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TITLE OF THE INVENTION
DUPLEXER
Field
[0001] An aspect of the invention discussed herein is related to a duplexer. Another aspect

of the invention is related to a duplexer having a package substrate composed of multiple layers

stacked.
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 wave filters such as
surface acoustic wave (SAW) filters or film bulk acoustic resonators (FBARs) are used.

[0003] Japanese Patent Application Publication No. 2006-203149 discloses an electronic
device in which an acoustic wave filter that is flip-chip mounted on an upper surface of a
package substrate is sealed with solder or the like. Japanese Patent Application Publication No.
2009-296508 discloses a duplexer in which a package substrate composed of multiple layers
stacked is used and a transmission acoustic wave filter and a reception acoustic wave filter,
which are flip-chip mounted on an upper surface of the package substrate, is sealed with solder

or the like.



[ 0003] Japanese Patent Application Publication No. 2006-203149 di scl oses an
el ectronic device in which an acoustic wave filter that is flip-chip
nount ed on an upper surface of a package substrate is sealed with sol der or
the Iike. Japanese Patent Application Publication No. 2009-296508 discl oses
a dupl exer in which a package substrate conposed of nmultiple |ayers stacked
is used and a transm ssion acoustic wave filter and a reception acoustic
wave filter, which are flip-chip nounted on an upper surface of the package
substrate, is sealed with solder or the like. [0004] Recently, the cellular

phones h[GU rmdl@ecgljﬂryt MAELeIRLP gﬁo‘?n@ssha'vg miIH fuhRR ?Qg@@sqn BHidHaAPAR ARV e

becone |ncréa5|ng Iy sophlstl exanpl e, the cellul ar phones are
equi ppe [ cal area
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on the layers becone clos r to each other. For exanple, a transm ssion |ine

provi dedn ¥ sigepag fsightalth &V@btron&gnetlcally coupled with a nmetal fornmed
on anot her |ayer. Slnllarly, a reception line provided on a | ayer may be

el ect r ontf0dt | chalorder togadiice Bheipight oA thewuplexendt 1ﬁﬁ@‘5@ﬁreéﬁb‘f’ﬁé¥‘e nagkAge . Thus, a

signal | eakage may occur between the transm ssion and reception lines via
t he met adubstragendAtthienddpetkagd whsteerranaydearalized by thisringeash laner tharedhs nindlds on and
reception lines may deteriorate. SUMVARY OF THE | NVENTI ON [ 0006] It is an
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line provided on a layer may be electromagnetically coupled with a metal formed on another

layer. Similarly, a reception line provided on a layer may be electromagnetically coupled with a

metal formed on another layer. Thus, a signal leakage may occur between the transmission and

reception lines via the metals, and the isolation characteristic between the transmission and

reception lines may deteriorate.

SUMMARY OF THE INVENTION
[0006] It is an object of the present invention to provide a duplexer having a reduced height
and improved isolation between transmission and reception lines. According to an aspect of the
present invention, there is provided a duplexer including: a package substrate having layers
stacked; a transmission filter and a reception filter that are provided on an upper surface of a first
layer that is one of the layers of the package substrate, the transmission and reception filters
being acoustic wave filters; a metal pattern provided on the upper surface of the first layer and

formed to surround the transmission and reception filters;  a transmission line provided on an



and inproved isolation between transm ssion and reception |ines. According
to an aspect of the present invention, there is provided a dupl exer

i ncl udi ng: a package substrate having | ayers stacked; a transmi ssion filter
and a reception filter that are provided on an upper surface of a first

| ayer that is one of the |layers of the package substrate, the transm ssion
and reception filters being acoustic wave filters; a netal pattern provided
on the upper surface of the first layer and forned to surround the

transm ssion and reception filters;a transm ssion |ine provided on an

upper s ulfpfp@tcsﬁrf?(fe ofa %Gmgyel‘ ANEE ofd e 13yl tHef _a@klage duB¥&feSn@fs t he package
substrate and is positionally lower than the first |layer, the transm ssion

[ine el SRbibamM K A BR R LNGE L AR FhOOeAAh e Lo gubr ansi ssi on

term nal” tog and a reception linet I'S provi n the upper

surface ,0of the sgcond, |.ayver. and el.egtri Ly, conngct he. reception filter
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enbodi nent ;. Fl 2 IS a cross-sectional view of the duplexer of the first
enbodi rretﬁrfn,mﬁhvgesem f?ﬁgth&kmsaﬂf e G laver s e ﬁehght%@is&znﬁrkﬁya 3B is a plan
view of a line pattern/foot pad |ayer, and FIG 3Cis a view of a back
surface of the line pattern/foot pad layer; FIG4 is a cross-sectional view
of a dupl exer according to a first conparative exanple; FIG5 is a plan

view of a |ine pattern/ B35F BEYCRIBVION QEJHE BRAWINGS package substrate

[0007] FIG. 1 is a block diagram of a duplexer according to a first embodiment;

FIG. 2 is a cross-sectional view of the duplexer of the first embodiment;

FIG. 3A is a plan view of a die attach layer, FIG. 3B is a plan view of a line pattern/foot
pad layer, and FIG. 3C is a view of a back surface of the line pattern/foot pad layer;

FIG. 4 is a cross-sectional view of a duplexer according to a first comparative example;

FIG. 5 is a plan view of a line pattern/foot pad layer used to form a package substrate
employed in a duplexer according to a second embodiment; and

FIG. 6 is a plan view of a line pattern/foot pad layer used to form a package substrate

employed in a duplexer according to a third embodiment.

DETAILED DESCRIPTION
[0008] A description is now be given of embodiments with reference to the accompanying
drawings.
First Embodiment

[0009] FIG. lis a block diagram of a duplexer according to a first embodiment. Referring



enpl oyed in a dupl exer according to a second enbodi nent; and FIG 6
Is a plan view of a line pattern/foot pad | ayer used to form a package
substrate enployed in a dupl exer according to a third enbodi nent. DETAI LED
DESCRI PTI ON [ 0008] A description is now be given of enbodinents with
reference to the acconpanying drawi ngs. First Enbodiment [0009]FIG 1 is a
bl ock di agram of a dupl exer according to a first enbodinent. Referring to
FIGI, atransmssion filter 12 is connected to a transm ssion node 18, and
a reception filter 14 is connected to a reception node 20. The transm ssion

filter I2rrnd AtRBshiSGEPbIeP fichiREted  aafsfiRTRIERHE R, bt ARcHRLLIRG 142 Via a
mat ching circuit 16. Anot her connection may be nmade. For exanple, only the

recept i Qfcohhdctedlto 4 fkcdptiofs 9&1@?@{ el tPnliEsiHEIRP War%l%leééﬂe?eﬁ{i&{eﬁl@tlg hieng circuit

16, while the transm'ssion filter 12 I's connecte e antenna 22 wit hout

passing cBMe&E&JQ ah Qﬁtemtﬁ Q/Earhqnﬁj:l{it?é’gixtcui} ?6. Another connection may be made. For

example, only the reception filter 14 is connected to the antenna 22 via the matching circuit 16,
while the transmission filter 12 is connected to the antenna 22 without passing through the
matching circuit 16.

[0010] By way of another example, the transmission filter 12 is connected to the antenna 22
via the matching circuit 16, while the reception filter 14 is connected to the antenna 22 without
passing through the matching circuit 16. That is, at least one of the transmission filter 12 and
the reception filter 14 is connected to the antenna 22 via the matching circuit 16.

[0011] FIG. 2 is a cross-sectional view of the duplexer of the first embodiment. Referring
to FIG. 2, a package substrate 24 is composed of multiple layers stacked, which include a die
attach layer 26 and a line pattern/foot pad layer 28 in this example. The die attach layer 26 has
a thickness t1 of, for example 50 pum to 100 um, and the line pattern/foot pad layer 28 has a
thickness t2 of, for example, 30 um and 55 um. The thickness t1 is greater than the thickness t2
(t1 >12). More specifically, t1 may be 100 pm and t2 may be 50 um, for example.

