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FI ELD OF THE | NVENTI ON The present invention relates to a dupl exer using a
band- pass type surface acoustic wave filter. BACKGROUND OF THE | NVENTI ON
10 I n recent years, as nobile comunication systens have been devel oped,
portabl e tel ephones and portable information term nals have |d|
spread. In this trend, manufacturers have been vying to dev ﬁ ﬂ%”ﬁﬂ%ﬁm
termnals with higher perfornmance. 15 for porta
i ncl ude both anal og systens and d|8?FEF%§§§?g§§ and t he frequerngespooprands
used in those systens include various ranges, such as an 800 MHz to 1 GHz
band and a 1.fyfdixde 2N fXEcbrodic Theowgh tBentecant sdgwel opnent of
portabl e 20 tel ephones, the portable term nals now exhibit high performance
in a dual node (such as a conbination of an anal og node and a digital node,
or a conbbnatfIGLIOK itHEli HHVENT iddes: TDMA (tine-division multiple access)
and OOV ( code- di vingjoon, v dr Pl 4 AGeEGd ) ande 8 @odgahu§§e9@@du(sa

conmbi nati on of a 800 and and _a nbi nat i on gf a 900
M- band and%a?PQ?TE%S%rtéP% %UE$E§e Eﬁ@é?tﬂﬁewéyﬁcé {t&fces, parts used

in those portabl e tel ephones have al so been devel oped to achi evew’”mmw "”mmmm
per f or mance. é pefﬁEhg @EQg B30 demands for smaller

expensi ve por — In those portable ternlnalsnwww
dupl exer $0are enpl dyed atetorthiAts brah vyl andogenei aatérNoPYSItGHE s.

dupl exer nor rid+e B L@@%I@ﬁé@; spaaaaamel Er@@e@n@@e%S ARl PYGKlid CUI t In
general, the fi ters i ncl ude a f? Pgass ter band écht&on filter,
e

or a conbi natibrP e E%%%et?ﬁ%l?? VeFBﬁEOeFapdﬁﬁwéngf usi ng
surface acous&hxsv%m&ndjIm@mafhanrbeenhdeeebepedvwecgwﬂdqldQVEkm&hleve

smal | er termé}ﬁéﬁléﬂft@ef&h&@ﬂspﬁﬁﬁrﬁﬁaﬁ@r Fle%orlnén%%d 1Bpkl Lystiale such

a duplexer | Al bl ock diagram il fustrating_the struCture of the
dupl exer } aquﬁgfoﬁﬁ?%%%mge%%@h?P%auéﬂE}uéﬁaPSEpe?ﬂ%ﬁQQs%ﬁSQQE§cﬁ&ﬁexer.
In the graph sihp\weli ns§sgemd B, ahlethAbsEiregaecaxiys bandisc atsesi tire fhreggiency

(increasing topard L e L QL) vaMhbhE EHRGRLDI BALR 24 Sn 800 MHz to 1 |
GHz band and a 1.5 GHz to 2.0 GHz band.
Through the recent development of portable

20 telephones, the portable terminals now exhibit high
performance in a dual mode (such as a combination of an
analog mode and a digital mode, or a combination of two
digital modes: TDMA (time-division multiple access) and
CDMA (code-division multiple access)) and in a dual

25 band (a combination of a 800 MHz band and a 1.9 GHz
band, or a combination of a 900 MHz band and a 1.8 GHz
or a 1.5 GHz). Under the circumstances, parts used in
those portable telephones have also been developed to
achieve high performance. Meanwhile, there have been

30 demands for smaller and less expensive portable
telephones and parts.

In those portable terminals, duplexers are
employed to conduct branching and generation of signals.
A duplexer normally includes filters and an impedance

35 matching circuit. In general, the filters include a

band-pass filter, a band rejection filter, or a

combination of these two filters. However, duplexers



10 indicate the pass intensity (increasing upward). As shown in Fig. |A a
dupl exer 10 includes two filters 12 and 13, an inpedance matching circuit
11 (hereinafter referred to sinply as the matching circuit 11), a conmobn
termnal 14, and individual termnals 15 and 16. 15 The filters 12 and 13
each includes a surface acoustic wave filter, and have different pass-band
center frequencies F1 and F2 (F2 > F1). The filter 12 is a filter for
transm ssi on, ile i S [ eptl §§ggple
Her ei nafter, %%ﬁﬂéo #Pfééésggéuégﬁ& ggvg kgg%?% rr§% %Eéﬁ1%%#gl

transm ssi on ¥§¢8%Fl12 ‘a%daﬁhéeif@cé@@ﬂéﬁrf Frreingds mddfedtiardy. In a
dupl exer for ggﬁf&&&}kc@and f or exanple the difference in frequency

bet ween the frequenci es and @grox#natelé 10% 25 The nat ching
circuit 11 is provi dlé'{isTo]Apraér%/% tJn]e FEars 19°8nd T3PFFERdegf ading t he
filter charactfkrista dslotkedthgoanet l1Therehangctée stimdipedanitetlod t he

filter 12 w tq,sespect égdtpfgCOﬂgnghgggnkﬁglf%ngelhybe herei nafter
represented by Z1, and, 30.the’characteristic |n£e ancé of the filter 13
f

will be here|9Eﬁ¥%ﬁt?%b$%%%ﬁt%§ plezdurlexeRe %qEEﬁc?réP aS§P&ﬂaPn
inputted frommridie THMONetebathakbaldxis Emdltbee@hammnﬁraquemcynpedance Z1

of the filter #gﬁggggl ?ﬁEQe ﬁQaE?§ 'S&hﬁle %%a(%§?§%é§3§§%éhe

common 35 terkl arac fic |npe ance ilter
is infi mltoy alribﬁlfﬁ%t%l ?%ﬁ@@??ohné@@ﬁf-wl éﬁ?céﬁaflnb‘ly VAL of Ashe
mat ching circshdwd.ihfripe 1A2 a dbpeguercyoofinglsidealts FAtdhe 12

i npedance Z1 of t fllter 12 is ref tlon coeff|C| nt of 1, npedance
Z2 of the f||%er Qg i 358 a%%% gri's |§ [ gﬁgétvéﬁUe oiﬁ%%“5¥ker

characteri st |Jcef¢11rr¢|¢lt§/oamlmms ast héecmam@tl@gl stircuddguallt.o ahe f the

conmon term “@é mERAESR1T HQ@X@@‘ ngﬁld"%@@h@%‘l‘ Gl Nas .1 5309 7P
10-12621%, 20 1 26788% dis ﬁge exers using sur;ace acoustjc wave
filters. TAmong'$ het 482 peibt £ cabfo eﬁﬁgaﬁégéHGﬁéxém FH AOEbF cat i on

Nos. 6-3l 097wanel 01126213ndubhgest dififiraeene pbs sofarat clemgeci rcui ts.
Japanese Unexgpéﬁggng?égngngﬁglggtlgg §°F13001Tﬁ97§§1tg'5€b°§§§ 2 | adder
ua

type surface acoustic wave ﬁfe surface “15 acoustic
wave filter, BRhHCRT hfgh- FrenaBheyiery cliPilPolthg filldisdssl Held c@ equi pped
with a dupl eXEIlté\i: ster Japaspseobnefam aedmBakent HRubk had&triean MNhe 11- 340772

d|scloseéotha%lf%gpgbiga%hgnlg nd Iggdggfg¥ggd¢grf%&gtggoust|c wave filter
€ 0

and a dual ype surface acousti c wave iI's enployed as a dual
band filter, tvaraagssion fuprexet? ABdAsKbRn riegeptg.om figltripl BXker t hat

uses a Iadderréy;p@cﬁwé@ye acPUstdgp y@x@rffbtea 11019 bathplaharsmcssi on and
reception is also t g F resonatgr % o e 5 Iadder type surface
acoustic wave FiT¥ ?Sm?%e SFhGFERSFL 18y F&@@ g %sonator t hat
i ncl udes an i eqdégrtas F&aasduﬁérizla@@dOBeﬁbé@ﬂo¢§i22bﬁﬁd 23 sandwi chi ng
the intendigital transducesnly circuit 11 is provided to prevent
the filters 12 and 13 from degrading the filter
characteristics of each other. The characteristic
impedance of the filter 12 with respect to the common
terminal 14 will be hereinafter represeﬁted by 21, and
30 the characteristic impedance of the filter 13 will be
hereinafter represented by Z2. If the frequency of a
signal inputted from the common terminal 14 is F1l, the
characteristic impedance Z1 of the filter 12 is equal
to the characteristic impedance value of the common
35 terminal 14, and the characteristic impedance Z2 of the
filter 13 is infinity and has a reflection coefficient
of 1, by virtue of the matching circuit 1. TIf the



Al t hough i nprovenents on matching circuits are 30 described in Japanese
Unexam ned Patent Publication Nos. 6-310979 and 10-126213, the transm ssion
and reception filters of the duplexers are not explained in detail. Al so, a
| adder type surface acoustic wave filter and a dual -node type surface
acoustic wave filter are 35 described in Japanese Unexam ned Patent
Publ i cati on No. 2001-267881, but disclosure has not been nade as to the

relationship:petwgqp the.p wer ggia?'I%Ey L§ ui%%% iQ CHIS dupl exer and
r qce C O % g %he afqﬁ @ .arc): eristic

a surface acous e Tilter: anq fell Qnshl_ between t he
transmi ssi on/¥ereganen bhndf othe HuptexedZand andimfiidce arsbusts ;@ wave

Ei I'ter. FllJthh@éf_%ﬁuipér?ec?é'ffﬁléfeﬁtﬁpaﬁth? \A/%»lﬂeézfgig;kgarax%ceﬁeifﬂﬁﬂd in
apanese Unexam n a uplic n - i s oyed on

Condi 1 on t hAATRAERS {h. Phoc Bl LERFeL 3 Fqaanaeds oo 1o four ti mes
as high a$ thshataereohetidhispdidsotesuréudoes noe comwem temhiplaker in
whi ch the chayacteristics rises (or falls) 10 of a filter affect the
characteristics falls (or rises) of the other filter. In the dupl exer shown

in Fig. 2, the supplaR&ieie dineruniees f FebERhciuBARGaSE OPhd OSecdt i on
filter 13 thasl®VEy) aps-1he2 passahandoof -0ke seransmcasian dipleeds 12 is

not strong enoqu gngfggéegfgﬁeggg kgvcagi%gekn tEE tran%g%ssion band, as
i ndi cated by e broken cirere tras n Eig. STBI'SCLEB0RE THE | NVENTI ON
201t is fRer bW ebgaobpret daprahespr Bsenamapent Pakend gyl igest deipl exer
using a dual -ywge §ypesordagedacousbice19avabigkber ingd Afertdhd msve

bot hpower durabili%% andfiltgr ch?racteris ics.Theﬁgbgvg iject i s achi eved
by a dupl exer™ hat Y57 neh RS St wo’ it eaddus e GavE M er s t hat

havedi f f er entPidahiiczehorrfpeqiehtraé/88nddd sphase snat didui ricype t hat

mat chest he phases, of fbsutwp-syrfaceaceusti ¢ wava fiddersi eacheother. In
this dupl exer,one of the two, surface acoust, wave filters is a30l adder

. ic
type surfadce 2cVUstic WaAVe FiiteF: @AFI 8 PRESTHEL VNTEDE Tt ostf ¥ ace
acoustic waveafwlterssactiadéset wquapprdr edial amolde liegze Surfilacs

ti I j | l.add t ti
Maver i1 tor exiarifede OAIREREAbTPRREEL Bl R P s o her
surface acousiizokeecsithel awsP®hinssiesupifed desldsde/ngpeurface

surfaceacoustiacowavecfihver tnoteenhydexhidbatismdRep ygesasurfade  but al so
achi eves jgxcellent [)1§grochalaeleristigs Wt reduced i negrdion Loss and

greatly inproved power durability, "by virtde of the two or nore dual-node

type surface bedusadcohagedbplesrs.connected in parallel. 5 Furthernore,

with the inproved powesnslwiabhlity, pheadyabiBnde type SWdAGE 1aLRUSt C
wave filters can be |ocated at the frontfegg t he ﬂswgﬂsé%g$ filter to be
connected to tHRS cOMPDACE e APHAF T Cof 2t fie *dupPéx Pt ©° ransmission

and reception is also known. Each resonator 20 in the

25 ladder type surface acoustic wave filters is a single-
port surface acoustic wave resonator that includes an
interdigital transducer 21 and reflectors 22 and 23
sandwiching the interdigital transducer 21.

Although improvements on matching circuits are

30 described in Japanese Unexamined Patent Publication Nos.
6-310979 and 10-126213, the transmission and reception
filters of the duplexers are not explained in detail.
Also, a ladder type surface acoustic wave filter and a
dual-mode type surface acoustic wave filter are

35 described in Japanese Unexamined Patent Publication No.
2001-267881, but disclosure has not been made as to the

relationship between the power durability required in a



10 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1A is a block diagram
illustrating the structure of a conventional duplexer; Fig. 1B shows the
frequency characteristics of the duplexer of Fig. 1A, 15 Fig. 2 illustrates
a conventional dupl exer using conventional surface acoustic wave filters;
Fig. 3 shows the filter characteristics of the duplexer of Fig. 2; Fig. 4
illustrates a duplexer in accordance with 20 a first enbodi nent of the
present inve g c n racterjsti.cs between
B St uct ure RSt Snd) 1" BiRHPF, 2bLERSECEA R LTS HiF i e

filters conné@@k@ti@h%@#@]b@twegngthg tFBO§mﬂ§Sé§HdH&9ﬂR§«ﬂﬂ|bﬁ@ﬁxﬁﬁdance

with 25 a secpndherdesi nBRg Qfsﬁh@a@éeﬁéahstm%eQQWQnfﬂﬂﬂbr-7A illustrates
the circuit struct éthhe duplexer PV|ng a bal anced outp qu Fig. 7B

illustrates the baIéH% R ; T SUBLFEF UEPHPES Cavadfl &
accordancé\Mdisdib$edhlmdJepbodsﬂeﬁneaﬁmuhedpfe$em¢|Ruhiuqannoﬁﬁ@p 9

shows the filiprsehpfAcierighicgeqfo Bh@oﬁHngéﬁrt%%ta ML the

third enbodi nent of the present invention; Figs. 1OB ow an
|nprovenent|¢?Qﬂw@ﬁn%%rdﬁF%ﬁPPPF?eﬁnﬂﬁ 5H0|ﬁ8r58§é|§+WQﬁaqﬁnﬁkﬁhoﬁsDNB _
filters connemh@dotMepamﬁélerrhfﬁgﬁlédlﬁbwms tbesf hbteroakharacteri stics of

a - Aupl EXE{ 10 A5EOLARNGC ALY Dna LRYLLY oo ment, Oggh@aﬁ ent

|nvent| on IS a sec 1 ON exer 1 n acc rdance th a
fifth enﬁ@dun%ﬁtaofllh%rpaéééﬁt BhﬁnvéﬁﬁﬁéﬁerlSthS falls (or rises)

of the other filter.
In the duplexer shown in Fig. 2, the suppression
of the low frequency band of the reception filter 13
that overlaps the pass band of the transmission filter
15 12 is not strong enough, and interference is caused in
the transmission band, as indicated by the broken
circle line in Fig. 3.

DISCLOSURE OF THE INVENTION
20 It is therefore an object of the present

invention to provide a duplexer using a dual-mode type
surface acoustic wave filter, so as to improve both
power durability and filter characteristics.
The above object is achieved by a duplexer that

25 includes: two surface acoustic wave filters that have
different band center frequencies; and a phase matching
circuit that matches the phases of the two surface
acoustic wave filters to each other. 1In this duplexer,
one of the two surface acoustic wave filters is a

30 ladder type surface acoustic wave filter, while the
other one of the two surface acoustic wave filters
includes two or more dual-mode type surface acoustic
wave filters connected in parallel. The ladder type
surface acoustic wave filter excels in power durability

35 and exhibits steep falls. The other surface acoustic
wave filter, which is a coupled dual-mode type surface

acoustic wave filter, not only exhibits steep rises,



Fig. 12Bis a plan view of the duplexer, wth the cap being renoved; Figs.
13A through 13F illustrate the layers contained in the | am nated package of
t he dupl exer in 10 accordance with the fifth enbodi nent of the present
invention; Fig. 14 shows the connections between the chip and the wre
bondi ng pad | ayer of the duplexer in accordance with the fifth enbodi nent
of the present 15 invention; Figs. 15A and 15B are graphs show ng i npedance
compari sons we e [

filter; Fig. %%; ?ﬂyﬁ €§ ard%%%?#% ﬁgsfggeg Fﬁ W%%%fﬁhfﬁﬁé s&ﬂTace
acoustic wavéerdqqeéi §n$¢@thw lesa pedspeeary# mewoskd BOWsstt om f ace of

the conmmon grpngd f 00t paﬂélwﬁtuesaentﬁé%wbh@rt PBreOldud 10 X alydd
accordance with Si xt gh]rghe present venti on; clll? gs. 18A
c

t hr ough 18F 94 ‘%eataec?‘h%“r%y‘é?%e ?ﬁ%dci’ﬁ“?ﬁé arin P& age of a
dupl exer bn duuortdamoerev t»hliah selventhpeobedi pererofutdad igd ntthenventi on;

Fig. 19A1is ij_ﬁellaﬂnéfde?v‘ﬁ r £8P ”QH?&EBQc' AUee #219%.2 dupl exe

accordance with an el ght odi nent o resent |nvent| on; . 198 is
a plan view ofP%Hehizle tbtb?ldfﬁ‘@nba%n‘lja&*éheoflt‘:ﬁé éﬁ@g@Xé‘lld-‘ferFlt@ gi’1€9A Fig.
20A i | | ustratemide&d reedli thst comhon et 0Fman3d ) dofl exer duplasear.dance with a
nint h enbodi nent of the present invention; Fig. 20B is a plan view of the
wire bonding pad - 6 | ayer of the duplexer of Fig. 20A; Fig. 21A

il lustrat@s tHielEH (RESEREPTTON (PE BHEADRARINGEr in accordance with a tenth

enbodi ment of the Wl%serltAler/%(\thbk %ﬂ@ﬁamZiBluQ&Qataﬁq 23Q are plan

vi ews showi ng .exanples of wre ers that can be enployed in
t he dupl exergsﬁ‘ TEYII2IA i %m’%%g« ?ﬁ?g gﬁp%éeﬂw ustrate the layers

contained in the | dicnatléd Ep‘avksag@le)ffae@lm@m@xechanamceac@@n@anm with an
el event h enbadidrent pgxépeoprla§§nt 1Ahvention; Fig. 22F is a bottom view of

the | am nat ed pack Ege of t he dupl exer in accordance with_ the el eventh
enbodi me illustrates a conventional duplexer using

conventional surface acoustic wave filters;

Fig. 3 shows the filter characteristics of the
duplexer of Fig. 2;

Fig. 4 illustrates a duplexer in accordance with

20 a first embodiment of the present invention;

Fig. 5 shows the differences in characteristics
between a structure having a single DMS filter and a
structure having two DMS filters connected in parallel;

Fig. 6 illustrates a duplexer in accordance with

25 a second embodiment of the present invention;

Fig. 7A illustrates the circuit structure of the
duplexer having a balanced output;

Fig. 7B illustrates the balanced output;

Fig. 8 illustrates a duplexer in accordance with

30 a third embodiment of the present invention:

Fig. 9 shows the filter characteristics of the
duplexer in accordance with the third embodiment of the
present invention;

Figs. 10A and 10B show an improvement in power

35 durability with an increase in the number of DMS
filters connected in parallel;

Fig. 11 shows the filter characteristics of a



15 Fig. 22Gis a section view of the duplexer in accordance wth the

el eventh enbodinent; Fig. 23 is a graph showing the stability of the
characteristic inpedance of the phase nmatching |ine pattern enployed in the
el eventh enbodi nent, as well as 20 the stability of the characteristic

i npedance of a conparative exanple; Figs. 24A through 24Gillustrate a
conparative exanple in relation to the el eventh enbodi nent of the present

nwent i on: 26,610 254 ShousoLhentel Leehl an BIARACLERI IS Ofof el ndl o

DVB filter e n the conparati ve exa shown1n rough
24G, Fig. ZSBﬂgﬁﬁwgtth@V¢@ti@@tlon characterlstlcs of the S|ngle DVS filter

enpl oyed in the el guent h 80 ﬁs!’fbé)déé@@ioﬁh@ﬂ@wl abegaupa%&etrhrﬁugh 22G, Fig.

