SPECI FI CATI ON TI TLE OF THE | NVENTI ON DUPLEXER AND ELECTRONI C DEVI CE HAVI NG
THE SAME Field [0001] An aspect of the invention discussed herein is related
to a dupl exer and an el ectronic device having the sane. Anot her aspect of
the invention is related to a dupl exer having a nultilayer substrate having
a plurality of layers stacked and an el ectronic device having such a

dupl exer. Background [0002] Mobi | e comruni cati on devi ce such as cel |l ul ar
phones and portable information

SPECIFICATION
TITLE OF THE INVENTION
DUPLEXER AND ELECTRONIC DEVICE HAVING THE SAME
Field
[0001] An aspéct of the invention discussed herein is related to a duplexer and an electronic
device having the same. Another aspect of the invention is related to a duplexer having a

multilayer substrate having a plurality of layers stacked and an electronic device having such a

duplexer.
Background
[0002] Mobile communication device such as cellular phones and portable information

terminal equipment are widely spread with the developments in the information-oriented society.
For example, the cellular phones use RF bands as high as 800 MHz ~ 1.0 GHz and 1.5 GHz ~
2.0 GHz. In order to cope with such RF bands, duplexers using acoustic waves such as acoustic
wave resonators or piezoelectric thin-film resonators are used.

[0003] Japanese Patent Application Publication No. 2006-60747 (Document 1) discloses an
art of using a shield electrode arranged between a transmission filter pattern and a reception filter
pattern to improve the isolation between the patterns. Japanese Patent Application Publication
No. 2002-76829 (Document 2) discloses an art of arranging external input terminals and external
output terminals of a device having multiple filter elements so as to diagonally connect corners

of the shape of the device in order to prevent signals from being interfered with each other.



term nal equipment are widely spread with the devel opnents in the
information-oriented society. For exanple, the cellular phones use RF bands
as high as 800 MHz - 1.0 Giz and 1.5 GHz 2.0 GHz. In order to cope with
such RF bands, dupl exers using acoustic waves such as acoustic wave
resonators or piezoelectric thin-filmresonators are used. [0003]Japanese
Pat ent Application Publication No. 2006-60747 (Docunent 1) discloses an art
of using a shield electrode arranged between a transm ssion filter pattern
and a reception filter pattern to inprove the isolation between the
patterns. Japanese Patent Application Publication No. 2002-76829 (Docunent
2) discloses an art of arranging external input term nals and external
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termnals of the dupl exer may be achieved by designing the transm ssion
filteranigengaspd amquptpf abepiatohstdipquenstes Jacpied alathew%@n ofdbgrspention fillstat ed in
t he passband of the reception filter and designing the reception filter to
have aamdidesigaiagde racaption fitsér taheerandnireased ambure gf ettenuetion ab diztiemicien t he
passband of the transm ssion filter. However, actually, the isolation is
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due to el ectromagnetic coupling. Thus, the isolation is saturated at a
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reduced by providing an

Thus, the isolation is saturated at a certain level.

[0005] The influence of the electromagnetic coupling may be reduced by providing an
electrode between the filters to realize electromagnetic shield structure as described in Document
1. Alternatively, the physical distance between the transmission and reception terminals may be
increased, as described in Document 2. However, the arts disclosed in Documents 1 and 2 may
not reduce the influence of the electromagnetic coupling considerably in the downsizing trend of

RF communication devices.

SUMMARY OF THE INVENTION
[0006] It is an object of the present invention to provide a duplexer capable of reducing
electromagnetic coupling between transmission and reception terminals and improving an
isolation characteristic between the transmission and reception terminals and to provide an
electronic device equipped with such the present duplexer. According to an aspect of the
pfesent invention, there is provided a duplexer including: a multilayer substrate having multiple

layers and having a back surface having a rectangular shape; an antenna terminal provided on the



el ectrode between the filters to realize el ectromagnetic shield structure
as described in Docunent 1. Alternatively, the physical distance between
the transm ssion and reception termnals nay be increased, as described in
Docunent 2. However, the arts disclosed in Docunents 1 and 2 may not reduce
the influence of the el ectromagnetic coupling considerably in the

downsi zing trend of RF communi cati on devices. SUMVARY OF THE | NVENTI ON
[0006] It is an object of the present invention to provide a dupl exer
capabl e of reducing el ectromagnetic coupling between transm ssion and
reception termnals and inproving an isolation characteristic between the
transm ssion and reception termnals and to provide an el ectronic device
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present 1nvention, there s provid exer including: a nﬁ}tllayer

substrate avin ers a ving a ba a \Y/
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to be close to_a center of a first side of the back surface; a transm ssion
t er mi rEAPSSHEARS Brstsidhandie bp Sxthesyvayfiam the antenpatepmingl hana gentes ofheond si de of

t he back surface crossing the first side and to be farther away fromthe
ant enrrgcandrsidenafirst begeptiondemtingl pofvidedendhebas saifabes;so as fa regtlose ég @ fiidon

term nal provided on the back surface so as to be close to a third side of
t he baside dulidf ek sufiee dpp@itt @ thheecdrd sidel aisd Webedmther awhefrbmarthdr@termnay from
the antenna termnal than a center of a third side; a first conductor

provi dgghifd tkanfd Jeﬁier o84 fhaasidef a ﬂrsf bdrﬁhctb%{ud@&'én Qfﬁr§t bg-rae bt b Bl ldyéﬁ/ ers so
as to surround at |east one of first area defined by projecting’the
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opposite to the first side and/or between the first reception term nal and
t he f dasepHosiegainaBherem;prdarremH Grmar] prmidokanenaond godaepf the fst layes
perspective view of a duplexer according to claiml1l, FIG 1Bis a

opposite to the first surface and located between the transmission terminal and a fourth side

opposite to the first side and/or between the first reception terminal and the fourth side.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1A is a perspective view of a duplexer according to claim 1, FIG. 1B is a
perspective view of the duplexer from which a cap has been removed, FIG. 1C is a perspective
view of the duplexer from which a transmission filter and a reception filter have been removed,
FIG. 1D is a cross-sectional view taken along a line A-A in FIG. 1A, and FIG. 1E is a
cross-sectional view taken along a line B-B in FIG. 1A;

FIG 2Aisa pian view of the transmission filter or the reception filter, and FIG. 2B is a
circuit diagram of the filter;

FIG. 3A is a plan view of an acoustic wave resonator; and FIG. 3B is a cross-sectional



perspective view of the duplexer fromwhich a cap has been renoved, FIG 1C

is a perspective view of the duplexer fromwhich a transmssion filter and

a reception filter have been renoved, FIG 1D is a cross-sectional view

taken along a line AAAin FIG 1A and FIG 1lE is a cross-sectional view

taken along a line B-B in FIG 1A FIG 2Ais a plan view of the

transm ssion filter or the reception filter, and FIG2B is a circuit

diagramof the filter; FIG3A is a plan view of an acoustic wave resonator;
and FIG 3B is a cross-sectional viewtaken along a line A-Ain FIG 3A

" FIG4A is a view of a cap nount |layer and a cavity |layer of a first

enbodi nent, FIG 4B is a plan view of a die attach |layer of the first

enbodl@@@qdmgggngghthqu{pﬁ3ghem/of a line pattern layer of the first
enbodi nent I's a plan view of a line pattern/foot pad | ayer of the
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enbodi ment, and g g; is a circuit diagramaof the du Iexer FI G 6A
is a CAPPIAIINEY PEY die aliadh laves 8§ the first sipbpdigent FIG At is a gipatian plalivscanpl e, FI G
6B is a plan view of a die attach |ayer of the first conparative exanple,
FI G eQattsrndaysir ghtheifiest eotbodiment F1@ A ie ppldnayier obd lindpattein/ot pdipar af | ve
exanple, FIG6Dis a plan view of a line pattern/foot pad |ayer of the
first thefipaeabodimestxardllc, 4R ikh BditomGliew S the biat pavierivifevpad latdre |1 ne
pattern/foot pad |ayer;

' FIG. 5A is a perspective view of the duplexer of the first embodiment, and FIG. 5B is a
circuit diagram of the duplexer;

FIG. 6A is a cap mount layer and a cavity layer of a first comparative example, FIG. 6B
is a plan view of a die attach layer of the first comparative example, FIG. 6C is a plan view of a
line pattern layer of the first comparative example, FIG. 6D is a plan view of a line pattern/foot
pad layer of the first comparative example, and FIG. 6E is a bottom view of the line pattern/foot
pad layer;

FIG. 7A is a perspective view of an electronic device in which the duplexer of the first
embodiment is mounted on a printed-circuit board, and FIG. 7B is a perspective view of an
electronic device in which the duplexer of the first comparative example is mounted on a
printed-circuit board;

FIG. 8A illustrates simulation results of passband characteristics of transmission and
reception filters, FIG. 8B illustrates simulation results of an isolation characteristic between a
transmission terminal and a reception terminal,

FIG. 9A is a plan view of a piezoelectric thin-film resonator, and FIG. 9B is a

cross-sectional view taken along a line A-A in FIG. 9A;



FIG 7A is a perspective view of an el ectronic device in which the dupl exer
of the first enbodinent is nounted on a printed-circuit board, and FIG 7B
is a perspective view of an el ectronic device in which the dupl exer of the
first conparative exanple is nmounted on a printed-circuit board;

FIG8A illustrates simulation results of passband characteristics of
transm ssion and reception filters, FIG 8B illustrates sinmulation results
of an isolation characteristic between a transm ssion termnal and a
reception termnal; FIG9A is a plan view of a piezoelectric
thin-filmresonator, and FIG 9B is a cross-sectional view taken along a
line A-A in FIG 9A; FIG10A is a perspective view of a dupl exer
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taken along a line A-Ain FIG 10A, and FIG 10E is a cross-secti onal Vi ew

t aken HIGoHIC i 4 nerwegtive vigw ¢ e dupiexer from whickefhg transmaispign andyeeensier filtgs vi ew
of a dupl exer according to a second variation of the first enbodinent, FIG

11B i shave peenspmoteds €116y ind ctobesaitiphab xew thkanmlovg admeah-Ach d&G. 10AL mdas been
renoved, FIG 11C is a perspective view of the duplexer fromwhich the

t r ansnFI&s | GMisaNodsR6@MAIOHRY tdkb£hlBnS aVige BeBth Flenpyed, FIG 11D is a _
cross-sectional view taken along a line AAAin FIG 11A and FIG1 IEis a

cross- sect | gl L Y bAKERYELANEA & g[%gel%cgbﬂdﬂxg% Bodb variation of HEIFRCL2A 1 5

a perspectl ve VI ew o exer acc ing to variation of the
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which a filter chip has been renoved, D IS Cg cross-sectional view
t aken BmoNe 1Gi14e ipg AerPHPCﬁYﬁleW?ﬁ\theéir‘t‘HleFfPrCﬁ%@ whick the gansaussiod@fonal vi ew
taken along a line B-Bin FIG 12A FIG 13A illustrates an exenplary

st r uctngeeption filtkisdiavebagn oemelet olrlfs hHD is ascrosgrseeiemalbview itakenl along & hise dehirer  of
the back surface of the nmultilayer substrate, and FIG 13B illustrates an
exenpl FiGy 1 4, raud FiG. € 11 s abrosdasegti @iahdietvaalanraddng adine\B-Ban Fih 11Ae back surface
of the multilayer substrate are incorporated with each other to forma
si ngl e pi eCEIG, 12A is a perspective view of a duplexer according to a third variation of the first

embodiment, FIG. 12B is a perspective view of the duplexer from which resin has been removed,

FIG. 12C is a perspective view of the duplexer from which a filter chip has been removed, FIG.

12D is a cross-sectional view taken along a line A-A in FIG. 12A, and FIG. 12E is a

cross-sectional view taken along a line B-B in FIG. 124;

FIG. 13A illustrates an exemplary structure in which a ground terminal is further

provided in the center of the back surface of the multilayer substrate, and FIG. 13B illustrates an

exemplary structure in which ground terminals provided on the back surface of the multilayer

substrate are incorporated with each other to form a single piece;

FIG. 14 is a bottom view of a line pattern/foot pad layer used in a second embodiment;

FIG. 15A is a perspective view of a duplexer according to the second embodiment, and



FIG 14 is a bottomview of a |line pattern/foot pad | ayer used in a second
enbodi nent; FIG 15A is a perspective view of a dupl exer according to the
second enbodi nent, and FIG 15B is a perspective view of an electronic
device in which the duplexer of the second enbodi ment is nmounted on a
printed-circuit board; FIG 16A is a view of a cap nmount |ayer and a
cavity layer of a third enbodinent, FIG 16B is a plan view of a die attach
| ayer of the third enbodinment, FIG 16Cis a plan view of a line pattern

| ayer of the third enbodinent, FIG 16D is a plan view of a |line
pattern/foot pad |ayer of the third enbodi nent, and FIG 16E is a bottom
view of the line pattern/foot pad | ayer; FIG 17A is a perspective

vi ew IG’;‘%%QE ae;%@%)eetivet\nav BP&H gec\‘%[h%m?:qie Bth w gﬂ@o@g e;{gIbe'tl?eh spective

Vi ew o nic device in e dup exer t he enbodi ment
is mounted.on a r.cui t. boar FI G 18A |IIustrates an
exenpl%?@g@Pﬁﬁdﬁ%Pgﬂﬁﬁm%ﬁpﬁﬂﬁicﬁ?gﬂﬁﬁh{ernlnaI is further provided in the
center of the back surface of the nultilayer substrate, and FIG 18B

i || ustrates R EeingIvaswy 0k sapapanné laver andiachvigy Busi @l e diifd smahaginens, FIG

incorporated with each other to forma single piece; FIG 19A is a
bot t onl 6B sw pddn dewiofie dpattaer laydrobtheghidd tmbedimesteBIG. h6@ isf plan hiewrfadineent |
and FIG 19B is a bottomview of a |ine pattern/foot pad |ayer used in a
first pateindlbyednf te thiiEerhbaditbntEFIGO U6INESY plan view of a line pattern/foot pad layer of
the third embodiment, and FIG. 16E is a bottom view of the line pattern/foot pad layer;
FIG. 17A is a perspective view of a duplexer of the third embodiment, and FIG. 17B is a
perspective view of an electronic device in which the duplexer of the third embodiment is
mounted on a printed-circuit board;
FIG. 18A illustrates an exemplary structure in which a ground terminal is further
provided in the center of the back surface of the multilayer substrate, and FIG. 18B illustrates an
exemplary structure in which ground terminals are incorporated with each other to form a single
piece;
FIG. 19A is a bottom view of a line pattern/foot pad layer used in a fourth embodiment,
and FIG. 19B is a bottom view of a line pattern/foot pad layer used in a first variation of the
fourth embodiment;
FIG. 20A is a perspective view of a duplexer of the fourth embodiment, and FIG. 20B is
a perspective view of an electronic device in which the duplexer is mounted on a printed-circuit
board;

FIG. 21A is a view of a cap mount layer and a cavity layer of a fifth embodiment, FIG.

