
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, Background An.. 00021 From the viewpoint of achieving
hightainmity data communication at a to higher speed, there has been
a trend M recent years in mobile ter:naiads for high frequency
communication toward. an increase in the transtinssion signal poweii
In a mobile terminal an increase in the signal power May result in
deteitoratian of Isolation of the duplexet Theoretically, It is
possible to improve the isolatrim of the duplexer by configuring a
transrenting filter or receiving filMr used in tile chtplexer to 15
have an increased attenuation in the opposite band (the receiving
band for the transmitting filter and die transmitting band lb:: the
man:ring 6Iter), hi reality; however: the isolation becomes saturated
at a certain level. The reason far this because not only a currant
that flows through the filters but also a current that flows
throughthed.urdexervasnacesarveascomponellts ViriE anell the
20isolation. In order te achieve a high level of isolation, it is
desirable to study measures against the current that flows through
the daplexer via space.  0003 Examples of elli?ctive cenfigurations
in removing to influence of dm current that flows through the
duplexer via space, in other words, the Influence of elN tromagnetic
ampling couracinents Include in:,easimgphygmal distance ii between a
source and a target te ccamied and placing an electromagnetic
shielding structure, Palistit DGCUMeilt 1 discloses a surthee
acoustic wave clevice iii which a shield electrode is dispesed
between two surface acoustic wave filter patterns. Patent Document 2
discloses a surface acoustic wave device in which an input cxternal
terra:hal and an output external terminal are disposed apart from
each other 30 diagonally 



Prior Art Documents  Patent Documents [00041 Patent Document 1: JP
200&-$0747A Patent: Document 2: JP 2002-76829 A Disclosure of
Invention Problem to he Solved by the Inventno R110051 In the case of
the omfiguration disclosed in Patent Document I. dequate improvements
in the isolation may be achieved by increasing the size of the
shielding member. However, an increase in the size of the shielding
member may impair a 1.0 downsizing of the duplexer. Further, in the
case of the configuration disclosed in Patent Document 2, adequate
improvements in the isolation: may be a.chieved. by iliCTOE(Sing the
distance between the input externil. terminal and. the output
external terminal. However, an increase hi the distance between the
terminals Ellay impair a downsizing of the duplexer. That: is, with
the configurations disclosed in Patent 15Documents: 1. and 2, it: is
difficult to achieve both the downsizing of the d uplexer and
improvements i.n the isolation. Means for Solving Problem [0006] The
duplexer disclosed in the present application includes, a.n
unbalanced 20 transnntting filter; a. balanced receiving filter: a
transmitting port connected to the trans.mittng 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
allows pliaseiadjusted electric power to now from the transmitting
port to the primary receiving port and from the transmitting port to
the secondary receiving port. Effects of the invention 



[0007] According to the disclosure of the present apidication, t is
possible to chieve a simple duplexer with good isolation..  Brief
Descriptitm tii,s Drawings ;00081 iFIG. 1,1 FIG. 1. is a bleak
diagram of a dupiexer.         [FIG, 21 Fill 2 is a graph showing a.
phase di:fen-ince between currents that flow to two receiving ports
fitim a Ira rismatieg port. MI Fiu. 'xAis a graph showing SEI of the
ditplexer. [MG 881 FIG. 38 is a graph showing SEI (if. the duplexer.
rf.n. 3C FIG. 3C is a graph showing DI of the duplexer.         FIG.
41 FIG. 4 is a block diagram schematically showing the occurrence
elan electromagnetic coupling in a thiplexer. ft[FIG. 5A1 FIG, 5.A is
a graph showing electric power transmission characteristics of the
paths: from the transmitting port to the two receiving ports in terms
of phase.            ;Fla 51-I FIG. 5P' is a. graph showing electric
newer transmission characteristics of the iniths from the
transmitting port to the two reeeliViDg 1.),arts in 15 terms of phase
difference. 9k1 FIG. (3Ais a graph showing DI of the Minim-ter. .FIG.
GB] FIG, Ii3B is a graph showing SKI of die duplexer. Fall, CC] FIG,
CC is a graph showing SE! of the doplotam               WIG. I:FIG, 7
is a graph showing a phase difference between currents that 20 flow
to the two receiving ports from the transinitting port. 



ItAi FIG. SA is a graph showing SEI from the transmitting port and
the receiving port,         [FIG. 813] FIG. 813 is a graph showing
SEI from the transmitting port and the receiving port. itoFIG SC]
FIG. 8C is a graph showing DI of the th.gdexer. [FIG" 911 FIG, C. is
a circuit diagram of a ladder filer. IFIG. 101 FIG,11.0 is a circuit
diagram of a double-inedo filter WIG 1 IA1 FIG. 11A is a plan view of
a film bulk acoustic resonator                     11.8.1 FIG. 1.18
is a cross-sectional view of the A-Apart:ion in FIG. 11A. tiuWIG. 12A
FIG. 12A is a plan new of ari acoustic wave resonator,       12E112E4
is a cross-sectional view of the A-A portion m FIG, 12A. [FIG. 13.1
FIG. 13 is a circuit diagram showing a specific cant:pirate-al of the
doplexer. [FIG- HA] FIG. HA iti a graph showing electric power
transmission ohs racteBstics of t114-: paths limn the transmitting
port to the two receiving ports lii 0,trin it of phase.         :MG.
14131 MG. 1.413 is a graph showing electric power transm ..........
characteristics of the paths from the transmitting port to the two
receikinig ports in term  of phase difffirence" 