[0012] Pads 30 are provided on the upper surface of the die attach layer 26. The
transmission filter 12 and the reception filter 14 are facedown flip-chip mounted on the pads via
bumps 32. The bumps 32 may be gold (Au) or solder and a thickness of about 20 ym. The
transmission filter 12 and the reception filter 14 have a height of, for example 0.1 ~ 0.28 mm.
Foot pads 34 are provided on the back surface of the line pattern/foot pad layer 28. The die

attach layer 26 and the line pattern/foot pad layer 28 may be made of an insulator such as



[ 0010] By way of another exanple, the transmssion filter 12 is connected to
the antenna 22 via the matching circuit 16, while the reception filter 14
is connected to the antenna 22 wi thout passing through the matching circuit
16. That is, at least one of the transmssion filter 12 and the reception
filter 14 is connected to the antenna 22 via the matching circuit 16.
[O011]FIG 2 is a cross-sectional view of the duplexer of the first

enbodi ment. Referring to FIG 2, a package substrate 24 is conposed of

mul tiple | ayers stacked, which include a die attach | ayer 26 and a line

pat t er n/ fopiic.Pathe krakatissAR ﬁ!t@r 12N4h8 reB IR kifler 1484 Bk GooRpdd@8Nark RKEEIcAR has a
thickness t1 of, for exanple 50 gmto 100 pm and the iine pattern/foot pad

| ayer Z&nt%?c%nt?ec'}%g'b}g §§§ r§d2v1£fmad£ Bf anee@mg!a c)oﬁ&cg{/@ AReiap> e gg{kgget hi ckness

ti is greater thant |ckness t2 (t1 More specific may be

100 gm ap m&éﬂ%?%v €a ggmggbgmg%oﬁganple [ 0012] Pads 30 are prOV|ded on the

upper sur?ace ayer 26 The transm ssi on fllter 12 and
the rec jon fji Iter ar te

bunps. 300 olfinsEnsd it st PERH I acsp by ﬁE&F’%@? %0 Ont BrER R abou
20m T ransm ssi n filter d e rece hon f ter e a height
of T or ENLABPR 1 1He genssisyion T 0 2pLiHe s AR ) hare sty AeBaLK
surface of the Ijne pattern/foot pad | ayer 28. The die attach_| ayer 26 and
the i nePaphendsr nfhedspsmyssipn figel? azléthferﬁcee%ow#aﬁél"omawﬁ@m Rpoliltesgeh as
ceramc. The transmission filter 12, the reception filter 14 and the foot
pads 34 maylamedediier samgopsyl of SAWTewRRaEL clingler configyratien yarreynaeTSHSAE of an

el ectrically conductive material. The package substrate 24 may be a

pr|nted1%m¢%%®$mﬁ@ﬁﬂdﬂwﬁﬁ0ﬁ8$¢h@ﬁtransnlSS|on filter 12 and the reception

filter 14 may be | adder type filters using
[0014] A seal ring 38 formed by a metal pattern is provided on the upper surface of the die

attach layer 26 along the outer periphery of the die attach layer 26. Solder 40 is joined to the
seal ring 38.  Preferably, the seal ring 38 is made of a metal having good wettability to the
solder 40, which may be tungsten plated with gold.

[0015] A metal cap 42 is provided so as to extend over the solder 40, the transmission filter
12 and the reception filter 14. The metal cap 42 may be made of a metal such as Kovar and
may be 25 pum thick, for example. The transmission filter 12 and the reception filter 14 are
sealed with the solder 40 and the metal cap 42.

[0016] A protection film 44 is provided so as to cover the solder 40 and the metal cap 42.
The protection film 44 may be formed by, for example, a metal film, which may be nickel
deposited to a thickness of about 10 nm by electrolytic plating. Besides nickel, a copper plated
film or a vapor deposition film may be used to form the protection film 44. The protection film
44 may be formed by a resin film such as epoxy resin. The protection film 44 suppresses

deformation of the solder 40 inside the protection film 44 due to external force or heat.



SAWresonators. The transm ssion filter 12 and the reception filters 14
have nmutual ly different passbands. The transm ssion filter 12 and the
reception filter 14 nmay be a lattice type filter or a multinode filter
conposed of SAWresonators. Another configuration uses resonators using
bul Kk waves instead of the SAWresonators. [0014] A seal ring 38 fornmed by a
netal pattern is provided on the upper surface of the die attach | ayer 26
al ong the outer periphery of the die attach |ayer 26. Solder 40 is joined
to the seal ring 38. Preferably, the seal ring 38 is made of a netal having

ood wet it h gol d.
?0015]A[?r(ea? L c%%é% 1:8 ‘E‘%’?W eﬁp"hemgé&tg LREYac %S%%B&ggk?ﬂgﬂtgéfﬁg}c@% the

transm §g50R,k rhxggf.rscle?c‘%gAEJ‘a pbEAER ROak '.g&%ﬁqy%rf‘zgkmfﬂﬁt lanGARy 42 MRy be

made of a neta ch as Kovar ‘and nay or exanple. The

ol dor HoUanac b e ged Big A0 Ry Asrist et S FafheTe S0 ded so
as to cov solder 40 and the netal cap 42. The protectlon film44 may
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be fornéd r exanple, a nmetal film which nay be ni ckel deposited to a

t hi cknes f t 10 nm hy electrolytic plating. ni ck a copper
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filmd44. The protection film44 nmay be formed by a resin filmsuch as epoxy
resin. Phe Pheoredears Bade qfityngstan plaedvihk sdd aﬁb&f@i@raﬁ B sk, fsexapleler 40
inside the protection film 44 due to external force or heat. 0017] A
descri pthiheRadsdnchisiear prienna pad 46,2 transyéssion pad 48, a resertion ged ¥\ Avd eroan@p®s wi t h
reference to

52. The pads may be made of another conductive material such as copper plated with gold.

The upper surface of the die attach layer 26 has a rectangular shape. The antenna pad 46 is

close to the center of a first side 54 of the rectangular shape. The transmission pad 48 is close

to one of two ends a second side 56 opposite to the first side 54, and the reception pad 50 is close

to the other end. With the above arrangement, it is possible to secure sufficient spacings

between the pads 46, 48 and 50 and improve the isolation characteristics between these pads.

The ground pad 52 may be provided between the antenna pad 46, the transmission pad 48 and

the reception pad 50. It is thus possible to improve the isolation characteristic between the pads

46, 48 and 50.

[0019] The transmission filter 12 is flip-chip mounted on the antenna pad 46, the

transmission pad 48 and the ground pad 52 by using bumps. An input electrode of the

transmission filter 12 is connected to the transmission pad 48, and a ground electrode of the

transmission filter 12 is connected to the ground pad 52.  An output electrode of the

transmission filter 12 is connected to the antenna pad 46.

[0020] The reception filter 14 is flip-chip mounted on the antenna pad 46, the reception pad



FIGs. 3A through 3C. FIG3A is a plan view of the die attach |ayer 26, FIG
3B is a plan view of the line pattern/foot pad | ayer 28, and FIG 3C
illustrates a back surface of the line pattern/foot pad | ayer 28.