21B is a plan view of a die attach layer of the fifth embodiment, FIG. 21C is a plan view of a line



FI G 20A is a perspective view of a duplexer of the fourth enbodi ment, and
FIG 20B is a perspective view of an electronic device in which the dupl exer
is nounted on a printed-circuit board, FIG 21A is a view of a cap
nount | ayer and a cavity layer of a fifth enbodinment, FIG 21B is a plan
view of a die attach layer of the fifth enbodiment, FIG 21C is a plan view
of aline pattern layer, FIG21Dis a plan view of a line pattern/foot pad
| ayer, and FIG 21E is a bottomview of the line pattern/foot pad |ayer

FI G 22A is a perspective view of a duplexer of the fifth enbodi nent, and
FIG 22B is a perspective view of an electronic device in which the dupl exer
is mounted on a printed-circuit board; FIG 23A il lustrates passband
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illustrates 1solation characteristics betwee e transm ssion an

nccor el of Bl B PelimSinsant KR “and F1 G 248 1 5 a per spective view of an
el ectronic device in which the duplexer is nounted on a printed-circuit
boar d; FIGE?4 g mersgediivp Vg efiacliplorerofithe Bish pyhodimpaternd HGP2H isagsp j s
a circuit diagramof the reception filter;
perspective view of an electronic device in which the duplexer is mounted on a printed-circuit
board;
FIG. 23A illustrates passband characteristics of transmission and reception filters, and
FIG. 23B illustrates isolation characteristics between the transmission and reception terminals;
FIG. 24A is a perspective view of a duplexer according to a sixth embodiment, and FIG.
24B is a perspective view of an electronic device in which the duplexer is mounted on a
printed-circuit board;
FIG. 25A is a plan view of a reception filter, and FIG. 25B is a circuit diagram of the
reception filter;
FIG. 26A is a view of a cap mount layer and a cavity layer of a sixth embodiment, FIG.
26B is a die attach layer of the sixth embodiment, FIG. 26C is a plan view of a line pattern layer
of the sixth embodiment, FIG. 26D is a plan view of a line pattern/foot pad layer of the sixth
embodiment, and FIG. 26E is a bottom view of the line pattern/foot pad layer;
FIG. 27A is a perspective view of a duplexer according to a seventh embodiment, and
FIG. 27B is a perspective view of an electronic device in which the duplexer is mounted on a
printed-circuit board; and

FIGs. 28A through 28F illustrate variations of the line pattern/foot pad layer with two

reception terminals.



FIG 26A is a view of a cap nount |ayer and a cavity layer of a s

i Xth

embodi nent, FIG 26B is a die attach layer of the sixth embodi nent, FIG 26C
FIG 26D is

a plan view of a line pattern/foot pad |ayer of the sixth enbodi nent, and

is a plan view of a line pattern |ayer of the sixth enbodi nent,

FIG 26E is a bottomview of the line pattern/foot pad |ayer

FIG 27A

Is a perspective view of a dupl exer according to a seventh enbodi nent, and
FIG 27B is a perspective view of an electronic device in which the

dupl exer is nounted on a printed-circuit board; and Fl Gs.

28A

through 28F illustrate variations of the |ine pattern/foot pad |ayer with
two reception termnals. DETAILED DESCRI PTI ON [ 0008] Enbodi nents of the
present invention are now described with reference to the acconpanying

drawi ngs. (First Enbodi nent)
DETAILED DESCRIPTION

| [0008] Embodiments of the present invention are now described with reference to the
accompanying drawings.

(First Embodiment)

[0009] FIG. 1A is a perspective view of a duplexer in accordance with a first embodiment.

FIG. 1B is a perspective view of the duplexer in FIG 1A from which a cap has been removed.

FIG. 1C is a perspective view of the duplexer in FIG. 1B from which a transmission filter and a

reception filter have been removed. FIG. 1D is a cross-sectional view taken along a line A-A in

FIG. 1A, and FIG. 1E is a cross-sectional view taken along a line B-B in FIG. 1A. As illustrated

in FIGs. 1A through 1C, the duplexer of the first embodiment has a multilayer substrate 10

having a cavity 18, a transmission filter 12 and a reception filter 14 housed in the cavity 18, and

a cap 16 made of a metal for sealing the transmission filter 12 and the reception filter 14 in the

cavity 18. Foot pads 36 are provided on the lower surface of the multilayer substrate 10.

A

conductive pattern 20 including bump pads and interconnection lines are provided on the bottom

plane of the cavity 18. The lower surface of the multilayer substrate 10 may be 2.5 mm x 2.0

mm.

[0010] As illustrated in FIGs. 1D and 1E, the multilayer substrate 10 is formed by stacking a

plurality of layers, which may be composed of a cap mount layer 22, a cavity layer 24, a die

attach layer 26, a line pattern layer 28, and a line pattern/foot pad layer 30, for example.

cap mount layer 22 and the cavity layer 24 define the cavity 18 in which the transmission

The

filter



[0009] FIG 1A is a perspective view of a duplexer in accordance with a first
enbodi nent. FIG 1B is a perspective view of the duplexer in FIGIA from

whi ch a cap has been renoved. FIG 1C is a perspective view of the dupl exer
in FIG 1B fromwhich a transmssion filter and a reception filter have been
renoved. FIG 1D is a cross-sectional viewtaken along a line AAAin FIG

1A, and FIG 1lE is a cross-sectional viewtaken along a line B-B in FIG 1A
As illustrated in FIGs. | A through 1C, the duplexer of the first enbodi nent
has a nmultilayer substrate 10 having a cavity 18, a transmission filter 12
and a reception filter 14 housed in the cavity 18, and a cap 16 nade of a
netal for sealing the transmssion filter 12 and the reception filter 14 in
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mul tilayer substrate 10. A conductlve pattern 20 1 ncl |ng bunp pads and
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[ 0010] illustrated in FI 1D a t he nultlla er substrate 10 |s
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nmount | ayer 22, a cavity layer 24, a die attach layer 26, a line pattern

| ayer fAgr 13paad ﬁlelrmetlcpa ltt@rlﬁ/afmourpahon @9énm3®ads‘3ﬂb}elxsamhump8‘8ﬁewmalp mount
| ayer 22 and the cavity |ayer 24 define the cavity 18 in which the

t r ans masbeanade dftselder. 1 Thandndniissisretiepti2and thel ree@ptidrtfiberd 4hpeieeiowhhe cap 16
is attached to the upper surface of the cap nount |ayer 22 and seals the
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pads 32 are provided on the upper surface of the die attach layer 26. The
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filter d th ece on facedo unt ed. . Foot pads 36
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The foot pads 36 may be an antenna term nal, a transm ssion termnal, a

r eceptd GRramis of 1agiR. ~ Bisding ngfterad apd viss 3 whlﬁbrnaékam@riéof medertagallyhe st acked
| ayers may be formed by an insulator such as ceramc or resin. The line

pat t eroan@8tize chateriak a@sedvioi eddetnaily rsenvarheciche aranselisatorfileall 2 ythe moehuioni ve
material, are used to electrically interconnect the transmssion filter 12,
the reliept4 and fhielfé®padsBeand the foot pads 36. [0011] The transmi ssion filter
12 and the reception filter 14 are now described with reference to FIGs. 2A

and 2Bgofi} G %ﬁe transalaiarma Waid thdRe g@&@ﬁ@rm%m alpefg»@lme

transm ssion filter 12 and the recepti lter 14 an 2Bis acircuit
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Referring to FIGs. 2A and 2B, each of the transmission filter 12 and the reception filter 14 is of

ladder type, and is composed of series resonators S11 ~ S14 and parallel resonators P11 ~P14.

Each of those resonators may be a surface acoustic wave resonator, for exémple.

[0012] The surface acoustic wave resonator is now described in detail with reference to FIGs.

3Aand 3B. FIG 3Ais a plan view of a surface acoustic wave resonator, and FIG. 3B is a

cross-sectional view taken along a line A-A in FIG. 3A. Referring to FIGs. 3A and 3B, the

surface acoustic wave resonator is composed of a piezoelectric substrate 40, a pair of reflection



[ 0012] The surface acoustic wave resonator is now described in detail with
reference to FIGs. 3A and 3B. FIG3A is a plan view of a surface acoustic
wave resonator, and FIG 3B is a cross-sectional view taken along a line A-A
in FIG 3A. Referring to FIGs. 3A and 3B, the surface acoustic wave
resonator is conposed of a piezoelectric substrate 40, a pair of reflection
el ectrodes 42 forned thereon, and an interdigital transducer (IDT) 44
formed on the a piezoelectric substrate 40 and i nterposed between the pair
of reflection electrodes 42. The I DT 44 has an input el ectrode and an

out put el ectrode, which face each other and el ectrode fingers thereof are
interdigitated. The piezoelectric substrate 40 may be nmade of 1ithium

tant al L &f1ksTa2 BFméd Bl Rl Qﬁ’%&d%h&ﬂtran%&fce%ﬁﬁ?h&fonﬂaQ@é@lhIQe layers of

t he nultllayer substrate ‘10 are now describ h reference to FIGs 4A
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filter 12 and the reception filter 14 are housed in the cavity_ 18. 10014]As
i || ustitas gnimpupelestiade ang apppytslectipds, whirhdaes sagh ofhst reie% dBRgerof an

el ectrically conductive material such as a netal is formed on the upper

sur f actkergdf arp intetiligitated.achhel pigaorlegigic sThseratechiduay bevnadsad didhivm 2antdlate (ldes bunp
pads (black circles in FIG 4B), line lines (black lines), and vias (black
doubl eorditiiaaggbateTaN)clonepiplsie pattern 20 has a thickness of, for exanple,
15 pm The conductive pattern 20 may be nade of an alloy of alum num (Al)

and 03[199193’] ( Ctbhe 1a4BR of BRIl aY& sﬂﬁétia?er R) a’rQ n%ﬂe&%b@@@ﬁh %fer%ﬂ&:ttb ¢igal | oy

including Al as a naln conponéent such be a nultilayer film

i ncl ud qﬁﬁ%l al | oy.
Exanpf%ggﬂgg%he nu d&g@ ?F%%éfgxﬁfﬁ%u%%ikgﬁl3%bﬂgjgfu dliﬂ%ﬁ%ﬁ

t transm.ssi |Ite 12 and eception
F11 oM ?@tﬁﬁcwﬁyg@@% B RBuOR A ol ot 151 ¢ he
upper surface of the die attach |layer 26. Pads A and C are electrlcally
connecirefoused Entha A& t er mi nal 50 on the lower surface of the line

pattern/foot pad |layer 30. Pad Bis electrically connected to a
t ransnf084]on As illustrated in FIG. 4B, an electrically conductive pattern 20 made of an electrically

conductive material such as a metal is formed on the upper surface of the die attach layer 26.
The conductive pattern 20 includes bump pads (black circles in FIG. 4B), line lines (black lines),
and vias (black double circles). The conductive pattern 20 has a thickness of, for example, 15
um. The conductive pattern 20 may be made of an alloy of aluminum (Al) and copper (Cu).
The conductive pattern 20 may be made of another alloy including Al as a main component such
as Al-Mg or may be a multilayer film including metals or another multilayer film including a
metal and an alloy. Examples of the multilayer film are Al-Cu/Cu/Al-Cu, Al/Cu/Al, Al/Mg/Al,
Al-Mg/Mg/Al-Mg. Pads A ~ G2 of the transmission filter 12 and the reception filter 14
illustrated in FIG. 4A are connected to bump pads A ~ G2 on the upper surface of the die attach
layer 26. Pads A and C are electrically connected to an antenna terminal 50 on the lower

surface of the line pattern/foot pad layer 30. Pad B is electrically connected to a transmission
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termnal 52 on the |lower side of the layer 30, and pad Dis electrically
connected to a first reception termnal 54 thereon. Pads El - E3, Fl - F3
and GL - & are connected to ground termnals 56 on the | ower surface of
the layer 30. Vias pass through the die attach layer 26 and are full of an
alloy of Al and Cu, for exanple. The vias electrically connect the
conductive pattern 20 fornmed on the upper surface of the die attach | ayer
26 and the conductive pattern formed on the upper surface of the line
pattern |layer 28 together. Vias V1 - V11 that appear on the upper surface
of the die attach |ayer 26 are connected to vias V1 - V11 that appear on
the upper surface of the line pattern |ayer 28. The line pattern includes
l i nes : ' - Vi a8 As .

11 st et e B B Bt I eLind vias 15
formed on.the u urfac f _th i.ne pattern yer 28. The |lines connect
the viraepiohErPRES Beofo St £ oA, P R D PR P et S g e £ oar
i nt erconnect the conductive pattern formon the upper surface of the line
pat t ertprmipglepo omthedewversurfacs i i laves 3Bat Vies Rapdhpobghhivg disptiestlayggrand ur f ace
of the line pattern/foot pad layer 30. Vias V1 - V4, V11 and WL - WB t hat
appeararofultdfen apgeof Alanfl 4t fasfexarhigle] | Hles yiat dleatricallyygennegBhe rendudtiveect ed t o
vias V1 - V4, V11 and WL - WB that appear on the upper surface of the line
pat t erpattér@a@D fodskd caBe upier sur@Rd 6f #he did ditde Tagéredd and tird dondébiilve patepmduct i ve
pattern 20 including a line and vias is fornmed on the upper surface of the
line path&s di theaﬁpepaﬁfdcléllxﬁfhfe%qe phhtdrh [a5r RABSURLOT HHas VS PV Avhategdpse as to

d
surround an area virtually forned by projecting the transm ssion term nal

52 pr Oo\ﬁi tgee 9 o s&rpa%% Iﬁp W E:l%esaé‘,'tragl?fé ercg6. aH]ceo ! Ecg d g)q;ﬁ%/se\;pi K/qgtél}]a‘?%%elatagneﬁl 30 on

t he upper Surtface thereof (an area illustrate a bro e i'h Bl G 5D).

The first conductor 46 may be de_of .t he sane terial as that . of the
condu d’tpip?esubtg‘fec Arthe brs }gﬁg%rl@gpr gg ahhSineqRpite lﬂ?l‘r}%ﬁ zm or pQneghngthe e The
first conductor 46 may have the sane thickness as that of the conductive
pat t erbunppagdnand the viagtogethahpl e, 15 gm The first conductor 46 is not
connected to the other conductive patterns 20 and is a floating conductor.
The vi[a813]hat Apadlhstrhted duBlG. #6ea tandectpatphtern/20 datludingllineayed viadisdbewddr i cal | y
i nt erconnect the conductive pattern 20 forned on the upper surface of the

layer o3Qhéishet Bafdeof theHds paferh R SERS. OThe NiBed AWBECt HeViRC e ThOGlagtat padk as V1
- V3, V11, V12 and W - WB that appear on the upper surface of the |ayer 30

are c Qﬂ%ﬁgﬁ &d 1&& g%ﬁ‘g%? _1a\//ér 78 Nebtrickh} intMLSnfRBGh Y oridulive RREMADREES RN t he

| ower surface t

upper surface of the line pattern layer 28 and the conductive pattern 20 formed on the upper
surface of the line pattern/foot pad layer 30. Vias V1 ~ V4, V11 and W1 ~ W3 that appear on
the upper surface of the line pattern layer 28 are connected to vias V1 ~ V4, V11 and W1 ~ W3
that appear on the upper surface of the line pattern/foot pad layer 30.