15A, FIG. 15A is a graph showing Di of the duplexer,
EFIG.1511 FIG. 15E is a graph showing SEE from the transmitting port
to the race wing poiL. [FIG15E FIG. 15C is a graph showing SEE from
the transmitting port to the receiving port,       [FIG. 161 FIG. 16
is a schkitnatic diagram showing a specific configuration of a ladder
filter, l.5no. I.71 FIG. VI is a schematic diagram showing a specific
configuration of a doplole-mode filter                    FIG. 18A is
a schematic diagram showing a specific configuration of the upper
layer of a duplexer,               FIG. 1881 FIG. 18B is a schematic
diagram showing a specific configuration 20 of the internal layer of
the dupleicer               18C1 FIG. 180 is a schematic diagram
showing a specific configuration of the lower layer of the duplex-en
1.811)1 FIG. 181) is a to:Kiss-sectional view of the chiplexer shown
in FIG. 18A,         WIG 19 FIG, 19 is a circuit diagram showing a
specific circuit configuration of a duplex:kr               20.Al
FIG. 20A is a graph showing electric power transmission
characteristics of the paths from the transmitting port to Bre two
receiving ports ia terms irt phase,        [FIG. 2013] FIG. 2011 is a
graph showing ebeCtric power transmission characteristics of the
paths from the transmitting port to the two receiving ports in terms
of phase difihronm.  



WIG 21AI Ha 21A is a graph showing DI of the duplexer 21111 FIG, 21B
is a graph showing SE1 from the transmitting port to the receiving
port. :JaepUit mceiving pert.         WIG 221 KG. 22 is a circuit
diagram showing a specific configuration of a duplexer.         [FIG.
23Al FIG. 23A is a schematic diagram showing a specific configuration
of ale upper layer of the duplexer.         ;FIG. 23131 FIG, 2311 is
a schematic diagram showing a specific cordigigation of the internal
layer of the duplexer.         [FIG, 2301 FIG. 230188. 8c:thematic
diagram showing a specific configuration of the lower Myer of the
thiplexer -Ha 23111 FIG. 231) is a innsasectional view of the
dupleicer shown in FIG. 1518A.               24/k1 FIG, 24A is a
schematic diagram showing a specific configuration of the upper layer
of the dimlexer.         ;FIG. 24131 FIG, 241) is a schematic diagram
showing a specific configuration of the first internal layer of the.
duplexer, 20Fla 240 is a schematic diagram showing a specific
configuration of the second internal layer of the duplexer"
[1FIG, 24D; FIG, 24D is a schernatic dizigram showing a. specific
configuration of the 10W0i? layer of the duplexen 



