic
coupling portion connected between theqsthapgnttug port and the
priniary receiving port and between the transmtting port and the

N, : econcl ary, recedvipgxz@aiinpridigz:el ectrostati c coupling portion

al | owm ng phase-adjusted electric power to flow fromthe transmtbaig
port to the primeryurkedenseligporittingdlids om the transmitting pelt to

the secondary rec i ng port... 6..Acoi nni uncatj on devce conpieing a
duphxer, the dupla(eet}%lfm &Fﬁ?‘?l‘gingtqﬁeﬁ’n unbal anced transmitting |F a

bal anced, recei vi ngibhbhating®ot! @ARBIEA [ GeRPidsnEOMIEskad to the
transmtting filter; prinatay receiving port connected to the

recei ving filter;apaoomgdascgiviecpirt cogneptrttotba reetve filoert he recei ving
(filter: and 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
10  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.

s The duplexer according to claim 1, wherein the electrostatic coupling portion
15 adjusts a phase of electric power such that electric power that flows from the

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

20 3. The duplexer according to claim 1 or 2, wherein the electrostatic coupling
portion provides an electrostatic coupling between the transmitting port and the
primary receiving port and an electrostatic coupling between the transmitting port

and the secondary receiving port at the same degree.

25 4. The duplexer according to any one of claims 1 to 3, wherein the electrostatic

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;

a transmitting port connected to the transmitting filter;



an electrostatic coupling portion connected between the transmtting
port anc the primary receiving port and between the transmtting port
and the secondary receiving port, the electrostatic coupling portion
al | owi ng phase-adjusted el ectric power t@3flow fromthe transnitting
port to the primal,/ receiving port and fromthe 20 transmtting port

to the secondary f ﬁﬁﬁia}ﬂ' PSeRYE 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
5  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.

6. A communication device comprising a duplexer,
10 the duplexer comprising:
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;
15 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
20  transmitting port to the secondary receiving port.