[0016] As illustrated in FIG. 4D, a conductive pattern 20 including a line and vias is formed
on the upper surface of the line pattern/foot pad layer 30. A first conductor 46 is provided so as
to surround an area virtually formed by projecting the transmission terminal 52 provided on the
lower surface of the line pattern/foot pad layer 30 on the upper surface thereof (an area illustrated

by a broken line in FIG. 5D). The first conductor 46 may be made of the same material as that
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[0017] As illustrated in FIG 4E, the foot pads 56, which nmay be nade of a
conductor such as cupper plated with gold, are provided on the |ower
surface of the line pattern/foot pad |layer 30. The foot pads 56 include the
antenna termnal 50, the transm ssion termnal 52, the first reception
termnal 54 and the ground termnals 56. The antenna termnal 50 is
provided in the vicinity of the center of a first side 58, which is one of
two | ong sides of a rectangular | ower surface of the line pattern/foot pad
| ayer 30. The transmission termnal 52 is provided close to a second side
60 of the rectangular | ower surface orthogonal to the first side 58 and is
closer to a fourth side 64 than the first side 58. The fourth side 64 is

OPPOSI d18nd Qunliivk bt 90 d8d il bd BPaildy/ctlA1 BES ERLGPLGKAAN MRl g | S Provi ded

close to athir opposite to e secon 0 and i's located in
the vicinit f a .corner defi.ned by the.third, si.de the fourth side
oa 1 Eopsed® raf B B ™ i8Rk B g DB pokEr TR o0r ¢ ne” st x
pads 56 is provided in the vicinity of the center of the second side 60. A
seconcPXameleot > e HhgErsteondyctar 4R isdeticqnpestetofhe pthenpndyctive patieat 2  of t he
third side 62. Athird one of the pads 56 is provided in the vicinity of
the oadties flodtinglsendustort hTls \des B4t pags though thedme pefternifieot padiiy&630i s pr ovi ded
inthe vicinity of a corner defined by the first side 58 and the second

si de Gddectrivally idtérc@mectahe Edrdugadpabémizg fpmmadiodekle ippet figfavé 6f the layerdd0 a cor ner
defined by the first side 58 and the third side 62. A sixth one of the pads

56 1S BHANd B6EhAdS 56 Rim¥h 6h Rl hwer s GOhBRT dRFANGH R Ve vecpRdyside 60
and the fourth side 64. [0018]FIG5A is a perspective view of the first

enbodi i i n.. through r ural c onen t t he
C amaucTe o a0 3 485G Dulellelf Bl 131 4GB CBhy RARR DGRV O BRI 0320 ¢
holds&&rugg%q{ FIG. 1 A1 17A, 20A and 27A). As illustrated in FIG 5A, the
t r ansnt £ &1 'Bn AL ARRSALAN 189 lqveer sirfacg by the three ground terninals 56

anong the six ground term nals, nanely, the above-described first, third
and silQ8WIgr odsdllystrated 5FIGr ks the &ot palfé 5§+ which magbainrede of & eorluetopsushi ded i n
a direction along the fourth side 64 and in another direction along the
secondssupier fhtedMich gold atk preeided ns tierlewar subfagosfahe tine tetn/obhead. layan 30.he
| ower surface of the multilayer substrate 10, the transm ssion term nal 52

i s el exierfosg@aesd malby thehhRhfedritinhisd, iR t8heHR ok REMINARES tRSfikN the two
directions, that is, the direction towards the first reception term nal 54

from tp& L6 RRMInSFs CohdlRE Foli tenfindR 36! Nendihi&nb QM 56 49R5Aked RgRSt O-

vicinity of the center of a first side 58, which is one of two long sides of a rectangular lower
surface of the line pattern/foot pad layer 30. The transmission terminal 52 is provided close to a
second side 60 of the rectangular lower surface orthogonal to the first side 58 and is closer to a
fourth side 64 than the first side 58. The fourth side 64 is opposite to the first side 58. The
first reception terminal 54 is provided close to a third side 62 opposite to the second side 60 and
is located in the vicinity of a corner defined by the third side 62 and the fourth side 64. In FIG
4E, six ground pads 56 are illustrated. A first one of the six pads 56 is provided in the vicinity
of the center of the second side 60. A second one of the pads 56 is provided in the vicinity of

the center of the third side 62. A third one of the pads 56 is provided in the vicinity of the
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[ 0019] The first conductor 46 is provided to the upper surface of the line
pattern/foot pad |layer 30 included in the nmultilayer substrate 10 so as to
surround the area onto which the transm ssion termnal 52 is projected. The
first conductor 46 is arranged around the area onto which the transn ssion
termnal 52 is projected is conposed of two portions extending in the
direction along the fourth side 64 and a portion extending in the direction
ort hogonal thereto and connecting the two portions. Thus, the transn ssion
termnal 52 is electromagnetically shielded with the ground terminals 56 in
the two directions, that is, the direction towards the first reception
termnal 54 fromthe transm ssion termnal 52 and the direction orthogona

ther et el %ﬁQ%ﬁhﬁsid@ B4l é]af&%&lréi (Lfthg e @@Esﬁﬁo&iﬁ&% Iﬂ:ﬂt?é el BF a Lifierd 1 1St

enbodi ment. Referring to e transm ssi on er I's connected

bet weep .t he antenna .term nal 50 and the transm ssjon term nal .52.. The
 eceptiegned i B i ick S8 dhhbe feend 5t lle R BTk Badei i M BT it ne
first reception termnal 54. The transm ssion filter 12 is connected

bet we eficiniteotzmostan definadyibs fisbsidn el andethe thirdsidedSi oA seh anmal thepadsise t he
conductive patterns 20 illustrated in FIGs. 4A through 4E. Simlarly, the

r eceptis provided firethe Y#tinity of acneet defined bytersetdnd salettOrand thedfountnsitle 80 and t he
first reception termnal 54 via the conductive patterns 20 illustrated in
FI Gs. [6618)hr ough 54Es a p8Ogetife diewGritd firienibodint, G eNis Qéenahioupls t
conparative exanple, which is to be conpared with the dupl exer of the first

embodi R g Boxﬂg;? %ﬁts'b?nggtﬁﬁg £ .e%ngﬁcfti@%étte% 20, e fob%ﬁia @g:ﬁé’cf@h@?ﬂét- A dupl exer

configured acc I ng irst conparative exa ers fromthe

dupl exer ,of t fir e Lent. only Lh,th ttern, forned he.line
oabt o g BT tedds REISCRRRMS ATk, il BREARRLT Astuls 8 s Ry 5RTIE' Bbove
pattern, the duplexer of the first conparative ex le is the sane, as that
of t hdTFRISioR FFRHRIAIS swirpwndgd by thedhtes spuist fqﬁmv@}%%@ﬁ@égﬂ&? B goynd

terminals, namely, the above-described first, third and sixth ground pads 56. That is, the ground

terminals 56 are provided in a direction along the fourth side 64 and in another direction along
the second side 60. The two directions are orthogonal to each other. On the lower surface of
the multilayer substrate 10, the transmission terminal 52 is electromagnetically shielded with the
ground terminals 56 in the two directions, that is, the direction towards the first reception
terminal 54 from the transmission terminal 52 and the direction orthogonal thereto.

[0019] The first conductor 46 is provided to the upper surface of the line pattern/foot pad
layer 30 included in the multilayer substrate 10 so as to surround the area onto which the
transmission terminal 52 is projected. The first conductor 46 is arranged around the area onto
which the transmission terminal 52 is projected is composed of two portions extending in the
direction along the fourth side 64 and a portion extending in the direction orthogonal thereto and
connecting the two portions. Thus, the transmission terminal 52 is electromagnetically shielded

with the ground terminals 56 in the two directions, that is, the direction towards the first
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through FIG 3B. FIGs. 6A through 6E illustrate |layers of the nultilayer
substrate 10 enployed in the duplexer of the first conparative exanple. As
illustrated in FIG 6D, the first conductor 46 is not provided on the upper
surface of the line pattern/foot pad layer 30. As illustrated in FIG 6E,
the ground termnal 56 is not provided between the transm ssion term nal 52
and the fourth side 64 on the |lower surface of the line pattern/foot pad

| ayer 30. The transmi ssion termnal 52 is provided in the vicinity of the
corner fornmed by the second side 60 and the fourth side 64. The ot her
parts of the first conparative exanple are the sane as those of the first
enbodi nent previously described with reference to FIGs. 4A through 4E

[ 0022]1%&é§‘t1§€‘téhr§ur%l 94?&81%;{@& iéélrﬁm\fés?o\{’{ t&mifdl 59 38&(?){}{&%{1%&1&’190 b odai‘th\éﬁ'tcgh the

dupl exer "0 Irst Iment 1s nounte n a print e ircuirt board, and

o ndobane, ?«’B@%@f iy eieeth P e hEIREEY tﬁ%’f’ &Y biBodi el Rt Bfup exer

FI Gs. 7A and 7B, t upl exers are seen throug the structural parts ot her
t han tHE $Bdhe Hw@@@nafﬁ&r 1 hés qonpegtedchshmerattes armeamettwahé@ #deue for FIGs.
15B, 17B, 20B and 27B). The el ectronic device nay be a portable information
t er mi rtzdnsmrssian teybiitad 52.0 nbherecsptivo filteeld is epnrfeoted bstavepn the atennd temsinalided i n
FIGs. 7A and 7B, a printed-circuit board 66 has an antenna signal |ine 68,

a tranmditksiigtresé@ioalterhinie 570, Thk th@eRRkioafilSi INidlcohneoRd batweamtheangheaind
line 74. The antenna term nal provided to the | ower surface of the

mul ti | @y ehaSelsh "di’ett?an&gls'si%n @&Hn‘i}%@ 520ialtRe Ed?l%u&%%ﬁfﬂ&ns%@ﬂﬁktra{téd“ﬁ 1§gs.0of the
printed-circuit board 66 by sol der, for exanple. Simlarly, the

trans rqu t°h| 4% mS largrt the & C%ptl ﬁltter lggeé)onn?cﬁe& t\%enaﬁle ? 45611% (iier}nhl? 19 ound

term are respe |ve nnecte ransm SsSsi on Si gna i ne 70,

the re n signal |ine the ground |i 74 b or exanpl e.
The heangﬁlef‘s 5t Ao SrEA S f &aﬁﬁmqnda IvepRerps g@&%ﬁ%@%ﬁq{lg rﬁ%%rougb t he
first reception terminal 54 and the ground term nals 56 nay be 30 Ian1 for
exanpl4- The above heights correspond to the distance between the
printed-circuit board 66 and the | ower surface of the nmultilayer substrate
10. THO02k ound ddseriptiogd is sovppiven deadfisocasparasive ekamplndvipel ispbbe caspanéd t he
antenna signal line 68, the transm ssion signal line 70 and the reception

si gnalwith 1he dhglexérQP AR firbensborlngone in Gtlerttb @edckibs bffeiderdhdBRE efbddiés. from

that of the first conparative
A duplexer configured according to the first comparative example differs from the duplexer of

the first embodiment only in the pattern formed on the line pattern/foot pad layer 30 of the
multilayer substrate 10. Except the above pattern, the duplexer of the first comparative
example is the same as that of the first embodiment already described with reference to FIG. 1A
through FIG. 3B.  FIGs. 6A through 6E illustrate layers of the multilayer substrate 10 employed
in the duplexer of the first comparative example. As illustrated in FIG. 6D, the first conductor
46 is not provided on the upper surface of the line pattern/foot pad layer 30. As illustrated in
FIG. 6E, the ground terminal 56 is not prQVided between the transmission terminal 52 and the
fourth side 64 on the lower surface of the line pattern/foot pad layer 30. The transmission

terminal 52 is provided in the vicinity of the corner formed by the second side 60 and the fourth
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exanple in that the ground termnal 56 is additionally provided between the
transm ssion termnal 52 and the fourth side 64 and the first conductor 46
is provided so as to surround the area virtually formed by projecting the
transm ssion termnal 52. Thus, the transm ssion term nal 52 of the

el ectronic device with the duplexer of the first enbodinent is integrally
surrounded by the ground termnals 56, the first conductor 46 and the
ground line 74. [0024] The inventors sinulated the el ectronic devices
illustrated in FIGs. 7A and 7B, and neasured the passband characteristics
of the transmssion filter 12 and the reception filter 14, and the

i sol ation characteristic between the transm ssion termnal 52 and the first

recept i@ed e PRk ReHer szﬁsj dt ft%t %fgg%%gir‘{g le%ﬁﬁﬁl@ E&je(fhéjs%we%g os& bfth8 ‘ﬁr% le lustrates

the sinulation resuits o acteristics between t

transm ssion filter 12 an he. recepti o ilter 14 in each of the

el ect r8MRod! é\??ﬁeéléo,usgﬁiascﬁigé gih ir‘%%ﬁg?ertg? (Izés‘t‘tﬁ\etfllé)lu%flgt ion results of the

i sol ation characteristic between the transm ssion termnal 52 and the first
r ecept 0821t er Ml 152 PrsPecaiym VST afida clecuenie deiiiee nevhichethe dyplexer gbthega and
8B, the horizontal axis denotes the normalized frequency, and the vertical
axi s dasiomngdwdiment isTeeurntédoon 4 prirged-Tinaitdioand, and 6. 7B $14 pesspettivehsaew pf at

enbodi ment are illustrated by solid |ines, and those of the first

conpardédiregicedsaiap irewhick tHel dup Rk Eradfeist figt ddhpaeiive exesple [sGRAmlolonid | ust r at ed
in FIG8A there is little difference in the passband characteristic of the

dupl exghidediveR Boidde d Fiek. PARRPTERAL dl.g{]l‘%‘(ef'srb?e §deh $hiro SH

RIS @xanpl e As
illustrated in FIG 8B, the isol ation racteristic of t%ec%¥r§%

erbod filldoind F5BF QYRS sa ARGHL bRl a8 (ieh I ARRTL PRI 58 :lgpgﬂfhro“t si de

of the passbands, as conpare conpar he

reason he_isol ation characteristic of the first enbodi nent is inproved
is t hﬁ%ﬁ@g- P eefroue SRvie Y hiah Pasatie PoraBomienaia %m«r'{}ﬁs hi el ded by
additionally providing the first conductor 46 surrounding the area

vi rt uslomynundgatier deijce fsjesamplag AR dlusiratnd in 96is o\ anst T, reairing2-cangdit bpard gr ound
termnal 56 between the transmi ssion termnal 52 and the fourth side 64.

[ 0026]6had es emtelrmdsignlablines, 6836 trenghhipggort GgriahEnd 70, atre@ptiadsigmline Thend br st
conductor 46 is provided on the upper surface of the line pattern/foot pad

| ayer gfundQin@F4t OThéEdtehhaderbligal pFRAdit6 tHeabier shEhddRst thYmBKiGlyeCdubiehtd he
transmssion termnal 52 thereon, as illustrated in FI G 4D. Further, as

i 1T ustioat ethneBteddEhe ﬂﬁenr{a@?gngf g 5ﬁﬁ%méd-é§cuiitsoogfd%@ ﬂﬁs@lééﬁ yeen the

transm ssi on

example. Similarly, the transmission terminal 52, the first reception terminal 54 and the ground
terminals 56 are respectively connected to the transmission signal line 70, the reception signal
line 72 and the ground line 74 by solder, for example. The heights of the antenna terminal 50,
the transmission terminal 52, the first reception terminal 54 and the ground terminals 56 may be
30 pm, for example. The above heights correspond to the distance between the printed-circuit
board 66 and the lower surface of the multilayer substrate 10. The ground line 74 is provided
so as to surround peripheries of the antenna signal line 68, the transmission signal line 70 and the
reception signal line 72.