26 shows an insertion | oss, conp tion filters of the
D oot o AR R R R B B B fRr 55 T s i ve
exanpl e sﬁomeWEm%;ﬁn 24A through 24G 35 Figs. 27A through 27F illustrate

a dupl exer in aCCOﬁﬂ&PCQQMtiEE%tﬁ%%ﬂt@léﬂbeg'Hﬁ@tdgkle%rpr%$%H the
i nvention; 28 shows the insertion |osses of the reception

filter of thé3§9f?%%%%b6%mﬂ%%9 and the reception filter of the twelfth
enbodi nent ; Flg 2Fidd ust3mtEsraudghi an3rt i bhusegror; theFilgyed® shows the

transition re %iﬂg$tlnoﬂh%h§a&kﬁgg ngggk %to%nqj}h%hhﬁﬁ%ﬁép in.

enbodi ment ; lustra | ayer exer
accor danéé w@%@r@m%e‘émﬁh ehBodi feht e@boﬁﬁ@e@rte;@éntthmm?r@ht as weII
as the die-atigedntayef 10 of the fifth enbodi ment as a conparative

exanple; Fig. 32 s and rejection s ression on the high-frequency
S e of each of t natipl ket ioTh BAEorARNRE APLR PREVERR: 11 End 'Ll 1 canth
enbodi nent s; #4d).t38 whoesbohdingr pabohdiyry ldyahe thwldixerdSimtt ach | ayer

and a SeCt'C"bé%o?d&#@éewﬁfh'BhécﬁQE@ﬁ”%%bWUE&é%J(Bftﬁﬁﬁnﬁké@@wgi”E”t of
t he preSﬁgt ipvention, as well as the wire bonding |ayer, the die-attach

| ayer a SeEERohoBt t he duplexer of the fifth enbodi nent
Figs. 15A and 15B are graphs showing impedance

comparisons between a ladder type surface acoustic wave
filter and a DMS filter;

Fig. 16 shows the characteristics of dual-mode

20 type surface acoustic wave filters;

Fig. 17 is a perspective view of the bottom face
of the common ground/foot pad layer, seen from the top,
of a duplexer in accordance with a sixth embodiment of
the present invention;

25 Figs. 18A through 18F illustrate the layers
contained in the laminated package of a duplexer in
accordance with a seventh embodiment of the present
invention;

Fig. 19A is a plan view of the cap mounting layer

30 of a duplexer in accordance with an eighth embodiment
of the present invention;

Fig. 19B is a plan view of the wire bonding pad
layer of the duplexer of Fig. 19A;

Fig. 20A illustrates the circuit structure of a

35 duplexer in accordance with a ninth embodiment of the
present invention;

Fig. 20B is a plan view of the wire bonding pad



as a conparative exanple; 20 Fig. 34 shows the stop-band suppression on the
hi gh-frequency side of each of the duplexers in accordance with the fifth
and fourteenth enbodi nents; Fig. 35 shows a top view of the die-attach
| ayer, a top view of the comon ground/foot pad |ayer, and a 25 section of
a dupl exer in accordance with a fifteenth enbodi nent of the present
invention, as well as a top view of the die-attach |layer, a top view of the
comon groun yer a_segtion .the duplexer of the fifth
enbodi nent agfé%g%rfgggté%?v%ugjxggngfe?%gghi'g.zgéiﬁ shows the stop-band
suppressi on on t he Higph-Z¥Requehest sades otheaghrefithetdugiteaner £
accordance Wddpideefifihhaapdribhteent bheabediniBniesbddiGent! 45 &Pl an view
illustrating the connections between the chip and the wire bonding pad 35
| ayer of a dUpieXertihuekbt@Bhce with a sixteenth enmbodi ment of the
present ihvention; HFHgs. 388s al®l aandi 2Wi dkespilahi ngewlse shoying
connections hetagened Noe Chi Peapdnkiiagvbas hapdi-ao had laypof anot her

upl e

exanpl e of the xer in accordancé wth t Ee si_ xt eent h enbodi nent of the
present i nverRTRH Y gin3ohesddPhERRTVPEWERRI ustiPdt i ng the 5 connecti ons
bet ween the chip ammlidase 28K etthomnaying? padi l ayet rateyeheanatyirers exanpl e of

t he dupl exer | C ance,_ wt . L%t i o) e. present

i nvention; ané |gl.8§1(g ?ﬁgl Bé\%rg %gggﬁ%énﬁg%}i{gg%r%%d gﬁuel%xnéq&rgccordance
with a selentaeerhdandedvibht 2abf et fEepiisenbodivent af TESERIFRTN OF THE
PREFERRED ENVBGH} MENTS, The following is a description of enbodi nents of 15

the present i nventlEoing. Vﬂ}@ lréafaerggggor%ovigs accoppanyi n a(%re%vm ngs. First

Enbodi nent
package of the duplexer in accordance with the eleventh
embodiment;
15 Fig. 22G is a section view of the duplexer in

accordance with the eleventh embodiment;

Fig. 23 is a graph showing the stability of the
characteristic impedance of the phase matching line
pattern employed in the eleventh embodiment, as well as

20 the stability of the characteristic impedance of a
comparative example;

Figs. 24A through 24G illustrate a comparative
example in relation to the eleventh embodiment of the
present invention;

25 Fig. 25A shows the reflection characteristics of
the single DMS filter employed in the comparative
example shown in Figs. 24A through 24G;

Fig. 25B shows the reflection characteristics of
the single DMS filter employed in the eleventh

30 embodiment shown in Figs. 22A through 22G;

Fig. 26 shows an insertion loss comparison
between the reception filters of the eleventh
embodiment shown in Figs. 22A through 22G and the
comparative example shown in Figs. 24A through 24G;

35 Figs. 27A through 27F illustrate a duplexer in
accordance with a twelfth embodiment of the present
invention;



Fig. 4 illustrates a duplexer in accordance with 20 a first enbodi nent of
the present invention. In Fig. 4, the sanme conponents as those already
descri bed are denoted by the same reference nunerals as those for the
conponent s al ready descri bed. The dupl exer shown in Fig. 4 includes a

| adder type surface acoustic wave 25 filter 32 and a | ongitudinally-coupl ed
dual - node type surface acoustic wave filter 33. The | adder type surface
acoustic wave filt 2 S e he -dupl exer, and the

| ongi tudi nal | y- cou%fég &Hgﬁﬁu5§9“§@é fhg&?é%éﬁa28§%t%c%ﬁa$@ *filter 33 is a
30 reception #¢¢Qﬁﬁloqh@sbt¢rl@§r§ ngaﬁdh33mﬁaﬁém@n¢féﬂéhﬂﬂband center

frequenci es. £3E%§¥Ebﬁﬁfih@e£agﬂethéYEQeiﬁ&Ba%ﬁb@@Q%&khp wave filter 32 is
connected to a co aigdéiﬂ and t he ot end i s.connected to an
Dt sk %?1

i ndi vi dual ternlnal 3% ?e?ﬁ?ﬂﬁF 198 rEO&Ni'se, one end of
t he Iongiﬁud|naIIydhupléw(hHQW$mmmetvp@nsutiauerag@995|dM&ﬂh&dﬁIunﬂ 33 is

connected 10 #16 ¢ OMHDAG L REAL NFha 1An¥! 8w 1FRECRIMG ginknt; Circuit 11, and

the other end is connected to an individual termnal (a receptjon terninal)
16. One of the featlires df 1ht$SEhbots nehe fiesathachat avfe Yfarfsmi ssion
filter is foramsldyet henl adderdontypeisur back iaceustic antwsd fmdritero82

havi i ngl
'adder Tashi cire v PEERfeTnRERETbLE HB/RentP 802 el A SHRIREH Lyl @
IongltudﬂﬁalI@fc%®®lEdfdﬂaﬁmhﬁdémﬁybea§uﬁf&@@RﬁﬁﬁEﬁWQ:@%ﬁm9¥¢4ter 33.

Hereinafter, the | addgr 32’p§n<3-@SSMEéal§§n@CQbJ§bb@1‘6@V%u ﬁe%rsﬁ% wid | be
he transm ssion_filt

f dt
[ angl tu nal 1 R0tbTRa Bl ADde® £y BoCSuPPate Aodtet (B GEVETTS 1 1Br 33 wi 1)
be referred taceonprycaswihe rheeptifoh Enﬁtéhxxieenihﬂﬂmbqﬁxmﬁmbm,f|Iter

33 has a circuit Stﬁ tU@? éﬁb%@'€Hed#ﬁké”BQﬁd&KBel%@%&ac%fﬁﬁQﬂﬁéiC wave
filters wo dual - pe surface acoustic Iters 34 and 35 in the

embodi ne snﬁﬁha?% 4: 2Rer 8i REFEEPTy el H%?%ﬁ?ljﬁsi?iﬁﬁ Wbde sAw
filters 34 andrsﬁ)a2ﬂoar€eennheembddnmepar@EIEMe Fadsait thevdMSidn) ters 34

and 35 incl udgs &QggeabngﬁédeEbaFokhﬂ ggg%ﬁﬁ§r(r%ﬁg'@fétgﬁtégﬁsg%ggrto as

| DTs) 36, 37, reflfector rence
nuneral s are %@@ %I$%@Fé@nt@ftHéecéﬁﬁéﬁéﬁﬁsoéfqﬂﬁaﬁ%ﬁ§@§?@b@@%we@g f or

conveni ence. gbealéﬁﬁpgﬁata%e aﬂdmgaeare arranged next to one another in

t he tran36155|on dlg %tl?ﬁ ?%r gr ﬁ&es§8§“§5 %ﬁreggﬁ_refleq;ors 39 and

40 are grating reflectors ange aced% to the
| DT 37 and 38hlg@s@é@ﬂP6@Py SBGeTﬁé QWBhfpﬁtémeyﬁqn%ﬁﬁﬁﬁﬁshme structure as

the DVS fil teécéérdgn@etw@tal\/shél FEeEs 3hdarduda e I WHesd Bfleh s par al | el
in the follomnng e_conb-1like elgctrodestdf th%TIDT 36 of
t

the DMS filter 34 i's 1%5 %%hﬁg%v%d t%o%nXISW Pﬁet Sng 5K dEs of the
| DT 36 of theaDMeefVieero85thandonnese geomnd/ifcs telpssd ribuesr ar@ndohnect ed

to one end of stbei PRt GRI RIGHIEUEL 1d accl@dance with a fifteenth
embodiment of the present invention, as well as a top
view of the die-attach layer, a top view of the common
ground/foot pad layer, and a section of the duplexer of
the fifth embodiment as a comparative example;

30 Fig. 36 shows the stop-band suppression on the
high-frequency side of each of the duplexers in
accordance with the fifth and fifteenth embodiments;

Fig. 37 is a plan view illustrating the
connections between the chip and the wire bonding pad

35 layer of a duplexer in accordance with a sixteenth
embodiment of the present invention;

Fig. 38 is a plan view illustrating the



The ot her one of the conb-1ike el ectrodes of each of the IDIs 36 is
grounded. One of the conb-like electrodes of the IDT 37 of the DMS filter
34 is connected to one of the conb-like electrodes of the IDT 5 38 of the
DMS filter 34. Likew se, one of the conbli ke electrodes of the |IDIT 37 of
the DMS filter 35 is connected to one of the conb-1ike el ectrodes of the

| DT 38 of the DMS filter 35. These connected conb-1i ke electrodes are al so

connected to 1 h 0 - e trodes
of the IDTs m%@gggéggeﬁ‘gé% ghe ghgEQS pl ttj‘glter g{ler(sé ’I% hat géferl stics
di fference betan af samgteewampﬂer 0§nahtemelue|\1e><fem tigy sawme@ in
parallel. A BMEHith&rshrccEHER ERVBHIHBNRALKES t@&e P ES dritan iy d sy - t ype
filter, and has a mor e ri rkable i ncrease, i? g tlon oss due to the
resi stance of the I'DE elEtttode F1Hye¥SSWPhHLPEAFAFEDY W& e the frequency
is high (é:LébM}QCba@m5|hetheeexahplehspowndimhﬁlglﬁQ Jodrivhired gead ode

wi dth becomes; 2085, smpLL geoghérugkaﬁaﬁéet Ber eher kg d sk ti on | oss
beconmes very large. To idthis DVS filters having an openlng | engt h

hal f of the o?)%%%%a’il%%g‘t’ht}&ftbﬁes%i‘ﬁaﬁetbi\/smpoﬂtlé‘re%@ difedt e ¢
parallel. As mvesulén;taedresistance of the electrode fingers is 25
reduced to 1/4, and.the se S I eneral, if
N of DMS filters hgzl glg?ma£% %ﬁ@%ﬁé u%éﬁgpﬁggfgggﬁe%ggﬁﬁecgeg in

paral | el 10t hea%%i;@é@raﬁeewethtﬁeseve@teeaehf PRGOS Meddoads g Ny sent
Accordi ngly, ideemunber of DVS filters to be connected 30 in parallel
shoul d be increased until the insertion |oss due to the resistance is
elimnated. Also, the connecting of DM5 filters (two DVS filters in the
exanpl e showDE3CKIGTIAY OH PHEaPREFESREPe E¥BODIMINTSower and reduces t he
pover required for ﬁ%m%rﬁ%uer J@é‘érlé‘éﬁghcb@n%hﬂbolﬂl%

durabilié% ca be secured,.for the du Ie er he power rability mAII be
expl ai ned” at |$r%%?%Flln?ﬁPFﬁ8P' ref@ﬁ@n§ﬁ?ﬁébé: oustic wave
resonat ors ofathenpaansnyssrenihgkt er 32 connected to the comon term nal
14 are series-armresonators arranged in series arnms. Accordingly, the

i npedance of the reception band of the 5 transm ssion filter 32 becones
hi gher, and ther$hsBrPPAATEREs of the reception filter can be reduced. In
t he above descriptimry. thei bongt €8hé€ra duplexer in accordance with

20 a first embodiment of the present invention. In Fig. 4,

the same components as those already described are
denoted by the same reference numerals as those for the
components already described. The duplexer shown in
Fig. 4 includes a ladder type surface acoustic wave

25 filter 32 and a longitudinally-coupled dual-mode type
surface acoustic wave filter 33. The ladder type
surface acoustic wave filter 32 is a transmission
filter of the duplexer, and the longitudinally-coupled
dual-mode type surface acoustic wave filter 33 is a

30 reception filter. These filters 32 and 33 have
different band center frequencies. One end of the
ladder type surface acoustic wave filter 32 is
connected to a common terminal 14, and the other end is
connected to an individual terminal (a transmission

35 terminal) 15. Likewise, one end of the longitudinally-
coupled dual-mode type surface acoustic wave filter 33
is connected to the common terminal 14 via a matching



frequency F1 of the transmssion filter 32 is | ower than the band center
frequency F2 of the reception 10 filter 33, and the fall of the pass band
of the transmssion filter 32 using a | adder type surface acoustic wave
filter partially overlaps the rise of the reception filter 33. However, a
dupl exer having the reduced insertion |loss and the inproved power 15
durability of the reception filter 33 can be realized, even if F1 is higher
than F2. The nunber ilters nge be conpecte ar, IIeI i s not
limted two, Dut” Olb reetkber %t eat er gnd Fscé g%cfce@f ?)he pr esent
invention\MIﬂndﬂyﬂﬁhakﬁﬂﬂHMEnﬁlai@rr$©egétanlteEaahaéﬁ tllke | DTs shown in

Fig. 4 is formed ipnhe+f Q'H&Vﬂéb&dm%f t“rﬁh@' ér%o&ir'ngh{?ah%)é gantai ni ng
Al or an Al alloy nmufti-layer filmis forned by sput erln on a substrate

that is nade WPt tﬁ]eezto‘@ré%‘ﬁ?%l%t@}*a?r 28 §86ﬁe§s Vi fa&s laddeout at a
pr edet er nbned yargl i fadced 22 degsters, wdveuf 1 1 Xe pr Bpapaviiow, sfmzrgl@eqm)jte)

Exposure and q1 er1A§5h§ﬁ%§l§rd%0£g§gnéeo¥ ?gr §ghg%§ g A he Al alloy

filmor nufti sm SSi on reception

a
filter 33 mayf arﬂff;tr TR s i dﬁéﬂl%u‘b%?ré?égpéioa Eb¥eH §l§b9ft0rre¥t L bphi s

applies to akhd hernjitardatdody restsl od ahglpmeaentyb@vemﬁﬂf@r@e (Second
Enbodi nent) 35 Hé%lc wIIusE It es ggduqlexer |Ptecc0£ angedgﬁth a_second

ave eln iy
enbodi ment  of> T he presen i MVentT on gur e, ? e sane coXBonents as

t hose of 1Phe sunfsice ﬂgpust¥ﬁﬁnﬁW©eﬁ%lb¢é aénw@éé b? tled eganesl rtef er ence

nunmeral s as tdx d\PasI hend 1830 &RDOGI HENE 17Be dupl exer tszown in Fig. 6
differs fromthe exer. of the iment in that the reception

filter has a AT T 7okt d hiha CRatE TAPEUGH e (e et | ons.
The dupl exer vehoewtiItdi 33 Gvhbb Iseiche Aereedptbonifpllyerasdghelhe conb-1i ke

electrodes<ﬁrééé?%%%? §¥.gggt y@re grounded in Fig. 4 are connected to each

ot her between t ters 34 and 35, and are also 10 connected to a
recepti ohSt erni nal T8¢ TRASAtERIed ottt 3t ot be? 0Bt BFHEE FRFHGENTChe
reception terif nalicd gl aneddetypeceptfabet acpusak cleavie ¢&.1teAand 7B

Illustrate a P&lfz’&ﬁadlb TR Q%Q?P&%eéc%ﬁ&% wgv'e t?q%h\g}sa%@ dupl exer

100 in 15 Fi ance I S”SI
anpl i tudes aﬁﬁﬂbﬁﬁbSUléﬂyha§@%0dh@emhdﬁbgvédlbyFaGreééphamﬁkﬂ%ﬁﬁﬁr1 and a

reception signdderZdd thbgas 7@45 WiHha @ ﬂa@aansm oytiplers 134 rRASI®N toO
design tg electric circults for ei % £ dev S E $ %g por%able
t el ephon §.I@ﬂ%|9§ﬂ%ﬁ?5§ a% LD ﬁ% P %%n% ﬁ% B@ a% LESEF 3% ater
stage, a struotdird tiratledas oulh pee imberémgptaéntsbgm@hsehaving phases
different fromeach sther byrdBP.gdegregs Bravpreghensficial Fhany
singl e- output‘ftruc fggéors 39 and 40. 1In Fig. 4, reference
numerals are not allotted to the components of the DMS
25 filter 35, for convenience. The IDTs 36, 37, and 38
are arranged next to one another in the transmission
direction of surface acoustic wave. The reflectors 39
and 40 are grating reflectors, for example, and are
arranged adjacent to the IDT 37 and 38, respectively.
300 The DMS filter 35 has the same structure as the DMS
filter 34.

The two DMS filters 34 and 35 are connected in
parallel in the following manner. One of the comb-like
electrodes of the IDT 36 of the DMS filter 34 is

35 connected to one of the comb-like electrodes of the IDT
36 of the DMS filter 35, and these comb-like electrodes
are connected to one end of the matching circuit 11.