[FIG. 25A1 FIG. 25A is a schematic diagram thawing a specific
configuration ge of the upper layer of the iinplemni         [FIG.
25111 FIG, 251) is a schematic diagram showing a:Tee& configuration
of the first internal layer of the chiplexer.         [FIG. 250 FIG.
25015 a schemahc diagram showing a specific configuration of the
second internal layer of the duplexer,               251)1 FIG, 2511)
is a sthanatie diagram showing a specific tut:figuration of the lower
layer of the daplexen IFIG. 26i Fla 26 is a block diagram of a. con:
MULthaatiOX) 1110dille.  6 2711 FIG. 27 ts a block diagram of a
communication device. Description of the haventian 5 [1.
Configuration of Dupliexed         FIG.1 is a block diagram of a
balanced-unbalanced daplexer using film bulk acostic resonators or
acoustic wave resonators. As gl uint:tin M r Lu .3.. the duplexer
includes a transmitting filter 1, a receiving filter 2, a
transmitting port 3, and rticoning ports 4a and 4b. The duplexer
shown in FIG, 1 is of a balanced-anhalanced type and indades one
transmitting; port 3 and two receiving ports 4a and db. 10010] As
shown in FIG, 1, in the balanced-unbalanced dupkixer, 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 phaseitsimft one of the balanced outputs by +80(' and
the other of the balanced outputs by ---90". Thus, a current II that
flows into the rettennag part 4a and a current 12 that flows into the
receiving port. 41d have a phase difference of 1800. 'Thus, to the
receiving ports 42 and 4b, currents having opposite phases are
outputted in the receiving hand (hereinafter referred toss 20 the Rx
band) and in-phase currents are outputted in other frequency bands.
10011l FIG. 2 shows the relationship between currents that. flew 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 0f[ 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 characteristic as shown in FIG, 2. FIG. 3A shows the
isolation horn the transmitting port 3 to the receiving port 4n. FIG.
311 shows the isolation brom the transmitting port 3 to the receiving
port lb. FIG-.3C shows diffinential isolation (hereinafter ito Aire
to as Di for short) of the dna-get:Jo, having the current ctha ra
etcrisisi c as shown in FIG. 2. The differential isolation is
obtained by synthesizing the isolations of dhe two paths with a bat
int As shown in FIG. 30, Slid and DI have a small level  diffemnce in
the Rx band where currients having opposite phases arie outputted,
The :reason Itis this is that currents having opposite phases are
ut..putedM the Rx band and they do riot cancel each other even if
they pass through a hal um in, the receiving filter 2. On the other
hand. DI shoves better characteristics than those of SD: in the 5 Tx
band where in-phase currents are outputted. The reason for this is
that in-phase currents cancel each other in the dilberental
operation, e., when they pass through the balun. 0013 However,
these.only ideal cases. In reality, coupling may occur tint:mei space
as dean:lb:A above. As described above, there are components that
propagate 10 to the recent:nap:nits la and lb from taO transmitting
port 3 due to an electirestatidelectromagnetic coupling" Hereinafter,
such a electrostaticieleittromagnetie coupling will be refereed to as
an 'electromagnetic coupling," [0014; pita, 4 :is a diagram ihr
explaining the principles elan electromzioetic 15 coupling between
the transmitting port 3 and tthe receiving port 4a and that between
the transmitting port 3 amid the receiving port 41) in the duplexer.
As shown in FIG. 4, tgiihen the dunlexer is in the operating state,
an electromagnetic conning Occurs between the transtilliting port. 3
and the receiving port 4a spatially as indicated by the arrow A. so
that a current 111 flows to the receiving port la from the
transmitting port 20 3. Further, an electromagnetic coupling OCCUIS
between the transmitting part 3 and the receiving port lb spatially
as indicated by the arrow B, so that a current. 112 flows to the
receiving port 4b from the transmitting part 3. In this way, if the
transmitting port 3 and. the receiving port la and the transmitting
port 3 and the receiving port lh are eleetromagnetically coupled, the
isolation deteriorates.  00I5l FIG. SA shows electric power
characteristics of the paths from the transmitting Port tti the
receiving ports Is and. lb in the duplexer shown in FIG. 4 in terms
of phase. IBM, 5B shows electric power characteristics of the paths
from the transmitting port 3 to the receiving ports la and lb in the
thiplexer shown in IH.G. 4 in terms or phaes difltgozme, As shown in
Hu, 58, a phase difference between electric 30 power transmitted from
the transmitting port $ to the receiving part 4a and electric power
transmitted from the transmitting port 3 to the receiving port lb is
roughly 0" in the Tx band. However, in the Rx band, the phase
dillifierrie deviates from 1800 as 



an ideal value,. The phase fference deviation occurs in the Ex band
because there is a possibility of an electromagnetic coupling between
the transmitting port 3 and the receiving port 4a and an
electromagnetic coupling between the transmitting port 3 and the
receiving port 4b, [00161 FIG, BA shows DI characteristics cf the
duplexer shown hi FIG. 4, FIG. GB shows SET. characteristics between
the transmitting port hand the receiving: port 4a in the duplexer
shown in FIG. 4, FIG, (le shows SKI. characteristics between the
transmitting port 3 and the receiving port 4b in the duplexer shown
in FIG. e When there is a possibility of an etectromagnetic coupling
between the transmitting port 3 and the receiving port 4a, and an
electromagnetic coupling between the transmitt.ing port 3 and the
receiving port 41i in the duplexer as shown in FIG. 4, Di (see no,
tilt0 deteriorates more so than SET (tfee FIGS. GB and 60) in the Rx
hand, 100171 A major characteristic of the present embodiment is to
control currents that flow into the two receiving ports from the
transmitting port such that the currents become close to in-phase
(the phase difference is dose in 0) in the Ex band. as shown in FIG.
7. FIG. 8A shows SET from the transmitting port 3 to the receiving
port 4a.     BB shows SEI from the transmitting port 3 to the
receiving port 4b. FIG. 80 shows differential isolation (DI), which
is obtained by synthesizing the isolations of the two paths with a
balun. FIGS. 8A to BC each show ideal characteristics, adjusting
currents to be in-phase M the 'Bx band, the level of (HO. 8C) can be
improved more so than that of SET (FIGS. BA, 8E) 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 Ex hand as indicated by the arrow D in
FIG. SC as well as the isolation in the Tx band as indicated by the
arrow C.       At this time, the phases in the Rx band in which SI3I
becomes better than DI are preferably 0' or 360' as perfect in-phase
achieved by the prinuni es 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 wavekingth. [0019] (Example I) FIG, 9
is a circuit diagram a a transmitting filter included in the duplexer
, present embodiment.. The transmitting filter shown in FIG. 9
includes serial resonators RESI to RES4, parallel resonators RE511.
to R.ES14, and inductors 191 to La (given that the Q yak"10. The
serial resonators RES1 to RES4 are connected to serial. arms. The
parallel resonator RES11. is connected to a parallel arm connected to
a node between the serial. resonators RES1 and RES2. The parallel
resonator 11E812 is connected to a parallel arm connected to a node
between the serial resonators RES2 and RES3. The parallel resonator
ItES13 is connected to a parallel arm connected to a node between the
serial resonators RES3 and RES4. The parallel resonator RES14 is
connected to a parallel arm connected to a node between the serial
resonator RES4 and an. output terminal 01.IT The inductor Li is
connected. to the parallel resonator RES11.. The inductor L2 is
connected to the parallel resonators RESl2 and RES13. The inductor L3
is connected to the parallel resonator RES1A. Surface acoustic wave
resonators (SAW resonators) or film hulk acoustic resonators tEie
used to achieve the serial resonatorsRES1 to R,ES4 and the parallel
resonators RES11 to RES14, 15 [0020] EIG, 10 is a. circuit diagram of
a receiving- filter included in the duplexer according to the present
embodiment. The receiving filter shown. in VIG, 10 is an unbalanced