[0023] The duplexer of the first embodiment differs from that of the first comparative
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termnal 52 and the fourth side 64 on the |lower surface of the nultilayer
substrate 10 (that is, the lower surface of the line pattern/foot pad | ayer
30) in addition to the ground term nal 56 provided in the vicinity of the
center of the second side 60 and the ground term nal provided in the
vicinity of the center of the fourth side 64. Thus, on the | ower surface of
the multilayer substrate 10 and the upper surface of the |line pattern/foot
pad | ayer 30, the transm ssion termnal 52 is el ectronagnetically shiel ded
in both the direction towards the first reception termnal 54 and the
direction orthogonal thereto. It is thus possible to block the

el ectromagneti c wave propagating towards the first reception term nal 54

{1 0m taGmbIcaR B2} £R1cM0hn RS RacRRrbNAroled BawHL 6 kit ogonal

t hereto. |s to e nag IC wave partlcu arly tends to be

radlated 19 SSi n i ne 70 of

b nt eIl S PPy fe & wid e RS ESThERE iR v T it IRocied by
t he ground ternlna 56 prOV|ded bet ween the transm ssion term nal 52 and
the f Qs Hrteallydosmed by pagjastinedhe repspmsiogrterier Sér mihuy thsdrapsmistioed in t he
vicinity of the center of the second side 60. It is thus possible to reduce
t he eltemting Paw dteiedectronipldeyige ish Weeadupixer ofitheBrst esbalimendinintegtalls2 and t he
first reception termnal 54 and to inprove the isolation characteristic as
i || ustsugbediet by Blegrbhd thdRal} 66, thd firsstondti@or 46andlthe grétmd lile74ant enna

termnal 50 is provided in the vicinity of the center of the first side 58,

whi ch pe2gne ehe IenthRWMSLAEE %hecglecttxjaﬁlcldQW%és 1ﬁH§t1fa?éHQn efGd ha Aubhb Jm'?‘iy er

substrate 10 having a rectangu ar shape. transm ssion term nal 52 |s
From U R LR PR

first pti.on rm nal is provided tn the vicinit f the third side
62' 0 %3 heggEaLRE rlawalgﬁ Y Fepe FE TSR S R TS TASEORRE Genter of
the third side 62. It is thus possible to increase the physical distances
bet wedprminad 54 eavhf therehaciranic Jgvicesh e FIG. Shsifigetes the smmation resgltsofdha he fir st
reception termnal 54 and to reduce the el ectromagnetic couplings between
t hese mssbamdeiasactapisécsdfetveseh ithwatransmiseen I fidtee 2 surthaceefthadidtes U4 fraczed oHf t he
mul tilayer substrate 10 nay be not |imted to the rectangul ar shape but may

be shapededtih@ dvidslan@F1G 8828 dtatds iR aRaMBosIRSEL JTekk Kkblasdn GRakedtisgnt , the
first conductor 46 surrounds the area virtually fornmed by projecting the

tr anshegsdeRthd &inh&ion %Tnn'gag @% %%?th% rﬁ‘P_lf{ @&!:e% Jr{‘iktgﬂh%l}@ ib%ao‘?{d%‘{ﬁéj&ﬁctx%ﬁfc"‘ee“

t he transnlsslon term our wever I rst

The 1 I9EE oﬁlaﬁﬁt ATt 1R, bR opGiT N odta Y oo a?f‘ z%cﬂfa’%ﬂh‘%{ac@% R a1y

formed by cting the flrst reception termn and the ground
t er mi &ftica XrtSa ngies Freduiedin lpst wdh Strwéatmrrstﬂtﬁ et‘:@sﬁr%sﬁmb@tlmeﬂ%are 54 and the

fourth side 64. That is, the first conductor 46 may be provided so as to
sur r oulhestrated by solid lines, and those of the first comparative example are illustrated by broken

lines.

[0025] As illustrated in FIG. 8A, there is little difference in the passband characteristic of the
duplexer between the first embodiment and the first comparative example. As illustrated in FIG.
8B, the isolation characteristic of the first embodiment is improved by about 10 dB in the
transmission band and outside of the passbands, as compared with the first comparative example.

The reason why the isolation characteristic of the first embodiment is improved is that the
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area virtually formed by projecting the transm ssion termnal 52 or the
first reception termnal 54, and the ground term nal 56 nay be | ocated
bel ow the first conductor 46 and may be interposed between the

transm ssion termnal 52 and the fourth side 64 or between the first
reception termnal 54 and the fourth side 64. It is thus possible to reduce
the el ectronagneti c coupling between the transm ssion termnal 52 and the
first reception termnal 54 and inprove the isolation characteristic. Wen
downsi zi ng of the duplexer is considered, it is preferable that the ground
termnal 56 is provided between the transm ssion termnal 52 and the fourth
side 64 or between the first reception termnal 54 and the fourth side 64

and i §.J.06ated ténglxﬁ{éﬂ be isqmeg-gﬁnédsgﬁﬁﬂ}p i %@a:%adéﬁi'onh%g‘l'ihﬂl%%éjﬂst to bl ock

t he elec?ronagne IcC wave radiated via 't nsm ssi'on termnal 52, it is
preferable that the first conductor. 46 .surrounds.the area vjrtua f or med
by pr o‘ioéélf‘it‘?fg&tsﬂgo?l} tﬁ? %’?PSHHFL‘Y Farmsd %%Emt'%tlfl%gqegfapggltsf%rh{e%{/%ir 5 the
first reception termnal 54 and the direction orthogonal thereto. However,
even vindrhe greurd tesmringloechsbvesn t%tr%wssvnéﬂmﬁhﬁ%@nﬂgﬁ@f%aﬂ e ually forned
by projecting the transm ssion termnal 52, the el ectromagnetic wave from

t he tr[@0261 ssirsnlesceibad alsive R condingtie thel fustiestbod inGD8 Oherfiest fanductodriduct or 46
is not limted to the floating conductor but may be grounded. That is, the

first mendetrédthe 4fpdrSulfae of GitBRpaderhdodtipad kiygdll sol dsnesiemunédiceaeat 0 any of
the antenna term nal 50, the transnmi ssion term nal 52 and the first
¥}

recepty; ' i iQidnTRANA 50 Mer&dnl BCllugatthgidismg the
transn\zlggﬁlgﬁb{ﬁé%yréﬁj %Zr{%t?{giﬁ{ssn%érgg‘nerabl e thatr tnFle gFoua}ld term nal 56

i ded,bet the t 1,SSi t | . i . 64 d
PO S SR R AS LS S R T Rl EHE aSiypd and
A A R GTTRUREIWESR I N AR - O N,

side of the transm ssion termnal 52 is surrounded by the ground
lower surface of the line pattern/foot pad layer 30) in addition to the ground terminal 56 provided

in the vicinity of the center of the second side 60 and the ground terminal provided in the vicinity
of the center of the fourth side 64. Thus, on the lower surface of the multilayer substrate 10 and
the upper surface of the line pattern/foot pad layer 30, the transmission terminal 52 is
electromagnetically shielded in both the direction towards the first reception terminal 54 and the
direction orthogonal thereto. It is thus possible to block the electromagnetic wave propagating
towards the first reception terminal 54 from the transmission terminal 52 and that in the direction
orthogonal thereto. It is to be noted that the magnetic wave particularly tends to be radiated
towards the side of the transmission signal line 70 of the printed-circuit board 66. Thus, the
electromagnetic wave can be blocked by the ground terminal 56 provided between the
transmission terminal 52 and the fourth side 64 in addition to the ground terminal 56 provided in
the vicinity of the center of the second side 60. It is thus possible to reduce the electromagnetic

coupling between the transmission terminal 52 and the first reception terminal 54 and to improve
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term nal 56. However, even when at |east a part of the side of the

transm ssion termnal 52 is surrounded by the ground term nal 56, the

el ectromagneti ¢ wave may be bl ocked. [0031] The transm ssion filter 12 and
the reception filter 14 of the first enbodinent are not limted to the

| adder type filters but nmay be of another type and may be a nulti-node
filter. The resonators that formthe | adder type filter are not limted to
t he surface acoustic wave resonators but may be acoustic wave resonators
such as piezoelectric thin-filmresonators or boundary acoustic wave
filters. Yet another type of filter may be enployed. It is particularly
preferable to use resonators suitable for RF comruni cations. Now, the

pi ezoq&g&kfahgnal;gr 1delshiind BSAPALLH FIE g@escribed with reference FIGs. 9A and
I's

9B. FI an view of a plezoelectrlc thin-filmresonator, and FIG

Fros. Bfng oo TR b Al em‘*wgqlmlr%b”se%rgxﬁ‘f%wtﬁgg%@ fgferi o to

el ectrode 78, a piezoelectric film80 and an per el ectraode 82 whi ch are
st ackesgnienot the §irss side p8.ahigh isime of ﬁl@éowldem b biearspr faggiof thganyltlayety ned by
portions of the |ower electrode 78 and the upper electrode 82 that face
each otubsratd Hy loaviyly & fectangudarsbipect The transmiss8, tepninal \MRtiyprogided iftbe med on t he
substrate 76 below the | ower electrode 78 so as to include the resonator

part 8AcihBy bz@et@bhd sidf 6032Ad tb bk Mattet 5wy RoTh Tt aitshha tedRinal SQudian dieed i n
FI Gs. 1A through 1E, the transmssion filter 12 and the reception filter 14

are arcregfég Sfjthle Qectoﬂ@ sifa¥h ! yTHlesfH@tf rebdpBofMbrnldaPy el pPaREdNAHR Wlnitpothare
enclosed 1n th caV|ty 18 by the cap 16. However, the first enbodinment is

Ot | e 2 e PR R TS M@% o ST N
FI Go. S hiblaghs Pobla KRR iR s Ve bR ISRIFEIDL hr ough
third variations are now descri bed.

the transmission terminal 52 and the first reception terminal 54 and to reduce the electromagnetic

couplings between these terminals more effectively. The lower surface (back surface) of the

multilayer substrate 10 may be not limited to the rectangular shape but may be shaped into a

square.

[0028] In the above-described first embodiment, the first conductor 46 surrounds the area

virtually formed by projecting the transmission terminal 52, and the ground terminal 56 is

provided between the transmission terminal 52 and the fourth side 64. However, the first

embodiment is not limited to the above but may have another arrangement. The first conductor

46 may be provided so as to surround an area virtually formed by projecting the first reception

terminal 54, and the ground terminal 56 may be provided between the first reception terminal 54

and the fourth side 64. That is, the first conductor 46 may be provided so as to surround the

area virtually formed by projecting the transmission terminal 52 or the first reception terminal 54,

and the ground terminal 56 may be located below the first conductor 46 and may be interposed
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[ 0033] FI Gs. 10A through 10C are perspective views of the first variation of
the first enbodinment, FIG 10D is a cross-sectional view taken along a |line
A-Aillustrated in FIG 10A, and FIG 10E is a cross-sectional view taken
along a line B-Bin FIG 10A. Referring to FIGs. 10A through 10E, the

mul tilayer substrate 10 is conposed of the die attach |layer 26, the line
pattern layer 28 and the |ine pattern/foot pad |layer 30. The cavity 18 is
not fornmed in the nultilayer substrate 10. The transm ssion filter 12 and
the reception filter 14 are nounted on the upper surface of the die attach
| ayer 26, and are sealed with resin 86 by transfer nolding. The other
structures of the first variation are the sane as those of the first

enbodl : r e [ 0f the second
vari ati onéegftﬁﬁoﬁé%w %?te%éé%?réln(?l&gé%é&ﬂ% 64)&%%%?%;51%%5%%{“% tlP’flvi ew t aken
al ong A-Aillustr, n. Fl G 11 and FI G S a Cross-sectiona

o o (B GHE e TOHRRSEE 81 ISty b ye E el AR PR ugh 11E,
the nultilayer substrate 10 is conposed of the die attach |ayer 26, the
line pwtweenrihe Eignsmisndermningl 82 pnchthe fstreqentionistmisald s aagdémpye thehe cavity 18
is not formed in the nmultilayer substrate 10. The transmi ssion filter 12
and t hieolatéomeghbtaoteriftid. t &Vheb4loameizimgwifithedluplexéhie cappleredsuis meferabie thitehali e
attach layer 26. A seal ring 88 nade of a nmetal or the like is provided on

peri phes@ld teMihalFBSs HovIidBE betRRET ths WahaeiSsi® tethBaliandtihefolrth 866436 SO as
to surround the transmssion filter 12 and the reception filter 14. A

sol de rbeMéeH‘t}?@ﬁﬁ?reE{H&%ﬁ ‘E@%a‘l 94 E;Ebethé ‘F&!rthréld%%%d‘%s”fécéitéd fuf %ﬂ:{% @ fgc! ose
the transm ssion fi nd the reception filte transnrssron
f||ter %?d the reception filter 14 are hernetically sealed with the

sol der® P 15 that contacts the seal ring 88. The other structures of the
second varlatlon are the sane as those of the first enbodi nent |IIustrated
in FI d802%HA t i eidgHo hiockithreegtomagneticoyeve radiaferhvie s tggnemission faeinal 2. ews

of the thrrd variation of the first enbodinent, FIG 12D is a

cr oss-isiseréfenable that 8w firstkeondedtarig sarrbiunds the axed virtualty fetroetl byprojeGingthe and FI G
12E is a cross-sectional view taken along a line B-Bin FIG 12A. Referring
t 0 Fl Gaansrhid&ioh Iiermitgh 52 dFthe tirection kdvwdrdy e fisd bseptidnaterhiinalS4aadpestitcidn t he
die attach layer 26, the line pattern |ayer 28 and the line pattern/foot

pad | ayboci ththeo. Ca¥dvieted BvirSwi@ithé BFsiBshdubrot JR?IE)L bt Aned thedkat rate 10. A
filter chlp 92 on whi ch the transm ssi on fllter 2 and the reception filter

14 arg, 19;{11 \ E&ﬂm ﬁ'e LSRRG e i 413 EleE @né"‘&z Cfporh gyer 26.
i et

The seal ' r rovi ed on e perip era por e upper
surface of the drea?éiach lg%ﬁ£ 6 so as to surround the frlter chip 92.
The fifaEPISEAR fFrgn Pe %% resin 94 by a |lam nate method using a
resin sheet. The filter chip 92 can be hernetically sealed with the resin
94 t hdP03Wnt adhe firsheonslagior f*g isgrog Bmityth e the Heptingreopdictardyt gay bgroprdedd
variation are the sane as those of the first enbodinment illustrated in

Fl Gs. Thét ishthe digét caiductor 46 is not connected to the signal line connected to any of the antenna

terminal 50, the transmission terminal 52 and the first reception terminal 54. In order to
improve the effect of shielding the transmission terminal 52, it is preferable that the ground
terminal 56 provided between the transmission terminal 52 and the fourth side 64 and the ground
terminal 56 provided in the vicinity of the center of the second side 60 extend beyond the
transmission terminal 52 in the direction in which the fourth side 64 extends. That is, it is

preferable that the whole side of the transmission terminal 52 is surrounded by the ground

19



[ 0036] The ground term nals 56 provided on the back surface of the

mul tilayer substrate 10 of the first enbodinment are not limted to the
arrangenent illustrated in FIG 4E. This arrangenent is briefly described
here again. Three ground termnals 56 are respectively arranged in the
vicinities of the centers of the second side 60, the third side 62 and the
fourth side 64. One ground termnal 56 is provided in the vicinity of the
corner defined by the first side 58 and the second side 60. One ground
termnal 56 is provided in the vicinity of the corner defined by the third
side 58 and the third side 62. One ground termnal 56 is provided between
the transm ssion termnal 52 and the fourth side 64. FIG 13A illustrates

ks he{errﬁ‘i%ﬁlaﬂsgle’i%gﬁeyé}f eJeh%vl%é%’c’f&%t%?EH%?ﬁJe%ia@% tt?ﬁ?eaﬂgx{éfc égn Ee‘P?lﬁl'a%ﬂ A, one

ground term na IS provi In the center o surface of the

mul til ayer strate 10. Fl illustrates yet anpther arrangenent of the
gr ounf%@?ﬂ%ﬁgﬁygﬁ%%muﬁg?g??iﬁ#&ﬁ ekﬁ%‘)rﬁ%{egf P?éw@’?l%ﬁ%&f)%l?eﬁi nals 56 in FIG
13A are connected together so that a single ground termnal 56 is fornmed on
t he bal@R3Hur f dde tigpsmpipdoriiter 122pd thegpesptipmiikicrld, of fhgefirgs engflodingend aieciof er ni nal
56 is formed so as to surround the antenna term nal 50, the transm ssion

t er mi nahit&Xodhgllatddes tfperfdtersrtart ey bo nf arether ek abdma¥hea anltaingdeniilits i n Fl Gs.
13A and 13B surround the transm ssion term nal 52 nore widely than the

ar r angpigeonalokd ikt faing thei lddet pd Blted dre hét Iinkitedl tp @feSulth@ deustiomavef f ectivel y
reduce the influence of the electromagnetic coupling between the

tr ansmi.ssy 3 Ral : i i ] ond
b0 S BTy MR e RUERE S Rpraldrluch 8¢ FRAOAR R AR 1e3thad 6O 1 ¢ he

groun rmonal 56 | QVi SQ, as. to rround th riphery. .of. the

o anorRABHaL Mt REAY AR Tulelhr TEr 408 LGRS  MIShEHeN'S (e
sane as fhe first enbodinent iJlustrated in FIG. 1A through 5 except that
t he séﬁsff?@%%&a? RERRasHhle for RE perampnigationge Iﬂawstthﬁaﬁéoeﬁ%tr&ﬁhtnh@m ower
surface of the line pattern/foot pad |layer 30, which pattern is different
f r om tmsanat issdgecrfbied syithapfsesncerBléis. 9A and 9B.  FIG. 9A is a plan view of a

piezoelectric thin-film resonator, and FIG. 9B is a cross-sectional view taken along a line A-A in
FIG. 9A. Referring to FIGs. 9A and 9B, the piezoelectric thin-film resonator has a lower
electrode 78, a piezoelectric film 80 and an upper electrode 82, which are stacked in this order on
a substrate 76. A resonator part 84 is formed by portions of the lower electrode 78 and the
upper electrode 82 that face each other through the piezoelectric film 80. A cavity 18 is formed
on the substrate 76 below the lower electrode 78 so as to include the resonator part 84
horizontally.