- 10 -



(Third Enbodinment) Fig. 8 illustrates a duplexer in accordance with a third
enbodi nent of the present invention. In this figure, the sane conponents as
those of the foregoing 30 enbodi nents are denoted by the sane reference
nuneral s as those of the foregoing enbodi ments. A reception filter 50 of
this enbodi ment has a structure in which one or nore DMS filters connected
in parallel are connected in cascade. In the exanple shown in Fig. 8, 35 a
set of two filters 34 a 5 are co to_anot her. set .of two DVS
filters. In Fi ge O8th@trne rlseec%ndtgkfa %OIPb f ?ngrrggggnr?éfct c(l:h Oépar al | el
are denoted -the3 IDTh\3§ elf%r@mlenmmer dne Klf e seomirhéikenb- | i ke

el ectrodes ofeithe Jddss 3r ofnd hepPMe7 T bkt ens §ﬂsa@@l§%rar3ﬂ ggnnected to
each other, and the conb-li ke el ectrodes oi DTs 38 of t e DMs filters

34 and 51 5 &¥ e 2B° eAkht ot heP™P3 SChIeg Réferidiice
nuneral s 37 &t 3B tdre I oifib@lenn]%zy tm:t]hwiﬁ's @xﬁetbé DNS tEbhmbers 34, for

sinplificati The.c ke-e t e f | Ols 37 and
38 of the Dl\/cS)Lr}’fquﬁT téelrr%%‘[s and gk‘r?% g@?o%oﬁﬁe%tﬁ% b% %&qécaergh%cso?re ondi ng
other, as sh&Ner®d.t@. o g@f9t1§ﬁov\@mlphélf<iel ﬁéfz%ﬁ&d@ét &f fhees B the

dupl exer in axadatee s hfiheethdsd errosd nediinsbowg bamEi-glka The
characteristics n Fig..9 are obt ed ipn_.a case mhere th

center frequeﬁ%y%$5Y4§fcﬁr?h l%?a%%%?%%?%ﬁ gl|?8r §§ce§t S\ t%ﬁ%ﬁw e band
center fiequerfcy Fheofotthieg rcaudptliidie feleeirades Agfj shal l@ﬁdyWn@Wﬂ, a

| adder type syyface a4g. wave filter excel S in power durability and
exhi bits steeper f this enbodi

filters that charagkéﬁiéiléﬁqifqﬁﬁﬁﬁ n@ ?ggﬁgpﬁFésgbﬁﬁegﬁ%éeﬁ$%%ﬁaIIm

and are furt Hestvosscadesingbe t bias fhétensentli trol OYS (fa,litlme:sr educed and the

power dur abi L;J&r%’necﬁ%c?eirgp&?é‘%éi’%éﬂr%%spﬁ f@é’i““hé?o gh $ekhe rise of

t he pass_ban reception reqgquency side) is
steeper tRan RadEs AT tHETS ablgRR 2ypd gﬁFFEEEeaéé&§@Fc wa\re 49 termoug so,
t he inserti ondmsska£idle benc edaicedinandstbeisdppoessidore @ tdee side of the

transm ssion fld tset!arg% e OF ‘Efg 'fooéffgcthd%h tlﬂg‘%g% de%ﬁﬁ:'t%h@%’rl‘gﬁe band

center 30 frequency transni ssion ower 'he band
center frequ F2hg freaverept ionhight ép 302 &HE iR iige tdie t he pass

band of the té@mé%mﬁliﬁeﬁ& 8}, | enst epactiraldey wave apscdes fal | of

t he DVS It 50. d th th t filt 50
e b s e e [ uBY Ship opat 5o hobbaba Bondp sy b ©

realized, eveéreddmdd verni hheget hdlp Rvoid 1ghis, two DMS filters

having an opening length half of the opening length of
the single DMS filter are connected in parallel. As a
result, the resistance of the electrode fingers is

25 reduced to 1/4, and the insertion loss is reduced by
1.2 dB. 1In general, if N of DMS filters having a
wavelength reduced to 1/N are connected in parallel,
the resistance of the electrode fingers becomes 1/ (NxM).
Accordingly, the number of DMS filters to be connected

30 in parallel should be increased until the insertion
loss due to the resistance is eliminated.

Also, the connecting of DMS filters (two DMS
filters in the example shown in Fig. 4) in parallel
disperses high power and reduces the power required for

35 one DMS filter. Thus, sufficiently high power
durability can be secured for the duplexer. The power
durability will be explained later in detail. Further,

- 11 -



Figs. 10A and 10B illustrates a case where the nunber of DMS filters
connected in parallel is increased to inprove the power durability. The
inventors of the present invention conducted 5 a power durability test on
the structure shown in Fig. 8. In this test, power was applied to the
transm ssion termnal 15, and output signals were taken out fromthe comon
termnal 14. Wth the power being applied to the transm ssion filter 32,
the transm ssion filter 3 I r i af te certain | apse of
time in a noﬁpael %do%%é%ua?%%t????cguyggg g%%o{lhég%gv\gﬁf Ef&%abi lity test
carried out drrarnisigien ukklshiowh2 i porngeted Rowsher comyerny deaprironl filter
ig brokedf! rSl:LLh Fse S&@ﬁ:{bén?fT?reé&ga%JPbSak§?HQE?U§% %de&q\@%r a{%{igﬁ_ was
caused in e reception filter ue to [ i npedance m s chi ng
betveen the CRIHTGE b 171 of TB03ARGE T RE. FBEeEF6R TR GR7S O arkd 4 he
power | eakage tagtsntios 4 hen bf ehkelowd2 opetbresebéphiean finld ethe50. To i nprove
t he power durghid.ijty. of DMVS i a f r ilyers
connected in lgggréaﬁﬁe/?rpml/a%g%ascadig %%_&%ﬁg?ﬁgr fzg:tegf c:aElr Z% g%lﬁcﬁérs
connect ed in paral '@ thheRpehidrpteri ol BaghPapdt RENERE filters was a
third of the fopenidigey enptdf ofha@ sragkei DdBohi EtieterAs2a irsesidier t he power

25 applied tq.eac it a e rability was

i ncreased, agcﬁs%ovt}cm}%v%%}‘%.8%%%?§A%g%§§|8ﬂayy?gv\/hgn t%%\é\%rﬁﬁ%écfis&{are enpl oyed
for the L8ceptildiefiiierand Bheuptbkepf hhsi ngre PRBI Aft dher cascaded
single DVS fiddgismps i oWt rsutéabke 18i39 LengBdelr ROWR! Auefddity. It is
therefore necessary, to conn CL two _or no DMS filters.in arall;l. (Fourth
Enbodi ment) G OSTLG |88T r 5t B5SR BOBFeReLYi RVRELERTands it 85 & 4urt h
enbodi nent ofradepipresentlieweddi orHowavahi sa fdgoiexerhbasamg tbheponents as

those of the foqgdoh ng, &oPodl FENL S apfqdenat ey vhe A ref erence

nunerals_- 15 as. t hose of the foregoi n%,enbodl ments. The dupl exer shown
in Fig. 1?2 dif¥et¥iom hetiymprexertornt héltRir demidditferdicadn 3¢t t he
reception fildwsn haS Bl bhs amcgde tdthéerenti al ) out put through nodified

connections. 5 Thi e i i ! S i f.ilter 55 in
Fig. 11. In this eﬁfb}%d%qng\%e?ﬁt%%_é:bgénbf-ﬂﬁgpgévr%%tP%dégﬁggktt%eta 'DTs 36 of the
DVS filters BRENH S thatolr 1Bt baAdEHCr nPREgMaY Hce W¥iRfe@®d to each

other, and thereomdr| i kel edgatteso arehal spesconnechedntooa A 1neeepti on
term nal ,%6. dbébgl nc dlout ut cag be.obt ai ned through the reception
termnal “46 and another ? et leo F%H‘n‘ nal 16. (Fifth Enbodi nent) 15 Fig.
12A is a | ongitudi FaEchseact itdre vilels ofhewnupheXeg.i A ascdodawde iw tihea fifth

enbodi ment  of £ § e Y R ERENh BV ENtAP 1 Fd@. £ 128 hsiA1p! aBn¥hewidly the _
dupl exer, with the fﬂp ﬂ:own | n FI_9. 1 Afb i ng refm)ve% bTh| S enbodj nent is
a packaged ddﬁfé%ér & Y JRg B} ayer film Is forme Yy sputtering

on a substrate that is made of a piezoelectric material,

25 such as LiTaO;, cut out at a predetermined angle (at 42
degrees, Y-cut, X-propagation, for example). Exposure
and etching are then performed to form a pattern in the
Al alloy film or multi-layer film. The transmission
filter 32 and the reception filter 33 may have

30 individual substrates or a common substrate. This
applies to all the other embodiments of the present
invention.

(Second Embodiment)

35 Fig. 6 illustrates a duplexer in accordance with
a second embodiment of the present invention. In this
figure, the same components as those of the first

- 12 -



20 the structures of the first through fifth enbodi nents. The packagi ng
descri bed bel ow can be applied to dupl exers having structures other than
those of the first through fifth enbodi nents. The dupl exer shown in Fig.
12A includes a 25 | am nated package 60, a chip 69, a phase matching |ine
pattern 72, and a cap 67. The | am nated package 60 has five |ayers 61

t hrough 65 | am nated as shown in Fig. 12A. The layer 61 is a cap nounting

| ayer. The |Q¥$[ 2 | i r ing..p I ) I r i die 30

attach | ayer. aéﬁﬁﬁéﬁéﬁé%i%égggﬁgsgynggghgﬁgglF§E%6§%¥ér#ﬁ%%?§nghe

| ayer 65 is @TIHRTE of bublel? f bbEshagmbagénentachThe €nelpagsr she¥Nt hr ough

65 is rrad;e |0fira ngg.er@ ﬁdiifiﬁé/_‘irélgfﬁorﬁetﬁéi depPpekairt _bifvittr%S(f%Ers)t of .

approximately 9.5,. such as alum na or ass _ceranics. ap nounting

| ayer 61 and e["ﬁ)eo%ir?eembojrfbliﬁbaﬁa h?aﬁ?‘é&% 1P8r H?ltgﬁ- N apgﬂclqucf%‘iyde t he

package. %he Glieptdddeet pal) sofiopnt attoagghi npdiidiacdc comdatte arte. - 16

chip 69. The i i C dat ed: in th o] i ty, - be formed by
ﬂIERi@pqlé%E seapRdat edi 40 ENE.c0acRK LY . R TR

a single chip unit or_ plural (two, for exanple) chlg units. In_a case of a
singl e chip umitet rahsm$S GiPTRid Feeeptiont Pieters bhe £B%ed’on 5 a

si ngl e pi ezoddtect race syibstinidé@. ihnFAgcageanberenhweteh po & ar e>teigt oyed,
on the other hand, I QRS M: 561 fLlt i sc=forned .l of the chips,
and the reception ?%P?%é @%§P%$§%§??n5%hgﬁgtégf.aﬁ? Fﬁ%EQQ%%Bdinent, a
singl e chPp ePneeifloyedd TRFIPERPP 69rMdnpd 4écur BdP8AEBCEAdi e- att ach

unit 70 formeshtput healiat digehi hayethedught hha cerdystiore rdhesiare 71. The
i n%igg surf;c?,6 and is made of a

di e-attach unL{é a7r9 fé)r{érsharchigerrﬁuo Sun
conductive materidl FRHEE AFCCRHhECY; of “fhe “1"ani nat ed package 60 is
approxi mately 5 nmBidgs.15Amnd I1B Miustradt8 anbala3ngepnmoXtpbus.nm with

the height (thckngssd=xof $herpackagesbehBinlad AMquPie &aP 160 i Pl aced on
is a an. vie t he dupl exer shown in

the cap unting layer 61. Fig. 13A I 0 I

Figs. 12A%and Bf%¥hezé I@WqﬁﬁIﬂHFQﬁﬁIigs%hﬁgar%QuEHPESGQ% 38©The cap 67
is formed w tdametahpplatdag snudhopsoAitpl ahbsgser aNi iplddtdatgd @y tdhe sides
of the lamn (o]=8 seni cisr gu es re f; d, I4xthe
exanpl e sImwé?{?%é?ﬁaﬁ?fghgg?%rggég? %hgégﬁggggg §§%§Pg ?ﬁf%%gﬁgﬁ égih si de.
These grooved' 83 coMFHRCEF oft BBUE hel EapSnBasiehg teay&s 9P t1d'? he comon
ground/ f oot peledtayet E©brclitontoet eveckaypat ci sleprieesdedhdm sgach of the

grooves §3 QS QIIR 5 CONNEEh)O0- DA, (] 05y cartel LatLon)o(a,Lse Fio. 124)
e connéctidn paths 75 create continuity anong’ the Fayers, "and “¢an al so be
30 used as exd@rrttednhecd ofCt ef nindh§erTHE 29EOVRON tGRAUND'e sHh in Fig

13A wi || be descrdbesut at@s. rE€8pt 18B k$gAalkaRaviiey @hddes structure, with
the cap 67 sggmg in ﬁ{g 12A be ng %ennved §h% chip 69, the cap nounting
layer 61, and pari Ottt hECTi FRSB5°h0REI Ry pad FEPEFE2 Ca Y seen, with
the cap 67 beteneiepbvedthadg showngla-pPhgprut2Btracsaae.ri ng 74 made of a
conductiye material such as Al is fornmed on the cap - 17

(Third Embodiment)
Fig. 8 illustrates a duplexer in accordance with
a third embodiment of the present invention. In this
figure, the same components as those of the foregoing
30 embodiments are denoted by the same reference numerals
as those of the foregoing embodiments. A reception
filter 50 of this embodiment has a structure in which
one or more DMS filters connected in parallel are
connected in cascade. In the example shown in Fig. 8,
35 a set of two DMS filters 34 and 35 are connected to
another set of two DMS filters. In Fig. 8, the second-
stage two DMS filters connected in parallel are denoted

- 13 -



nmounting |ayer 61. The cap 67 is placed on the seal ring 74. The cap
nmounting | ayer 61 has an opening 73 in the center. The opening 73 forns the
concavity for accommodating the chip 69. The seal ring 74 is 5 connected to
t he connection paths 75, except the four connection paths 75 |ocated in the
centers of the four side surfaces. The chip 69 forns the | adder type
surface acoustic wave filter and the DVs filters of any of the 10 first

t hr ough fourt§¥eﬁ% 'gggés%uageagkgg%Ggpgaggfor ghgohgdge&etype surface

acoustic wave 0 shown 8, for exanple.
In that case, ejt%tt%‘éi%l%rOfyb@esEPTécé7a@§u§bﬁc D@G@vélﬂtthr@r ‘B 'and H1
transm ssi on éiét@énn@@ﬂe&lh@o%cﬁl btﬁér50ah§l ahkd dggseptilen filter. The

bl ocks denote r ef erence ar.e tors e ttern of
el ectrodes an t%%?%r%% BQ PﬁéﬁFagéePft % g@&fgg t%§ﬁ1%$dmﬁg %ffllter
32 that abe sth%n@@m@e¢t9dshomﬁacmhetbbcekQSdeh@weUbelimgeﬁknce nuneral 78

are the 20 resonatOhse (HhgePaLLesn Qhaehechredes 1344 J£idiec Ars)eipd the DVB
filter 50 that are al so schenatlcall shown. These resonators are mnred as

shown in Fig.1%s Rf ngha QP blbﬁfﬁe?ﬁ f 6PFed 18R lidfd Aat fk.t
resonat ors ardrab 50g correctetht-ol W eeb@@dr@@epadﬁ ¥8ef apmed 30N a2fl t he

substrate of fhe, ehip, 68MET’?§&g?§t 5%“3 5155'”2‘&‘3% 1%&'%%%@&&&'& single
crystal naterlal suc ae rees, % opagatlon for
exanpl e) 10ThecatecerbHesPeRding StBSLr a6 éb@wmorlmed‘ﬂm the fol | owi ng

manner. An all oy f igig ed ndyowoNt iaé NE DT &k §Qa(:§bl‘ﬁara%t&l:s%f0rtt{¥ IVD) or

an alloy nufti er filmnmainly containing Al.(su

AL Qul AL, A I R TR R F AR o s e il SRR LTy S e ¢ nen
exposed. EtchlmgF%md @)at tBrani ohp aet ¢et $ i pedsbawnhénf Fllm t@ famemthe

el ectrodes onghgi 3OqSURSET 8hSe Wﬁéréﬂtﬁebgﬁ%bn%d%%$%'7 é%k fopnected to

W re bon ds 80 fornmed on ndi ng pad | r usi ng
bondi ng aﬁres 8 thr%BﬁﬁtﬁﬁlﬁPrg%Y% n§§ ﬁﬁﬁ@?ﬁéﬁ%P efQﬁngxanple.

Some of the wertdonfiragupadsg 79 alfetpeoxtlede@tmomh Mmﬁ@ﬂﬂth@mghs 864 to
est abli sh elegifégd OFHggﬁlogs%ghhgrotggg ggng%%1t#§h§ga Fig. 13B,

the wire bondlqﬁ as an o center he openi ng
84 is smallerft %%rtﬁécﬁbéntﬁgp?geéfdﬁﬁébééﬂtﬂb@ﬂﬁ|ﬂfﬂ%ﬂkﬁsfﬁﬁeqm%rmnre
bondi ng pads 791 bse ard aitges ahongihawt f ashnghsi dedeef htalmet opm&; ng 84 A

Wi ring p%t er i?eg‘g {159 gﬁ)égggtgg %Q?c‘éﬂllg %%Q/%I %g:ﬁ?'}d rlsé Félgé

i | lustrafes the connecti ons wWTe i ng pad
| ayer 62. Refeprpeetadntrarariablethppodghrestarthmer ¢asipdeitli c3@ et

twel ve connecthoni paéheibsi dessasheal bat kealicéd athe drmBddeer
durability can be greatly improved. As shown in Fig. 9,
the rise of the pass band of the reception filter 33
25 (on the low-frequency side) is steeper than that of the
ladder type surface acoustic wave filter. Also, the
insertion loss can be reduced, and the suppression on
the side of the transmission filter 32 can be improved.
In the above description, the band center
30 frequency F1 of the transmission filter 32 is lower
than the band center frequency F2 of the reception
filter 50, and the rise of the pass band of the
transmission filter 32 at least partially overlaps the
fall of the DMS filter 50. However, a duplexer that
35 has the reception filter 50 with low insertion loss and
greatly improved power durability can be realized, even
if F1 is higher than F2.
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15 acconpanyi ng reference nunerals 751 through 7512 expl ain the functions
of the correspondi ng connection paths. The connection paths 751 and 752
formthe grounds of the first stage (the stage forned by the DM5S filters 34
and 35 in Fig. 8) of the DM5 filter 50. The connection 20 path 753
establishes the connection with the foot castellation (forned by foot pads
described later) of the transm ssion term nal 15 shown in Fig. 8 The
connecti on path 754,.f or he . .of t.he |add e urfa acoustic
wave filter ThLe% gongggh oﬁ%g 1hlq7q§%t %??r% % g%ouﬁ S o%%te
first-stage @funthﬁef BNS OM3 tierltsers wommecgﬁduhdsp@tatlﬂ@ll déder type surface

acousti c wave fdddffeBdo T £OMEEh & %@@ghdz,?gbeggag,l i shes the connection
with the foot cast%lh?atlon of thg}fﬁgﬂmn term pal (an antenna 30 termnal)

14 shown in Fig. 81 Pfhé domiéedts PRI TERFOPTh FRBIYFSG s of
t he second staagewdhelwstagel foy nedstbyon heh®Vetrukters Shoamd i52 Fig Fi g. 8)

of  Lhe, DVB 11d 1 o150 T £SanNGeh N oAt o0 £51 20! LDt cLhignsauseqt | on

with the foot castellation of term na own in Fig. 8.
The connect i SRR 75000 &l FHIRUE o‘ﬁhglflﬁesg}*’%ﬁd§a@5?nt pelts € Wisage of

the DVB filt efonfdbn Hereiiyiect4 on maim ﬂﬁ%}@ﬁeﬁ%elnégappliéﬂneét ed to the

pattern on tn: vmtrrea bondi n a#j Jf %gz %g%l’l bed ab0\4fe he gounds

of the first stage ot the |s connec Sto “The connectl on
pat hs (eXPer mdlowlchriated lont 1 egti m%t%rf@rnedtbynf éépssa@§ deger ilved | at er)

751 and 752 ({fd¥enLonnsed ﬁQith‘lf‘g’% e@ytbe imct ndegddweanduthgigioynds of
t he second st of t he Cﬂvs gnnect gd to, th% con%hctl on paths
(ext er nal ﬁ?ﬂrrtleer RS 1@%5 r"}% Urog $§OWhN 4741 g e grounds
are reinfor celfubwervetlh,l st ranmecepisoon hailtdae bAdbecbarcé icenporentsh alre

reduced, and 0 nd e h onnecti on
paths 751 75139%7?7 Pgdé% 7R essgi%i@@ éﬁip%@%%eﬁ??gﬂg%ﬁﬁ%ss may be

i ncl uded} St h&t@¥sidn khe-hss %%%%tb?%uﬁﬁétaFeS%ééecéﬁrr@nltg@tt he seal ring
74 formed on infredpcemudnagch fyeroéiwaad aheonmansgriewsidrpatilerdy 76
formed on th%%%‘}% S T %8{ J’a#%f?@é‘?“s@roggﬂl tgat %%%1‘ %%E‘aﬂ?%e In

ot her words ese connec at hs” are not

i nternedi at e 488y &rxs B @Bea}acﬁbe@MfA’éE%rH?ﬁgpyloﬂhélétt@ﬁ dhd suppression

3y thebdup: exer camgbanq;lrajw |gr1]ra4 |%bwe§‘h_€r<ﬂ§l§£1§|115[hyso§.8ﬁﬁ@t pwisl | be ]
escri be at i n_det ai refer to Fig. 16. The cannection paths
751 thr otgh: 7oL Ih: i THe 05 HEVE PURCET ShESr So0BRERhd o t he
correspondi ngpasialel hlormh e paczdS8d Wwht Anbehdirngewi rés thmendMhe wire

bondi ng pads 80,td:he %é’@f’@&eﬁn af§i§é§“cerl'i‘é'”8ﬂ5@hl§811b§ anWore bondi ng
pad provi ded at the| ase tchin Ilne attern 72,

n
and the one ﬁ‘ﬁbrfbfie ymg%fgjr]e?]% n‘ﬁﬂﬁrﬁl ggéﬁ 9 &1 Whi& ER5SHdI%hg pad
provi ded at tlheguh lef 4 tshengidebMend) 1oért heAphaseesaithi hgel boegemattern

72. Thesgspads, 801 and, 8@&@@@"%%&?%59 thgulalet sqpd ttﬂéeg%&féxet of the

phase matching line pattern 72 formed on th e phase ITB.tChI ne pattern
| ayer 64 wit FHiRPYEHsY d615 ahic 8825 Ghe?di &RaFRadR [Fayer ‘has a structure
shown in Fig. 13C ZEbwerdiierdtt,acéhamidMTOL 1 haersoasti enpés yehkie for20

the reception filter of a duplexer, a single DMS filter
or cascaded single DMS filters are not suitable in
30 terms of power durability. It is therefore necessary

to connect two or more DMS filters in parallel.