[0018] Referring to FIG 3A, pads are provided on the upper surface of the
die attach layer 26. The pads are nade of tungsten plated with gold and are
10 - 15 p, mthick, for exanple. The pads include an antenna pad 46, a
transm ssion pad 48, a reception pad 50 and ground pads 52. The pads may be
made of anot her conductive material such as copper plated with gold. The
upper surface of the die attach |ayer 2 r . ar . The

ant enna i?aa(?g %r%ungfj%(géezetfydlswﬁgurg "t Z\rn 0 ugeq?%ltr?%etoefﬁegg& (ﬁlof}lé'? ﬂtggrect angul ar
shape. The transm ssion pad_48 is clqgse to, 0 of two-ends . d side 56
opposi t cTEEEIAS P Ferten el endrorH a s M epiinant: o Er A The
other end. Wth the_ above arrangene&h, it is Oﬁglble to ieﬁurq suf ficient
spaci ngstopks grRisd Pathe?- p AdnpHg elegitpds plherseepiign PE‘B VeCoppestef s PR
characteristics between these pads. The ground pad 52 nay be provided

bet ween p#dbant enna pad 46, the transm ssion pad 48 and the reception pad
50. It is thus possible to inprove the isolation characteristic between the
pads 46, [08Bl]andTEOscal[rpg B jsTevidadon sl upseranriace pf Be dieattack 19ye 3. 9/5 P mount ed
on the antenna pad 46, the transm ssion pad 48 and the %round pad 52 by

usi ng buswpsundihe irmpmissieh Eb¢rridded e rackmion fiersldi s ThawsalfringB s eleptricalix onnect ed
to the transm ssion pad 48, and a ground el ectrode of the transm ssion
filter ldnh&tdanngotstitedoried o heuwnper pathcs 2f thelineqattgrnifocs paddleyen d&bof  t he
transm ssion filter 12 is connected to the antenna pad 46. [0020] The
recept i ofednk bf @ss. 14hé seaf dirigB8adhiepatninigroied porntidhe ant enna pad 46, the
reception pad 50 and the ground pad 52 by using bunps. An output electrode
of the rfmmt i OR s flivkiREd iA41G. SBCIRRE @i @dndydeldaned &g efptal depogideh M0, and a
ground el ectrode of the reception filter 14 is connected to the ground pad

52. An i gaceﬂé}ni;%[ SEbI9RB O tht Bfpel §EARS bRk [irelpht@im/ bt pdl 19@NTEC AL liAee t he
antenna pad 46.
may be made of, for example, tungsten and may be 7 ~ 10 um thick. ~The lines include an
antenna line 58, a transmission line 60, a reception line 62 and ground lines 64. The lines may
be made of another conductive material such as copper. The lines 58, 60, 62 and 64 are
electrically connected to the pads 46, 48, 50 and 52 by means of vias.
[0023] The upper and back surfaces of the line pattern/foot pad layer 28 have a rectangular
shape. The antenna line 58 is close to the center of a first side 66 of the rectangular shape.
The transmission line 60 is close to one of two ends of a second side 68 opposite to the first side
66. The reception line 62 is close to the other end of the second side 68. The ground lines 64
are provided between the antenna line 58 and the transmission line 60 and between the antenna
line 58 and the reception line 62. With this arrangement, it is possible to improve the isolation

characteristics between the lines 58, 60 and 62. The transmission line 60 and the reception line

62 do not extend over an area (depicted by a broken line in FIG. 3B) defined by projecting the



[ 0021] The seal ring 38 is provided on the upper surface of the die attach

| ayer 26 so as to surround the transmssion filter 12 and the reception
filter 14. The seal ring 38 is electrically connected to a ground |ine
formed on the upper surface of the line pattern/foot pad | ayer 28 by neans
of vias. The seal ring 38 is set at the ground potential. [0022]As
illustrated in FIG 3B, lines, which nmay be defined by netal deposition and
patterning, are provided on the upper surface of the |ine pattern/foot pad
| ayer 28. The lines nmay be made of, for exanple, tungsten and nay be 7 -

10mthick. The,lines include an, antenna ).ine transm ssion line 60, a
receptidﬁmFPﬁgg8%°§ﬁ§p8?8W%ﬁCPﬂﬂ%@“@ﬁ.e ﬁ%“P?ﬁ%?r%%y be made of anot her
conductive material such as per. The |ines 58 0, 62.and ar e
el ectri d4934) cohfiEt f‘é’g“"tt?f PR gé) Eé’&%‘”di S0 g0 e’gﬁndgttﬂ 8‘63%*“63’}55 QH’g %élﬁm\rl’i as.
[ 0023] The upper .and hack surfaces of the |line patter éfoot | ayer 28
have a rideeuggaripherysfhgserondside od) pEHA HNY Haﬁ%m/g%ot Pa ]63/662 tOSEWYE center of a
first side 66 of the rectangul ar shape. The transnission |ine 60 is close
to one ofondugier EpgiE isproxidedecisde Stend iGBe FispRIEN fige eoirem thepiesperigdy 66. The
reception line 62 is close to the other end of the second side 68. The
ground |(theeecoBd side €8)of te liderhtomifors@ad teyrs 28nt Bighia, the st @gdustn lipg &0 is
transm ssion |ine 60 and between the antenna line 58 and the reception |ine
62. Wt hprovides! saps @regendintap afe Aitlsat pges iobreareapdeiflingsk by\peojedting the @Mting)%
characteristics between the lines 58, 60 and 62. The transm ssion |line 60
and t he dgnecptppensurfacecof @iz dikoattaci lagx D€ adi iovlesesen thertieasnfishapiloe €d by a br oken
line in FIG 3B) defined by projecting the seal ring 38 onto the upper
sur f ace Silidigthk sdtenPa@hligstdrihenl ispadtidedy®ss t@ 8xtend in an area B that is part of the

area defined by projecting the seal ring 38 onto the upper surface of the die attach layer 26 and is

closest to the reception line 62. The first conductor line 70 is electrically connected to the

transmission line 60, and the second conductor line 72 is electrically connected to the reception
line 62.

[0025] The first conductor line 70 has a width W1 smaller than a width W2 of the
transmission line 60. The second conductor line 72 has a width W3 smaller than a width W4 of
the reception line 62. For example, in a case where W2 is approximately equal to W4, it is
preferable that W1 is approximately equal to W3. In this case, W1 and W3 are smaller than W2
and W4.

[0026] Third conductor lines 74 are provided so as to extend to the antenna line 58 and the
ground lines 64 from the outer periphery of the line pattern/foot pad layer 28.  The third
conductor lines 74 are provided so as to extend in the area defined by projecting the seal ring 38
onto the upper surface of the line pattern/foot pad layer 28. The third conductor lines 74 are

electrically connected to the antenna line 58 or the ground lines 64.



[ 0024] A first conductor line 70 is provided so as to extend to the

transm ssion line 60 fromthe outer periphery (the second side 68) of the
line pattern/foot pad | ayer 28. A second conductor line 72 is provided so
as to extend to the reception line 62 fromthe outer periphery (the second
side 68) of the line pattern/foot pad |ayer 28. That is, the first
conductor line 70 is provided so as to extend in an area A that is part of
an area defined by projecting the seal ring 38 onto the upper surface of
the die attach layer 26 and is closest to the transm ssion |ine 60.

Simlarl he I I i end in an
area B [027f| S T?fg(rfr?slg n%gﬁ%qglrgzg tﬂaée%?oﬁééo%&cﬁ@}ée%?ﬁ %g‘gtt ecgg%ulg%ﬁl ng 38 onto
t he upp rface

receptio Gr\meﬁsﬁ' 8k 5d Pof'ﬁlgafob%ctplag%@ % %yﬁul’ 917%98? t§'fﬂ%%r%|§l§g 3’ lconnect ed to
the transm ssion |ine 60 t he econd conduct.or 2 electrically
connect @ﬂhthEitfﬂr th? %‘EB‘EF Eﬁm}rhltat’i‘éoué]f orpraRE RS TFSMySpion | ‘“eégﬁaﬂ‘&eé‘iﬁ”h ne 70 has a
wi dt h V\?g rTE ? nawdth W of the transmission |ine 60. The second
conduct P™Me H’é‘t’?’ EHSURPERLTT PUR 'S G¥fiP®r than a width WA of the reception
line 62. For exa in a case where W2 i s approximately equal to W, it

i s prefd?&8l e tAsd “Wteﬂ’lﬂﬁp}cb)@%ﬁ%délavmﬁoﬂ@e\hﬂ* %Uﬁaﬁemfgleélage W and W8
are snmaller than W2 and W}. [0026] Third conductor lines 74 are provided so
as to eyeds/faoppadieyent e The fdot pads BBY bawaladernd a gensiyetar surheassurpaten plsiedt he out er
peri phery of the line pattern/foot pad |layer 28. The third conductor |ines
74 are pritngollled Thofoaspadinehutieancinienna thimingl €6, adrehsmistdonggrmirad/&@t i ng t he seal
ring 38 onto the upper surface of the line pattern/foot pad |ayer 28. The
third coesptimaerminah8Gand4rauné teehinals B2.c allleyermamise6t #dl 84 andtBareatctrivally | | ne 58
or the ground lines 64. [0027] The first conductor line 70, the second
conduct @bnrecta@tofRe @ahnd e I8hihe dtasandisatiioe 60, ithrascepdondine 62 setkhé ground

el ectrolytic plating in order to supply electricity to all patterns to be
pl at ed Winkd6408! Wink @He ViddGrepeétReFE Tie apicibd bR U6 Isycohr@tdl Ghé fienhsi 2SN Ssi on
lines 60 of integrally formed multiple package substrates prior to cutting.

via the matching circuit 16 (see FIG. 1).