[0032] In the first embodiment, as illustrated in FIGs. 1A through 1E, the transmission filter
12 and the reception filter 14 are arranged in the cavity 18 of the multilayer substrate 10, and are
enclosed in the cavity 18 by the cap 16. However, the first embodiment is not limited to the
above arrangement. For example, the first embodiment has a first variation illustrated in FIGs.

10A through 10E, a second variation illustrated in FIGs. 11A through 11E, a third variation
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Thus, a description is mainly given of the |ower surface of the line
pattern/foot pad |layer 30. [0038]FIG 14 is a diagramthat illustrates an
exenpl ary back or | ower surface of the line pattern/foot pad |ayer 30.
Referring to FIG 14, there are provided five ground termi nals 56. One of
the ground termnals 56 is provided in the vicinity of the center of the
fourth side 64 and is interposed between the transm ssion termnal 52 and
the first reception termnal 54. Another one of the ground term nals 56 has
a portion provided between the transm ssion termnal 52 and the fourth side
64, another portion provided between the transm ssion termnal 52 and the
second side 60, and yet another portion provided in the vicinity of the

Curr oo FREE AT, TRty bR SRS TR TRERERhond b o, o

t he dupl exer of the second enbodi nent, and FIG 15B is a perspective view of
an ele ?B?ﬁsérﬁﬁwgﬁscflﬁe({;\hi ch the dupl exer of the second enbodinent is
mounted on a printed-circuit board. Referring to FI G 15A, the_ ground

term ni@P336 i E’I@-d%a@au@ek%@ﬁ p@me%waﬁ@ms§gthérﬁr$tévﬂmtmlofﬁw fypd t he second
side 60, so that the transm ssion termnal 52 is surrounded in the four

di r ectantnslim&ing16t HEY isstaressisect@aalofiew kekes eloogd lirerh oAl illwstmitedineFIGhH Asane as
those of the first enbodinment illustrated in FIG 5, and a description

t her eaindiFSGOIUE it @ drd3@ERtiond vidw tdRén Abrh Kk BRGn 136, 103, NRRfrALg @I IIGRd
termnal 56 is provided between the transm ssion termnal 52 and the second

si de gf}{%%ﬂﬁllgﬂﬁgﬂﬁﬂe R fay gsﬂn@tr%tgqo Psféoﬂ%pggﬁd f éld;[ﬁha Q415586 i1fe RfOVI ded

aroun ansni ssi on Si gnal Ine 70 I e trafdsm ssion tern na

52 i t T . the t 1 SSi i | Li .70 i i,ded wit hi
Phe. privRIIeT 8 atq e giar oukh BB BT B RR 0D o BF b E L R BT
transm ssion termnal 52 is connected. The other structures of the second
enbodiHefitaysrwbstiée khnelhgdrapsipissionfilterle ang tha reesphignfignt4 3re meytiedeRd i n

FIG 7A, and a description thereof is omtted here.
the upper surface of the die attach layer 26, and are sealed with resin 86 by transfer molding.

The other structures of the first variation are the same as those of the first embodiment.

[0034] FIGs. 11A through 11C are perspective views of the second variation of the first
embodiment, FIG. 11D is a cross-sectional view taken along a line A-A illustrated in FIG. 114,
and FIG. 11E is a cross-sectional view taken along a line B-B in FIG. 11A. Referring to FIGs.
11A through 11E, the multilayer substrate 10 is composed of the die attach layer 26, the line
pattern layer 28 and the line pattern/foot pad layer 30. The cavity 18 is not formed in the
multilayer substrate 10. The transmission filter 12 and the reception filter 14 are mounted on
the upper surface of the die attach layer 26. A seal ring 88 made of a metal or the like is
provided on peripheral portions on the upper surface of the die attach layer 26 so as to surround
the transmission filter 12 and the reception filter 14. A solder film 90 is connected to the seal
ring 88 and is formed to enclose the transmission filter 12 and the reception filter 14. The

transmission filter 12 and the reception filter 14 are hermetically sealed with the solder film 90
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[ 0040] As descri bed above, according to the second enbodi nent, the ground
termnal 56 is provided between the transm ssion termnal 52 and the first
reception termnal 54 in addition to the ground termnal 56 in the vicinity
of the center of the second side 60, the ground termnal 56 1in the
vicinity of the center of the fourth side 64 and interposed between the
transm ssion termnal 52 and the first reception termnal 54, and the
ground term nal 56 between the transmission termnal 52 and the second side
60. Thus, on the back surface of the line pattern/foot pad |ayer 30, the
transm ssion termnal 52 is electromagnetically shielded in the direction
towards the first reception term nal 54, tmn directions orthogonal thereto,
and t dir ctlon p te he _di ectl n s the fi r i on

Fer m i EhEEH o RS, 0 b ol s e R e B BN
radiated ipn the directjion t s the first receptlon ternlnal 54, the two
d|rectQGH%lﬁP?ﬂ@ﬁWHQF‘Wﬁgﬁégélpgﬁdléﬂgoﬂﬁkg%t|on opposite to the direction
towards the first reception termnal 54 and to nore effectively shield the
t r ansni0833]on TEGwilRAlthreagh 12C dre petspestipo gisiv béthie dhirdevaniation piethefiestt r omagnet i ¢
coupling between the transm ssion termnal 52 and the first reception

t er m nahbod#na@nFIGUIAThBIa drégesseatnilngew Saikei@blionga tihanax fikisiratd . FIGOAL] The
first conductor 46 surrounds the area forned by projecting the transm ssion

term nali ;3@ 128 it Berddé-Eeabh Rhewaﬁérplﬁoﬁg@hﬁé B3 in'FRGEIR. OR&Fing fAtIGe4 and

the two directions orthogonal thereto, as illustrated in FI G 15A.

Pref er r C al 52 i's
surr ou%%etému%ﬂ?%@ P RILTRE R A Bl b FESASTAAP RS AT

bet ween t si.on term.nal sSeco sid thls case,
Che ar@&eﬁnﬁ 65 2D B B AP pi R e P%‘%V‘Hgf%t o&/ﬁ? F gl% otdemeddn e on

term nal the two directions orthogonal thereto, and the direction

0pposi ffl@tll?’del’t substerte Bt iAo filterehir Wson Which thegransraisaiph filer Heandithecaion| t j g

t hus possible to nore effectively shield the transm ssion term nal 52 and
f ur t hefilter édarefotrna ie heohted wagieatpper sofapd ofithe tietattedriaydn 261 r BissraEngods
termnal 52 and the first reception termnal 54. [0042] The second
enbodiigpivided oR@he perifhér@lbdrGorsita tROMRr Sirfade bihe diek@bcleMM@TVc0 ab b t he
surround the filter chip 92. The filter chip 92 is sealed with resin 94 by a laminate method
using a resin sheet. The filter chip 92 can be hermetically sealed with the resin 94 that contacts
the seal ring 88. The other structures of the third variation are the same as those of the first
embodiment illustrated in FIGs. 1A through 1E.
[0036] The ground terminals 56 provided on the back surface of the multilayer substrate 10
of the first embodiment are not limited to the arrangement illustrated in FIG. 4E. This
arrangement is briefly described here again. Three ground terminals 56 are respectively
arranged in the vicinities of the centers of the second side 60, the third side 62 and the fourth side
64. One ground terminal 56 is provided in the vicinity of the corner defined by the first side 58

and the second side 60. One ground terminal 56 is provided in the vicinity of the corner

defined by the third side 58 and the third side 62. One ground terminal 56 is provided between
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structure in which the first conductor 46 surrounds the area defined by
projecting the first reception termnal 54, an additional ground term nal
56 nmay be provided between the first reception termnal 54 and the third
side 62 in addition to the ground term nal between the first reception
termnal 54 and the fourth side 64. Thus, the peripheries of the first
reception termnal 54 are surrounded by the ground terminals 56 in the four
directions. Therefore, it is possible to reduce the el ectromagnetic
coupling between the transm ssion termnal 52 and the first reception
termnal 54 and inprove the isolation characteristic. Preferably, as

descri bed above, the first conductor 46 surrounds the area defined by

Y
T TP R ST B, 19 s tg%%o&%g%g L3S LS,

the first conduct n .S | osed bet ween fhe_transr n term na
55 andE SIS GRS Sho %@3&@ A RB° BiOPRY CFRig] pﬁt iSRGV ° 54 and
the fourth side 64. 0043 The second enbodi nent may be varled so t hat the
si ngl eceptes ebthg backwiriaes o thaymuBdayes subistyatel L | FiCo13B dblpfaartaﬂ@t grasgid t er ni nal
in the vicinity of the center of the second side 60, another separate

gr oundartaagemen lof thetgremd tériménaly 30 s Medationta MG IR thSGoanitetnfieals 86 onFIGsi de 60
and yet another separate ground term nal between the transm ssion termn nal

52 andj3ge bonetid 8 gd@iebéb thHAEYEE grolihd tefmPaES 6k FotiRd oA HRIBRCR YurkdRe of
singl e- plece ground termnal 56 1n order to shield the transm ssion

t d

that TRS ﬁd% SUSHETD, by sl %“‘1@ % R

back f t b 0 th first

D S B O AR SRR 6 0 0 BB e R e

~substrate 10 may _ be |ncorporated mnth each other to forma S|n%le pi ece
gr ounchITABREMGHAS 1 m F(Iqiﬁl 134 qgﬁﬂégls%ﬁqu the transmission terminal 52 more widely than the

arrangement illustrated in FIG. 4E. It is thus possible to more effectively reduce the influence
of the electromagnetic coupling between the transmission terminal 52 and the first reception
terminal 54.

(Second Embodiment)

[0037] A second embodiment is an exemplary duplexer in which the ground terminal 56 is
provided so as to surround the periphery of the transmission terminal 52 in four directions. The
second embodiment is the same as the first embodiment illustrated in FIGs. 1A through 5 except
that the second embodiment employs a pattern of the boot pads 36 on the lower surface of the
line pattern/foot pad layer 30, which pattern is different from that of the first embodiment.

Thus, a description is mainly given of the lower surface of the line pattern/foot pad layer 30.
[0038] FIG. 14 is a diagram that illustrates an exemplary back or lower surface of the line
pattern/foot pad layer 30. Referring to FIG. 14, there are provided five ground terminals 56.

One of the ground terminals 56 is provided in the vicinity of the center of the fourth side 64 and
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[ 0045] A dupl exer of a third enbodi nent has an exenplary structure in which
the first conductor 46 surrounds both the area defined by projecting the
transm ssion termnal 52 and the area defined by projecting the first
reception termnal 54. The duplexer of the third enbodinment is the sane as
t he dupl exer of the first enbodinment illustrated in FIGs. 1A through 5
except the pattern of the first conductor 46 fornmed on the upper surface of
the line pattern/foot pad |ayer 30 and the pattern of the foot pads 36
formed on the | ower or back surface thereof. [0046] The multilayer substrate
10 of the third enbodinment 3 is described with reference to FIGs. 16A
through 16E. As illustrated in FIG 16D, the first conductor 46 provided on

the uﬁg &Qeré%%%?&%e% th Qn%nirhlgﬁ%ﬁ) %H’xf’?l%ﬂéi AAtnd ﬁéellt’ %ﬁ%é&)g{ong%m?%’l Ko nzg otRQ! h the

ar ea i'n proj ecting ransmssion ereon (an area
defined by a broken line) and the area defi ned roj.ecting.t first
iR % A e R T A et A R B R e
line). [0047]As illustrated in FIG 16E, the ground term nal 56 provided on
t he bdb&kfogtthbide #4ofnothseportipe prsaided baween thepepgsmigsien tegpinakShang\thelsagomrkt ween
the transm ssion termnal 52 and the fourth side 64 and between the first

r eceptsidero0t ardhgenahotlet panintpheyidellin the \dcidity 6€the Sérgergnf chersdedndrsidert®l 56 i1s not
limted to a single-piece termnal as illustrated in FIG 16E but may be

di vi deghukthOuatRAdsAnteRandlS2 if ARAHBhEIGn efolisdirechisspect i ve view of the
dupl exer of the third enbodiment, and FIG 17B is a perspective view of an

upl exer ‘of the third emodi men | ctive view of an
on' . i0 sl ca FI aanD ERRRet A Y R B Rp el 240 AR R &

46 1s 15B is a perspective view of an electronic device in which the duplexer of the second

embodiment is mounted on a printed-circuit board. Referring to FIG. 15A, the ground terminal
56 is provided between the transmission terminal 52 and the second side 60, so that the
transmission terminal 52 is surrounded in the four directions. The other structures of the second
embodiment are the same as those of the first embodiment illustrated in FIG. 5, and a description
thereof is omitted here. As illustrated in FIG. 15B, since the ground terminal 56 is provided
between the transmission terminal 52 and the second side 60, the ground line 74 on the
printed-circuit board 66 is provided around the transmission signal line 70 to which the
transmission terminal 52 is connected. Thus, the transmission signal line 70 is provided within
the printed-circuit board 66 except the portion thereof to which the transmission terminal 52 is
connected. The other structures of the second embodiment are the same as those of the first
embodiment illustrated in FIG. 7A, and a description thereof is omitted here.