filter shown in Ha 10 includes an input resonator RES21 connected to
an input terminal 1N, an output resonator RE522 connected. to an
output terminal. (JUTE an 20 output resonator 11E523 connected to an
output terminal OUT2, and reflectors REF21 and REF22. The input
resonator RES21 is excited based on electric signals inputted to the
input terminal IN, and oscillations of the input resonator RES21
propagate toward the output resonators R522 and RES23, thereby
oscillating the output resonators RES22 and 1113523. As a result,
electric signals are outputted from the output terminals OUT' and
OUT2. l0021l For example, film bulk acoustic resonators as shown in
FIGS, 11A and 11.B can be used. to achieve the resonators. Elill.
11A, is a plan view of a. film hulk acoustic resonator, FIG. 1111 is
a cross-sectional view of the A-A portion in FIG, 11A, The film bulk
acoustic resonator includes a substrate 11., an upper ehictrode 12, a
lower 3:3 electrode 1$, and a piezoelectric film 14. The upper
electrode 12, the lower electrode 1$, and the piezoelectric film 14
are laminated on the substrate Ii. The substrate 11 includes a cavity
15 at a portion overlapping an area (membrane area) 16 in which at
10 least the upper electrode 12 and the lower electrode 13 oppose
each other. As a result of this, the piezoelectric film 14 can
oscillate.  0022 For example, acoustic wave resonators as shown in
FIG. 12A and 12B can be tised to achieve the _resonators. FIG. 12.A
is :a. plan view elan actimitic wave ri:q:30:18. tar. 5FIG. 1213 is a
crossasectional view of the AA portion 111iP111. 12A. The acoustic
wave -resonator hp:dudes elks:irate 21., a pair of tionib ehictrodes
22 (Interduntal Transducer Mg", reflecters 23a and 23b, an input
terminal 24 and an 01.41.11: terminal 25. The input terreinal 24 is
connected to one of fife comb electrodes 22. The output termnial 25
is ,ionnected to the other of the comb electrodes 22" One of 10the
comb electrodes 22 is excited based on electric signals inputted to
the input. tenn Mal 24. Oscillations of one of the comb electrodes 22
propagate to the other of the comb electrodes 22, and elect& signals
are outputted to the output terminal 25, [0023 'Note that the
resonators are not limited to film bulk acoustic resonators and
acoustic wave resonators: and other resonators such as acoustic
boundary wave resonators may be used to achieve the resonators, 



[00241 Fla 13 is a circuit diagram of the duplexer according to the
present embodiment. The duplexer shown in FIG. 13 includes: a
transmitting fla ter 31, a receiving filter 32, a transmitting port
33, receiving poi:s 34a and 34b, an antenna port 35, and an
Eilectaitstatic coupling portion 36. A ladder filter having the same
20 configuration as that shown in FIG. 3 is used as the transmitting
filter 31. A EMS filter having the same configuration as that shown
in FIG. 1.015 used as the receiving filler 32, The electrostatic
fiemilling portion 36 includes capacities CI and C2. The capacities
Cl. and C2 are connected to each other in series, and they are
connected between the receiving ports 34a and 341. Anode between the
capacities Cl and C2 25 is connected to the transmitting port. 33.
'The capacities CI 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 31a and those of the path
from the transmitting port 33 to the receiving port the 3,1.1 have a
phase diderence of   to M the RA band except at a phase inversion
point as shown in FIGS. 1.4A and 14:B. As an example, each constant
in the present embodiment is set such that the phase difference
becomes about 40 asshown in the Re- band. in FIG. 1.4E1 FIG. 11A
shows electric power transmission characteristics 01 the paths from
the transmitting  port 33 to the receiving port. 34a and $4, in terms
of phase, FIG, 14 13 shows electric power transmission
characteristics of the paths Rom the transmitting port 33 to the
receiving ports 34a and 3,11) in terms of phase difference, [0025] By
configuring the duplex:ix' in this way, DI can. have characteristics
shown in FIG. 15A and SET can have characteristics as shown in FIGS.
1.513 and 15C. FIG. 15A shows DI of the duplexer shown in FIG. 13.
FIG. 15B shows SEI from the transmitting port 3$ to the receiving-
port 34a shown in MG. 13, FIG, 15C shows SEI from the transmitting
port 33 in the recemng port 346 shown in FIG. 13, A comparison
between FIG. 15A and FIGS, 1SB and 150 shows that DI is at a lower El
level. than SET in theRx band, [0 026 FIG. 16 shows a specific
example ot hMg filter 31 included in the duplexer shown in FIG. 13.
The transraating filter shown in FIG, 16 includes, on a substrate 41,
signal termitalls 42a and 426, ground terminals 43a, 43b, and 43c, a
dummy pattern 44, serial resonators RESI to RES4" and parallel
nisonaters RES11 to ES14, 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] F.G. 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., 526, and 52c, ground terminals
53a., 53b. and. 53c. and resonators RES 21, RES22, and RES23. The
signal terminal 52a is a terminal for receiving electric signals, and
the signal terminals 52b and 52c are terminals for outputting
electric signals, [0028] FIGS. 18A to 181) show a specific example
ofAexer As shown in 