(Fourth Embodiment)
Fig. 11 illustrates a duplexer in accordance with
35 a fourth embodiment of the present invention. In this
figure, the same components as those of the foregoing
embodiments are denoted by the same reference numerals
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ground pattern is forned on the die-attach layer 63. In the die-attach unit
70, four thick-paint blocks in contact wwth the chip 69 are fornmed. The
four thickpaint blocks are forned by thickly painting these 5 bl ocks, when
the die-attach unit 70 is forned. As shown in Fig. 12A, the chip 69 is
attached onto the die-attach unit 70, using the conductive adhesive 71. The
four thick-paint blocks spread the conductive adhesive 71 on the entire

bottom face g a{%t%é‘ @gG@he 190%@ ?hgt é‘{nbé& midfiel 707} 8 QBBl%%teGEd to the

connection p and Gnction as groun via'leading
patterns 87. Frwvern Fhe. di &- @%fﬁ@hsuﬁrpmmhﬁsdhl@tle@@rrn&:ﬂ gche d-hived

connection paér&tsoaﬁx?en%ﬁn 784 e. taedrzééétlghomutrérﬁrﬁs . batdrcded orm t he
ground of 15 ﬁgcond sffge of r. 90. A‘ccordlr\ﬁ)ri/#1 there is
e

no cont i nui £yt Fubbub Enrhiah: MeSEedany SR
filter 505 WTtis hiscepolon Stitetutie, Shh@nsappaegaaapdgpnrﬁaﬁuéne550an be
I nproved, as iy 'ﬂ*lé)e ﬁfscrﬂrp%létéﬁboéﬂnérﬁ@ dtﬁea%ﬁﬁhlk%er 63 is

provi ded over the phase nmatch |n9 I ne pattern er own in Fi 13D.
A shown | 1 FECBHIT Hof phAS L REE CAPGE| FHE UG i P2 3 ok GIbcobn ¢ he
phase mat chi nthdt nerpagtetndéayen 64g.The aphasenmicdddiged | eecihabtren, 72 i S
20l e 25 palif L ADALods  PERL 8988, LACHRLILALY A RSHRL A nad d endth.
The phase matc |ng i ne 2 Eondactive ateri Al mai nly
cont ai ni A§ coppRePTicY t%rmv@@l(ﬂé) A upgsreped\putsutt Banl PRe. More

speci fical | y,oc £0nsicthveudhl ohésréeepedoan tehaiphase SGrmtotidwgeF i ne
pattern | ayer Qié and |€%then ﬁ%erned by laser trimmng or the like, to

t her eby formitHe Qﬁ%&% tRATA Fhe pattern 72. Both ends of the phase
matching line pattern | ayer 64 are connected to the vias 861 and 86z. The

phase mat chi nge{ #f1¢ @@gégiﬁegg is 35 a strip line pattern of approximtely
80 umto_ 120 umin wd oundefotentlal atterns sandmﬁchlng t he phase

mat chi ng1Pi ne pattépﬁ’7ﬂ%ﬁn¥ﬁt?l Yrothd+Br Lt RECLL9D View 55 q i ne. Unli ke
Wi th a circuidugbsgpeneht , atberdqaatet yioh theéigrtodwridisneaubsianthal |y

uniformwth 59@ phase, £hing I%ﬂfhp?%%e¥%|%§a}ggugl @tg@l% Wl I ter

characteristics can be obt ai ned. . ) gi unctions of the
phase natchi i*Pieeehat ¥R YRewrRpP BBOHBsdR Béd.- Hidds Peigw airiasslar e
graphs show %iﬁp@d@@@ﬁn@ﬂﬁpaéiSOpachetg‘éEEIalutpll%ﬁeQCepivmfg fodd ess of the

conventi '6a' 1@’:’% SXEh 80000 b?hfhg £2 gstth%h ada ftlangl %Qﬁﬁogfﬁ?ér‘?tgcous“ ¢

wave f|| er ei hg used as reception |Iter) exer  of the
present i nverﬂm%rp%%b%\ﬁnlﬁl% @?gchbetﬂh ehOB Fiant de serddiath 1'{Bed as the

reception f"d ﬁexé@sSHQMﬂnbnsEk9ct&§és PR thaphagR Jotat iofe the
| adder type s Llter 13 and the DVS filter 50 have

ce_acoust i
different i a% t%ﬂ%?%ﬁt£?¥aPl @go?émeﬁéﬁease t he i npedance of the
transm ssi on band tThd rdumiexeafskeowphagelriogt aléninchadelsase matching |ine

pattern %2 qum%%é%%éopééﬁa%@56b"59Eh§9 %@0U|dﬂwé§éﬂﬁ§¥ahl e frdength
of 20 0.28 Ato 0.3 own in represents the

wavel engt h OPTHEE Biir {Ac e BR00SERE Gedve. TBS bt ARL AR PEG Phifoh e DVB
filter 50. Infihe bayerstlhéhkaddbr66y@emsuat&©9a&caﬂsmmc.vaEnQIlter 13,

the oth d, I 0.2 A
on the other ga Thd hJ.aazxﬁ‘e 24 t%ga éﬂﬁ ﬂ@&h%%ﬂ gﬁogérapp’fﬁé' Tﬁn&%l_ry

to 0.25 A (A provi at t transni ssi on band
after phase r a%?o% %bﬁ?o%%ﬂ@énﬂopﬁﬁfﬁﬁﬁﬁﬁ ( ATP8pleyent g it5hé bRt engt h
of the sugnfacgtesonsiagenaveri® beyér aasnist edphhseughtiche nigaddere t ype

surface acousgégtern layer. The layer 65 is a common ground/foot
pad layer. Each of the layers 61 through 65 is made of
a material having a relative permittivity (eg) of
approximately 9.5, such as alumina or glass ceramics.
35 The cap mounting layer 61 and the wire bonding pad
layer 62 form step-like parts inside the package. The

step-like parts form a concavity to accommodate the

- 16 -



30 wave filter 13). Further, ground patterns 88 and 89 are fornmed on the
phase matching line pattern | ayer 64, as shown in Fig. 13D. The ground
patterns 88 are connected to the corresponding ones of the w re bonding
pads 80 on the 35 wire bonding pad | ayer 62 through the vias 863 and 86q.
The ground patterns 89 are connected to the correspondi ng ones of the
connection paths 75. As the - ground patterns 88 and 89 are fornmed on

22
t he phase mat ghing.4in atter j i e,qgro e
rei nf orced, téﬁ?$n%%btgﬁg%(%Bﬁgdﬁﬁn%Q'%g%g%@ggggége%g 5%8 ?&g%gﬁgg g€ssion
can be increaedl.m&y The feonad bhAt 8ephsdd8 andr8Yndite ogr eyl sotwe, not to

over|ap signatotidesmpieptogipl axets.anth bondhing pads congeet ethitp the
signal lines. More spe0|f|cal ¥, tge %round a%tﬁrns 88 and. 89 %ie arranged
so as not to Bver1 apt ThEpaTT 8P n8 EohREEPEG Of0 T SEShd & i BT % 10 753

(transm s$i ore sigmal ¢, p¥8o¢ieanshtssibatretept i &n si gaak) whane 75
(reception signabd.c8s; el Lngsol88, WohetRending Pads B0+ th this

arrangenent, the capacitance. conponents between the signals and the grounds
can be reducedt2RFHL FipPovell FRbedanéRIREECAPNGRES Adarf e b Bvedd Thus,
the insertiontheossecepthendaplexer isafiobacteducethe Brhexommum ghadund/ f oot

pad | ayer 65 ] oyl ded un e_phas chi l.] patt.ern,l. 64.

Brg. 13e o AT PNeRror AT Reh bR 1B Banarr S Loyt oy 50 S Ha, 8
13F is alpersbecievergieanbp ahdipostépchataisf thd aambryridumddieod pad
| ayer 65, seeftfde 1HQet0p3 FhEnCAMIBAJALOURE Ryl e’671S froydred on the

upper face of .the common ground/foot pad |ayer 65. .The co n_ground
portern 76 CotRT <t SURCR ARl 1) FREMSEdcRPEPamg R {0 (i s T5e. The
common ground! pate@eno¥6ai soodnaetvedmeserie lcomrdctdsorh pat AFse7S igecept t he
o ound patternn Ba chan Tr B R ot he i e
30 bondl 4§ paie 80! ShoWfr | AT Fig? T30 EhPoligh % He Vi 854 Brid®ea. W th
this structurlesigimdu¢tiancenesaponénthecancliagretudeds dy. & einf or ci ng t he
grounds, and the s essl opsc LaGr eased. C t

thrg% %%;5 87 9§6§$ahea 83s¢dhe .U‘ag; qx%&r?{;?fxf@hga%r ke .

comon ground/ f oot _ | ayer 65 1's the nounting face | upl exer
The dupl exer T59nobpketiSod BLANr VR§WbOAr & hewidip Ltk imfihhgl # alce9$ aci ng

the wiring bopza. aAs shewn TheFtgp €72B8ermetldkalfigptsqas €héoehip 69.
castel | at,ion),,661 t hrough_ 6612 b onnected .t q.the connectipn paths 751
t hr ough %812,T¢%s%e%t?€ef§,ggF8% oW%&g 85%%%egﬁﬁﬁﬁf¥%dﬂ¥%%é*if%é f oot pads
661 t hrough 6BI2tingceroNlaglekiepnalOn the sides of the laminated

package 60, semicircular grooves 83 are formed. 1In the
example shown in Fig. 13A, three of the grooves 83 are
formed on each side. These grooves 83 continue from

25 the cap mounting layer 61 to the common ground/foot pad
layer 65. A conductive layer 1s provided in each of
the grooves 83 to form a connection path (side
castellation) 75 (see Fig. 12A). The connection paths
75 create continuity among the layers, and can also be

30 used as external connection terminals. The “COMMON
GROUND” shown in Fig. 13A will be described later.

Fig. 12B is a plan view of the structure, with

the cap 67 shown in Fig. 12A being removed. The chip
69, the cap mounting layer 61, and part of the wire

35 bonding pad layer 62 can be seen, with the cap 67 being
removed. As shown in Fig. 12B, a seal ring 74 made of
a conductive material such as Al is formed on the cap
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5 connection termnals, and are brought into contact with the corresponding
el ectrodes on the wiring board, so as to establish electric connections.
The foot pads 661 and 662 are the ground termnals for the first stage of
the DMS filter 50. The foot pad 663 is the 10 transm ssion term nal 15 of

t he dupl exer. The foot pad 669 is the ground termnal for the |adder type
surface acoustic wave filter 32. The foot pad 665 is the ground term nal

for the f foth f 0 h d | for th
| adder type STRC s 0t T e vie 18181 55 PHREURosh BRY G8el < (e

common term naind474 o Vi hcam rourhing chayde tbnhest ed. OPI@@lfn@otHoads 667

and 66B function s é@ﬁt&fOUW%éfﬁﬁﬁﬂE% f@rfébﬁssﬁﬁ@n@oﬁhéggt fidye DVB
filter 50. The foot <gad 669 is t ge ption ter The 20 foot pads

1
6610 and 66112 IH G Y eF AP NG épf th%hgeﬁ%ﬁg] §f‘38 gé‘f 1the DVS filter
50. The f ot q:r&mh@csﬂ@dl*soat]geouodnéetnrbnapact:msné’ét,e@xccegmetmm gr ound

ttern 76. 12B, t pad f oot
pattern a St Sf?é‘@ﬁ's 78 %BB%%@PI ?L?l i@ %g?u%%r{.fshgﬁg‘n %lémfcyufls 00

pads 66. 25 e ucture o th enbo sumed up as
fol l ows, with¥HhasrEasesng put on the ground structure. Wiere the DVS

filter 50 has a St rued Uil p N6 I €hmé hehsel aaiedualypapdarifyee surface
acoustic Wavefllters 30 34a 35_cqgnpect i raIIeI IS cas ed to the
_other set of Huarshbde ?y%e sgg 508n§co§st:ﬁglswa%v@% 1% e ers BY 4 % gl}e
connect ed0i n bhrst | ehrouple faverhednbpdimgpass 62he68hiand % magorficimed i n

t he |a"1natedtM§Cf§&§e§0t9 nQErBéM@ acBakten wixle mmaking 3 tiiey gFRands
conmbn between th L ﬁg QD %%Be surfac% acousti c wave flhgers Thus,

t he stop- banong%p%r 5&f onV b§P Fiplt 8r 56Tc&F P LiSmpr dvedh?

Al so, where tdms&Vlie!| tadds&0 hypeasskfac&ua@GW$uMd(N&Wdﬁffiﬂenf3ﬁual node
type surface agousiig,upyesibh! er3cdd andaS2 eonpactsad ddy pagaldel is

cascadeconnected to er set ype surface 5 acoustic wave
filters 5P antPS2Pebpnetttbern p%%llkP%‘P‘*?h@eWF@deHdFﬁ§e§§@Q%yer 62
cont ai ned i n figetam Nat gdepankagesbfahassfi(tdte pads {drhe>fM re bondi ng pads

Lo be connect e, e L0g, SONCELESR RBLNS CRL AN LaR L g connipetan path

755 may also e i nc e co ecte
dual - node typeceuRtheevareusilEchavé 1thaf6e|a§63z$0éimaastqﬁllmeshwm st age

wi th the bondiwg m&@rzzs6§enaaedssgomdf@a@&c(et hemdre bonding pass 80 to be
connecte to the co nectlga ﬁgg A 751%. and({S(%% to be connected
to the 1 groﬂ%%% FCt e HlGI P & Pyﬁg § FF&&@ §€bﬁ§} % C¥P¥Ters 51
and 52 of theoSecthhaidD¥$agelbgrwbPetbendirng. allse fiahstmatzidsa by shewsecond

pads are i nde?@@g@nfeégﬂggmnﬁrgr Q4rdg on st e i & hand n% pags | gyer 62.
Fig. 16 is a graph shomnn? h | ter ﬁgﬁcharacterlstlc t wo- 5t age DMVB
a

filter havi ng"yt otfdRathafn 8rﬁﬁae°80 &t G he %|r§F§ﬂQﬁﬁ9%ﬁd t he
second stage aw¢ halsoecbondchgdpadswiaecaeadilmer eadwe 1 rioboadi og pad

| ayer 62 mmk h ) d stohe t ract er. t he
o5 P S RS AL SOTTRE) eraftcone JhE Shushanat ol sl

irst sta t he
second stage %H%%eﬂ%e%%FtEbﬁnﬁhP@éﬁeCﬁﬁﬁﬁaéaaﬁqﬁqkﬁ'\ﬁ%qpt§ﬁf%&?%obondlng
pads 80. As coat bé3seegréeom Frgutl6x-phepsigep-ieand Suppsesspba) by the DVB
filter 50 that, dogs. ppL BaYe A PHRIS JRYE GRMBY I rmed in the

following manner. An alloy film mainly containing Al

30 (such as Al-Cu or Al-Mg) or an alloy multi-layer film
mainly containing Al (such as Al-Cu/Cu/Al-Cu, Al/Cu/Al,
Al/Mg/Al, or Al-Mg/Mg/Al-Mg) 1is formed by sputtering,
and is then exposed. Etching and patterning are
performed on the film to form the electrodes on the

35 substrate.

The wire bonding pads 79 are connected to wire

bonding pads 80 formed on the wire bonding pad layer 62,
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30 dramatically inproved. To achieve the effect showm in Fig. 16, it is
necessary to maintain the i ndependence of the grounds of the first stage
fromthe second stage, and vice versa, in the DMS filter 50 forned in the
chip 69. 35 Wiere the DVS filter 50 has a structure in which the set of
dual - node type surface acoustic wave filters 34 and 35 connected in
parallel is cascaded to the - 25 ot her set of dual -node type surface

acoustic wave g Ateggnglngnd%§gscggnecf % ﬁgnggﬁgllereSt%% 9{0U@%§ of the

dual - node type SUT Face at rc wave filTters are’nade Conmon %o 5ot h the
first stage amte hef sktohd, Sferagsambyevi rfemeopft hbef Wise bapedn@l f or ni ng

the upper SU&L&Q@ b Lhe é@hﬂéé@dwﬂﬁﬁkéggs6@6§néhkbggﬁe@@ndtbayer 65
formng the co roun attern 76. The |ntergp t%@ I%%grs 62, 63, and
Ak £

64 do not maket PRURLS EBPrFmﬁOHWFﬁlPH?sW& £} op- band 10
suppressi on can beAanhnmmilmuﬁh@UVEBBe thélueneebohdengepmm lrgiese can be

easi|y avoidegy fs0a, ELE; LS BVEL LhECLAOAS FnStpUGhULS Ty whi ch the

set of dual - node type surface acoustic_wave filters connected in
paral l el is cHethtred toenstiReoBERéRIstdge th6u§@9ﬂﬂﬁ¥Q%&ﬁgs Y&kte
acoustic wavesti | teres v&:lr@rwbrﬁﬂm@r;smst emnlo i arpasakhabedt Be ohigr stwgpads (t he

w re bondi ng %ds SOnggneg%eg éfﬁ ﬁgnggctign E?égst§5%tand 752 (the

connection pa e |nc e ‘connec he grounds of the
dual 20 Adde aype %Qnmaéeoacbhgtwermb@nﬂnllmgep@dm T#nd 35 of the first

stage by wire bondimgy. am:l i hpuseeonds peds ébﬁﬁe\éﬂt&@ngo'ﬂ)@tﬂ&e@ﬁQﬁq@O
connected to the cgﬁnec ?Hﬁnaths (57,,.758 751%) t o be connected

75
to the groundd™tf ?hed HeTPypR diFPabéda i&d@ﬁi e3erENG%r s 51
and 52 of thengeeonlssiageihmregitohmectied Fiig -t Ad exiddrarie comett ¢ bvne

terninals (foeénrp@@l@ﬁ@)péef@wﬁaeoeg@%ea%&%@\)(tvfse bethiomesfiace in the
fifth enmbadi mnent) of the | am nated package his structure,  the

grounds are r%ﬁ?ﬁ%@%@ﬂln%naefﬁéegéelHBW€F§ﬂ§e7é®nEBﬁ8H9§ dibez reRERN t
t hereby incr edise f@mcsiopsbaﬁdtsuppbessspbndtm@Id@ﬁﬂétﬂibﬁfpam@m 65

contained in fhe %&%Qé‘%fgnp gggge;@ 5@@“7? r@Hé‘d Pé‘ﬁﬁgéng(é -, the

seal ring 74 on the ca nDun bondlbg% on the
| ayer 62, tfmﬁ%ﬁefh£§ﬁcﬁtﬂﬁ?t (% eoﬁtﬁﬁé ﬁ@ﬁ@ﬁdGQY tthe qMbunfol begrarié 88
and 89 on theahay®ss 64, ragd sheogornenpgsownd teat tser.n TheORdnRdtayal - 26

20 path 753 establishes the connection with the foot
castellation (formed by foot pads described later) of
the transmission terminal 15 shown in Fig. 8. The
connection path 754 forms the grounds of the ladder
type surface acoustic wave filter 32. The connection

25 path 755 forms the grounds of the first-stage of the
DMS filter 50, or the grounds of the ladder type
surface acoustic wave filter 32. The connection path
75¢ establishes the connection with the foot
castellation of the common terminal (an antenna

30 terminal) 14 shown in Fig. 8. The connection paths 755
and 753 form the grounds of the second stage (the stage
formed by the DMS filters 51 and 52 in Fig. 8) of the
DMS filter 50. The connection path 754 establishes the
connection with the foot castellation of the reception