[0040] As described above, according to the second embodiment, the ground terminal 56 is
provided between the transmission terminal 52 and the first reception terminal 54 in addition to

the ground terminal 56 in the vicinity of the center of the second side 60, the ground terminal 56
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provi ded on the upper surface of the line pattern/foot pad |ayer 30
included in the nultilayer substrate 10 so as to surround both the area
defined by projecting the transm ssion termnal 52 and the area defined by
projecting the first reception termnal 54. The ground term nals 56 are
provi ded between the transm ssion termnal 52 and the fourth side 64 and
between the first reception termnal 54 and the fourth side 64. As
illustrated in FIG 17B, the duplexer of the third enbodinment is nounted on
the printed-circuit board 66 as in the case of the first enbodi ment
illustrated in FIG 7A. [0049] According to the third enbodi nent, the
transm ssion termnal 52 is shielded in both the direction towards the
first recepti rn ] [ ' 0 on the
back stiirane By of el qrrts ARy 18 o7 b€l bR ahRRARIRBRLELE 201 6F the
line pattern/foqt pad layer 30..1t_i|s us possi bl.e tao bl ock the
el ect r'GHRaGH 24 el aSt et iprmingho el the G SR SEPRAER U85 1 1 t he
above two directions. Simlarly, the first reception termnal 54 is
shi el deansimissigotiermined SYppddeisenond sidadts This, o hedatlcsirlaee efdherdinnl 52 and the
direction orthogonal thereto. It is thus possible to block the
el ect rpattegwifedi gadvapee 30,aind tramshidsionnemtieal 52 andentoaiagneticellyshiddedia then t he
above two directions before the el ectromagnetic waves arrive at the first
r ecept diRRtibeloalBthStrst debeptivn tdthSnal 5 3B ldBebtonk UFthdRhalltRES CarldBe _
el ectromagneti c coupling between the transm ssion termnal 52 and the first
recept i:Qn.: ) : t.hi I . s var i : ave the
or ound {8y B0 e ifcsHallobfud B ity REBAEhTRREnATEY, R 9(8is ERsbR.0S:
subst r gt 0 as in the case of the first .enmbodi t. It is.also. ible to
hoor pOpt B e s VRt Behe i RN ATEE FrbloptRi A SR ok pi ece
ground term nal, on the whol e back surface of the multilayer substrate 10.
FI G 1dhe fwe disgctignserrthegonad thergie. g therditgetien epppsitafRithedifastionyionigrls thelisy nal 56
is provided in the center of the back surface of the nultilayer substrate
10. Flrexep8Bn tdrinimt Shsmktomat alfitctively sbieldthe rarbntigsiami taadind 62pr bus thesl on t he
whol e back surface of the multilayer substrate 10.

possible to reduce the electromagnetic coupling between the transmission terminal 52 and the

first reception terminal 54 and further improve the isolation characteristic.

[0041] The first conductor 46 surrounds the area formed by projecting the transmission
terminal 52 in the direction towards the first reception terminal 54 and the two directions
orthogonal thereto, as illustrated in FIG. 15SA. Preferably, the area formed by projecting the
transmission terminal 52 is surrounded in the four directions by providing the ground terminal 56
between the transmission terminal 52 and the second side 60. In this case, the area is
surrounded in the direction towards the first reception terminal 54, the two directions orthogonal
thereto, and the direction opposite to the direction towards the first reception terminal 54. It is
thus possible to more effectively shield the transmission terminal 52 and further reduce the
electromagnetic coupling between the transmission terminal 52 and the first reception terminal

54.
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(Fourth Enbodi nent) [0051] A fourth enbodi nent has an exenplary structure in
whi ch the first conductor 46 surrounds both the area defined by projecting
the transmi ssion termnal 52 and the area defined by projecting the first
reception termnal 54, and the ground term nal 56 surrounds the peripheries
of the transm ssion termnal 52 and the first reception termnal 54 in the
four directions. A duplexer of the fourth enbodinent is the sane as that of
the third enbodinment illustrated in FIGs. 16A through 16E except that the
foot pad 36 forned on the |ower surface of the line pattern/foot pad |ayer
30 of the nultilayer substrate 10 has a different pattern. Thus, a
description is given of only the back surface of the line pattern/foot pad
| ayer [ 00 i 8.2 plan Vi C rfa the.ljne

ot terfiAoc alasreidi iy de A tiRY ¢ st ere St 1 o i
19A, the ground.term_nals 56 includes a unique.grqund term nal 56, which is
provi d&ye aw@mtﬁ%ﬁw GOTSRFIOR F AU e pres etk Do ECipeiRe éﬁsae 64 and
between the first reception termnal 54 and the fourth side 64. This uni que
gr oundecaptiog aningb54, en pdditionat glopedteadingbvmenbe previdedhefweersthofirdter mi nal 52
and the second side 60 and between the first reception termnal 54 and the
t hi r d seeppéio2rmihiaeS4omdithdrthindsile@R ih hédditisratoghe siinaditetrringl beakeen Zhadint
surrounded by the ground termnals 56 in the four directions, and the

per i phegdpBsn RiminBr54 dndshe fRRBRIJE@D. t ThiE DRlpeRphedicsoBHE Figk Reestiday t he ground
termnals 56 in the four directions. The unique ground termnal 56 is a

si ngl ez pi: h | Q0] - I 1 a in the
cent er A RARR el AL S bl B o bl e B R O o
termnal .52 and th econd si de 60, th round ternm nal hetween, the

L1 ansHPSEPIBHS FEPTR e G BTAe iU ts R EaLe BarsTimonPatinel Je aPhiial
between the first reception terminal 54 and the fourth side 64, the ground
t er mi Pt rBeeplipkisrminal 540 angimpeqyve tha iselatiqay ehiargteristic. o Rgeferably: asideseribedie 62, and
the ground termnal located in the center of the third side 62. The unique
gr oundibpes, thenfabt ®8durtyr 46esurraunds thesaeaadefined by pjeciingtheitmbomissien ®epmaht e
ground termnals. However, it is preferable to use the single-piece ground
t er m ri2lor Y hecdafined byprofctifd tre Bir@GeceptiGiliReninglr 3. Ndhe pousd ter@inatlse ishe
transm ssion termnal 52 and the first reception termnal 54 nore

suf fi Glogiibhed BNy tHIH QB dUChR 481h& inREposdl Sdritdidne HRnFsRiNedifdiZhnal 56

provided in the center of the back surface of the |ine pattern/foot pad

ayer 30 IR% B0 1D dof e MBS LNBGRY BIRNGPSLIdiherEaRI R 7 ound

termn ransmssiontterm na I'rst’ reception
term 4 e effectively. FIG19B jllustrates a first variation of the
fourt ﬁ%‘ﬁiodi ﬁ:]chorpég?rglpqqlrﬁgﬁtn@yge@arlgci;sgg t'ﬁf‘tﬁ © E,)‘P%lﬁ'ﬂi’bec’? STNP T Lgrgng, g) &ise
joined together so as to surround the transm ssion termnal 52 and the
r eceptdivied st seairasgramddermingl inthaviciritymyitee ¢rntes of e genosd side §0rra0th8s on
t he whol e back surface of the line pattern/foot pad |ayer 30. This
Si ngl eeprae groynd temtinabbatwoal ths Gasdnistiastetnniaalt Y2zand thessst@ml dider 60 andlye62 and
the first reception termnal 54 nore effectively.
another separate ground terminal between the transmission terminal 52 and the fourth side 64.
However, it is preferable to employ the single-piece ground terminal 56 in order to shield the
transmission terminal 52 more effectively.
[0044] The second embodiment may be varied so that the additional ground terminal 56 is

provided in the center of the back surface of the multilayer substrate 10 as in the case of the first

embodiment. The ground terminals 56 on the back surface of the multilayer substrate 10 may
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[ 0053] FI G 20A is a perspective view of a duplexer according to the fourth
enbodi nent, and FIG 20B is a perspective view of an electronic device in
whi ch the dupl exer of the fourth enbodi nent is nounted on a printed-circuit
board. Referring to FIG 20A, the first conductor 46 is provided on the
upper surface of the line pattern/foot pad layer 30 included in the

mul til ayer substrate 10 so as to surround both the area defined by
projecting the transm ssion termnal 52 and the area defined by projecting
the first reception termnal 54. The single-piece ground termnal 56 is

| ocat ed between the transm ssion termnal 52 and the fourth side 64,
between the first reception termnal 54 and the fourth side 64, and is
further, . ] SSi ] . and the second side 60
and bgtﬁem‘é‘goﬁs‘}r%%d?ﬁ@%@%@%ﬁ?%‘ﬁ% geﬂr‘%g g‘i e%%qlgzr‘n%?‘lt" “ggt hird side 62. Since
the grounqd termnal 56 is provided between the transm ssion termnal 52 and
t he séﬁgﬁgE§§thﬁﬁoand between the first reception ternminal 54 and the
third side 62, the ground line 74 of the printed-circuit board 66 is

provi dé848o ad duplexer ofuthitd embogimenidine py exdmplany strugteng i vhichdha firghsmi ssi on

signal line 70 connected to the transm ssion term nal 52 and that of a
por t i condifictérivs suaoeplsiboth the grealdefinaddy projcaingeiod ehsidsioh géerminad 52 awdpt | on
term nal 54. The other portions of the transm ssion signal line 70 and the

r eceptir@i\deFindi By plojdeBng the TR r&RpRELNHHIRE] 34, T MThB dhiplexd? bF the@BirLi I Cui t board
66. The remai ning Structures of the fourth enbodinent are the sane as those

£ th . : . , C oA ' . .
[ 00541 1o pher RS R s an 1 o GREE G i Bod R oReadTHOE I AU 5,

52 i | ect t | ield [ he, di ti t ds th i rst

A e R LA
surface of the line pattern/foot pad |ayer 30. Further, on the back surface

of t hebaghlasier PAgid the patarn af he et padis3 & forpedanstse krwer oF hackaprtape theyeof.

el ectromagnetically shielded in the direction towards the first reception
t er mi r{@D4@4, (The nuoitilexst substratetl i oftreahird bebatioentt3hie decribed Wit rafgpo®itte t o
the first reception termnal 54 and the direction orthogonal thereto.

Si mi | aF1Gy. 16 arduigh 36E r eseflus@ated BIFIGNEID, 3 fist &ndadtoormgoetedad thy shi el ded
in the direction towards the transm ssion termnal 52 and the direction

Or thodpRal kS &l R diErHRBESad Il 30 SuldluntifBoth iReurBPIdREN b ?‘?%egﬁlﬁ’% | ayer

30. F her, the first reception term nal is electromgne

shi el d[Eg trian ti%?onqiexgq?elﬁéliﬁr%h trg(?rfvw(%ﬁ %re%l ﬁgﬁltcilﬁ:lrdﬁ)gfia{gr&%nqﬂleggrl{c{%g ?Alga ?%ﬂenetd }E)?

di rection orthogon hére I on oppos
transm ssi on termnal 52 on .t back surface of the nultil ayer substrate
10. | tPrpiEctngfae fes gficmt@ntta’mfw??ﬁéhew@%r@wr PR dERTEaLY appihes r@mﬁw@-t he
transmi ssion termnal 52 and the first reception termnal 54. Thus, the
el ect rl88dnet iAs ibwstrgted iy Fised Gleche gieund feaming Ksprovidedpmihgdaclesurfaegiotithe fir st
reception termnal 54 can be further reduced, and the isolation
char adirerpagtrmdoataiad beyef 2 is Ipesvidedphreomeed the transmission terminal 52 and the fourth

side 64 and between the first reception terminal 54 and the fourth side 64. The ground terminal

56 is not limited to a single-piece terminal as illustrated in FIG. 16E but may be divided into

separate parts.

[0048] FIG. 17A is a perspective view of the duplexer of the third embodiment, and FIG.

17B is a perspective view of an electronic device in which the duplexer of the third embodiment

is mounted on a printed-circuit board. As illustrated in FIG. 17A, the first conductor 46 is

27



(Fifth Enbodi nent) 100551A duplexer of a fifth enbodi nent has an exenpl ary
structure having a second conductor that covers the area defined by
projecting the transm ssion term nal 52. The dupl exer of the fifth

enbodi nent is the sane as that of the first enbodinment illustrated in FIGs.
1A through 5 except a pattern forned on the upper surface of the line
pattern layer 28 included in the nmultilayer substrate 10. [0056] A
description is now given of a structure of the nultilayer substrate 10
enployed in the fifth enbodinment with reference to FIGs. 21A through 21E.
Referring to FIG 21C, a second conductor 96 is provided on the upper
surface of the line pattern layer 28, and is fornmed so as to cover the area
defined b ' ' e transm ssion termnal . the |jine pattern
ayer Ba s R bPLESE RSl B AR o TR BB SR Bl o P
of the conductive pattern 20 and mgy_be an all oy including, for exanple, Al
and Gusbgge (s cumediom B8 alieg%ﬁ%@edéa%%P?t@gﬁﬂw%ﬁl%@péﬁm@?é%e ot her
conductive pattern 20 but is a floating conductor. The second conductor 96
may haand thhares defined iy pkaiecsing the firdtereenptidutsrminel ht tldegrand derthinnds/Stare 15 gm
thick, for exanple. [O0057]FIG 22A is a perspective view of the dupl exer of
t he fiprohidedrbardieeretht tramsndsddnGeR2iBali 2 aad pigy fopels bidy 64 undbetwéenahe ditsect roni ¢
device in which the duplexer of the fifth enbodiment is nounted on a

pri nt ede&tios wrinitdP a4 thd thE GouHhaeds. FlAG iBdfraicd iSBRD 1B RYGtpIStetr HEGET al
conponents ot her than the conductive pattern 20, the foot ‘pads 56, the

flrst t@?ﬁ?{’ﬁ%&@&eﬁflﬁ%@n{eg%n?ﬁ%ﬁ@q?gﬁﬁﬂg%%%d 6 sﬁn’(i) %%aé%%'f‘ﬂ?e fikue for FIG

24A) . e VIiew o seen t structural conponents
ot her than.the.foot pa the first conductor 46 and the second

conduct® O%e%t‘lﬁﬂsgfa‘ﬁgﬂ'g@({z?ﬁe for FIG 24B). As illustrated in FIG 22A, the
second conductor 96 is provided on the upper surface of the line pattern

| ayer B84%hat Acsonding tafischird gmbedimers thefyansmisgonterminphy is shicldadiin bofler 30
included in the nultilayer substrate 10 so as to cover the area defined by
pr oj ecthe digedtios towadsthe $isit orceptrmiemaihal 52 apdtle ditvetiapgérogenal flweato ofi titehe | i ne
pattern layer 28. As illustrated in FIG 22B, the duplexer of the fifth
enbodi kiR burifie FOthatn@dtiaertsiibstiate 1 £doaithcuiper ARRAEEGhe Hbe pditetdiRotge of the

first enbodi ment.
layer 30. It is thus possible to block the electromagnetic waves emitted from the transmission
terminal 52 in the above two directions. Similarly, the first reception terminal 54 is shielded in
both the direction towards the transmission terminal 52 and the direction orthogonal thereto. It
is thus possible to block the electromagnetic waves emitted from the transmission terminal 52 in
the above two directions before the electromagnetic waves arrive at the first reception terminal
54.  Itis thus possible to further reduce the electromagnetic coupling between the transmission
terminal 52 and the first reception terminal 54.
[0050] The third embodiment may be varied to have the ground terminal 56 in the center of
the back surface of the multilayer substrate 10 as in the case of the first embodiment. It is also

possible to incorporate the ground terminals 56 with each other to form a single-piece ground

terminal on the whole back surface of the multilayer substrate 10. FIG. 18A illustrates an
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[ 0058] The el ectronic device illustrated in FIG 22B is sinulated to neasure
t he passband characteristics of the transm ssion filter 12 and the
reception filter 14 and the isolation characteristics between the

transm ssion termnal 52 and the first reception term nal 54. Sinulation

results of the electronic device illustrated in FIG 7B are illustrated for
t he purpose of conparison with the electronic device illustrated in FIG
7B. FIG 23A illustrates sinulation results of passband characteristics of

the transmission filter 12 and the reception filter 14 of the first
conparative exanple and the fifth enbodi ment, and FIG 23B illustrates
simulation results of the isolation characteristics betvveen t he

trans [ I irst
compare ARl Ane S8 (kB 5F RSP L Qo Bl PRt B ol ' o
the fift iment are il]us aedb sqlid |ines, and t .teflrst
corrpar%ft P‘?/’é“qgiﬁé’ “@Sté?rt‘“e?ﬁ’l Il{lé iéﬁ l&.]él‘StEf}} St?r%‘kgé?]pief’en%@um%%@h]@e I?rPYIGQ‘Pr at ed
in FIG 23A, the fifth embodinment and the first conparative exanple have

i tt] eoncthe lplerhaek sunfachef theguidaner sdhwiratetleri stics of the transnmission
filter 12 and the reception filter 14. In contrast, as illustrated in FIG
23B, t(feurth Einbodimenw)i ment has i nproved isol ation characteristics between
the transmission termnal 52 and the first reception termnal 54 in the

transnjesijon RemdrrBebOHSAdRS aR bxdntiRarh 38 8@aGh wilkeh GRS @AdWtbiudt he first
conparative exanple. [0060] According to the fifth enbodi ment, the upper
side ¢ t i RGN i , and
el ect r%%nﬁdesthlro?p%\%%g dgfr}lle;d%é’g;r ‘3%‘ %ﬁhé ?arnglr??s%“elqt rans%hg@%%at%earﬁkna 52 are
bl ocked It LS OSSIb|etOI ffect, of shielding the

trans ys%rPJSﬁt“{getb?rﬁ‘f‘?&F %‘ﬁ“’&ﬁﬁm{"balfsgfaﬂﬁéﬁe gfg‘d‘{jjggm[ﬂﬂgl R:iide etic coupling
between the transm ssion termnal 52 and the first receptlon term nal 54.
Thus, Rerighsries ohthedinemission teaningt yand1he Best ragentivaternign! ¢ éythe auri | | ust r at ed

in FIG 23B.
directions. A duplexer of the fourth embodiment is the same as that of the third embodiment

illustrated in FIGs. 16A through 16E except that the foot pad 36 formed on the lower surface of
the line pattern/foot pad layer 30 of the multilayer substrate 10 has a different pattern. Thus, a
description is given of only the back surface of the line pattern/foot pad layer 30.