[0029] The antenna terminal 76 is close to the center of the first side 66 out of the four sides
of the rectangular back surface of the line pattern/foot pad layer 28. The transmission terminal
78 is close to one of the two ends of the second side 68 opposite to the first side 66, and the
reception terminal 80 is close to the other end of the second side 68. FIG. 3C depicts six ground
terminals 82. Two ground terminals 82 are close to the ends of the first side 66. There is one
ground terminal 82 close to the center of a third side 84 orthogonal to the first side 66. There is
one ground terminal 82 close to the center of a fourth side 86 orthogonal to the first side 66.
There is one ground terminal 82 close to the center of the second side 68. The last one of the
ground terminals 86 is located in the center of the back surface of the line pattern/foot pad layer
28. With the above arrangements of the pads, it is possible to improve the isolation

characteristics between the terminals 76, 78 and 80.



[0028] As illustrated in FIG 3C, foot pads are provided on the back surface
of the line pattern/foot pad | ayer 28. The foot pads nmay be made of a
conductor such as tungsten plated with gold. The foot pads include an
antenna termnal 76, a transmi ssion termnal 78, a reception term nal 80
and ground termnals 82. The termnals 76, 78, 80 and 82 are electrically
connected to the antenna line 58, the transm ssion |line 60, the reception
line 62 and the ground lines 64 by using the vias, respectively. The
antenna termnal 76 is connected to the antenna 22 via the matching circuit

16 (see 56 1)}%0 9%&%%@?%81%; g%‘é‘cot a&]tl()?!e)(taﬁ;gle iSdSLARE no?dtr?o?(egc%ﬁ)t er of

the fir “out rectangu Surface of

he | 8 I
e L RO 450 S AR s S

and the rec ion.termnal 80 i ose.to oth r e second si de
68 FI GRS .3%0%'}19@”5%&#&19?%}%%&r'@t%féfbe‘r SEhags st (s S Ba ar e
close to the of the first side 6 here is one ground term nal 82

cl ose t&me*n%%&%%? atgach layeri26 gnpdeg lips P%WF"PHWQ&?YST I8gwhighate stadked s de 66.
There is_one ground termnal 82 close to the center of a fourth side 86

or t hogorf&f th(“&“?sﬁél ¢fithesdic affadinlagy 12qisepual fosthg thickagss (2 thedingpsier/Bot ralose t o

the center of the second side 68. The | ast one of the ground term nals 86
is |ocatl®@ 128- t he center of the back surface of the line pattern/foot pad
| ayer 28. Wth the above arrangenents of the pads, it is possible to

i nprove [003&] i solQOmtthewppetsarfamstod thie siie attachijaten@® therdwze providedylds 1306whie8 and 80.
[ 0030] Now, a dupl exer according to a conparative exanple is described in
or der t dndiels @n hienne bid; @ trensofisston @ad] apéoepténm pad adrpgeodndpsds. eAlmadimimsivin. FI G 4
is a cross-sectional view of a duplexer according to a first conparative

exanpl e filtefl@rand atpcépdioffilter 144 ara fyeaddoadiip-ship slonmteonlhd pads 180bpPasRd of a die
attach layer 126 and a |ine pattern/foot pad | ayer 128, which are stacked.

The t hi ekips2t | Oakhettagk dlikfecedf tiRGMe bakal/fodZfd S eCP8athert aretphfidedifdpkness t 2
of the line pattern/foot pad |ayer 128. [0031] On the upper surface of the
di e att aady I3aneicidfelude M lafieAfaerfifY, 23R HsiRash Wrdfnal Wht&Ption terminal and

ground terminals. The transmission filter 112 and the reception filter 114 are electrically

connected to the foot pads 134 via lines 136 provided on the upper surface of the line

pattern/foot pad layer 134 as well as vias. The lines include an antenna line, a transmission line,

a reception line and ground lines.

[0032] A seal ring 138 is provided on the upper surface of the die attach layer 126 so as to

surround the transmission filter 112 and the reception filter 114.  Solder 140 is bonded on the

seal ring 138. A metal cap 142 is provided so as to extend over the transmission filter 112 and

the reception filter 114. The transmission filter 112 and the reception filter 114 are sealed with

the solder 140 and the metal cap 142. A protection film 144 is provided so as to cover the

solder 140 and the metal cap 142.

[0033] In the duplexer of the first comparative example, as illustrated in FIG. 4, the
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i ncl ude an antenna pad, a transm ssion pad, a reception pad and ground
pads. A transmission filter 112 and a reception filter 114 are facedown
flip-chip nounted on the pads 130 by using bunps 132. On the back surface
of the line pattern/foot pad | ayer 128, there are provi ded foot pads 134,
whi ch include an antenna termnal, a transmssion termnal, a reception
termnal and ground termnals. The transm ssion filter 112 and the
reception filter 114 are electrically connected to the foot pads 134 via

| ines 136 provided on the upper surface of the line pattern/foot pad | ayer

134 as |l as.vias.. The. lin i_nclude an tenna | i r 1551 0N
l'ine, a%ﬁ8%5§$f8t£??ﬁéagﬁ&wa} Sﬁﬁfkfﬂ%%@efggggTﬂﬁf g%%yﬁﬁb&fgﬁgggﬁprovided
on the upper surface of the die attach | r.126 .so. as ta,surround the
Uransm 28 SGHeIRs peBPther HInGodsh i e AIEeL A the FEtEmbodimen g EF58K | s bonded
on the seal ring 138. A netal cap 142 is provided so as tp extend over the
t ransni $3¢-dntheithekapss 1hof theflie ikeh fayer B Brrtrithap die thigknessitp gt the g?f‘s m ssi on
filter 112 and the reception filter 114 are sealed with the sol der 140 and
the net @eterfpolag laysr 2% otlbe ease where fhedyplaxar of the Gt epapacgveemple@dder t he

sol der 140 and the netal cap 142. [0033]1n the duplexer of the first

conpar atthay ef thg Srspérebodiment ark pefigared i Hawe #1 @ualghickngss of theipagkagesybitiatest t he di e
attach layer 126 and the thickness t2 of the |ine pattern/foot pad | ayer
128 ar e texpuplex¢rof ddinst etnbatimerit hascoargerspacing betweke thd wgsl exgprovifled dnghd i r st
enbodi nent, as illustrated in FIG 2, the thickness ti of the die attach

| ayer 2aippss sgfeeabithe tibattach heyert datl cleriims patteh bvitldtieon! thengppprastutiaseof the dine pad

| ayer 28. In a case where the duplexer of the first conparative exanple and
that of phiken/fdot pid IeyEbmeh Merdf tardapleetfof the fiest cdnapatudiveeamprguid a dakd ckness of

t he package substrates, the duplexer of the first enbodi nent has a | arger

spaci ng viRiWRephckd3e siR@dte IsitiiBneR f thiRip RO ot B@ucHR BIR heflif dfakeduplexdrhie di e
attach layer and the line pattern provided on the upper surface of the line

pat t er n/grQ@boffledt AYEkssleRBRorhd2ALticRbupIEs BHAR BN tra@fmibdiéh ielafd the Qsapar at i ve
exanple. In a case where the package substrate is thinned for the purpose