35 terminal 16 shown in Fig. 8. The connection paths 757
and 75;; form the grounds of the second stage of the
DMS filter 50. The connection path 75;; is not
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65) to be connected to the ground termnals (the foot pads 66 except the
foot pads 663, 666, 669) formed on an outer surface of the | am nated
package 60. Wth this structure, the grounds are reinforced, and the 5

i nduct ance conponents are reduced to thereby increase the stop-band
suppression. The internediate | ayers 62 through 64 contained in the

| am nat ed package 60 have ground patterns (i.e., the bonding pads 80 on the

| ayer 62, the art u h a 6 the gry

patterns 88 an%l Oaf'ﬂ ]que ;t;é%%r e&é%n%g% egb{lgqt rﬂ)rcgunt}%t erm nal s
(the foot pads-66 except t he foot pads 663, 666, 669) for rred on an outer
surface of the |amA%aQi%¢dﬁl@®6%g%tﬁﬂre JFEache Oérélhh@dgrgﬁnéhﬁaﬁfﬁ%%ﬂs is |ocated
so 15 as not to ove a line attern nal__line pattern
connect ed tosttt‘?egecd?#tq@t‘? o'?stv“%afh]stg’éﬁ 758, 4R e?%@ 1%8“%‘(? on the

| am nat edS packages B0, orarneh the b@}ntdenlgapadennenneonedetrmltrhdsm@:caﬂedi ne
pattern. Wth,t @o%@tﬁé’d% Lﬁ@sctﬂee&ap ﬁétenegl %ﬁ@ ﬁptpue@n be 20 reduced,

and therefore,” i nproved |1 npedance natching can I eved. Accordingly,
the inserti of &SGR RAdupl 2xdRY 4F b ¢ BHRk:! N@h%ﬁ@hgtfﬁénfjlsf th
enbodi nment haﬁ? hgen desaid bethdy saytloé Dhe abmveremrrplsemomferdﬁms

nodi ficati on e to of i t. The
| am nat ed pa %OC&? m rﬁz‘fé?ﬁss no?égﬁgl Cakggcttlo |verp%f glyare&‘rag‘)
struct ur &0 bLFt57ma375eonF5m andgesiTied Mmedroindayere gsiirflageds infor

exanpl e). Al stid heaehiP, 68 hasa@ substrhatetpnde @Bn@o’itlel?rgﬂse ddezoel ectric
30 material, an erolerefore helgs tor duce the size of the dupl exer

However, the | VS stRF ateCRCBAEH & URRVE SAL M erCah Rhd T HESBRRAS i | t er
50 may be f orlted amrsepar et epettbst?ét,esﬁz'rhé/&mt 8bial 5usedrfdr’ihe parts

R i T g o Bf’ﬂgféﬁé&*’?%é??éﬁtﬂ?ﬁ?ﬁ“ e
acoust i cliavédqve &r%?cg%da?%éxﬁ%é FPIRRR 56 ﬁ§§ hév‘élgt g - 27

above nunber fofrnsidiges.tid soap anyuotindelbgaddeclt ypel aurdoame:rao;mmmd: wave
filters and i r i L S :ecggpl

i nst ead of t%gédgcﬁ 6{@ Péré%?fé@egggogggggb%g\%gggg terB%g9 ?%g

filter 50. (erﬁwda/m n@@ﬁl)lﬁ’@;r 47-i sl peheperds, vicBRSEf t he I ower
surface (the dmtrt@mt@@e@a@ftst@eeCQeﬁnﬂaagéoueﬁlfnbeotcopedmelO | ayer 65A, seen

fromthe op, xer_in rd xth nb0|rren of the
pr esent |hvenﬁn?coenrm?¢:9?% I?Y%u? egg h§§5aﬁed grrpon ﬁfgr $PEhEge BOF t he
f or egoi ng entgdigrerard aswerleaos ean byt heesdpp leafar eace bruneral s as t hose

?L tge }‘or egqillfngttagl&f iﬂ@@iﬁasg@i S ﬁn@@d%%@ét{tﬁﬂtheesa@e&hlbﬁurte asd
e upl exer .0 e odl exce e CO n groun 0o pa
| ayer 65A. The FTot’h ‘%Fst%% Lo %%5“%8% 887F1668C16g 610, 6611, and

6612, which serve d&legmrrcbqtequn rpaatshs al% conmentled’$o bhe ioemmre ground

25 above functions are connected to the corresponding wire
bonding pads 80 with leading wires. Among the wire
bonding pads 80, the one denoted by reference numeral
80, 1s a wire bonding pad provided at the inlet {one
end) of the phase matching line pattern 72, and the one

30 denoted by reference numeral 80, is a wire bonding pad
provided at the outlet (the other end) of the phase
matching line pattern 72. These pads 80; and 80, are
connected to the inlet and the outlet of the phase
matching line pattern 72 formed on the phase matching

35 line pattern layer 64 with the vias 86; and 86,;.

The die-attach layer 63 has a structure shown in
Fig. 13C. The die-attach unit 70 that constitutes the
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20 pattern 76 through vias 92. Wth this structure, the grounds of the

dupl exer can be reinforced, and the inductance conponents can be reduced to
t hereby increase the stop-band suppression. 25 (Seventh Enbodi nent) Figs.
18A through 18F illustrate each of the layers contained in the | am nated
package of a duplexer in accordance with a seventh enbodi nent of the
present invention. In these figures, the sane conponents as 30 those of the
foregoi ng enbodi nents_are denoted by .the me referenc uneral s, as those
of the foreqdi i BUUGH NERT st o Tha L8] eREn T Db Gar TNt G (e oM the 111th
enbodi nent i nln hehstdietareach vhiétcdwohogrotthdckodr ipdd Hlyars i comon

Chown i n Fi g8 o S e R O e o o o parierns 76A
and 768 by a SR o HPGF8I RS BEVEI0BY ThoSKLY PTCIMbF i und pat t er n

76A i s cobBnedikbtcito, tieesonhectii onapatbh dhitand 152,fcamtbd.or ds t he grounds
of the first fi r e.Go r t n 76B is
bt Ton patne"g 5B9e d3 1S BTER A I Ry

connected to the connec n pat hs 1, and forns the

grounds of tHéiertbmICEtagetof Ot hBSPVE Fhet éPnSUctine csHifhi ¥t olhd pattern
76A is not comectedrtohibr-pannecbiloskpakbréad that dohdiaiieed ed to the
ground of the(#gdde& tyPeO§U££gcgn%g9gsEi%tw%v a@ I% t:% éﬁfo, s the 10
connecti on pé% 755 F uhct Ponsasa groun8 ot hESFi st s age ot ? e DIVB
filter 5080 t Heheohhenagrteohdupatt éPnizeAcharctiedns cashe commaciyround only

for the DVB fidfes 29;, 175, hispdmamnetnatheyeemien %@Q{}%Lﬂfdé,hevﬂrﬂ stage
is conpletely separated fron1tP common 15 grounﬂégf the second %tage in
r

the DVB filt eteFONFRRICCErBBpP éxerIRAYCRf f FHoP et Py 2aTECHs Wdver/de

i nfluence of Extesthatomoestedanobeheeabhredtiphi ghith sEritiodi Mépt ) 730 Fi gs.
19A and 19B n vi of: .1 ap soupt. r he-wre
bondi ng pad ﬁ%ﬁéﬁ&%ﬁ'oﬁﬁg% uﬁpéggﬁqiﬁjgcgg%éggégﬁ%ft%ﬁ%ﬁgg?gﬁ§hggnbodinent
of the presenti® ntRAPPBnStaBCt AbsEDE| GHPed 1 lERE odme R6RPEREMTS Yas t hose of
t he foregoi ngtlesbodi srend scaneirbidgnbeedeby the Fdrsd eftergncendutiesal s as

t hose of the [ [ t The.eigh e { . differs, fromthe
fifth enbodinté%ggﬁ %ﬁ%gg?gﬁcgﬁgeﬁgﬁ.?Eé%ggp%@ﬁun ?génﬁg§grgrfﬁ%§%eal ring
74 formed on $heuchprepuRREnguPRYEFsS6QA PY Ehenddtldé®nt amhesi re bondi ng 30

pads 80 connechpebt&d} hgscpnnechonepatri®eddd adRd . 752 through the vias 863
and 864. Wth this structure, the grounds.of the duplexer are further
e nforc@d  and t ne T S e EonboREn B3ar8 PEAUCEAS & ERerdsy i npr ove
t he increase pliwesstopt bhndgslppeepsicbrraveén yveur tHersh@6 (Nl g Enbddi nment )
Fig. 20Aillugiratesnthe PiLCULBDSt EHet Phes@f rAtching line pattern
72 is formed on the phase matching line pattern layer
64. The phase matching line pattern 72 is a line
25 pattern that is bent so as to maintain a predetermined
length. The phase matching line pattern 72 is made of
a conductive material mainly containing copper (Cu),
silver (Ag), tungsten (W), or the like. More
specifically, a conductive film is formed on the phase
30 matching line pattern layer 64, and is then patterned
by laser trimming or the like, to thereby form the
phase matching line pattern 72. Both ends of the phase
matching line pattern layer 64 are connected to the
vias 86; and 86;. The phase matching line pattern 72 is
35 a strip line pattern of approximately 80 um to 120 um
in width. Ground potential patterns sandwiching the
phase matching line pattern 72 form the ground for the
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- 29 dupl exer 200 in accordance with a ninth enbodi nent of the present
invention. Fig. 20Bis a plan view of the wire bonding pad | ayer 62A of the
dupl exer 200. In these figures, the sane conponents as those of the 5

f oregoi ng enbodi ments are denoted by the sane reference nunerals as those
of the foregoing enbodi nents. The ninth enbodi nent differs fromthe fifth
enbodi nent in the structure of the matching circuit. As shown in Fig. 20A

t he dupl exer .1 n es .t chi Ci i d . The

mat chi ng ciréﬁ%%“ﬁlgiﬁg'iﬁ%ﬁgﬂggéﬁngg%%e%%£€%%§t%gm%%ﬁ?g?é %%%and 50, and
adj usts the phsskstvfofneheiPredscls aAdssbstné ipdtlohiung fdreuiithi2 is
provided on tiige Qs s 1Bh€lehOhgt NenBVBattblar 750. Taukpakiagllhe structure
shown in Fig. ég t%ﬁ 15 gugle er 200 |§clu %s.the wi re bondi ng pad | ayer
62A shown in Frg-c20B @M ERbWACTFHSFFGD 96BCPPESSht terns 94 and 95 are
fornmed on5the wi re bontiegf patowayer 624, fThetlipne pdt ttéven phvdsfeor ns part of
the matchi ng gi¢OMidg1idneapdetben! hoeypatt g 25 A t he st chisig
circuit 20 112. Mre specifically, the line pattern 94 forns the part of
the matching ¥39¢ ctP® 349 BEERRENSPABLREMIBReCENTe QoMRA HtP e | adder type
surface acoushettwa@vetihiel tecelioandiilherki n€ pald eranhtainthd he phase

mat ching |ine o] Lh Fig. far p the mat ching
circuit 111 b%‘?%ée%?h%g%@ﬁmmn FEam %aﬁj??.‘g A fsﬁera(r)g%o. The 1ine
pattern 98 | 2eontettedarye bhbtendlef Pehedphase mat dHingagsitittern 72

through the vim 864y Jhe theedppleger 9% iksef prmd etBaimt hvn WiKk&wRondi ng
pad 804 wire-bonded t% go thﬁM egeg%ion ée%ninal 16(fonnq%ied to the DVS
filter 50, andthedconn tFfo %a h-759 é nfect'dd 1562 e £obt pad 669
correspondi ngreeepheonetépteoh- t ks skdwil6inWig- t AbS, sperdotrute, the
!npedange gf_§ﬁ£%9UP&@ég%oﬁQOtEéle@déQlE%b%ds%kggﬁ%ﬁ%%o§%ﬁiﬁi?a@@ th??

i nprove i ance_nat ¢hi can he_ achi eyed. sul t, e insertion
| oss of gﬁe E%Erf%o@ngstggdaggd?lFﬁthS%egﬁﬁﬁﬂéﬁ T Fig. 20B, the
line pattern Bdpegamce BDaracserasghtsl.i NnBopahteensecantet Hededamageatt ern 95
is a bent i e erns :of-.at: ﬁyy%ge al so be

enpl oyed, asqﬁfP?ﬁ%eEg%%%@?%gggﬂe§?585&?Téﬁgﬁ%E%§L |nent5b4§%§: 21A

il lustrates thet@fFiewnittBernbeapemstchiagplénsr PAF I albe ctduRet it h a

tenth enbodi nesttioé the piesent SOn¥EBLILANPrEIfGSalAXB HdWroOughl & 1ar &£ pl an
vi ews shaw ng, vagi pus_exanpl es of W T, di ad | ayers of the
duplexerggqogb]%étﬁeg% ?iggrgé,gfhénggﬁelgogg ﬁeggggasHtgggexbf t he

f or egoi ng enboek repertar ehdenavedebgthhefsame sefnagr e enihgl bt swaset hose

of the for _egoti@gb@ﬁbﬁéihgﬁﬂtﬁed%hizb@?ﬁ kReFiDms 2hAtdhesgupliexeme210 has
the same circyll, SEEUEHUT €,886LM2Y 2" o3 Lo duRl el 299, 3neMcLh Fig.
on the other hand, a phase matching line pattern of
25 approximately 0.2 AN to 0.25 A (A/4) is provided, so
that the impedance of the transmission band after phase
rotation approaches to infinity (A representing the
wavelength of the surface acoustic wave to be
transmitted through the ladder type surface acoustic
30 wave filter 13).
Further, ground patterns 88 and 89 are formed on
the phase matching line pattern layer 64, as shown in
Fig. 13D. The ground patterns 88 are connected to the
corresponding ones of the wire bonding pads 80 on the
35 wire bonding pad layer 62 through the vias 863 and 864.
The ground patterns 89 are connected to the
corresponding ones of the connection paths 75. As the

- 22 -~



A wire bonding pad | ayer 62B shown in Fig. 21B has a via 96 in the |line
pattern 94. The via 96 is connected to the phase matching line pattern 72
shown in Fig. 13D. By adjusting the position of the via 96, 20 the |ine

| ength of the phase matching line pattern formed between the conmon
termnals 14 and the DVS filter 50 can be adjusted. The line pattern 97
shown in Fig. 21Bis a straight line pattern A wire bonding pad | ayer 62C

shown in Fig. 21C s a li attern, hat forns . .the tchlng circuit
111. The IenggtrhO t%aea,? FHe® Q?t% g% P v Plrrengdsgnast o & da Ust the line

l ength. The Inatechpiatg elm@&)a‘steem%tleevenal MPOINSLrs, télmadg@umiﬂger t han

the line patte[h 4 shoywoi Bkl gthglﬁqdﬁb%h%eb%%ﬁ'p%gte@t%@, layern,H2D 30
shown in Fig. 21D is the same as the wire ndi pad | ayer 62B shown in

Fig. 21B, exc‘%eﬁuq t 3ME S ?a?%?r??ﬁéoﬁa‘?f“@r e9'}nrc§era€|tﬂdaced with the
bent |ineSpattern T%e Wﬁdurahypajtftehes abpvendt 8Bchueearabnigke tsentds 35

enbodi ment, - the 'H‘EPJS’\I?&C si&ﬁagugtﬁégr %1§tﬁ%'} 'Et%\y%g‘ “%éq%d t?'c?no? gral

poi nt's, and i nprove npedance” nat c can be achi esu the
insertion - 3Rds e h%odb%?e§egnéiolé§ﬁsbe Meaacéaeceéue@é—dﬂm

Enbodi nent) FRiigs. gr2<21A1<ﬂ hs otgbr22 B 81 hyat Bat ara duplaexesd isd actet dasce

with an el even‘/tehr dnrren(%tofrtlgec resent dl nventi ion. nInn thl ZtA t hr ough
22G, the sane corrp nents R3TTROER GPPRECF oregm ng &S E e Bt Yenot ed

by the safe referiénce smirerials siggndbse 6Fe t(rterafrmremﬁx@nénbeelphmns Thi s

embodi ment d'ﬂg%{élfr%&oﬂ (ddddpr ibog] BAT) | Nakhgestruat yhe of the
die-attach | a er a die- attachla er 63A enp I%yedlnthe

el eventh enb rg‘tltn%hl%r‘t‘lﬁ\l\%g ndlEd t Hat S FREEangsRen328EM%8op t hr ough
22F are the mgmcastﬁnges cdBponddBs bémebnom@b JsakanaHrsg arﬁ@QCﬁhes a section

view 15 of t X Q. a ce t Q{Fg)

shown in_Fi grberch%pég gg%uﬁe %%’? g?ﬁ 8% Qm??)?r\r’% on the die- attacﬁ‘u ?AZyer
63A. Thel§r ouFRP 2R ta¢Havad; s Lrsarng%rbelh”%%éﬁlanpégﬁﬁl oR &8¢ o cover the
20 phase nmat chupigeténecpatiber deddcsliown in Fr g. 22D. The ground pattern 101

and the common oround. paLiern 0. sheyuln £d. 1206 Sa0ch LA phase

matching |ine pattern round our hi'ckpaint bl ocks
| 02 on whi ch WX hipe aohase nmht:eyngAlzsehelaétm |1§lyf€b?rrﬁa‘]d- afd@nd each of

the vias 861 ﬁml B62 s6pasitp Hrevpat chhrodr @_,%%wtft&rm f4pam t ouchi ng
t he vi as 1861 86% ,ﬁonne % d.to_the ghaSE mat ¢ mg}eéw%ben attern 72. As
t he phasé’na 9 paf tBr hS73 PET3BSFht&FpIL&d Y- Upper  and
| ower ground ﬁme erhisti®lcamdo6gronpdddeddi wpeddmye nvetiohiswercafr dre
achi eved, and fde.dnserntiondi@ssh Cabbeq reducedn TBeiseaseletiolnt Rtk is as
foll ows. The char ac% eristic | npedance can
pper face of the common ground/foot pad layer 65. The
common ground pattern 76 covers substantially the
25 entire area on the upper face. The common ground
pattern 76 is connected to the connection paths 75
except the signal connection paths 753, 75¢, and 759,
and also is connected to the ground patterns 88 shown
in Fig. 13D and the corresponding ones of the wire
30 bonding pads 80 shown in Fig. 13D, through the wvias 863
and 864;. With this structure, inductance components
can be reduced by reinforcing the grounds, and the
suppression can be increased.
The bottom face of the common ground/foot pad
35 layer 65 is the mounting face of the duplexer. The
duplexer is mounted on a wiring board, with the

mounting face facing the wiring board. As shown in Fig.
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be expressed by the follow ng equation: 35 Zo = (L/C) i~z - 32 The phase
matching line pattern 72 shown in Fig. 12A includes parts that are

i nt erposed between the dieattach unit 70 and the conmon ground pattern 76,
and parts that are interposed between the cap 67 and the 5 comon ground
pattern 76 (the parts in the vicinities of both ends of the |line pattern
72). Since the cap 67 is |located at a distance fromthe phase matching |ine

paitern 72, then phase. TBLShi ochine BaLtern; 12| solosAted Al o8 0l oy ance

fromthe groun Accor € capaci
bet ween t he @sp feanaen@lt@%etg@héée ﬁﬁﬂ@ﬁpﬁgom ﬁétlﬁét t7é>nnth20pghsﬁéhter t han

that at the %é@ée@@ﬁély aﬁanfaeméaeanf 2123 h@%n&b@x‘(ge et gpe as the C
becones snal |

r,.the ch acterlstlc ance becones higher. If a desired
characteri stif‘caoci% ?%%dgﬁhe hrough & 12t %8 %&P&ctaérl ec‘q]a(r;?'pedance of the
phase mat &hi rrgorhmexetpramt'eenmiﬁaﬂrsgh%dxeeedb%@u@@rﬁ Jinton ddretastir uctuln e
shown in Figsy %Z&wégygﬂd%; e?@c’c?Sd@Eh%g %’édm Bdd:& | engtdy of the

phase matching Tine pattern I's I nterposed between the conmpn ground
pattern 76 an‘bot%t HuRd %é?FEicléﬁnFSFﬁééPnén t Reedfecit Packs If%y 63A
Accordi ngly, amny @&y tazm‘ the phased nedéchinglsi ferpahkernrs2 |s$a@le0$ff to the

ground, and there ﬁéefliggf) ggr ac%?%;:l §56§3ﬂ)ggeggnce cap.be readily set at
a

the desired i npedance © raph s%ovm n%the stability
of the cR&racternsniesiapetaneénst @ﬁeoéhéé@ 1I%eg - | RBepardr

enpl oyed in téhe, alevan fyﬁmwlﬁ@mln@ndf@betﬁéabhhuby nyp%h%urface

characteristic |rr§edance of atl g E gggﬁg of Fig. 23,
the 30 absci s3&°% Pscr‘éﬁ}[%sgﬁ% th % %‘?rg? BRdt é-”phﬁs tching line
pattern 72, agndothé bedinhadé é&rstheprfesemgttalq;@ cfartdcet eMSticliepedance

(S2). The CO”@@@EH‘!}?&%@HRB@ L8R fHyp! %‘?‘cr tﬁh%v'l%@cfehre E@%M@aé@o"m in
Figs. 24A throug he die-attach 35 | ay er 6 the el eventh

enbodi merdt, tREOW el Gt Ya¥R fé}E?r(éﬁovalP% Ergt Eﬂ@) %8¢ thetkBnparative
exanpl e coversormdy toéemtealeltdotot Waiphase ratterimg camebe 83nnecpatitern

72. As shown CF]ast(QOtzég;dst@g capy 6560@%&ﬁ EEe 91}11@0 1.ng,areas of both

ends of the e mat ¢ i he atte t he tructure shown in
Figs. 13A thr%%@rﬁla@ics Fﬁé ghe- é?FQBH P&ger Stfowhs PV FilgtemShas the
di e-attach untie copsecped 669onkytm@er@@@pe%hoaemhha1Tr16 wi reebondi ng

| ver Shon LRodl Soad 4Pk A48P g1 enL LLAD LU 0T Ll syt ures
enbodi nent , tW@h@ré@@@ﬁgfl ‘éhEr’rﬁéﬂéaFﬁeéter 50. The foot pad 66, is
a ground terminal connected to the common ground
pattern 76. In Figs. 12A and 12B, these foot pads are
shown simply as foot pads 66.