[0052] FIG. 19A is a plan view of a back surface of the line pattern/foot pad layer employed
in the fourth embodiment. Referring to FIG. 19A, the ground terminals 56 includes a unique
ground terminal 56, which is provided between the transmission terminal 52 and the fourth side
64 and between the first reception terminal 54 and the fourth side 64. This unique ground
terminal 56 is further located between the transmission terminal 52 and the second side 60 and
between the first reception terminal 54 and the third side 62. The peripheries of the
transmission terminal 52 are surrounded by the ground terminals 56 in the four directions, and
the peripheries of the first reception terminal 54 are surrounded by the ground terminals 56 in the

four directions. The unique ground terminal 56 is a single-piece pattern formed by joining the
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[0061] It is preferable that the second conductor 96 conpletely covers the
area defined by projecting the transm ssion termnal 52 in order to inprove
the effect of blocking the el ectronagnetic waves emtted fromthe

transm ssion termnal 52. However, a simlar effect of blocking my be
obt ai ned even by partly covering the area defined by projecting the

transm ssion termnal 52. [0062] The second conductor 96 is not limted to

t he above arrangenent but may be varied. For exanple, it is preferable that
t he second conductor 96 covers the area defined by projecting the first
reception termnal 54 in a case where the first conductor 46 covers this
area. It is thus possible to further reduce the el ectromagnetic coupling

bet vl bRk ANSTLAS! 81 S DA 82080941 B (1 E3Lnl SSRM ALLETL IR 5%

[ 0063]9he second ‘conduct or € provi cover e area defi ned by
projecting.the transnission termpal 52 in a, case ere the first, conductor
46 is FHSUISOR ey P2 a@@eﬁﬁ@ngﬁlga 689‘%? ﬁ'é’é}n%ffnﬁ’r“&] geé‘tV?‘?‘i‘gtE‘E HeSPYSHEN ssi on
term nal 52 and the ground termnal 56 is provided between the transm ssion
t er mi ngimisal Zread thecfoyrl sidel 64, the greondistninek keseeentthefitst reaentios sérawnal 84 ni nal 52
and the fourth side 64. Such a case is enployed in the second enbodi nent.

Si m | aanldythe folneth Sidle 6Adhe grodhd tepmhindbbatayene firsovdceigibnitandml &1 ahdhthealieh
defined by projecting the first reception termnal 54 in the case where the

first Ganehugh®me4founllidrRURdRochid® ifthe Refa! dIURARRY sk 8 eCThd\ehifiResrbuidast
reception termnal 54 and the ground termnal 56 is provided between the

B X I e Y
AR IR It R R
56 surrounds the transmission terminal 52 and the first reception terminal 54 more sufficiently
and improves the effect of shielding. The ground terminal 56 provided in the center of the back

surface of the line pattern/foot pad layer 30 may be omitted. However, the presence of the
center ground terminal 56 shields the transmission terminal 52 and the first reception terminal 54
more effectively. FIG. 19B illustrates a first variation of the fourth embodiment. Referring to
FIG. 19B, the ground terminals 56 are joined together so as to surround the transmission terminal
52 and the reception terminal 54 so as to form a single-piece ground terminal 56 on the whole
back surface of the line pattern/foot pad layer 30. This single-piece ground terminal 56 shields
the transmission terminal 52 and the first reception terminal 54 more effectively.

[0053] FIG. 20A is a perspective view of a duplexer according to the fourth embodiment,
and FIG. 20B is a perspective view of an electronic device in which the duplexer of the fourth
embodiment is mounted on a printed-circuit board. Referring to FIG. 204, the first conductor

46 is provided on the upper surface of the line pattern/foot pad layer 30 included in the

multilayer substrate 10 so as to surround both the area defined by projecting the transmission
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[ 0064] The second conductor 96 is not limted to the floating conductor but
may be grounded. The second conductor 96 is not connected to signal |ines
connected to the antenna termnal 50, the transm ssion term nal 52 and the
first reception termnal 54. (Sixth Enbodi nent) [0065] A dupl exer of a sixth
enbodi ment has an exenplary structure in which the second conductor 96 is
provided so as to cover both the area defined by projecting the

transm ssion termnal 52 and the area defined by projecting the first
reception termnal 54. FIG 24A is a perspective view of the dupl exer of
the sixth enbodinment, and FIG 24B is a perspective view of an electronic
device in which the dupl exer of the sixth enbodi nent is nounted on a

print ed- ci [ i i F . ir yetor 46 is
o ovi deiiod St 3Rk aliiah by BRIARE e e epehenha 24 CThe FROEAELE

transm ssion termnal 52 onto the upper .surface of the Line pattern/foot
pad | a@@vndstsmaﬁa@m‘oawségﬁ&m@a ugerE L g Lrhnedhe topnf o8 6%4 on

term nal 54 onto the upper surface of the |line pattern/foot pad |ayer 30.
The scwtweEndbnbitstreeepton terminnl §¢ paikthe donrtissidesdds ankis fiydhen lachied g?‘@f&%@lﬁi ned by
projecting the transm ssion termnal 52 onto the upper surface of the line
pat t ertranks@jssion 28 manedl 52 hied the eecordé kida@éd ahy berwegrethe ifirsg rdchystidni terstinal Sdepd | on
termnal 54 onto the upper surface of the line pattern |layer 28. The ground

ter m ngk 1l side 62 OWie theRotliBeRERY 53UE pracRle®@bettvgh 1Y kahdn@iyEén GHRimhr ate 10
so as to be | ocated between the transnmi ssion term nal 52 and the fourth

id i j i 3 t i de 64.
5192, O, A OSERPNL A ec SERR! 805 el Hafiil s daid sl de 04
on the gri E&ikcircuit boar d. ase of the fhrst. nggginent

11 ust B eyt i s RO Rty o Ao PO BB P e upper

sides of both the transm ssion term nal L. )
portion of the transmission signal line 70 connected to the transmission terminal 52 and that of a
portion of the reception signal line 72 connected to the first reception terminal 54. The other
portions of the transmission signal line 70 and the reception signal line 72 may be provided
within the printed-circuit board 66. The remaining structures of the fourth embodiment are the
same as those of the first embodiment, and a description thereof is omitted here.
[0054] In the duplexer of the fourth embodiment, the transmission terminal 52 is
electromagnetically shielded in the direction towards the first reception terminal 54 and the
direction orthogonal thereto on the upper surface of the line pattern/foot pad layer 30. Further,
on the back surface of the multilayer substrate 10, the transmission terminal 52 is
electromagnetically shielded in the direction towards the first reception terminal 54, the direction
orthogonal thereto, the direction opposite to the first reception terminal 54 and the direction
orthogonal thereto. Similarly, the first reception terminal 54 is electromagnetically shielded in

the direction towards the transmission terminal 52 and the direction orthogonal thereto on the

upper surface of the line pattern/foot pad layer 30. Further, the first reception terminal 54 is
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52 and the first reception termnal 54 are el ectromagnetically shielded. It
is thus possible to block el ectromagneti c waves emtted upwards fromthe
transm ssion termnal 52 and bl ocks the waves before the el ectromagnetic
waves arrive at the first reception termnal 54 fromthe upper side. It is
t hus possible to further reduce the el ectromagneti c coupling between the
transm ssion termnal 52 and the first reception termnal 54 and to further
i nprove the isolation characteristic therebetween. [0067] The second
conductor 96 may be provided so as to cover the areas respectively defined
by projecting the transm ssion termnal 52 and the first reception term nal
54 in the case where the ground termnal 56 is provided between the

t 1,SSI t i nal. .52, .and t.he.. i . . . fi.rst
s el O R PO AR B0 BEIRSD BBt
Fecopt IMEDE Herp. 196 T g uaT PPPERIAI MR T OB A T 57 SR BEE bt ent b

enbodi ment has an exenplary structure in which the transm ssion filter 12
i s of dfdbicimnltigyeesubskate {he Itisthus posvibleitordisthenimprovrethe efegsof gheldingther 14 i s
a doubl e-node filter. FIG 25A is a plan view of the reception filter 14,

and Flt@ndBsiod tanind SRiahd thedgstasnepfiont feaminelcHpt iThns, fhd dlentroidgndlef erring to
FI Gs. 25A and 25B, the reception filter 14 has doubl e node type surface

acoust doup MRV et SRS i stnidRRlie ANHal BYRAd GRS QDtibR PRl §£ban eatithedf DVE1
and DV52 has three interdigital transducers (IDT) interposed between a pair

of rzeijeg&;eid Oe{ﬁgghtfe%&%ﬁg{a&a{el&?is!i{)g;ml b%cfgllttﬁeg 6&1&0&@% center of each of DVBl and

DVB2 i's coup e antenna termn resonat or S21. The antenna
term nal 519 | S,.an unbal anced termnal. Two IDTs |ocated at both sides of

the ceWtith ‘I“b?dlg’fm 1 are coupled to a second reception termnal 55 via a
resonator S23. Simlarly, two IDTs | ocated at both sides of the center |DT

of DVE05Fle cduginiexer of 4 hish empedimentdep e eSS having 2 s20Bd onat or  S22.

The first and second reception termnals 54 and 55 are bal anced term nal s.

The dugindxaor thit dohers seveerat defieadbyprrgcting the sransmbisdiemicedinblai2an ddd duglpxeer

P exffrtl'le fifth embodiment is the same as that of the first embodiment illustrated in FIGs. 1A
through 5 except a pattern formed on the upper surface of the line pattern layer 28 included in the
multilayer substrate 10.
[0056] A description is now given of a structure of the multilayer substrate 10 employed in
the fifth embodiment with reference to FIGs. 21A through 21E. Referring to FIG. 21C, a
second conductor 96 is provided on the upper surface of the line pattern layer 28, and is formed
so as to cover the area defined by projecting the transmission terminal 52 onto the line pattern
layer 28. The second conductor 96 may be made of the same material as that of the conductive
pattern 20 and may be an alloy including, for example, Al and Cu. The second conductor 96 is
not electrically connected to the other conductive pattern 20 but is a floating conductor. The

second conductor 96 may have the same thickness as the conductive pattern 20 and may be 15

um thick, for example.
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[ 0069] A description is given of each layer of the nmultilayer substrate 10
with reference to FIGs. 26A through 26E. As illustrated in FIG 26A, hol es
for defining the cavity 18 are fornmed in the cap nount |ayer 22 and the
cavity layer 24. The transmission filter 12 of the |adder type and the
reception filter 14 of the double node type are housed in the cavity 18.
[0070] As illustrated in FIGs. 26B and 26C, the conductive patterns 20 are
provi ded on the upper surface of the die attach |ayer 26 and the upper
surface of the line pattern layer 28. [0071]As illustrated in FIG 26D, in
addition to the conductive pattern 20, the first conductor 46 is provided
on the upper surface of the line pattern/foot pad |layer 30 so as to
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mounted on a printed-circuit board. The view of FIG. 22A is seen through structural
components other than the conductive pattern 20, the foot pads 56, the first conductor 46 and the
second conductor 96 (this holds true for FIG. 24A). Similarly, the view of FIG. 22B is seen
through structural components other than the foot pads 36, the first conductor 46 and the second
conductor 96 (this holds true for FIG. 24B). As illustrated in FIG. 22A, the second conductor
96 is provided on the upper surface of the line pattern layer 28 that is the upper surface of the
line pattern/foot pad layer 30 included in the multilayer substrate 10 so as to cover the area
defined by projecting the transmission terminal 52 onto the upper surface of the line pattern layer
28. Asillustrated in FIG. 22B, the duplexer of the fifth embodiment is mounted on the
printed-circuit board 66 as in the case of the first embodiment.
[0058] The electronic device illustrated in FIG. 22B is simulated to measure the passband
characteristics of the transmission filter 12 and the reception filter 14 and the isolation
characteristics between the transmission terminal 52 and the first reception terminal 54.
Simulation results of the electronic device illustrated in FIG. 7B are illustrated for the purpose of
comparison with the electronic device illustrated in FIG. 7B. FIG. 23A illustrates simulation
results of passband characteristics of the transmission filter 12 and the reception filter 14 of the
first comparative example and the fifth embodiment, and FIG. 23B illustrates simulation results

of the isolation characteristics between the transmission terminal 52 and the first reception

terminal 54 of the first comparative example and the fifth embodiment. The simulation results
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[0072] As illustrated in FIG 26E, the first reception termnal 54 is
provided close to the third side 62 and is |ocated farther away fromthe
antenna term nal 50 than the center of the third side 62. The second
reception termnal 55 is provided close to the center of the third side 62
and is next to the first reception termnal 54. Thus, the ground term nal
56 is not provided close to the center of the third side 62. This is
different fromthe arrangenents illustrated in FIGs. 4E and 16E. The ot her
structures of the seventh enbodi nent are the sane as those of the third
enbodiment illustrated in FIG 16E, and a description thereof is omtted
here. [0073]FI G 27A is a perspective view of the duplexer of the seventh
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FIG 27A, the J%r@} reception termnal 54 is provided close to the third

si de &5° HHSTHed P RKIH Sy t her away from the antenna terninal 50 than the
center of the third side 62. The second reception termnal 55 is provided
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reception termnal 54. The first conductor 46 surrounds the areas
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first reception termnal 54. As illustrated in FIG 27B, reception signal
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termnals 54 and 55. [0074] I n the dupl exer of the seventh enbodi nent with
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surrounds the area deflne y projecting the transmssion termnal 52 and
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the peripheries of the transmssion termnal 52 and the first reception
t er m rf¥PB%- are surrounded by the ground terminals 56 in the three
directions. It is thus possible to reduce the el ectromagnetic coupling
bet wedfi06le t Azagrdingdd the fiftrembedimae, thewdppehsidé pf the teessmpdionoiermisalhi2ial 54
and to inprove the isolation characteristic.
electromagnetically shielded, and electromagnetic waves emitted upwards from the transmission
terminal 52 are blocked. It is thus possible to improve the effect of shielding the transmission
terminal 52 and to further reduce the electromagnetic coupling between the transmission terminal
52 and the first reception terminal 54. Thus, the isolation characteristic can be further improved,
as illustrated in FIG. 23B.
[0061] It is preferable that the second conductor 96 completely covers the area defined by
projecting the transmission terminal 52 in order to improve the effect of blocking the
electromagnetic waves emitted from the transmission terminal 52. However, a similar effect of
blocking may be obtained even by partly covering the area defined by projecting the
transmission terminal 52.