of red U(fing dnd lt;le?wgéﬂ itlgelt}Ecegﬂcsio R afY R thantth® of fhk ?ﬁ'st W%i@@%m Rs |ess

el ectromagneti c couplin etween the transmssion line and the seal ring
and betwﬁg t he ' ine | sd : dthed 3 st
conparatlvg]exéﬁ%ﬁ%&ﬁ%%%g%%l@”ﬁggg?ﬁggaﬁ%%ggg%m?ﬂgggﬁ%?%%ér ofithe first
enbodi nent. as ,i.l |l ustrated i |G 2 is.configur t al ring 38
Chat  suepems ¢ RS TRk 3 B Srplsh RSN R LD BB REE ot e
on the die attach | r 26 of the_.package substrate _24. The.transm ssion
e 60 Mfermpiridn B ofith e 85 B oS Ra B Pher i it 201 1 he
line pattern/foot pad |ayer 28 that is ope |layer |ower _than the_die attach
| ayer S 6 R S-er OBl G 64 LT phibe ok s aa%?ﬁg%lg}&rpa%n/if%ot 467 t han t he
thickness t2 of the line pattern/foot pad |layer 28. Wth the above

ar r ange i sone jayer lawes shagithy die atisch loyei26- + e tickess td bR dieiaaddaigt ¥5§ bet ween
the transm ssion |ine 60 and the seal riq? 38 and_t hat between the

recept i @reafer fhen 8 thivlgresstidolgbaling fafign/d®t pad layes 28.h Wity the gbaye arrgrngeipeiiice t he
hei ght of the duplexer and suppress | eakage of the transm ssion signal over
t he t r ansispessibierio kidnes thdel¢ctromhgnetie complinglretwden ghe@@nsnissianme $ and thé ng  38.
According to the first enbodinent, it is possible to realize both reduction
i n the hedlghg3®andithe betuwpéretkerecaptidn line 62 and the seal ring 38. It is thus possible to

reduce the height of the duplexer and suppress leakage of the transmission signal over the
transmission line 60 to the reception line 62 via the seal ring 38.  According to the first

embodiment, it is possible to realize both reduction in the height of the duplexer and

11



i nprovenent in the isolation characteristic between the transm ssion |ine
60 and the reception line 62. [0035] For the purpose of inproving the

i sol ation characteristic between the transm ssion |line 60 and the reception
line 62, it is preferable that the ratio t2/t1l is equal to or smaller than
0.8 and is nore preferably equal to or smaller than 0.5. [0036] The

transm ssion line 60 and the reception line 62 nay extend in an area
defined by projecting the seal ring 38 onto the upper surface of the line
pattern/foot pad |ayer 28. However, as illustrated in FIG3B, it is
preferable that .t transm ssion..li J j j.ne. 62 do not
ext end ilﬂlpf%%m%nrt (l)r}htg%%S(()algnoé]%ga%ﬁfm%é’(%gﬁegQ?eﬁ%glﬁélgsﬁ%@%%;% ﬁé#‘@{ﬂﬁgéﬁ%ﬁg proj ect ed
area. It.is_ thus possible to secure a | arge spaci ng between the

transni &84 1ine 60 and the seal ri ng 38 and a | arge spaci ng between the
reception line 62 and the seal ri ng,38,an to r,e,d%ce the el ectromagnetic
coupl i ndY% welifr ths@urPpse e AnRreYipghthf isplatigheharagierifis PERSEn te KYISBESIgN G ™t hat

bet ween the reception line 62 and the seal ring 38. It is thus possible to
suppr esdine S8 radjbe pEeptipR line 62n i i nsefprable &abﬁharaﬂas?gfrl it gpualite oy leidhaiP-§ i ne 60
to the reception line 62 via the seal ring 38 and to further inprove the

i sol at i ownd étaerapreérabbtaqual greensmelerthsd Ot ansni ssi on 1ine 60 and the reception
line 62. [0037]As illustrated in FIG 3B, the transm ssion |ine 60 and the
r ecept i df036j ne BR tanenifsprdine d0 anl thheceptiomlhiet 62intky e8BndM anlaeea defined by
pattern/foot pad |ayer 28 and are close to the area defined by projecting

t he sealprsjeniigg B8 seahtiog 3hentol e @ppes surfaac ef theé linerpatiérnfiet pat lowr A8.f dddweperd | ayer
28. Since the distance between the transmi ssion line 60 and the reception

| i ne 62 ayiillustrie@l ia €8t 3B] i paderhlde Bhiahé trarksiaBsivi Hmesol a8 themecgptipmdine 67 és t he
transmssion line 60 is likely to be |eaked to the reception line 62 via

t he sealnot éxtghd 3Bthe bidjdefell Sreé BSi@xtehd iniaf aR@ Sthedthsh thepriafetied akd.edi iswrky suppress

possible to secure a large spacing between the transmission line 60 and the seal ring 38 and a
large spacing between the reception line 62 and the seal ring 38 and to reduce the
electromagnetic coupling between the transmission line 60 and the seal ring 38 and that between
the reception line 62 and the seal ring 38. It is thus possible to suppress leakage of the
transmission signal over the transmission line 60 to the reception line 62 via the seal ring 38 and
to further improve the isolation characteristic between the transmission line 60 and the reception
line 62.

[0037] As illustrated in FIG. 3B, the transmission line 60 and the reception line 62 are
located on the second side 68 of the line pattern/foot pad layer 28 and are close to the area
defined by projecting the seal ring 38 onto the upper surface of the line pattern/foot pad layer 28.
Since the distance between the transmission line 60 and the reception line 62 via the seal ring 38
is short, the transmission signal over the transmission line 60 is likely to be leaked to the

reception line 62 via the seal ring 38. In this case, it is possible to more effectively suppress
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| eakage of the transm ssion signal to the reception line 62 via the sea
ring 38 fromthe transmssion line 60 by setting the thickness ti of the
die attach layer 26 greater than the thickness t2 of the |line pattern/foot
pad | ayer 28. [0038]As illustrated in FIG 3B, the first conductor line 70
and the second conductor line 72 are provided in the area defined by
projecting the seal ring 38 onto the upper surface of the |ine pattern/foot
pad | ayer 28 (depicted by the broken line in FIG 3B). The first conductor
line 70 is electrically connected to the transm ssion |ine 60, and the
second C i t I ly: : ception line
TORGHHe tahdflsslch sfoRaiGh BE bR e ggﬂﬁg;sé‘aﬂgh%ﬁ fiin {1

62. The w ITStC con i ne qual to that of the

i SSi l. i N i-n Fl | he fi
conduct arn iSRG RN ok e it Aol Wodle LTS 00T e

60. For exanple, .the width of the first conductor line 70 is preferably
equal t6h%Pg§H§Pf%?E?Hﬁﬁ“ﬁﬁ%”??ﬂ%?”? e width of the transnmission |ine 60,
and is nore preferably equal to or smaJler than 0.5 tines the wd of the
FFansmi JUBA"| AN Bgettaibia. She Teonueioning O ano e SO R LRI | | ne. 79
may be equal to that of the reception line 62. As illustrated in FIG 3B,
the wi dtaFe Bpvideddn dhearsadelinsA By proiseting theseakrings 8 gptortes uppprsudass of B¢ linfan t hat
of the reception line 62. For exanple, the width of the second conduct or

| i ne 72 pegerpifast paddiey 28(fepitted by e broken linsin Figa3Blo. &he fisseeondustor ipeihisof t he
reception line 62, and is nore preferably equal to or smaller than 0.5
times t hekecwicalcondecteti & thetapmissinn ling e, aRl the\sedensioongiciophind B indleeti¢allgn of t he
reason why the first conductor line 70 is preferably narrower than the

t r ansni ssnmeated tortbe BE:ptiamting d2e Thewidth dfeiedirsttcondukionbne77? may be eedagroghdty
narrower than the reception line 62. [0039] The first conductor line 70 is
at the sdfe upedndsiondine 8. tAwilltshars i BSi 3B) thd widthed therfdst cendpaei lineddéd cl oser
to the seal ring 38 than the transm ssion |line 60. Thus, as the package
subst r atpef@4blP SRAREGan that UTeHe trah fis@drAiGie (60 MBES @ kdntpl; SHeplitth @f thetivgen t he
first conductor line 70 and the seal ring 38 becones nore considerable.