25 The above structure of the fifth embodiment can
be summed up as follows, with emphasis being put on the
ground structure.

Where the DMS filter 50 has a structure in which
the set of dual-mode type surface acoustic wave filters

30 34 and 35 connected in parallel is cascaded to the
other set of dual-mode type surface acoustic wave
filters 51 and 52 connected in parallel, the
intermediate layers 62, 63, and 64 contained in the
laminated package 60 do not have a pattern for making

35 the grounds common between the two dual-mode type
surface acoustic wave filters. Thus, the stop-band
suppression by the DMS filter 50 can be improved.
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10 is stabilized at approximtely 50 (err), regardless of the |length of the
phase matching line pattern 72. In the conparative exanple, on the other
hand, the characteristic inpedance is unstable and sonetines exceeds 50
S(err), reaching 65 S2 at the maxi mum as 15 indicated by the arrows. Wen
the characteristic inpedance exceeds 50 (err), inpedance matchi ng cannot be
properly performed, and the insertion |oss of the duplexer increases. Fig.
25A shows the refl ggtjon ! [ Ozt h nde regeption
filter (a DVB fllteq% ¢Hgy};§¢g qyé(¥&f%ﬁ§t?%eﬁ%§ag P€Qg§g&ﬁelg i gs.

24A through 24GChritgse %B%%W%ﬂéoqi%ftéﬁﬁu éﬁréﬁaﬁaétc@ﬂ%sgh%gvadfe t he

i ndependent rfaceMd PB4 léﬂcﬁFBKté@n@@téw igrpadhleapl agedastades- el eventh

enbodi nent 25 sho t hrough 22 i nde dent
reception fi R e%%r%o tg%l% Yat ¥ %9 wﬁ ?Ba?eg"{dﬁa%%% ssﬁ%?q S9ter of a
dupl exer bs retowdriectaste tf:)lltt@r@oirirnandeﬁm pahnggtedn itheageipgalat i ve

exampl e, as thg %%@%&{dﬂé ?é@?&@@f%?%@%élﬁ%&h&h t&2 30
approximately 65 S2, the | nmat chi n h ass .band shjfts from 50

a
s2. As a resHAMINAHEL] RAGITH é]%s%a%f LLRaTr Badpt i(6R e Mits DPROmE | ar ge,
as shown in Fegls 20 Han ddrenetevéntd ’e]nbodbrmattlon phehat Ve, hand, the

characteristi 5 yq’ggga%%%é%fs e % g%yﬁ%ﬂgd'l Sjlrp@ﬂﬁé@ )72tbs st eady

at appr oxi rrat ccor pass band is
located LR tIRE MGYHSOrHdOP oifh%oglsqu %hofhéh?efiﬁlé&t‘mﬁe type

characteri stigigrffcd %¢M@p@ﬂd@ﬁé FeteptsoB4f bhtens50.f amd ttiersaf ore,
pref erabl e |rrsncda%n o Cl{? nnbeW (fe fsogged nésS%C e%ul th(gtlnsertlon
eh d i &wn 55T Ry

| oss of the rec i Oh I'S®sha as’s
Particul arl y,WJfl‘cﬂ @prdi:m@mw 0?0 at pahd hpghéﬁtﬁﬁaﬁow@emqprgmtw a 1900

Mz band, a e75n;at erg,al 7Bayi nghd 19w p%rrbtet Ic\slntmé&saodecscs:rﬂm@d earlier
vari t|on characteri.stic |rrpedance

is enplo t C the v

boconbs. LEgnigteuity o1 s Miad 2hadt 1 EVphash M thareriny it et torn v
is covered wifi ppershnahd owerofrobadssophdcesagas byhoviird mdFidjisng 22A
through 22G udging.f romd h&n&‘b@l’{@ éé&&ﬁd EQ@SSE\ %Ctl%rd% dn Figs. 22A

t hrough 22G i s suitable particularly for the use in a h- fre%)uency band
of 800 Mz or (HiGHEION 1 5IX TRt ¢ A1 ERBBY hERt PORFAGEI @?A‘ét SR 27F
illustrate a dupl exdrg.i rlaaqmaradajmm shoaihgetheéhfetrbedi nrent of the

pr esent Bvergﬂda %&f@@f e,gwot%gaggn%M t‘fﬁ‘i’%‘%’}t those of the

f or egoi ng enbo S are eno erence nunerals as those
of the foregcﬁl“rfg—”é?ﬁ) e 82 I@\‘“éeo‘FOW@nf gat bréd dhet Hils sdmsddident i s

that the phasadredicdi s@gcdhdespagé endchsweesnpehed nigo plakies W edndi ng pads

on the package through vias 25 1h esistance in t vias is.reduced
so as to redg’gne Ftthe %ser ?ok?]orll%gég 3\38 % oW i %QFI akezq?%%et v(v]t)rownadss 8610 and
8611 are forrﬁmﬂmqﬂ)thearpfédtQQ)lfbhtﬁheChPFécb@ﬁdﬁﬁgcﬁa@ﬂ at;lfeer B, and two

vias 861zsands Sddr 5@ rﬁwmgi mdéga@naaﬁltB ZzoRRdsheow e dandidg pad | ayer
62A. The 30 vi,as 8610 re al so fornmed i.n

1, 861
di e-attach | &t9%3B% ﬁ" %Eﬁ%%%énﬁ?%ﬂ?ng P n&Cp BPte S THEC 34 Wlli’_r}é vi as
8610 and 86llacrle cdmmectethtohé heiral bbnpany gkhds plfaseAsatehi bg | i ne

pattern 72A. Jh&, Vf A5n 8filg. ang, 8613 8EEpCAARACLEY R & LUl &lh PARMs Of

filter 50 that does not have grounds made common is

30 dramatically improved. To achieve the effect shown in
Fig. 16, it is necessary to maintain the independence
of the grounds of the first stage from the second stage,
and vice versa, in the DMS filter 50 formed in the chip
69.

35 Where the DMS filter 50 has a structure in which
the set of dual-mode type surface acoustic wave filters
34 and 35 connected in parallel is cascaded to the
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35 the phase matching line pattern 72A. Since the vias 86lo. 8611. 861z.
and 8613, are forned in three |layers, each of the vias has such a high

resi stance value as to - 35 affect the insertion |oss of the reception
filter. These vias are provided at either end of the phase matching |ine
pattern 72A, so that the resistance value of each via can be reduced. 5
Fig. 28 shows the insertion |oss of each reception filter (a DMS filter) of

the fifth enbogllé@née@ngftggaiv%gég F(;E%Ogh%‘a%ggengt& tulget £ fv}abv enbodi ment

the via 861 i provided at“one en ine pattern 72,
and the via 86Rlisrprovided 19 gpnnh@t@tihen @ﬁeralllﬁah,het aned faun@shetli nent ,

on the other fandiud WomyHAStFHE Qﬁ@fhé@da@bu@,@@& %dfe()ffi[lhﬁaﬂhaé@e mat chi ng
line pattern 72 As sho i nsertion rjft%ss of the twelfth

A
enbodr ment | SVaE FUFTORARCt RAFOFREnGLF PEL R eeRBoAEI ] #4791 ence by 15
appr oxi matSeI ysthde dByy Providi of the o6irstréayieas 6lo feantirendtlod t he phase

mat ching |1 ng,pattern £24.cgp E‘héoléﬂ%g‘{%dt krag;'%s:c IdI ?:g}({ e:%{ar at:t Fig. 29

illustrates transition regions. In a case eristics
20 incl ude ans$FRRYt1+dNeT 083 6PrmﬂnaBt§ﬁdC§m§96p£%éﬁﬂmkdﬁ%ﬁ¥%%¢o of -50
dB, the transTié¢ ommteghonisepresgaks ko, WBidgh ahange (ddmot hesiee t vige

attenuati on r e r re ng a f the
attenuati on v%%{grzdé g{;ﬁﬁlg?ranm%]o%h%\% ?gﬁu&ggr{eh ggg |Otli]) Iig%t‘n

transiti 88 r eyiRIPr¢SSEeml Fan, b@hémpifptféﬁire%mdblatdéfeafstﬁ éfrefrlamwcw@ﬁl ar and
steeper pr Ofléﬁeﬂ%llﬁ@i%Wanabél bher 1506va143Q@0 MHz band has the

transm ssi on band d t he rece t| on ose_to0. each other, and
t herefore, shoul d gﬁest%'r B~ Dl‘gﬁagfﬂé@rt ?Qngﬁissgl S OESEithT aMt st eep
filter charactlei¢lstilts. sét Dﬁeduaéﬁmpdeomypegismlrrﬁas:esraaddqsttire whvewabl e

range of freqf'fi‘@é(réhBlit§n83§5béoﬁﬁgét%d% b e Jar %@%A%@é&cﬁs and
the prod gtl Oﬂ%éll eld can be dramatically increased. 35 In the twel

enbodi ne i WsRPEi BhaPBseti duger Vogﬁaltlypeaﬁdlraf@&?r RGRJSE LG Hgave
transm ssi on fegiensi S1ahsad SfatbnnEcged3Qnspaws ltikd t rdnsi fi06t regdons

MHz) - 36 t I |ft
garrpl) es were ngrg%u‘?gﬁéf%%H%gwog%%n%oaggth E\eftaw& ttjct}}?bcr%gd c?r]\zteln(t)%—WOThe
aver age val uePdfs hédt rad“r%lﬁa)r(trb@glwetﬁtlt% Ravel f 1 s éﬁ‘ﬂ)ﬁ()d??rent was 5

smal | er by appiexhdade) yto. 686 WbEnebeear dionghy, griousdss fcoﬁerhé hatalhe
tuel fth RDOdLJRDt R0 LerlLY LDSLERSE LAGPQINRHIOnyighd o4 Tpprteenth
the first stage by wire bonding, and the second pads
(the wire bonding pads 80 connected to the connection
paths 757, 75g, 7510, and 75;1) to be connected to the
grounds of the dual-mode type surface acoustic wave
25 filters 51 and 52 of the second stage, are connected to
the external connection terminals (foot pads 66) formed
an outer surface (the bottom surface in the fifth
embodiment) of the laminated package 60. With this
structure, the grounds are reinforced, and the
30 inductance components are reduced to thereby increase
the stop-band suppression.
The layers 61 through 65 contained in the
laminated package 60 each has a ground pattern (i.e.,
the seal ring 74 on the cap mounting layer 61, the
35 bonding pads 80 on the layer 62, the die-attach unit 70
on the layer 63, the ground patterns 88 and 89 on the
layer 64, and the common ground pattern 76 on the layer
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10 Fig. 31 illustrates the die-attach |layer 63C of a duplexer in accordance
with a thirteenth enbodi nent of the present invention, and the die-attach

| ayer 63 of the fifth enbodi ment as a conparative exanple. Each of the

dupl exers enpl oys two chips 691 and 692. The chip 15 691 forns the | adder
type surface acoustic wave filter 32, while the chip 692 forns the DVS
filter 50. In the fifth enbodinent the conductive adhesive 71 is applied
onto the die- ) ch unléoggéc omerosuhfigeslgL”Epe 9?|g§ 691 and
69z are bonde fe~diecs 6 GnPE o7 condﬁ f ve®Qdhesi ve
71 is al so aatﬂdeﬁﬁoemeptrblse fphé pafs 6fiswhbeh thes)diformedctn umit 70
is not fornedsutdie gippnds oF the hQM@ha%!éHf ?%%?ka%fe tgre, chiiRs 69k and 69z
are reinforced. The di e-attach Iaﬁ 63C of the thjrteent éﬂlenbodlnent on
the ot her hardk T8 HES a-BF o%hQUPHE: 2FE FaAPAEF SREIm A ground
pattern 165 omdihetaihee attmpobnényer af8Crhdscad argehearedsy tirarrddst of the
die-attach u 5 round pattern 105 is also larger than
t he conblnedqg%%agt?gh%§n€ ?%ﬁ%?gggggof the two chips 691 and 692. 30 In
this aspect, the ngétﬁtdlrﬁe%Itfe?Chl@JD% layere dnbhasught fé gomkd st tern 101
shown in Fig.iR2€he Th@fnghaped6§acaage6az ﬁé@eb@&dﬁdld)lﬁalﬂé}ﬁlﬂr oungl, pattern
105 with the onqyctlve adh Eveh |E t%% c g@@ 92 are

pl aced in p05| i ons ?ha? % § réde ernlne p05| i ons, the | ower
surfaces18f twelkhi %s0169tl_henbla592 aa, néndstChek Py R TR e dtﬁwdarp@t tern
105, since t@9%@UﬂﬁieDBM@En6495tba§eacbﬂh@%t'ed37co th?é’ Qﬂou%dthe

duct dh 71 lied to th whi ch th
o ound pat t ort 087 L2 nbEnfoF el PERS. GoGAicrs he ol &R abts. of 1 he

chips 691 end6@92 Cetroe rfelrmfedr(oetdanAs)\aerresajiltfacee/ecmfltthé taeiohipd 691 and
692 are shift én@@e Fﬁae&?tnﬁf r‘Et‘I‘@d%P?éh&'gQ&ei‘n round surfacg£an be

surely formed on e entire surface reinforce the groun S,
| eadi ng Bétte?%sn%ﬁat%onﬁélﬁﬁl@tééﬁﬂﬁle%ﬁﬁﬁlﬁ@ﬁﬁeémeﬁﬁﬂﬂa%ﬂ%ﬁ# than the

| eadi ng patterme 8gatlbeofi thankictih embotiéereadbnndbteonr etaem.blm3,ea7cﬂt of
the leading p % % %iﬂqﬁﬂ?%hg-ﬂﬂg %ﬁnﬁhgﬁg? é gQQ umgQr gr?a %1 Fig. 32
eac

shows t he stop pression on t aenc y side o of the
dupl exers of QQEQHEEfP@@ﬁ @ﬁﬁ@ﬁ?ﬁ@ﬁttanﬂhﬁhélgﬁﬁﬂtééﬁﬁhEéﬁﬁﬁﬁﬂhent As the

grounds are fuitmerh{ei af pueedren the t:apetee@meeramcﬂﬂmtst&&q sp@p- band
suppre55|%n |§e | so furt eéhénc eased. 20 (Faur.teen Embodi nent) Fig. 33

shows the W re uC%Idhga?ay 62 Oﬁed|e§P{8Cﬁ éﬁ%} © At A SECtTHN of a
dupl exer in d@to@@@h@@edmttﬁqpﬁrﬂ#m@bﬁthtEﬁbedSﬁEhuonaéowelbfa$hﬁhe wre

bondi ng layerq61eibe dig-gLt aghylkayer 63, and a 25 section of the duplexer
of the fifth enbodi as a co tive a The fourteenth enpodi nent
is the sane as theé&%h??%ﬂﬂﬁﬁﬁﬂgh{F e?@%ﬁélnﬁﬁF bRe §c&a A5SFHRRY 63 is
repl aced withoy heayi ef athachbbayerx68pleA, grvauric ysatmaetint k8 fansredawn t he
di e-attagh 30,4 HWLhe 6@9 @eé Leadbngrpabierng qufft@h%nwdﬁa%@@d' 1§, d rom the

die-attach unjt 70 t I's the sane as that of the f odi ment. The
| eadi ng pattet?f%lriﬁ)’ée%nﬂa‘ib?gﬁré cohREcEEGTPS Srhe SvingE geidniRe 869,
respectivel y, tihi thvar bagennsctedttioe} heutomags pomdiaig vd rde dioned ng 35

pads. In this, %ﬁﬂi%ﬁtb’fela ??sg QEth'LB§*e& rn Q8 s, Ci{le’}e‘:t ad ot t%géy to
connecti on pat e eXx "connecti o erm nal's
castel | ation)Clyfp 69 has a substrate made of a single plezoelectrlc
30 material, and therefore, helps to reduce the size of
the duplexer. However, the ladder type surface
acoustic wave filter 32 and the DMS filter 50 may be
formed on separate substrates. The materials used for
the parts of the duplexer are not limited to the ones
35 described above, but other suitable materials may be
employed. Further, the ladder type surface acoustic

wave filter 32 and the DMS filter 50 may not have the
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- 38 grounds through the vias. Accordingly, the grounds of the | ower
face of the chip 69 can be further reinforced. In this manner, a | arger
nunber of connection paths to the external connection terminals and the
ground 5 patterns reinforce the grounds of the |ower face of the chip 69.
Fig. 34 shows the stop-band suppression on the high frequency side of each
of the duplexers of the fifth enbodi nent and the fourteenth enbodi nent. As
the 10 grounq§m§g§ f&%éggr egggorced Afséhea£0u5 egﬁth e %di%en%, t he

st op- band suppressi%n 7S also FUPTRer Tnereased. %F Fe%ﬁ énbé@ﬁnent) 15
Fig. 35 showsswrfape vieoustia dhecatidchrbaped 68E, fa lttgyrviaiv Wiet he
comon ground¢danioPRE LAYSHiRSntaNHad BECEHPNQka duRliexr! 4 @eLordance
with a fifte nng enbodi nent, _as wel | agéa top view of the dieattach éayer

63, a top vi 121 heYRONMBAT IrEundPrE6t C2b285d Tlray&r 65, dsddtFon of
t he dupl eker ffltdre 50fth enbodi ment as a conparative exanple. The
fifteenth enbodinent is the sane as the fifth enbodi nent, except that the
die-attach layer 63 is replaced with the die-attach |layer 63E. A ground 25
pattern |10 fbi¥eeh ofppdi@eRalAttach | ayer 63E has | eading patterns |11

extending fromthe mig- att ach anbérdPetbatel sithecsanpeasdiitat of the fifth
enbodi nent. Each_of t | ead] patterns .1 IS _connected t
B0 bEnh 5080 034

ach
correspondi ngs%%ac_ﬁz 34t e®al s6°t GRS Y ﬁ%rf(?/ef%%%s%ad
mat chi ng10i nel et ep PR | ayeen6dromnthensopnd odf aeaetp lefxathelvias 112 is

connected to {hec£@amEa @i oHNd BaktBr BmbhbdikRnkhicy HHUG A Lnt he ground
pattern 110 is connected mon groundﬁgattern 76 through vias 112,

o the c
so that the grOURYS 3F- t He |kt gﬁg?ﬁ%e bFet RRMERFRTBENELT ShE ™ ur t her
rei nforced. Thecsenmbntige ofindepat hgr emBédimeintls iasxea dsolattbqrimpntheur f ace,

I s connected {oextLEORLLCONABRELQD St SEMEARLE 3% he f’&@ecjé‘ﬁu?onnec?i on
path 751 or the |likes. Thus, th ounds of the | ower face of the chip 69

. the gr ds o
can be réPnf ofRedIFRRES36 Mer%th%d%rp%t b8 EBBpFaBSi S IHiF e Bhi gh
frequency si denofdeatéxet bdhetHupkexenseabodhechitf,t e:erddi feenttiagnd t he

Fiftoonth embadign o PRatCE sl phag® a8 8 r Lo ThE; BbBRC Y Siced. 10
66,, 664, 665, 667, 66g, 6619, 66711, and 66:>, which serve
as ground terminals, are connected to the common ground
20 pattern 76 through vias 92. With this structure, the
grounds of the duplexer can be reinforced, and the
inductance components can be reduced to thereby

increase the stop-band suppression.