[0062] The second conductor 96 is not limited to the above arrangement but may be varied.

For example, it is preferable that the second conductor 96 covers the area defined by projecting
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[0075] The isolation characteristic may be further inproved by providing the
first conductor 46 so as to surround both the areas defined by projecting
the first and second reception termnals 54 and 55. [0076] FI Gs. 28A t hrough
28F illustrate exenplary pattern variations of the | ower surface of the
line pattern/foot pad |ayer 30 having the first and second reception
termnals 54 and 55. The ground termnals 56 depicted in FIGs. 28A through
28F inprove the isolation characteristic. [0077] The present invention is
not limted to the specifically described enbodi nents but includes other
enbodi nents and variations within the scope of the clained invention.

the first reception terminal 54 in a case where the first conductor 46 covers this area. It is thus
possible to further reduce the electromagnetic coupling between the transmission terminal 52 and
the first reception terminal 54.

[0063] The second conductor 96 may be provided to cover the area defined by projecﬁng the
transmission terminal 52 in a case where the first conductor 46 is provided to surround the area
defined by projecting the transmission terminal 52 and the ground terminal 56 is provided
betwee;l the transmission terminal 52 and the second side 60 and between the transmission
terminal 52 and the fourth side 64. Such a case is employed in the second embodiment.
Similarly, the second conductor 96 may be provided to cover the area defined by projecting the
first rgception terminal 54 in the case where the first conductor 46 surrounds the area defined by
projecting the first reception terminal 54 and the ground terminal 56 is provided between the first
reception terminal 54 and the third side 62 and between the first reception terminal 54 and the
fourth side. In the cases described above, the electromagnetic coupling between the
transmission terminal 52 and the first reception terminal 54 can be further reduced.

[0064] The second conductor 96 is not limited to the floating conductor but may be
grounded. The second conductor 96 is not connected to signal lines connected to the antenna
terminal 50, the transmission terminal 52 and the first reception terminal 54.

(Sixth Embodiment)

[0065] A duplexer of a sixth embodiment has an exemplary structure in which the second
conductor 96 is provided so as to cover both the area defined by projecting the transmission

terminal 52 and the area defined by projecting the first reception terminal 54. FIG 24Aisa
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CLAIMS What is clainmed is: 1. A duplexer conprising: a multilayer
substrate having nultiple |l ayers and having a back surface having a

rect angul ar shape; an antenna term nal provided on the back surface
so as to be close to a center of a first side of the back surface;

a transm ssion termnal provided on the back surface so as to be close to a
second side of the back surface crossing the first side and to be farther
away fromthe antenna termnal than a center of the second side; a
first reception term nal provided on the back surface so as to be close to
a third side of the back surface opposite to the second side and to be
farther away fromthe antenna termnal than a center of a third side;
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printed-circuit board.  As illustrated in FIG. 24A, the first conductor 46 is provided so as to
surround both the area defined by projecting the transmission terminal 52 onto the upper surface
of the line pattern/foot pad layer 30 and the area defined by projecting the first reception terminal
54 onto the upper surface of the line pattern/foot pad layer 30. The second conductor 96 is
provided so as to cover both the area defined by projecting the transmission terminal 52 onto the
upper surface of the line pattern layer 28 and the area defined by projecting the first reception
terminal 54 onto the upper surface of the line pattern layer 28. The ground terminal 56 is
provided on the back surface of the multilayer substrate 10 so as to be located between the
transmission terminal 52 and the fourth side 64 and between the first reception terminal 54 and
the fourth side 64. As illustrated in FIG. 24B, the duplexer of the sixth embodiment is mounted
on the printed-circuit board 66 as in the case of the first embodiment illustrated in FIG. 7A.
[0066] According to the sixth embodiment, the upper sides of both the transmission terminal
52 and the first reception terminal 54 are electromagnetically shielded. 1t is thus possible to
block electromagnetic waves emitted upwards from the transmission terminal 52 and blocks the
waves before the electromagnetic waves arrive at the first reception terminal 54 from the upper
side. It is thus possible to further reduce the electromagnetic coupling between the transmission
terminal 52 and the first reception terminal 54 and to further improve the isolation characteristic
therebetween.

[0067] The second conductor 96 may be provided so as to cover the areas respectively
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a ground term nal provided on a second surface of the first |aye

r opposite

to the first surface and | ocated between the transm ssion term nal and a

fourth side opposite to the first side and/or between the first

reception

termnal and the fourth side. 2. The dupl exer according to claim1, wherein
the first conductor surrounds both the first area and the second area, and

the ground termnal is provided between the transm ssion term na

| and the

fourth side opposite to the first side and between the first reception
termnal and the fourth side. 3. The dupl exer according to claim1

wherein the ground termnal is |ocated below the first conductor

and i s

further provided between the transm ssion termnal and the second side
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I'rst conductor surrounds

i S provided

fodhe first

reception termnal and the fourth side and is further provided between the
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termnal and the third side.
the electromagnetic coupling between the transmission terminal 52 and the first reception

terminal 54.
(Seventh Embodiment)

[0068] A duplexer of a seventh embodiment has an exemplary structure in which the

transmission filter 12 is of ladder type like the first embodiment and the reception filter 14 is a

double-mode filter. FIG. 25A is a plan view of the reception filter 14, and FIG. 25B is a circuit
diagram of the reception filter 14. Referring to FIGs. 25A and 25B, the reception filter 14 has
double mode type surface acoustic wave resonators DMS1 and DMS2 connected in parallel.
Each of DMS1 and DMS2 has three interdigital transducers (IDT) interposed between a pair of
reflection electrodes. The IDT located in the center of each of DMS1 and DMS2 is coupled to
the antenna terminal 50 via a resonator S21. The antenna terminal 50 is an unbalanced terminal.
Two IDTs located at both sides of the center IDT of DMSI are coupled to a second reception
terminal 55 via a resonator S23. Similarly, two IDTs located at both sides of the center IDT of
DMS?2 are coupled to the first reception terminal 54 via a resonator S22. The first and second
reception terminals 54 and 55 are balanced terminals. The duplexer of the seventh embodiment
is a unbalanced-balanced type duplexer.

[0069] A description is given of each layer of the multilayer substrate 10 with reference to

FIGs. 26A through 26E. As illustrated in FIG. 26A, holes for defining the cavity 18 are formed
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5. The dupl exer according to claim1, further conprising a second conductor
| ocated above the first conductor and provided on a second | ayer out of the
mul tiple | ayers, the second | ayer being positioned above the first |ayer,
the second | ayer covering at |east one of a third area defined by
projecting the transm ssion termnal onto the second |ayer and a fourth
area defined by projecting the first reception term nal thereon.

6. The dupl exer according to claimb5, wherein the second | ayer covers both
the third area and the fourth area. 7. The dupl exer according to
claim1l, wherein the ground termnal is further provided close to centers
of the second, third and fourth sides. 8. The dupl exer according to
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The dupl exer according to claim1, further conprising a transmssion filter
connecPB®Ibet MsdRUSHEdAHFKHnaCH ardofalthesradugie prigrar GaE orvidedendbe . and a

reception filter connected between the antenna termnal and the reception
t er m naiper subfaceofithe Hie attachrsysr 26 anditheivpparsudag dfifee liregapemdayef 28.t er i ncl ude
acoustic wave resonators. 11. The dupl exer according to claim1,
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termnal and close to the center of the third side.
conductor 46 is provided on the upper surface of the line pattern/foot pad layer 30 so as to
surround the area defined by projecting the transmission terminal 52 and the area defined by
projecting the first reception terminal 54 closer to the transmission terminal 52 and the second
reception terminal 55.
[0072] As illustrated in FIG. 26E, the first reception terminal 54 is provided close to the third
side 62 and is located farther away from the antenna terminal 50 than the center of the third side
62. The second reception terminal 55 is provided close to the center of the third side 62 and is
next to the first reception terminal 54. Thus, the ground terminal 56 is not provided close to the
center of the third side 62. This is different from the arrangements illustrated in FIGs. 4E and
16E. The other structures of the seventh embodiment are the same as those of the third
embodiment illustrated in FIG. 16E, and a description thereof is omitted here.
[0073] FIG. 27A is a perspective view of the duplexer of the seventh embodiment, and FIG.
27B is a perspective view of an electronic device in which the duplexer is mounted on a
printed-circuit board. As illustrated in FIG. 27A, the first reception terminal 54 is provided

close to the third side 62 and is located farther away from the antenna terminal 50 than the center

of the third side 62. The second reception terminal 55 is provided close to the center of the
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12. An el ectronic device conprising: a duplexer; and a printed-circuit

board on which the dupl exer is nounted, the duplexer including: a
mul tilayer substrate having multiple |ayers and having a back surface
havi ng a rectangul ar shape; an antenna term nal provided on the back

surface so as to be close to a center of a first side of the back surface;
a transm ssion term nal provided on the back surface so as to be close to a
second side of the back surface crossing the first side and to be farther
away fromthe antenna termnal than a center of the second side;

third side 62 and is next to the first reception terminal 54. The first conductor 46 surrounds the

areas respectively defined by projecting the transmission terminal 52 and the first reception

terminal 54. As illustrated in FIG. 27B, reception signal lines 72 are provided in association

with the first and second reception terminals 54 and 55.

[0074] In the duplexer of the seventh embodiment with the reception filter of the double

mode type, the first conductor 46 surrounds the area defined by projecting the transmission

terminal 52 and the area defined projecting the first reception terminal 54 closer to the

transmission terminal 52 than the second reception terminal 55. Further, the peripheries of the

transmission terminal 52 and the first reception terminal 54 are surrounded by the ground

terminals 56 in the three directions. It is thus possible to reduce the electromagnetic coupling

between the transmission terminal 52 and the first reception terminal 54 and to improve the

isolation characteristic.

[0075] The isolation characteristic may be further improved by providing the first conductor

46 so as to surround both the areas defined by projecting the first and second reception terminals

54 and 55.

[0076] FIGs. 28A through 28F illustrate exemplary pattern variations of the lower surface of

the line pattern/foot pad layer 30 having the first and second reception terminals 54 and 55.

The ground terminals 56 depicted in FIGs. 28A through 28F improve the isolation characteristic.

[0077] The present invention is not limited to the specifically described embodiments but

includes other embodiments and variations within the scope of the claimed invention.
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a first reception termnal provided on the back surface so as to be close
to athird side of the back surface opposite to the second side and to be
farther away fromthe antenna termnal than a center of a third side;

a first conductor provided on a first surface of a first layer out of the
multiple layers so as to surround at | east one of a first area defined by
projecting the transm ssion termnal onto the first |ayer and a second area
defined by projecting the first reception term nal thereon; and a
ground term nal provided on a second surface of the first |ayer opposite to
the first surface and | ocated between the transm ssion termnal and a
fourth side opposite to the first side and/or between the first reception
term nal and the fourth side, CLAIME printed-circuit board having an
antenna signal line, a transm ssion signal line, a reception signal line
and a oundllin respectively connected to the antenna termnal, the

transm & nal, the first reception termnal and the ground

term nal , the ground line being provided so as to surround the

t ransni ssi onl-siAgtHleXer ¢RI he reception signal |ine.

a multilayer substrate having multiple layers and having a back surface having a
rectangular shape;

an antenna terminal provided on the back surface so as to be close to a center of a first
side of the back surface;

a transmission terminal provided on the back surface so as to be close to a second side
of the back surface crossing the first side and to be farther away from the antenna terminal than a
center of the second side;

a first reception terminal provided on the back surface so as to be close to a third side of
the back surface opposite to the second side and to be farther away from the antenna terminal
than a center of a third side;

a first conductor provided on a first surface of a first layer out of the multiple layers so
as to surround at least one of a first area defined by projecting the transmission terminal onto the
first layer and a second area defined by projecting the first reception terminal thereon; and

a ground terminal provided on a second surface of the first layer opposite to the first
surface and located between the transmission terminal and a fourth side opposite to the first side

and/or between the first reception terminal and the fourth side.

2. The duplexer according to claim 1, wherein the first conductor surrounds both the
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first area and the second area, and the ground terminal is provided between the transmission
terminal and the fourth side opposite to the first side and between the first reception terminal and

the fourth side.

3. The duplexer according to claim 1, wherein the ground terminal is located below
the first conductor and is further provided between the transmission terminal and the second side

and/or between the first reception terminal and the third side.

4. The duplexer according to claim 3, wherein:

the first conductor surrounds both the first and second areas; and

the ground terminal is provided between the transmission terminal and the fourth side
and between the first reception terminal and the fourth side and is further provided between the
transmission terminal and the second side and between the first reception terminal and the third

side.

5. The duplexer according to claim 1, further comprising a second conductor located
above the first conductor and provided on a second layer out of the multiple layers, the second
layer being positioned above the first layer, the second layer covering at least one of a third area
defined by projecting the transmission terminal onto the second layer and a fourth area defined

by projecting the first reception terminal thereon.
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6. The duplexer according to claim 5, wherein the second layer covers both the third

area and the fourth area.

7. The duplexer according to claim 1, wherein the ground terminal is further provided

close to centers of the second, third and fourth sides.

8. The duplexer according to claim 7, wherein the ground terminal is further provided

in a center of the back surface of the multilayer substrate.

9. The duplexer according to claim 8, wherein the ground terminal is formed by a

single-piece ground terminal or is composed of a plurality of separate terminals.

10. The duplexer according to claim 1, further comprising a transmission filter
connected between the antenna terminal and the transmission terminal, and a reception filter
connected between the antenna terminal and the reception terminal, wherein the transmission

filter and the reception filter include acoustic wave resonators.

11. The duplexer according to claim 1, further comprising a second reception terminal

next to the first reception terminal and close to the center of the third side.

12.  An electronic device comprising:

42



a duplexer; and

a printed-circuit board on which the duplexer is mounted,

the duplexer including:

a multilayer substrate having multiple layers and having a back surface having a
rectangular shape;

an antenna terminal provided on the back surface so as to be close to a center of a first
side of the back surface;

a transmission terminal provided on the back surface so as to be close to a second side
of the back surface crossing the first side and to be farther away from the antenna terminal than a
center of the second side;

a first reception terminal provided on the back surface so as to be close to a third side of
the back surface opposite to the second side and to be farther away from the antenna terminal
than a center of a third side;

a first conductor provided on a first surface of a first layer out of the multiple layers so
as to surround at least one of a first area defined by projecting the transmission terminal onto the
first layer and a second area defined by projecting the first reception terminal thereon; and

a ground terminal provided on a second surface of the first layer opposite to the first
surface and located between the transmission terminal and a fourth side opposite to the first side
and/or between the first reception terminal and the fourth side,

the printed-circuit board having an antenna signal line, a transmission signal line, a

reception signal line and a ground line respectively connected to the antenna terminal, the
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transmission terminal, the first reception terminal and the ground terminal,
the ground line being provided so as to surround the transmission signal line and the

reception signal line.
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