Si mi | ar lyndubReSEMANFrefeLBHUGEA o bri sHRIIEZ2hdnD. Bmdsiie: Widiif BRt@fdmidionas t he
reception line 62 and is positioned closer to the seal ring 38 than the

recepti Gfe bbNRd Blnord PHeRrabRqhdl % HARKAGEAWSSEHA R Witz aRMBAsditiginer . the
el ectromagneti c coupling between the second conductor |ine 72 and the seal

ring 38 5] | ' i kW62t o BE
eIectroAggﬁgrﬁimcobgwgﬁgﬁ%gﬁ&ggﬁ {H%M@PF%pﬁzgﬁﬁ cfﬁ@u¥}nemfb and the sea
ring 38 and.that betyeen {he.sgco onduc L1 . .seal ring 38
are reddce thtr)lymﬁg?'r o‘z\g\\lléel(rﬁlﬁSt afgl F[r%’s{gj’élgenvé@tﬁtogg{el Sféﬁggﬁ%‘%gﬁ%q%n%}ggésecond
conductor line 72 ipn order. to reduce the area er.e 1. ,r St conduct or
e 7o Resteig bleh b bR siseie P g 52 oG R LB ot B R S8 o o
particularly, as illustrated in FIG 3B, the first capdyctor line 70 is
narr O\A/erCO’E‘Jd’ﬁWr bl 205 Bl ?rrfaﬂaﬁ%r,thaaﬂ)& s R BSTERRIBH I e 72 1 s
narrower than the reception line 62. Wth this arrangenent, it is attenpted
to redudd idds BesErefarhlysavel te obwAbET thep Gatimesthe it efitheeceplipmiing®r 1i ne 70
and the seal ring 38 and that between the second conductor line 72 and the
seal ri rfgdesgiptipe isingwigings opis sdabinavhyshesfisigoadustar Spgk AYjis Pesferabhenaopis ni ssi on
signal over the transmission line 60 to the reception |line 62 via the seal
ri ng 38 tkamdhd trepsisgon lire G0swiddhd sseondivarductorlinestiis prigterapbyenarrowier thandles i ssi on
line 60 and the reception |ine 62.

reception line 62.

[0039] The first conductor line 70 is at the same potential as the transmission line 60 and is

positioned closer to the seal ring 38 than the transmission line 60. Thus, as the package
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[ 0040] The first enbodi nent may be varied so as to have one of the two

uni que arrangenents, one of which includes the first conductor line 70
narrower than the transm ssion |ine 60, and the other of which includes the
second conductor line 72 narrower than the reception line 62. In other
words, the width of one of the first conductor line 70 and the second
conductor line 72 is smaller than that of one of the transm ssion |ine 60
and the reception line 62. Even with this variation, it is thus possible to
suppress | eakage of the transnission signal over the transmssion |ine 60

to the re Y e seal ng 3 | ati on
char act &t ngﬂeczg bectomes thmtnﬁr {hf F %ér}gonn?a Iéeitlcgn ‘fp% §%§Qeq ﬂ!clfrﬁ}%%&?déltggﬁ "lse?r? line 62.

[ 0041] The firs dlnent may by at th t ..conductor |ine
20 has Ao BECTORTRA FEUER R arCray: BR SrePREcohd T 456 %cond
conductor line 72 has a portign narrower than the receptia 62 Even
with t hitBe paepaientiphas the refeptip iae ¥ud isti’loé‘“?rt?aﬂ?ﬁ‘?ﬁ‘é‘é‘ﬁ Sﬂagﬂ@&él'

transm ssion signal over the transm ssion line 60 to the receptlon Ilne 62
vi a t he rewationling§2.38Thapds thepagkoee subdraiedd|baeamss ik feelriranagectiset ween t he
transm ssion line 60 and the reception |line 62. The first conductor line 70
and t he coerling detwosndhe seopnd dopductpp ling &2 and the|spatiing 88 besopesraerp pansiderable.

el ectrolytic plating but nay be conductor patterns that extend the area

def i ned Wigh the ahoze in migd ttheeleamagrienigec®glingtebveeh the dipg eondyciprfline 0 ohd thhe | i ne
pattern/foot pad |ayer 28 and are electrically connected to the

t ransm ssaloing B3 arel thd) betmnelert thesecaaiphdwotr ling22 42 the[se) 48§ ASarhasiuteddy descri bed
with reference to FIG 3B, it is preferable that the seal ring 38 is

el ect ri gatrbying tierlies taduttor lide0ghdtha secpat @ntucedr lind s, ordeh® redicelthe a@ and t he
nmetal cap 42 are equal to the ground potential, and are capabl e of

functi onitee thofistdoalidtdr e 10 Gk Beshid @Bnduttbi Bife 722vang thehrealripgept iMoref i | t er
14 agai nst external electromagnetic waves. The seal ring 38 may not be

connect glricRlafly) 8s BLQHRL iPOIGERS, it 1§ Bfducios Ahd 30 is hA2RA3T thRetht rhssigrRodi ment
may be varied to provide a resin filmwth which the
line 60, and the second conductor line 72 is narrower than the reception line 62. With this
arrangement, it is attempted to reduce the electromagnetic coupling between the first conductor
line 70 and the seal ring 38 and that between the second conductor line 72 and the seal ring 38.
It is thus possible to suppress leakage of the transmission signal over the transmission line 60 to
the reception line 62 via the seal ring 38 and improve the isolation characteristic between the
transmission line 60 and the reception line 62.
[0040] The first embodiment may be varied so as to have one of the two unique
arrangements, one of which includes the first conductor line 70 narrower than the transmission
line 60, and the other of which includes the second conductor line 72 narrower than the reception
line 62. In other words, the width of one of the first conductor line 70 and the second conductor

line 72 is smaller than that of one of the transmission line 60 and the reception line 62. Even

with this variation, it is thus possible to suppress leakage of the transmission signal over the
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transmssion filter 12 and the reception filter 14 are seal ed i nstead of
the solder 40. [0044] The first enbodi nent may be varied so that the
reception filter 14 has a bal anced out put instead of the unbal anced out put.
The filter having the bal anced output has two reception termnals 80 in
FIG 3C. [0045]The first enbodi nent may be varied so that the transm ssion
filter 12 and the reception filter 14 is formed on a single chip, which is
nount ed on t he package substrate 24. [0046] The first enbodi ment nay be
varied to have a nultilayer substrate conposed of at least three layers. In

this case, t.he t s of .a fir ace on whi ch
hsmrssron ne 85 E)etl?e rec tlon lfl e. v1a tﬁé’ seal 1l %\638 que @ﬂ)a&%%feﬁsoﬁﬂ{o%

the trandh asion and recep ters are e nmetal pattern is
provi ded, so as .to surround thes ea than the thickness of a
second |°5‘§r%“riefﬁsweﬁ‘§eeat‘&d&ﬂfliﬂi’w B’Fth ‘{tﬁﬁ?r ‘8&%@? f’rgn that of the first

| ayer and an upper. surface on which the transm ss recepti.on |ines
are pro#dh. ﬁﬁ‘éﬁﬁ%F’H‘POdH&?“f E‘F‘}‘lb"oY?“F 80 st rstl?P‘F‘léfﬁt@r © 0hgs $PYEN | ayer may

be not a seal nenber and may be partly broken as |ong as the nmetal pattern

f unct i oRareWer $hap thsdisanissing 1t“F 8 grrﬁ tésreewdéﬁudwc@& Brﬁri’dﬁs # Pt} RATOYEE ond

Enbodi nent )
than the reception line 62. Even with this variation, it is thus possible to suppress leakage of the

transmission signal over the transmission line 60 to the reception line 62 via the seal ring 38 and
improve the isolation characteristic between the transmission line 60 and the reception line 62.
The first conductor line 70 and the second conductor line 72 are not limited to patterns for
electrolytic plating but may be conductor patterns that extend the area defined by projecting the
seal ring 38 onto the upper surface of the line pattern/foot pad layer 28 and are electrically
connected to the transmission line 60 and the reception line 62.