25 (Seventh Embodiment)

Figs. 18A through 18F illustrate each of the
layers contained in the laminated package of a duplexer
in accordance with a seventh embodiment of the present
invention. In these figures, the same components as

30 those of the foregoing embodiments are denoted by the
same reference numerals as those of the foregoing
embodiments. The seventh embodiment differs from the
fifth embodiment in the structure of the common
ground/foot pad layer. A common ground formed on the

35 upper face of a common ground/foot pad layer 65B shown
in Figs. 18E and 18F is divided into two common ground
patterns 76A and 76B by a narrow dividing groove 93.
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(Si xteenth Enmbodi ment) Fig. 37 is a plan view showi ng the connecti ons
between the chip 69 and the wire bonding pad | ayer 62E of a duplexer in
accordance with a sixteenth enbodi nent 15 of the present invention. In this
figure, the same conponents as those of the foregoing enbodi nents are
denoted by the sanme reference nunerals as those of the foregoing

enbodi nents. Each of the duplexers in accordance with the fifth through
fifteenth e di 0.1i d filLter f e si,hgl e- out put
structure sgg%ﬁ!m$%§%ﬁ %£8§%§ ﬁ%%%gggPW?ﬁ %gcgpgg%ggqﬁtﬁ?tIggsixteenth
enbodi ment, orentrchidrerratig, 7hasanhe’ Tananst i etlae gheurdsueture

shown in Fig.cid rMse spesifbeathy, puberdupbexen of ThBI sopmdedi nent 25

i ncl udes the DVB nilter 55 o? he balanceg u%pu structure., To achi eve a
/B Eﬁg.

bal anced out pIS thePTohnERt { BRstShGRRAPFR 1418 £NSTPP P
connecti oAs shomn 7153, Fi’§10,37AndhES W, r enbdofidirng e grduedsmp shee, which

s connect ed {0cd g cONRECS EOpndOpRa! 31 £83058Nd FhL1cbAnEhdg dfng S
divided into two pads_ih this exanple. The connection paths 958, 759, and
7510 est abl i SAtHerRohtact F oAt wPANERECAeEEpLinEn COEMRAGTAIOTL 3 HOWM 4 n Fi g
11, the groungsatofié heosesonddstagenet feoshagef amred dayddhec s filters 51
and 52) 35 of_th ilter 55 nd, rgcept | termnal. 46. The wire
bondi ng pad d%uﬁféééf%%#%%gé? Vﬁychgﬁégggnﬁgéte%9?8’tﬁg]g%ﬁnection pat hs
7510 andlP51icemneigion math 734 funcHiemngedsi at grewndpads the thirstexanpl e.
In this struciti®e shechoopmpadi fearshownthe kiogmoh3kyERINeSoRs: dhe
reception tergéaa% 16,.the foot pad 669 serves as aégwngﬁét §1nal, and
the foot pad o WeF R8s P hd 5OTBRBpET SH PePhitialT46. &SE 8
illustrates ahblter gXanplre Ofis daptexerthaveogmanbglranoed-oduttngt
structure. This,duplexss 8ckydgso8citr eoBandiag rads RS &ifmordhe

i exer are forned by nodif %n%_the 10 connecti ons
0

connectigns in this P ,
shown inlfi g.99uRd ¢5| FotsSeFRBIWSEBIBoRBI HGSp tHeTmP sildeis mhi ch
i S connect ed 4 cdiiheexonnekttoafpathen?iyoaand dA5hHviardd ginfldjense db¥i ded

into two pads,in, fhis géfgglg?nAbgogegﬁgzggqnection path 7512 establishes
p

the connection wth the reception 15 termnal 46 shown in Fig. 11. Fig. 39
illustrates another exanple of a dupl exer having a bal anced- out put
structure. Thisightphexebodnabhdes a wire bonding pad |ayer 62G The

connectigns in this.dupl ar med by, modi fying the 20 cqonnections
shown in%Eig. 14 agﬁV%$1g§§£ ﬁ%@ 3§éeaﬁ%né%%ﬁ Bééﬁgnthghghfﬁﬂéide, whi ch
i s connect ed neurhengohagetri 6hApanhstisloigrd bppting Hd. laveris2 db¥i ded

into t wo padsai@uéb&§eﬁxﬁﬂpb§coéh§ﬁcetQ@t%OBﬁe%H@®lﬂﬂgﬂEb&§§E@@do5510
establish the connections, with e 25 recegtlogﬁternlnal 16 and 46,

th
respectivel y, “RRowhSF RV E §RVEEELROr t hEY, VERBC cHNHBEEPoNn th& IFE™F511 and 7512
formthe groundspofiehihe secbhdsst ajetbk tthecOMBrfd lamdrodbBuents iaref course

possi bl e 550 NP EYe @Yy 0fhth€ame reference numerals as those of the
foregoing embodiments. The eighth embodiment differs
from the fifth embodiment in the structure of the cap
mounting layer. The seal ring 74 formed on the cap
mounting layer 61A is connected to the wire bonding
30 pads 80 connected to the connection paths 755 and 75;
through the vias 863 and 864. With this structure, the
grounds of the duplexer are further reinforced, and the
inductance components are reduced to thereby improve
the increase the stop-band suppression even further.
35
(Ninth Embodiment)
Fig. 20A illustrates the circuit structure of a
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30 dupl exers shown in Fig. 37 through 39 so as to achieve any of the
features of the sixth to fifteenth enbodi nents. (Seventeenth Enbodi nent) 35

Fig. 40 is a block diagramillustrating an el ectronic device in accordance
with a seventeenth enbodi nent of the present invention. This electronic -
41 device is a portable tel ephone, and the transm ssion/reception system

of the portable tel ephone is shown in Fig. 40. The other structures such as

an audi o proc i Y m.are for 5 sioplification.of the
G ani ng. One P N A e & B oL o hbiing BaBol SERCC e Nimstoyed i n
t he portabl e tthel eptesrentshowenthi (g, . THEB pbs tabpbanevépioné ithel udes a

RF (radi of r equancorlidg 1 fa f@EUERA 06 £ ke a0E18% ek 250 (i her nedi ate
frequency) uniit 172.. The RF unit 170 incl udes_ an an&%nna 173, .a dupl exer
174, a | ow ndir$e anptd4i % 1%3‘? AT Nt SFRPAGREFi PPel NP8% 4 hilter (a

nul tiplieb) ¥tgegoirorainostinéntoraidbdenntedt bystage shret ere fEAAnae m xer
(a multipli el 8 d NRLSL a0E e ! FbEELOLAY, cABRAROMRS. afRL! Tier 180.
An audi o si gneijl from the audi o _processing éSt m 1S nodul ated by the

nodul at or 173106 aHReFEHRRT 198E 58T ¢ her R GRPt L1 E6hpemPadidstediency
conver si on (rhd nYrwdxdhe oPduhat rdtabdng Sigralitv t Rsansosal [1iatFog.
signal of th ocal, 20, 0scil | at 176, . The_out put of .t.he m.xer .178 is then
sent to the ?udp 'eitehre 1%f%§%ﬂggéghlen?%?(g?§t§8§ Pf(ggcgrlf]lgw:lérr%”t e power
anpl i fi et0180.1:Thadddpkexefha matehiet tiraudtpléxeisi hindecoprdadce with the

present invemdafser Noddideso ar i1 easgi ssi @AAT bbt elnki74%uat25 viecept i on

filter 1742, and a ckg‘ng cjrcuit %not sg wn).. A transm ssion si.%nal from

the pover amiiTIe Q80 7S Gehte1d The Al afina 153 FAFGOGRCL Re GUilexer

174. A receptlilonisi gnadvirdsskioedtlze ¢hepaht enda OZ3 tihse JBM fioltee bbdxer

175 through the regeption ifid e 14,3008 LheyHuphexsr 124a, t hed ow noise
' r 184, The m 175 [

anplifier_ 183 andthelntersta(gefilte _ . e m xer recei ves an
oscillatidn fTEHFERY $¢0mRPEuERR aFhestiFraP8PAing PRCOUGY At %Mt er st age
filter 177, antbvrhem coinyer2GBt head rggquencyn of ig he20Bgeptihenpsicgeahns to

LB LSS PUNPrE LI cumEN L9 LR LEATLLaIE, Mt Rt
signal to outlft laine ggattern 94 forms part of the matching circuit

11;, and the line pattern 95 forms the matching circuit

20 11,. More specifically, the line pattern 94 forms the
part of the matching circuit 11; between the common
terminal 14 and the ladder type surface acoustic wave
filter 32, and the line pattern 94 and the phase
matching line pattern 72 shown in Fig. 13D form the

25 part of the matching circuit 11; between the common
terminal 14 and the DMS filter 50. The line pattern 94
is connected to one end of the phase matching line
pattern 72 through the via 86;. The line pattern 95 is
formed between the wire bonding pad 80, wire-bonded to

30 the reception terminal 16 connected to the DMS filter
50, and the connection path 759 connected to the foot
pad 665 corresponding to the reception terminal 16.
With this structure, the impedance of the duplexer 200
can be adjusted at several points, so that improved

35 impedance matching can be achieved. As a result, the
insertion loss of the duplexer 200 is reduced. 1In the
example shown in Fig. 20B, the line pattern 94 is a
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denodul at ed audi o signal to the audi o processing system (not shown). As the
comuni cati on device shown in Fig. 40 includes a duplexer of the present
invention, excellent 5 filter characteristics with high power durability
can be achieved. The first through seventeenth enbodi nents of the present

i nventi on have been described so far. However, the present invention is not
limted to the above 10 enbodi nents, but may have ot her vari ous

enbodi nment s. €E¢s?|c%88a{ rn@ gHB'@ﬁ@rl i rq¥f q] rydurability

and filter charact an e ectronlc oys such a
dupl exer, ca#ﬂﬁ?r%%ﬂ@z@@ﬁ?ﬁr@ccdﬁUﬁﬁ&gwm@%ﬁtﬁénﬁr@§eﬁ$hﬁﬁvéﬁ@P@@ 15

Finally, the ey uctals ese éﬂﬁap@y@as adndiehf pet ge@l i prRsant invention
will be summed up in the following. 1) The present invention provides a

dupl exer that includes: two surface acoustic wave filters that 20 have
di f f er ent ShandC e eimlpe@ipent) es; and a phase matching circuit that

lmatfﬂes ZlheI phases mofy tmelt;%vpltmﬁﬁ&@egcwgtwtr@@y% Elt&h%rt%ﬂeo £aGh f)t ggr

n IS upl exer one e TW S face QCousti C ve ers IS a adaer
Lype Sur  ane BRITE SLYCLFi FEopE{aBASt Haoos o) rePbEaRad T 9 F 32 1 n
Fig. 4, for Hﬁ&iamDQQQHMMLheethODthEFl@me bIBthhrbmghsaﬂbaaeeagﬂuﬁi|c wave

fllters Indl%%gh%r%?ngﬂg fagyghs ggm YRS %%rE% eﬁyygngéﬁaf%auﬁ%alters

connected in para nce nunera %
i nstance}0 TheaBors a%e?h@y(é@p%axeécélaeou%@u*éhmeeff—gpﬂ:@ﬁre &E $aNe powver

durability ansbrexdidhts steepobal bs. tihberotrbgo iy featn BiaIsid Gavave

filter, mhlch |s a upl ed dual node .t ype surface coust mave {llter
only exhlblts 9 35% ﬂ? thebu?mglggfgc Pgsegugfgeqleﬁé

char act eri st i Eare@2ing celeedinpBEpt i oS | RewAnEngF et | 91iAr7rp|t(bl\§Bed power

durability, %p’léiélﬁ 2fothest WRe OB afB! @l%@htn@dﬁutc»tmestgé Aaea BCoESt i ¢
wave fil ar,. al F§rthernnre with the inproved

power ﬁ§b|I§Q% d%?%@ﬁ%5|§h§dahPVB igy ﬁgce Goustic wave filters can be
Iocated at the fromt wimk (hdeding spadt bgeeti bE2Br showhe iconriect @dB o t he

commn 5 Lermaal) ofathe duPLEXer;ng) clhectuooar mobe gual HEds (ype

surface acoustic wave escrib have a si ngl e-ended
out put, as skfb%ﬂ?%t@#gt04th¢ophﬁﬁ§taﬁééhlg)a iﬁ@et W [ hfor e RigWhode type
surface 10 acxrusm@ vwaye. fidy efd umyihavena bakanced ot puk, vds StBywn in

Fig. 6, bgr i aff e YLi tﬁh b%‘hé‘c\éﬁg 8“&@‘@ n i3 6586 Cpa”c!c cfgvice in

mhlch t he dup exer 1s enp oye he el ectron CCifeuit in a
stage after tHReriERMlexereeranhpecenBpny tassiigads. 14 and the DMS

filter 50 can be adjusted. The line pattern 97 shown
in Fig. 21B is a straight line pattern.
A wire bonding pad layer 62C shown in Fig. 21C
25 has a line pattern 98 that forms the matching circuit
11,. The length of the line pattern 98 is varied so as
to adjust the line length. The line pattern 98 is bent
at several points, and is longer than the line pattern
94 shown in Fig. 21B. A wire bonding pad layer 62D
30 shown in Fig. 21D is the same as the wire bonding pad
layer 62B shown in Fig. 21B, except that the straight
line pattern 97 is replaced with the bent line pattern
95.
With any of the above structures of the tenth
35 embodiment, the impedance of the duplexer 210 can be
adjusted at several points, and improved impedance

matching can be achieved. As a result, the insertion
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15 4) In any of the duplexers described in 1) through 3), the | adder type
surface acoustic wave filter may be provided for transm ssion, while the
two or nore dual -node type surface acoustic wave filters may be provided
for reception. Wth this structure, it 20 is possible to realize a dupl exer
havi ng such filter characteristics that the falls of the pass band of the
transm ssion filter are steep, the rises of the pass band of the reception
filter are al t eep, he ] i I i reat reduced, and the power
25 durabilitfﬁ%§§d$§a ?% ?%%?%gé%.929 %%é E?eggﬁﬁx%%bention al so provides
anot her dupl exer that includes: two surface acoustic wave filters that have

di fferent bangkxentefnhfragyenatss; and a phase matching circuit that

mat ches t he phases of 30 e two surf acoustic wave filters to each
other In thi s duplici, o UET D 1 208 sl PURELAEBu St AOPREHER (1 ora i s a
| adder type sardacdamcousitt wmaveléveheh ubrdtieenty afefdrencesemeral 32
in Fig. 8 fornjdistance) 1o the0thero088 9bct henkWa skl face 35

acoustic wave filters 1 ncludes two_or nore dual-node type surface acoustic
wave filters TUBNORYICDy2? eFRPERCRINGREr 4PT84013, QTE°4;WPQ£Pi%F¢Hg. 8,
for - 44 i dst@ned ) bgothecsedei neparahkel nuee allwo ar v dudl tiode type

surface aCO“.Sféxce%{‘@n‘[’ﬁ%f%rg%vg{i%mgﬁjcgg C@'?fé‘dé’ bo%i%félQnEhSiﬁ%‘i%defr%%{meCti on,

t he suppression of requency bands Dby reception filter and the
power 5 dfrabihe t§ibehtpmbedtBphtohnf theepteastvas aft Hdre it taleldacls) |1 n

the dupl exer depsri batidn B dhwHthedi ongtvbchheatwe sunf agplageustic
wave filters may_be fgrned ﬁy cgsgadlng tmg dual - dﬁ t%p% su%fa e acoustic
10 wave filters connectéa i pEPEFTEP tas Sho®h°PAdrFPg. P8EeP) that he

dupl exer descrided 22A5)228B, 632Dt hbrbagh g8A¢ efret Heaeadusmmarode Figpe. surface

s shown in Fro gt B EDTERERULE BREE  FlaTTIZotS, 8 e e Cne o

t he dual;ﬁodéDEQ%%és%??gééeﬁcbﬂs?FﬁgﬁQQQCFiWﬂ&@b |%Lﬁ%§?§m paral l el may

have a bal ancetbodimpent.as shown in Fig. 11. 9) In any of the dupl exers

described in 5) 20 ghrgugh 8), H‘& Ig?l@ler t¥F8uﬁHrE ¢€ 3G0Ustyl q]syvave filter
whiTe the ongl [ pled

may be provided for transm ssion,” wh itudinally-cou
dual - node typEPERY age BRBudipcahkoehf LRYErs opdy bENFr 6FiCHEE B&Tt tesdept i on,

as shown in Fi@s.i8 andadded2dnlOhchnaappsot itthe aduplexesreesiesi bed in 1)
through 9, the, respnalprsqof s Lhe | adder Lype,surface acoustic waye filter
connect ed t o & Conmon- ternt nal 'of PEhRe - dipl éx&r ey be Seri €5 ar m

resonators, asreahodnPahtErgslO0d and Shewconmom graungtrateterhe’ ¢ npedance

in 30 the recepbi®niRandqyof 2pheshhansehsehen phialdeemdtscH ed epsed, and the
insertion loss_of the Lec tion fll%er %E redygid 11% In %ny f the

dupl exers dese3Teti A°1) tHF igHi0)P2 4 FTie PRE PRYS b&ME*one of the
two 35 surfacexbebustdckaalef pht ehchayhat dhdasto Parg irdurytever |Pap a fall

of the pass Qﬁ@ﬁeoioﬁh?sokbﬁﬁeengreﬁnhh%akwoo%u&ﬂ%ﬁaﬁﬁﬁ9q§éﬂQuMﬁ%ﬁbti'ters,
as shown in Fggs.

as to prevent the ground pattern 101 from touching
the vias 86; and 86, connected to the phase matching
line pattern 72.

As the phase matching line pattern 72 is

30 interposed between the upper and lower ground patterns
101 and 76, improved impedance matching can be achieved,
and the insertion loss can be reduced. The reason for
this is as follows. The characteristic impedance can
be expressed by the following equation:

35

Zo = (L/C)'?
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- 45 10A and 10B. This is an exanple of the relationship between the
pass bands of the two surface acoustic wave filters. 12) The present
invention al so provides yet 5 another duplexer that includes: two surface
acoustic wave filters that have different band center frequencies; and a
phase matching circuit that matches the phases of the two surface acoustic
wave filters to each other. In this duplexer the two surface acoustic 10

wave filters and thﬁn? se natchlngn %SUIt a£%eg ggd bn a Ian&nated

package (denoted by refefﬁﬁ%én%%%%ra Owﬁ%féhce One of

the two surfab?? atoubtdieswagetsi thetsars anlt&d@@rsew;mtsmefrac@@mgtl c

wave filter (Q@m@@@du@ytrﬁ@eaﬁaCEheuasmﬁbn3%ﬂdmdasﬁaé%brﬂfhéoraﬁ@stance)
whi |l e the ot her one of t he sur f g coustic ncludes at
e

ers
| east one setPft %u%laﬁnﬂﬁet§ﬁée§HPF8 SEHGSH & \ﬂ?ﬁl% (H%%oted by
referenceSmanmmsn3@raudd35aoteraféﬁemceenpm&talSIBthﬁuhfﬁhmrmfég 11,

for i nstance)o popieet eflal No20cRar abe! paldk b e dupliexer desary hed in

12), the phase matching circuit or me | I'ne pattern, "as shown
in Fig. 13D, ¥drlesatadcat s‘é\sdaSFﬁﬁéepétrp@r ﬁhﬁarpmasﬁq:a%@@q/ah%%u on in

product qual ipyttetabie, 2bhéi bhesecharadtiek tines peaitdyan ot aiged. 14) In

t he dupl exer escrl ed in 12 the phase tchln ircuit for t.-he ot her one
of the two suﬁ P gcous |é éﬁve 8Pstﬁgy L%%fne 6? aﬁqq&grpattern

that hasl§ | ebleg hcapaoipange tfermeg4aA tivet @amt@O begpreeentliqigcamet’

wavel engt h ofaf e sarfRE8e apQUEhE fgWaY Bet 9al%%etrrnawnlt§ &nd N OH G S he
dual - node type surface acoEgtlc maﬁe fiJters Qg duplexer descri bed

in 12), the otMF dhetBf PhESEWB2LHPFacks aE%Us%chﬁ89e &€ @RPHave a
35 structure equahich, tas dhal Cnbdeomppe ssarlflage ammxnharawmemi$tiers

connected in B%é‘&éﬁée%@c&ﬁégaﬁ‘%@he%”d if‘eagél@‘s'ﬁg%do‘(cgta*}%c‘i@ls"& type

surface acoustic fers are nmade conmon | ayer er than
|nterned|§te%W@%9%n?% %ﬁe5paﬂvné?@dCBQEE§§€r”ﬁﬁ%?t%WR§Qﬁ?Q%t%?et €he
st op- band supphi®ssioatcBbnbeliner pasedrnThi2s nsightctdnedd ®hodi exh by t he

fifth 5 enbOdéﬁgnétr£8£ukgsgﬂg%g'in Figs. 22A through 22G, on the
other hand, the entire length of the phase matching
line pattern 72 is interposed between the common ground

20 pattern 76 and the ground pattern 101 formed on the
die-attach layer 63A. Accordingly, any part of the
phase matching line pattern 72 is close to the ground,
and therefore, the characteristic impedance can be
readily set at the desired impedance of 50 Q.