FIGS. 18A to 18D, the duplexer may have a farm in which the
transmitting filter and the receiving. filter as described above are
mounted face down on a Mu:inlayer ceramics substrate through the use
of bumps. Specifically, MG. 18A is a. plan. view showing the
configuration of the upper layer of the ceramics substrate, FIG.
1.813 is a plan view showing the configuration of the internal layer
of the ceramics substrate, and FIG, 1.80 is a plan view showing the
configuration of the backside of the ceramics substrate. FIG. 1.8D is
a ctross-sectional view of the A-A portion in nil 18A, [00291 As
shownFIG. 18A, the transmitting filter 40 and the receiving filter 59
are patterned on the upper layer 01. 01 the transmitting filter 40,
the same  components as those shown in FIG. 18 are denoted by the
same refh.e,nce 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 transmitting filter
40 is connected to a through hole Ella via a signal line El.m. A
signal terminal. 42b of the transmitting filter 40 is connected to a
through hole 6Th via a signal line 81p. A ground terminal 4$a of the
transmitting filter 40 is connected to a through hole Sic., A ground
terminal 43b of the transmitting filter 40 is connected to a through
hole A ground. terminal 43c of the transmitting filter 40 is
connected to a through hole rill A signal terminal 52a of the
receiving filter 50 is connected to the through hole 61a via 10 a
signal line 81n, A. signal terminal 526 of the receiving filter 50 is
connected to a through. hole Sid. via a signal line 61.r. A signal
terminal 52c of the receiving filter 50 is connected to a through
hole Ole via a signal line Giq. A ground termintd 53a of the
receiving filter 50 is connected to a through hole Gift. The through
bole Gla is connected. to an. antenna terminal. 63a. on. a lower
layer 63 shown in FIG. 180 through the internal layer 62 shown in
FIG. 188. The through hole 6th is connected to a transmitting port
83b on the lower layer 63 shown in H.G. 180 through the internal
layer 62 shown in. FIG, 1813. The through hole 81.c is connected to a
receiving port 63c on the lower layer 63 shown in FIG. 180 through
the internal layer 62 shown in FIG. -18R The through hole 61d is
connected to a receiving port 63d on the lower 20 layer 63 shown in
PEG. 180 through the internal layer 62 shown in FIG. 1813. The
through hole file  is connected to a ground terminal 63e on the lower
layer 63 shown in FIG. 18C through the internal layer 62 shown in
FIG. 188. The through hole 61f is connected to the ground terminal
631 on the lower layer 63 shown in FIG, 1.80 through the internal
layer 62 shown in..1 G. 188. The through hole Silg is connected to a
ground terminal 63g on the lower layer 63 shown in HG. 180 through
the internal layer 62 shown in FIG. 188. The through hole 61h is
connected to a ground terminal 83h on the lower laver 63 shown in
FiG. 180 through the internal layer 82 shown in FIG. 1813.
[00301maniple 2) FIG. 19 is a circuit diagram showing the
configuration of a dunlexer of Example 2 according to the present
embodiment. t Since the basic components shown in. FIG. 19 ca.n be
the SaMii as those in FIG. 13, the description thereof will not be
13 



zweateii The capacities 0 and 02 have equal constants. in the present
embodiment, tb.e capacities C I and 02 oath have a constant of, fbr
example, 15pfs. The term "equal constants" as used herein means that
not only the capacities el and 02 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
completely coinciding constants. In this way, when the capacities 01
and. 02 are configured to have equal constants, electric power
transmission diarariteristics of the paths from the transinitting
port to the two receiving ports have a phase difference of abiait 10
to 20" in the IN band except at a phase inversion point as shown in
ElGS, 10 20A and 201S. 'Thus, the phase relation more idealistic than
the phase relation shown in FIG, 14B can be achieved. FIG. 20A shows
electric power transmission characteristics of the pcAs tram the
transmitting port 33 to the receiving ports $4a and 341 in terms of
phase. FIG. 203 shows electric power transmission characteristics of
the paths from the transmitting port. 33 to the receiving ports 34a
15 and $41) in terms of phase difference. Loth A; By conliguriri the
UttPlakttr in LOISlii will have enaracterwigs as silown in FIG. 21A
and SET will have characteristics as shcasin in PIGS. 2113 and 210.
MG, 21_A shows DI of the di:Waxer shown in FIG. 19. FM. 213 shows SEI
from the transmitting port 33 to the receiving port 34a shown in FIG.
19. FIG. 210 shows SE1 from the transmitting port 33 to the receiving
pert 3413 shown in FIG,19, A comparison between FIG, 21A. and FIGS.
213 and 210 shows that DI is at a lower level than SET in the Rx
hand. 100321 (Example 3) FIG. 22 is a circuit diagram showing the
configuration of a doplexer of Ito Example $ according to the present
embodiment. The dtailexer shown in FIG. 22 includes a transmitting
filter 31, a receiving filter 32, a transmitting port $3, receiving
perin ffla and 8Th, an antenna port 35 and an electromagnetic
coupling portion 36, A ladder filter haying the same conligimation as
that shown in FIG, 9 can be used. as the transmitting filter 31. A
DIVES filter having the same contigttration as that shcrvnin an FIG.
10 can be used as the receiving filter 32. The electromagnetic ei
inPling Portion 36 includes inductors L31, L32, and L33. The inductor
LID is connected between the receiving filter 32 and the receiving
port 34a, 'The inductor bills connected between  the receiving filter
32 and tin: receiving port 341.4 Ti-e inductor 1,33 is connected
between the transmitting port 33 and the ground. The inductors 1,31
and-032 are disposed adjacent to each other and are
electromagnetactihy coupled to develop a capacity thi:i space
therebetween. The inductors L32 and h33 are disposed iadjant cacti
other and ant electrointignetically coupled to develop a capacity in
the s;iace therebetween, 'Ile electromagnetic coupling portion 36 is
configured is: have 