[0042] As has been described with reference to FIG. 3B, it is preferable that the seal ring 38
is electrically connected to the ground potential. Thus, the solder 40 and the metal cap 42 are
equal to the ground potential, and are capable of functioning to shield the transmission filter 12
and the reception filter 14 against external electromagnetic waves. The seal ring 38 may not be
connected to the ground potential electrically.

[0043] The first embodiment may be varied to provide a resin film with which the
transmission filter 12 and the reception filter 14 are sealed instead of the solder 40.

[0044] The first embodiment may be varied so that the reception filter 14 has a balanced
output instead of the unbalanced output. The filter having the balanced output has two
reception terminals 80 in FIG. 3C.

[0045] The first embodiment may be varied so that the transmission filter 12 and the
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[0047]FIG 5 is a plan view of the line pattern/foot pad |ayer 28 of a
package substrate enployed in a duplexer according to a second enbodi nent.
Referring to FIG 5, the position of the second conductor line 72 provided
on the upper surface of the line pattern/foot pad |layer 28 is different
fromthat used in the first enbodi ment. The second conductor illustrated in
FIG5 extends fromthe third side 84 of the rectangular |ine pattern/foot
pad | ayer 28 to the reception line 62 close to the second side 68
orthogonal to the third side 84. The other structures of the second

enbodi nent are_the same as those of the first enbodi illustrated in

FI Gs. 1 "e%PdRigHtents isfmedonp s ﬁ? I oY Cﬁn%%‘alﬁed.og H5Rae aéaswtfé‘faée 2l
[0048]Accord|ng to the second enbodinent, as illustrated in FIG 5, the
first cdPt9tt or Theiflsg embodimens Mgy be wariep & ltaﬁ’aﬁ@ﬁ%t%"é/Fréﬁbﬁt‘ia‘i‘?éo‘BBOSFﬁi ohAtt he second
side 68, and the second conductor line 72 extends to the receptlon i ne 62
f r om t hdeastthred layerale 184his cpise theithigknessh a Giet lsyerihayiag Foupper sprigsgionadichn an area
Athat is a portion of the area (illustrated by the broken |line) defined by
pr oj ect ithgtranmsissigreald redeptipnIBtersrateomeunted appthe mstat paicm ipprovided ojagéo
pattern/foot pad |layer 28 and is closest to the transm ssion |line 60. The
second conoinditiese filtaneis gikatesthaothe thickuéssleth seconddayar leainBapbation wrtgalfyor t i on of
the projected area and is closest to the reception line 62 but is provided
in an arererdidnakat bhdafiRNag: @l nhpbercarave oh Svhichehearagmidicaradd rdeeptienea B i n
the shortest distance. It is thus possible to increase the distance between

the firghecpoplecidad. IThbmetdPpaaB ohig Hpeaidacs 0Nae GitsOlaydrint bé Botal sedlg the area
defined by projecting the seal ring 38 onto the upper surface of the line

patt er n/f Oder Qﬁl%dé%l@ gﬁrﬂ%gvokﬁﬁas(}&%ﬁﬁﬁﬁ%ewl bhttetrh@ndtiohAly seidimds ment
IS

illustrated in FI it is possible to increase the distance

bet ween (t.he fdd St cRBdilqEREs] | ne 70 and the second conductor line 72 via
t he seaﬁ r§w9138 ta?s tﬁdg possi bl e to suppress | eakage of the

tra”S”‘§££9ﬁE%h%9ﬁ% over the transnission line 60 to the reception line 62
via the sea rlng 5 and inprove the isolation characteristic between the

t d th d enbodi t
ey bo. 3@%"2(1 'sfﬂat 32 P ViR RGRE by ok 1 B 5aARS S ThaC) e
econd con ne 72 rovi de are er than
:m ar ea ST pe ‘(5‘r’i‘ «3@%“???8}@}‘%333;“8? %St%q[d"?eé’ 3 %”#%ﬁ% 'anbsg{}ge p (fsahr? 0 and
th B cl to.th I h t t

e e T R T L s
and t he second conductor line 72 are rOV|ded |n ar eas that are ncluded in

the pr 01lé@fférdmaff‘)@atha‘rﬂﬂedelﬂtﬂ?erSttCB‘bE"H@e’éﬁ f 1o wrAndspppvetopiflugtiated)ip E‘él

pattern/foot pad |ayer 28.
extends from the third side 84 of the rectangular line pattern/foot pad layer 28 to the reception

line 62 close to the second side 68 orthogonal to the third side 84. The other structures of the
second embodiment are the same as those of the first embodiment illustrated in FIGs. 1 through
3C, and a description thereof is omitted here.

[0048] According to the second embodiment, as illustrated in FIG. 5, the first conductor line
70 extends to the transmission line 60 from the second side 68, and the second conductor line 72
extends to the reception line 62 from the third side 84. The first conductor line 70 is provided

in an area A that is a portion of the area (illustrated by the broken line) defined by projecting the
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[ 0050] Both the first conductor line 70 and the second conductor |ine 72 may
be provided so as to extend in areas other than the area that connects the
areas A and B in the shortest distance. In this case, it is possible to
further suppress | eakage of the transm ssion signal over the transm ssion
line 60 to the reception line 62 via the seal ring 38 and to further

i nprove the isolation characteristic between the transm ssion |line 60 and
the reception line 62. Third Enbodi ment [0051] A dupl exer according to a
third enbodi mrent has an exenplary structure in which the transm ssion |ine

60 and the |ike are forned _b ectrol es | afin FIG 6 is .a.,plan view of
the Ii nesetiétnﬁégﬁ?ff’ mupg%{auqfﬁgﬁ@@n@?ﬁf*r ol i oy 28 Sl g%%?‘ SR he ¢ hi rd
enbodi nent. Referring to FIG 6, the duplexer of the third enbodi nent does
not haveranpissipr life 60ondeeceend ICP'HjéCt‘?Dl,metﬁés ngot proNied 870 dter BrhLiIS RPN ng t he
third conductor lines 74 that are used in the first and second enbodi nents.
This i s dfékeaueiectes asearand isecdosess foihe regepdior EnafBtbuhis @Epvisist inaneeanlier Bpct rol yti ¢
plating. The transmi ssion |line 60, the reception |ine 62 and the ground

| i nes 64nare tha commecthre groh 4 apd the preg B the ghastesidistanre s &t ipthys pesgiblethe ot her
structures of the third enbodi nrent are the sane as those of the first
enbodi meintredst thasiistaatetsttweasn Ble@sst candubtoolingl703@] the setord ebadustdr ping dhaletger eof i s
omtted here. [0052] The dupl exer of the third enbodi mrent does not have the
conduct ohe pred definedbyedrejedtin el skyl riag Ahead ed upper sivéact othshnegsitan/fédt pgl 60 and
the reception line 62 in the area (depicted by the broken line in FIG 6)

defi ned iayer p8,Qks eshipaR@ withehSKidd enfbobighenBilloviaed iEIGLEE e IThatlis, fitsis possiblettbie | i ne
pattern/foot pad layer 28. It is thus possible to further suppress |eakage

of the tihaBaPhRisRcShedidh 1RMRE chitRiclhf RIRSIIaBS the BedohdnBktdrdint MEvia @ept i on
line 62 via the seal ring 38 and to further inprove the isolation

char act efhisi.Gsbefk WRRR polifhid foaM5RsS RhBe bf e tr&Rmasidn kbl bee@Rt i on | ine 62.
[ 0053] The present 1nvention is not limted to the specifically disclosed
embodi rretpe}n§misgb'ﬁ line 60 to the reception line 62 via the seal ring 38 and improve the isolation

characteristic between the transmission line 60 and the reception line 62.