such a constant that the paths from the transmitting 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 m tins way Di can
be at a itrwer level than Sid tri the it}band. 60331 thlxtimuie
HOS. 23A to 2315 an schematic diagrams showing the specific
confignmation of the duplexer according to the present embodiment. In
FIGS. 23A to 2313, the same components as those shown in FIGS. 18A to
18D are denoted. by the same reference numerals, and the description
thereof will not be repeated, 100341 'Ile einplexer of Example 4
includes a conductorAs shown in FIG. 23A, the conductor 04 is
disposed along the per:nu:ter of the upper layer 61 of the ceramics
substrate in a loop. As shown in FIG, 2313, the conductor 64 is
connected to through holes 01b, Ole and 61d in the internal layer 62
of the ceramics substrate, Since the 20 through. hole 67o) is
connected to the transmitting port 63b shown. in FIG. 230, the
through hole 61c is connected to the receiving port 63c shown in FIG,
230, and the through hole (lid is connected to the receiving pen 63d
shown in FIG. 23C, the transmitting Port 33 and the receiving port
iisla and the transmitting p:ir-t. 33 and the receiving port. 34b can
be electrostatically coupled. ii0035; In this way by simply adding
the conductor 64 to the duplexer shown in FIGS. 18A to 180, it is
possible to achieve the dupiexer according to the present embodiment,
shown in FIG. 13 and the like. That is, this dupleker can be achieved
without making significant changes to the structure of the duplexcr
shown in FIGS. 18,4 to 1811. Thus, the duplexer can be achieved
without substantially increasing the size. 1,00361 in Example 1, the
conductor 61 is provided on the upper layer el of the ceramics
substrate. However, the conductor 61 may be formed an the internal
layer as shown in FIGS, 24A to 2411. FIG. 24A is a plan view of the
upper layer 01 of the  15 ceramics .ti)Stiltate. FIG. 24Bplan view of
a first internal layer 62.24C a plan view of a second internal layer
65. FIG. 241) is a plan view of the lower layer 63. In the ceramics
substrate, the upper layer 6 li, the first internal layer 62, the
second internal layer 65 and the lower layer 63 are laminated in this
order. As 5 shown m FIG-, 2413, the conductor 64 15 disposed cdo...;e
to the perimeter of the fixst internal layer 62. Further, as shown in
KG, 24C, the conductor 64 is connected to the through holes 61b, Slc
and Old. SMCO 110 thrOUgh hole Sib is connected to the transmitting
port 631) shown in FIG 2411), the through hole Sic is connected to
the receiving port 63c shown in FIG, 241), and the through hole 613
is connected to the _tft receiving portshown m Hs, 2413, the
transmitting port 33 and the receiving port 



34a and the transmitting port 33 and the receiving port 343 can be
electrostatically coupled. 1003'7 Further, the C1)11:11.1nIT 64- may
be partially pit:waded. Further a t.)art of the conductor 84 may be
on a different layer from the layer On WiliCh ether part is .15
disposed. Further, the conductor 64 may torn an additiored
electrostatic coupling at least one part of the paths from the
transmittintic port 33 to the receiving ports 34a and 343. W038 As
long as the transmitting port. 33 and the re:riving port 34a and the
transmittittg port lilt and the TeCC:tiving port 343 can be
electrostatically coupled, the 20 corttbautor 64 does not need to be
m a loop FIG. 25A is a plan view of the upper layer 61 of the amamics
substrate. FIG 251335 a plan view of the first internal layer 62.
FIG. 25C is a pan 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 hUtirnal layer 62, the second internal layer 66
and the lower layer 63 are laminated in this 30 order. As shown in
FIG. 2511, a conductor 66 is disposed substantially- in 3.D I.shae
near a part t :fthe perimeter of tiv, first internal layer 62"As
shown in FIG. 25C, the conductor 66 is connected to the through holes
613, 61c and bid. the through hole 611) is COMIeetedit th
transmitting port C:33: trfw 0 sin in FIG. 25D, Cho throni.:;t: ix&
61c      15 connect:A to the receiving port 63c shown in FIG. 2511,
and the through bole Old is, aticonnected to the receiving port fl3d
shown in FiCi. l' l5111. Thus, the transmitting port 33 and the
receivcport.34n and the transmitting port 33 and the receiving port
343 can be electrostatically coupled.  16 [00391 [2. Configuration of
Communication Iodide]       FIG. 26 shows an example of a
cominunication. module includmtt the dirplexer according to the
present embodiment. As shown in. FIG. 26. a duplexer 92 includes a
receiving filter 92a and a transmitting filter 92b. Further, to the
receiving filter 92a., receiving terminals 93a and. 93b compatible
with balanced output are connected, for example. Further, the
transmitting filter 92b is connected. to a transmitting terminal 95
through a power amplifier 94. Here, the duplex& according to the
present embodiment can be used. as the duplexer 92, 



1,0040] Of reception signals inputted through an antenna terminal 91,
only signals in a certain frequency band are allowed to pass thromen
the receiving filter 92a during the reception operation, and they are
outputted externally from the receiving   rminals 93a and 93b.
Further, of transmission signals inputted from the transmitting
terminal 05 and amplified by the power amp] ifier 94, only signals in
a certain frequency band are allowed to pass through the transmitting
filter 92b during 15 the transmission operation, and. they are
outputted externally from the antenna terminal 91. 1.00411 By
incorporating the dupiexe.r according to the. present. embodiment
into the communication module, the communication. module with
improved isolation can be achieved. without substantially increasing
the size. 20 (00421 Note that the configuration of the commuincation
module show merely an exam.ple. Even, if the duplexer according to
the present embodiment is incorporated. into a communication module
in other fortn, the same effects can be achieved, [00431Configuration
of Communication Device       FIG. 27 shows an Ifi? block of a mobile
phone terminal as an example of a communication device including the
duplexer accordin.g 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 W-CDMA (\Videband Code Division Multiple
Access) communication system, The GSM communication system in the
present embodiment can support 850 MHz,950 MHz, I..8 Gliz and 1.9
Gliz bands, In addition to the components shown in FIG-, 27,  17 the
.mobile phone terminal also includes a microphone, a :mealier, a
liquid crystal display and the Kim but theee conaponents are not
illustrated because they are irrelevant to the description of the
present embodiment. lithe, the duplex& arcairding tO the present
embodiment is used as a duplexer 73. a00441 First, an anteing:
switching ciriatnt 72 selects an LSI to be operated based on the
cammunimaitin iss,..,am of reception signals inputted thereto thmugh
an antenna         based on whether the communication system. is
W-CDAIA or GSM, When the inputted reception signals correspond to the
W-CDMA COMM ItiliAl'ation system, switching is perilirmed to output
the reception signals to the duplexer 73. The 10 reception signals
inputted to the duplexer 73 are limited to those in a certain
frequency band through a receiving filter 73a, so that balanced
reception signals are outputted to a LNA 74. The:1,NA 74 amplifies
the inputted reception signals and outputs the amplified reception
signals to an LEE 76. Based on the inputted. reception signals, the
LET 76 decodes the signals into audio si.;;flf:116 and controls the
operation of each portion of the mobile phone terminal. 



100451 On the other hand, when transmitting signals, the 1ST 76
produces transmission signals. The transmission Sig:lab produced are
amplified by the power amplifier 75 and are inputted to the
transmitting filter 731.. Of the transmission signals inputted to the
transmitting filter 73b, only signals in a certain frequency 20 band
are allowed to pass therm:lir:sigh. Tbr,, tratISTOIStittta SiMialS
outputted from the transmitting filter 731. are outputted externally
firm: the antenna 71 through the antenna switching circuit 72. 00461
:Rather, when the inputted reception signals are signals
corresponding to the GSM communication system, the antenna switching
circuit 72 selects one of receiving in filters TI 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 LS1 83 decodes
thii signals into audio signals and controls the operation of each
portion of the mobile phone terminal. On the other :a0 hand, when
transmitting signals, the LSI 83 produces transmission signals" The
trariSMittSieh itighatt produced are amplified. by a power amplifier
81 or 82 and are outputted externally from the antenna 71 through the
antenna switching circuit 72.  IS  00471 By incorporating the duplex&
or the communication module according to the present embodiment into
the communication device, the co1ImUMead031 device with improved
iSthita)fi Can be achieved without substantially increasing the size.
0048 Note that the timligaration of the ciiminunication devic:i shown
in FIG. 27 is merely mi. example. Even if the duplexer according to
the Present esibodisieht is incorpo e ratd into a ainimurrication
device in other form, the ttaine effects can be achieved, 0040Effects
of Embodiment, etc,1 According to the present embodiment, the
isolation between the transmitting le filter and the receiving filter
can he ursicyroved by eleetrostatically coupling the transmitting
port ailit 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 lbsubstantially increasing the size,
d)0501 The present. invention is not limited to the spedfic examples
described above An 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,
lM0052 (Note 1.)         .A.duplexer including: an unbalanced
transmitting filter: a balanced receiving filter: a transmitting port
connected to the transmitting filter a priMary reek-thin:1g port
connected to the reeeming filter a secondary receiving pert connected
to the receiving filter; and an electrostatic coupling portion
connected between the transmitting port Zit and the primary receiving
port and I.)etween 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, :0053l According to the above coodiguration, it is
possible to caneel the deterioration le of the isolation caused by a
coupling between the trammiitting port and the receiving ports
through space. Thereibre, a simple duplexer with high isolation can
be achieved tddout hiCa'ea::;ing the space between the transmitting
port and the  19 receiving ports or aton.anc pu ding electimma.gnetic
shielding structure, ". [00511 (Note 2)       The duplexer accortling
to Note 1, wherein the electrostatic coupling portion adjusts the pi
so of electricsuch that electric power that flows from the
transmittirg port to the primary receivmg port and electric power
that flows from the transmitting port to the secondaty receiving port
have an absolute phase difference in a range of 0 to 90C or 270 to
360' in the receiving band. [00551 Note 3) The doplexer accord mg to
Note 1 or .., wherein the electrostatic cou 