[0049] The second embodiment may be varied so that at least one of the first conductor line

70 and the second conductor line 72 is provided so as to extend in an area other than an area that

connects the area A closest to the transmission line 60 and the area B closest to the reception line

62 in the shortest distance. As illustrated in FIG. 5, it is preferable that the first conductor line

70 and the second conductor line 72 are provided in areas that are included in the projected area

and extend to the different sides of the line pattern/foot pad layer 28.

[0050] Both the first conductor line 70 and the second conductor line 72 may be provided so

as to extend in areas other than the area that connects the areas A and B in the shortest distance.

In this case, it is possible to further suppress leakage of the transmission signal over the

transmission line 60 to the reception line 62 via the seal ring 38 and to further improve the

isolation characteristic between the transmission line 60 and the reception line 62.
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I ncl udes ot her enbodi nents and variations within the scope of the clained

I nvention. CLAIMS What is clained is: 1. A dupl exer conprising: a
package substrate having | ayers stacked; a transmssion filter and a
reception filter that are provided on an upper surface of a first |ayer
that is one of the |ayers of the package substrate, the transm ssion and

reception filters being acoustic wave filters; a netal pattern
provi ded on the upper surface of the first layer and formed to surround the
transm ssion and reception filters; a transm ssion |line provided on

an upperrngdehRc@&med: @ second | ayer that is one of the |ayers of the package
substrate and is positionally lower than the first |layer, the transm ssion

i ne el qgdsi cal d ¥, RANREHig d NFird LARRITAGERR N LidipRiy AR hiARRHSST on

term nal” toget her;

transmission line 60 and the like are formed by electroless plating. FIG. 6 is a plan view of the
line pattern/foot pad layer 28 employed in the duplexer of the third embodiment. Referring to
FIG. 6, the duplexer of the third embodiment does not have the first conductor line 70, the second
conductor line 72 and the third conductor lines 74 that are used in the first and second
embodiments. This is because electroless plating does not need patterns for electrolytic plating.
The transmission line 60, the reception line 62 and the ground lines 64 are formed by gold
plating using electroless plating. The other structures of the third embodiment are the same as
those of the first embodiment illustrated in FIGs. 1 through 3C, and a description thereof is
omitted here.

[0052] The duplexer of the third embodiment does not have the conductor patterns
electrically connected to the transmission line 60 and the reception line 62 in the area (depicted
by the broken line in FIG. 6) defined by projecting the seal ring 38 onto the upper surface of the
line pattern/foot pad layer 28. It is thus possible to further suppress leakage of the transmission
signal over the transmission line 60 to the reception line 62 via the seal ring 38 and to further
improve the isolation characteristic between the transmission line 60 and the reception line 62.
[0053] The present invention is not limited to the specifically disclosed embodiments, but

includes other embodiments and variations within the scope of the claimed invention.
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a reception line that is provided on the upper surface of the second | ayer
and electrically connects the reception filter and a reception term nal,
wherein the thickness of the first layer is greater than that of the second
| ayer. 2. The dupl exer according to claim1l, where the transni ssion
and reception lines are provided in an area other an area defined by
projecting the nmetal pattern onto the upper surface of the second | ayer.

3. The dupl exer according to claim1, further conprising: a first
conductor line that is electrically connected to the transm ssion |line and
extends in a projected area defi nedchymwg oj ecting the netal pattern onto

t he upper surface of the second | ayer; and a second conductor |ine
that is @haqgt&higRllsy connected to the reception |line and extends in the
proj ected area, at | east one of the first and second conductor

| i nes being narrower than a corresponding one of the transm ssion and
reception lines that is at an equal potential. 4. The dupl exer

according to gla w? the first conductor line is narrower than the
transm ssi on Ilnéghéﬁﬁ (ﬁéggg@ond conductor line is narrower than the

reception i ne: d package substrate having layers stacked;

a transmission filter and a reception filter that are provided on an upper surface of a first
layer that is one of the layers of the package substrate, the transmission and reception filters
being acoustic wave filters;

a metal pattern provided on the upper surface of the first layer and formed to surround
the transmission and reception filters;

a transmission line provided on an upper surface of a second layer that is one of the
layers of the package substrate and is positionally lower than the first layer, the transmission line
electrically connecting the transmission filter and a transmission terminal together; and

a reception line that is provided on the upper surface of the second layer and electrically
connects the reception filter and a reception terminal,

wherein the thickness of the first layer is greater than that of the second layer.

2. The duplexer according to claim 1, where the transmission and reception lines are
provided in an area other an area defined by projecting the metal pattern onto the upper surface

of the second layer.

3. The duplexer according to claim 1, further comprising:
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5. The dupl exer according to claim1, further conprising: a first
conductor line that is electrically connected to the transm ssion |ine and
extends in a projected area defined by projecting the netal pattern onto

t he upper surface of the second | ayer; and a second conductor |ine
that is electrically connected to the reception |line and extends in the
proj ected area, at |l east one of the first and second conductor |ines

bei ng provided in an area other than an area that connects a first area
closest to the transmission line and a second area closest the reception

line in a shoptRetondhR4raME fhat & BRcditdll ?Eorﬁx@&e&t‘%%&ﬂ&n%@ﬁ&n RRIAGk:Gris uded in
an area defined by projecting the nmefal pattern onto the upper surface of

the SeCQR? lplr feld -area defined gy grgﬁatlljn t Orrﬁf&lﬁ)l r‘[ﬁé&ﬂ ofitS AR (Bkéélglglf € 8# E E@cgnd wher ei n

both the t and secon es are prov I'n t e area ot her

t han thq%%yggdthat connects the first and second areas in the shortest

di st ance. 7. The dupl exer according to claim1, wherein no
conductors connec m ssi.on and reception nes, are rovided
(o an area def Mgl %995%%05}” e SIS PorP e § B Rg PREN B0ePler t ace
of the sgecond | 8. The dupl exer according to claim1, wherein
the net 4 %8??3? ®%s connected to a ground potenti al . 9. The

dupl exer according to claim1, further conprising solder wth which the
transm ssi on #rerstone ahihe Hrst #ndiseeand copducterdifles being narrower than a corresponding

one of the transmission and reception lines that is at an equal potential.

4. The duplexer according to claim 3, wherein the first conductor line is narrower than

the transmission line, and the second conductor line is narrower than the reception line.

5. The duplexer according to claim 1, further comprising:

a first conductor line that is electrically connected to the transmission line and extends
in a projected area defined by projecting the metal pattern onto the upper surface of the second
layer; and

a second conductor line that is electrically connected to the reception line and extends in
the projected area,

at least one of the first and second conductor lines being provided in an area other than
an area that connects a first area closest to the transmission line and a second area closest the
reception line in a shortest distance, the first and second areas being included in an area defined

by projecting the metal pattern onto the upper surface of the second layer.
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10. The dupl exer according to claim1, wherein the second |ayer has a
rectangul ar shape viewed froma top thereof, and the transm ssion and
reception lines are close to one of four sides of the rectangular shape and
are close to an area defined by projecting the netal pattern onto the upper
surface of the second | ayer.

6. The duplexer according to claim 5, wherein both the first and second conductor
lines are provided in the area other than the area that connects the first and second areas in the

shortest distance.

7. The duplexer according to claim 1, wherein no conductors connected to the
transmission and reception lines are provided in an area defined by projecting the metal pattern

onto the upper surface of the second layer.

8. The duplexer according to claim 1, wherein the metal pattern is connected to a

ground potential.

9. The duplexer according to claim 1, further comprising solder with which the

transmission and reception filters are sealed.

10.  The duplexer according to claim 1, wherein the second layer has a rectangular
shape viewed from a top thereof, and the transmission and reception lines are close to one of four
sides of the rectangular shape and are close to an area defined by projecting the metal pattern

onto the upper surface of the second layer.
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