fa portion provides an electrostatic coupling between the
transmitting port and the primary mettiving pert 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 O55lO to achieveNpi se. with higher isolation.
1.00571 (Note 40       The duplexer according to any one of Note 1 to
3, wherein the electrostatic coupling portion is composed of a
conductor, [00581 .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. o[0059] (Note
5)       The duplexer according toone of Notes 1 to 3, wherein the
electrostatic coupling portion inch des a capacitance element. 100601
According to the above configuration, it is possible to achieve a
duplexer with higher isolation without making significant changes to
the structure of the duplexeri [0061] (Note 6) The duplexer according
to any one of Notes 1 to 3, wherein he oleo couphng portiorE includes
an impedance-matching inductor. /0062:1 According to the above
configuration, it is possible to achieve a duplexer with higher
isolation without making significant champs to the structure of the
duplaser. [0063] (Note 7)       A communcataon module including a
duplexu the duplexerincluding: an unbalanced transinitt ig 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 coupling
portion connected between the transmitting port and the primary
receiving port and. between the transmitting port, and the SeCelidary
receiving port, the electrostatic coupling portion allowing
phase-adjusted electric power to flow fmm the transmitting pert to
the prnmay receiving port and from the transmitting port to the
secondary receiving port, (00641 According to the above
confignration, it is poesthie to cant", the deterioration of the
isolation caused by 8 coupling between the transmitting port and the
receiving ports through space. Theratbre, 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, l0065. Note 8)       A
communication device including a duplexer, the duplexer includhig: 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 fiber; anti 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 flew from the transmitting
port to the primaiy receiving port, and. from the transmitting port.
to the secondary receiving port, 10066.1 Acne/ding to the above
configuration, it is possible to cancel th.e 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 achievedincreasing the space between the
transmitting port and the receiving Its or additionally providing an
electromagnetic shielding structuro. Industrial Applicability [0067,1
The present application is useful icr a duplexer, a communication
module; and a communication device,  21 Description of liftence
Numerals [00881 31.transmitting filter receiving filter transmitting
port. 34a, 34breceiving port 36electrostatic coup hug portion  



29 CLAIMS 1.A dupiexer comprising; an unbalanced transmitting filter;
a balanced receiving filter; a transmitting port connected to the
transmitting 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 pert and the primary receiving port and between the
transmitting port and the secondary 10 receiving port:, the
electrostatic coupling portion allowing phase adjustedelectric power
to flow from the transmitting port to the primary receiving port and
from the transmittinjz pert to the secondary receiving port, 2,The
duplexer according to claim I, wherein the electrostatic coupkng
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 different-xi in a
rallgiit of Urn 00' or 270 to 360 in vc uvnmz band, 20 3.The duplexer
according to claim 1 or 2; whemi s thc 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.  4. The dupk er awarding to any one of claims 1 to 3, where,
the &Coro.sta tic coupling port on is composed of a conductor. 



5. A communication .module cornprisinga doplexer, the duplexer
comprising:  6. an unbalancedemitting a balanced receiving filter; a
transmitting port connected to the transmitting filer;   a
primaryreceiving port connected to the receiving filter; a secondary
receiving pod connected to the receiving Inter; and an electrostatic
coupling portion connected between the transmttug port and the
priniary receiving port and between the transmitting port and the
N,:econclary receiving port, the electrostatic coupling portion
allowing phase-adjusted electric power to flow from the transmitbaig
port to the primary receiving port and from the transmitting pelt to
the secondary receiving port. 6.Acoinniuncatjon devce compieing a
duphxer, the duplexer comprisiiti an unbalanced transmitting IF a
balanced receiving filter; a transmitting port connected to the
transmitting filter; prinatay receiving port connected to the
receiving filter; secondary receiving port connected to the receiving
.filter; and 



an electrostatic coupling portion connected between the transmitting
port anc 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 primal,/ receiving port and from the 20 transmitting port
to the secondary receiving port. 