25 Fig. 23 1s a graph showing the stability of the
characteristic impedance of the phase matching line
pattern 72 employed in the eleventh embodiment, and the
stability of the characteristic impedance of a
comparative example., In the graph of Fig. 23, the

30 abscissa axis represents the length (mm) of the phase
matching line pattern 72, and the ordinate axis
represents the characteristic impedance (Q). The
comparative example is a duplexer having the structure
shown in Figs. 24A through 24G. Unlike the die~attach

35 layer 63A of the eleventh embodiment, the die-attach
layer (shown in Fig. 24C) of the comparative example
covers only the center of the phase matching line
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16) In the dupl exer described in 12), the other one of the two surface
acoustic wave filters nmay have a structure in which tw dual - nbde type
surface acoustic wave filters connected in parallel are cascaded, and 10
the | am nat ed package may contain a wire bonding pad |ayer that has a first
pad and a second pad formed thereon. The first pad is connected to the
ground of the first set of dual-nbde type surface acoustic wave filters by
wi re bondi ng, e;-5ec | S; nn ed o] f the
second set cﬁpﬂgg iﬁvé%'t?%% surIgdg%g%%§3t?%éﬂa5%8f%P?e%g gggﬁﬁfk bondi ng.
Al so, the firthe amfighleontnpadsepaneti bathsendéepdnddret dyasmds on the wire

bondi ng gadzgﬁa/r@éhim%thiﬁ@i§a§£éyﬁtu2§, @rEEi{E%O’QhQaBGE&égBﬁ:%S%ihgﬁlrpan bgz
i ncreased. . s str ure is ied by the wire ndi ng pad | ayer
Shovn i Fi 6 iA B IT or P ReE BRRRIRT TREY LD Ao AP e OGO BT 15 ¢ he
other one Sof Eh@.t%mCSMa$atheadbasattampvenﬁklt@m@qnﬂeduh&eanyrmmeyre in
whi ch two dU@&ﬁW%%%IaﬂepéHﬁfaﬁﬂu@%ﬂ&%' ondi Y@a?bktgh%wﬁoﬁ%ﬁgﬁgﬂ In

D e e SRS ce Lol e dne Pimos ibes Gomive By aniss ayer
type surface usti % ' ayer
(denoted by refierence Pugerab2B7ahd EBG. 184, showni hat @ige) 2Bhatif orns the
upper Surface ol dhev0-halhaauedepackage and A second g ganoled by

reference nuneral T Of i'nstance) tha cormon ground.
Wth thid0strigtefabil heedt apbanaroupprEssivoRlcén Fedardlese R ante adver se

i nfluence of pxt@fmabrnehsepraBebRatendhby 1avel gadtedn I8). | nnt hedupl exer
described in 1 ot her on f th

2 t he, o] two _surface acqustic wave filters
may have a st% %?%tfﬁewﬁfﬁﬂpﬁﬁb 8Uaghﬁ08§%Ffp§a§ﬁ€f3: acoustic - 47
wave filters clomnectedishipaimpedhnareicascaded lcartch famestinpasl (denot ed

by reference aunpLal 8§ Hn E&Sch1§§,6%0b LRSLaRC e, anthpft spcond pad (the
pad conn %ted_t . the gonnectlon aths 7510 an 1) may he hoth 5
to

d 75
connect e Erabe cBﬁnEE?iBﬁ?P@?niH@?%nfB?ﬁeﬂﬁéﬁaﬁﬁﬁéﬁs§&FTaces of the
| am nat ed packegedahnetaksestisubdufe, imbedbnest mpathisncararendtedod¢ 0 t he

ground of thep%éﬁ%é%%i%ée?%ogﬂg!ﬂ; mofg )ﬁ@eiﬁlérefr%g%nacl%h"ésstiocfv@ry filters by

W re bondi ng, second pad s 10 connected to the ground of the
second set ofdeREEEHHAENEYPRSSEFface acoustic wave filters. Wth this

st (rjuct ure, the groungds. 0152})h§h&g@|@l>é@r1_}§ﬁmebeﬁbﬁi Bhareede rand itdie of

i nduct ance components ca reduced. us, t S ; suppressi on can
be 15 in%ﬁeaggp. ﬁ@?e?%ngﬁggdﬁSFggg%OBeE&ﬁFE&d%FnE§§3E%Qggﬁglayer cont ai ned
in the | anmi nareelpackage phy hampazagivendxpartler mhatenctred bys r e2 €k ence
nuneral 70 inddgugd3s4aer refes encep nynegal 88 karkkbge133D, for instance)
that is 20 connected to ﬁ.?rou?d %ernlgal f%r d _on aQ oute . surface of the
| ami nat ed packAge®CVWFIAStAFE 8fr HEFurBACPRECGISUFES B 1 HE Wupt®ker can be
rei nforced, ahtheheM$nfuttanceOtonpohents! dan the reddursedth Enisodithent

st opband >$Upps©Seh On CANgBE bDAr easedgh22240) hBrkhedupliexenARaeld bed in
12), each internedj ate Iaﬁer contained in the |am nated package may have a
ground patterfeEPREIPR EbARBEL eBSE6TE §PoGnd it &@ts WiitRd5h an outer

surface of therdasmhasednpatkage, odnd daphegreaurs patt eranmaycde tocated in
such 30 a posifio orﬁlﬁoﬁoagﬁﬂﬁ a?veyl appjng,a ébgﬂékak'ﬁ@% !%@Jaﬂr\%r]]%,f gfdred on
ondi e signal Ti'ne

the | am nated package and bondi ng pads connected to the
pattern. Wththaicharprgkeat et iEhéMPEFaRFEaRES FE P pGeiti I a4t be reduced,

and i npraved appesancet 8BiycBENg, CaRebempelia@ved mathtitSing in the pass
band shifts from 50 Q. As a result, the insertion loss
of the reception filter becomes large, as shown in Fig.
26. In the eleventh embodiment, on the other hand, the
characteristic impedance of the phase matching line

35 pattern 72 is steady at approximately 50 Q, as shown in

Fig. 23. Accordingly, the pass band is located in the
neighborhood of 50 Q with the reflection
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35 structure is enbodied by the fifth enbodi nent, for instance. 21) In the
dupl exer described in 12), the two - 48 surface acoustic wave filters
havi ng di fferent band center frequencies may be forned in a chip. Also, the
ot her one of the two surface acoustic wave filters may have a structure in
whi ch two dual - node type surface 5 acoustic wave filters connected in
paral l el are cascaded, and the ground of each of the filters nay be made

common in th%ﬂa%fgd‘@éﬁdstpf%agf %&eﬂgdégﬁnﬁéia@- rg“é%pttﬂ&ins tﬂ%fxt éb'cg the
st op- band suppression can be increased. This structufe is enbodied by the
fifth 10 enbadicheddiersfnre nstepeerapds IRecdaprexvptgdsad sad ibe 12)

further incl ydastomnddrstaschi pddiatt f ans imeeoheonf 1686 bwotraurface
acoustic wave filters: énf a sg ond chif t hat fgrn1the %Lher one of the two
15 7§t e rs

surface acousti RV AP PR s dipl 8R8FE the “dtHer- ne of the
two surfabe Feoustdwlawahe fidt ex sdhperest fact ar bana Wiigdlert vihadud 0Ghode

type surface)agousidic yave fohé ews, CORRECt §dphPrRBkak@le 8T8 GBsFaded, and
the ground of each of the filters | comon_in the | am_nat ed

made
package exce@:%QﬂaRﬁﬁTﬁﬁt%W%Wﬁt%?s§§§?E&P8?e?aFﬁée§t&S-E&H}Qﬁﬁﬁﬁession
can be i nproved.thit scade ucthe evasianbodi €d bitet beafriakttle reiryadi ment, for
| nstance. 23)in{rﬁéc§] C%thpé@&(fﬁé d§§<§ﬁi?§9ah91%%ar%§? LaTinat g, p _ By
contain a layer that tornms a 257 ¢ nmon ground, and ' the comron ground is
connect ed0t o G oMM RITBATR ef A AAl SOVBERED Wi hoPde s @fhces of the

| ami nat ed packager tdrough €onfecss pnapashswhorredigr .sixde sdfaegs of the
| am nat ed pa e d, vi as for in.,the | amnate ackage, Wth,this 30
Structure, Tt ouag S T ol Te S b WP, b SCkRGe fEOW

i nduct ance canporieds s 42k bereednczedc Thusuithblst ppridmilsuppt 53F on can

be inproved. thu s;sd ructairg; i5- erOgdeReyb¥ahhe ol ol oY Melighd.or
i nstance, _35 24) I n the dupl exer descrl%ed in 12), the other one of the two
surface &foustic wave filters may have a structure in which first and

second dual - nOtee I ffe Em@dimesuy f ace acoustic wave filters connected in

parallel are cascaggd,s and %éé\fg]maéﬁﬁ PRACKEOL PBY 5,CA0LALRE GMDON
ground layer. In this structure, the compn ground |ayer has a first conmon
gr ound patteﬁpqqﬁﬂance with a twelfth embodiment of the present

invention. In these figures, the same components as

20 those of the foregoing embodiments are denoted by the
same reference numerals as those of the foregoing
embodiments. One of the features of this embodiment is
that the phase matching line pattern is connected to
the wire bonding pads on the package through wvias, and

25 the resistance in the vias is reduced so as to reduce
the insertion loss. As shown in Fig. 27B, two vias 86;p
and 86;; are formed in the pad 80; on the wire bonding
pad layer 62A, and two vias 863, and 8613 are formed in
the pad 80; on the wire bonding pad layer 62A. The

30 vias 86335, 8671, 8612, and 86313, are also formed in a
die—~attach layer 63B and a phase matching line pattern
layer 64A. The vias 863, and 86;; are connected to the
inlet part of a phase matching line pattern 72A. The
vias 8632 and 86;3 are connected to the outlet part of

35 the phase matching line pattern 72A. Since the vias
8610, 86711, 8612, and 8613, are formed in three layers,
each of the vias has such a high resistance value as to
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5 forns a ground surface for the first set of dual-node type surface
acoustic wave filters, and a second commopn ground pattern that fornms a
ground surface for the second set of dual -node type surface acoustic wave
filters. Wth this structure, the stop-band 10 suppression can be inproved,
and adverse influence of external noise can be readily avoided. This
structure is enbodi ed by the seventh enbodi nent, for instance. 25) In the

dupl exer descrj i 2. . i ed.p a contain a first |ayer
that has 15 W§¢§£%%n%?%gl%gégg%éﬁgggg%hgﬁegﬁé %%&ggxgégbﬁﬁjﬁﬁ§%T that is
formed over tHeed¢rdiasagee phdvhdsdaati agtheke egdowfd thea twrase Al so, pads

to serve as giptdisn@piget perwbrs hondi Bg pads amd thes rdingidd kea pround
pattern are copnnect.ed through Vi as forged in the | am nated 20 package. Wth
e

this structur® $H gFband@7 0Pt h89HGE exer can be further reinforced, and
t he i nducbance conpuinentd8 camobwe tleeuteslerThos, 1oke stfopakidnd suppressi on
can be furth i ed; .S (st t @t e .S enkodied i

enbodi nment , %?ééllﬁ%%%ﬁcg%lggkﬁi P%gt E%§EE§I) e?e%r qggscﬁﬁb%}g%nﬁd%&?%e

| ami nat ed packiget Pyt edhf ahnemPeiigentayetnt Hae Rasthi eBbpeiaesd pads, and
a second | ayetheonvivi €6, tihe phasedemt £hi dige céfigubt thef phame. I n this
structure, t i I S p e tchin ircuit 30 forned

t her eon, and ?éé%éé&ef%gécﬁ%ﬁgegﬁrngtQsérﬁg% gﬁat%égfﬁﬁsprpéﬁgeis
connect edft o ahetphageheatenfing Bt ricie ttvol el enbeHémsasonen &yer t hr ough
afvi ﬁ fgr rr:ed dﬁhéf‘%%ﬁm Qm@dvgagkage. p%bmdtgai S.tS lelH Q{jrﬁi ctﬂﬂetdﬂém;adance
of the dupl exer. can be adjusted at vera poi nts, and_acgordingly,

i mpr oved inpé%ﬁ%%% %@&%%f%% iéﬂebgaggﬁfgvéai‘Th §,sﬁﬁ§niﬁ§eﬁPﬁon2%dss of
the dupl exer Wan beseeticedloFhi sfenbedinent ths cevbodiretht 50 smalblet he

ni nth enbodi nedn, £104c 1 98t aRCer; 2¢) LRLERSmANR! 4elyidascrd hed iy 26), the

phase naighin circuit forned on_the first layer may be connected to and
i nter pos PRt eb¥mbnt €Phinal 5 of the dupl exer and the two
surface acoustic wamevidirey stw@8)r Imotdevidapl eseeaddsenidoed ithe26), the

u oL : . : S _ |
phase matc ' ghld %Ecﬂi%ggﬁf_&@ bgﬁtékasez ayen meda) tlfouxg ng,pattern

and the via ormed In the I'ine pattern, 10 ‘ucture, the

i npedance of %FAN%HipleXefeghfibe By ust 2di htuskyetrar popnsdtignd

accordi ngl ?/ ﬁm@vﬁd iIrfpl%dafH?sﬁe rmiégfé n@h@aﬂébﬁeﬁCbhg‘fﬁdte&is%irc%sl:ﬂ')ta tge
insertio 0SS e_dupl exer.can,be reduced. This, strycture i s enbodie
by the tggth:nggﬁ%%d?%ﬁg??e é%oPn%?gﬁcgg ig)dpnapﬁ%éhd%(%¥é%a scribed in
12), the | am $izRrekEpatkagel may0cdht akheattipnst thigyer agi ashi tdp tdrephase

mat chi ng circih tyh Sch OFiRge Mgz SRE9BALAY 8 tRRUAMH i & £LaEPn ground is
formed. In this 20, str théb t he qgnnng?%rgund is arran%ed %n uch a
position to covdtthe iTE SUrTHeE of "t e PRALE ¥t CAPHG &ifr &% . Wth

this structuratteheatthan acdbrestis thpetdanveitfionheredlipirexeAscamebe readily
set at apdesiyed yabpernd i sagEiHELHN ch3ofMQdisgd 1By, the filter
exhibits a preferably angular and steeper profile.
Particularly, a filter for a 1900 MHz band has the
transmission band and the reception band close to each
other, and therefore, should preferably have a small
30 transmission region and steep filter characteristics.
If the transition region is small, the allowable range
of frequency shifts can be made wider in the production
process, and the production yield can be dramatically
increased.
35 In the twelfth embodiment, the insertion loss is
very small, and accordingly, the transmission region is
also small. Fig. 30 shows the transition regions (MHz)
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25 the el eventh enbodi nent, for instance. 30) In the duplexer described in
12), the | am nated package nmay contain a first layer that has w re bondi ng
pads formed thereon, and a second |ayer on which a phase matching |ine
pattern that forns the 30 phase matching circuit is fornmed. In this
structure, the wire bondi ng pads include wire bonding pads that are
connected to both ends of the phase matching |ine pattern through vias

formed in fhe,d Ao ek PACKBOGindhE Nahlll BnSl EUENULS: i diqdile | esistance
value of the 35 vias can be reduced, and the insertion Ioss of the duplexer
can al so be rBYucERIPIPS swehbodeatREefs ferbeaichd oy tiee fiddl tandnmbodi nent ,

for instance.twebfith emdddimehbe. duphexese 8856 vhedei Bfl2he the | am nated
package may qgg%@in a |l ayer.on mh%c? angie?E%%Chnﬁﬁ%f is forned, and the
two surface acoudite WaveS?Pear et aFBendiif oft WG MEEh unit. In 5
this strubtursmalher dve-appockimaceliial.- &5 HHger Arearthagliyhatitofvast | east

one chip thatsddascthe tM0 syeiacs apsHathentVer iddl Sy Widkddis
structure, th entlrg nDuntlnﬂ?igrface of the chip can be presented as a

ground surface® ETTFLLAR ¥ fs 10 shifted fromthe designated
position. This structure is enbodied by the thirteenth enbodi nent, for

i nst ance. 32)(%H&f€@éﬁ€@'ﬁ%ﬁédgﬁéﬁEBbed in 31), the die attach unit may

have | eadi ng patterns that are connected to connection paths forned on side
surfacesi®5 of the Highi nit el batkerfess Eaed dfcrAEtReRdLAYFat3sr v Has a
Wi dtp of 500 QD D x gt Eﬂxﬁeiccg\'f&lélnbéi §ighr uCthﬁgte]Tcehﬁﬂﬁr&LﬂtQﬁin@ér& delf gg)erl
rei nforced, t he stop-ban uppressi,on. can.be rther, increase n
t he dupIexerq:é%é??%%%nfnlﬁﬁ??g%ﬁg’Zﬁn agpﬁagéﬁ_ﬁgc éﬁb]ﬁﬁyﬂio & a first
| ayer that haghe ¥Fef boneilpgd paestf asnedcoheree i vand xamecond Bagyeo ft hat
has a di e-att@aed abiectOF Je8nb ey 80BwoWehApENG ot WVRngUEhace BROUStiG Wave
filters 2§Ing Qnggted Q tg@i eattach unif. In this structure, .the
di e-attadh unit! i9BE ctg’r?n § FYRT S BohdFRg2 peUStEE ¥8MFe Td< t§founds
anong the wi r¥ bondi hg paeschibr6bghforres floe neMSi Aiflher] &li.naledtpackage
and connecti of; pat hemd 04 RN PN Bhde-SHRLREESOhdh esilv%mﬂﬁtieéj JEP&? Wth
the stop-band 3

this structure, the grounds are further reinforced, and 0
suppr essi on AN DetFertheratherRadBat THr s28er GECulONE SHITHR P L t he
fourteenth entiodicenps 605 dmbt@dicareddonded kintptiexedidesetibrd in 12),

the am agted,package MY GNAMLa{ ISt bANEE, RN MhiCh 3 Al grantagh uni t
is formed, wt he t wo "surface acoustic wave fil'ters béing unted on
the di e-attach uie,crap@sal skeopdrtager wbhchhitble &icomidrmay ourid i50 f or med.
In this structdirgst thermé®; athachrdihbisi 8- th2 lower surfaces of the
chips 69; and 69, are reinforced. The die-attach layer
63C of the thirteenth embodiment, on the other hand,
25 has a ground that is further reinforced. A ground
pattern 105 on the die-attach layer 63C has a larger
area than that of the die-attach unit 50. This area of
the ground pattern 105 is also larger than the combined
area of the bottom faces of the two chips 69; and 69,.
30 In this aspect, the ground pattern 105 is the same as
the ground pattern 101 shown in Fig. 22C. The chips
69; and 69, are bonded onto the ground pattern 105 with
the conductive adhesive 71. Even if the chips 69; and
69, are placed in positions that shift from
35 predetermined positions, the lower surfaces of the
chips 69; and 69, do not stick out from the ground
pattern 105, since the ground pattern 105 has a large
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connected to the common ground through vias forned in the | am nated package
and connection paths fornmed on side surfaces of the | am nated package. Wth
this structure, the grounds are further reinforced, and the 5 stop-band
suppression can be further inproved. This structure is enbodied by the
fifteenth enbodi ment, for instance. 35) In any of the dupl exers described
in 12) through 34), the |ast one of the dual -node type surface 10 acoustic

wave i1 ers dikd e 0l gt ane oL L9, SLILACE100USKLE waKS (d ey has

a bal anced out put resent 1 nvention also provi electronlc
devi ce that ititd Lfa%%SSa%lla%t@ﬁﬁé on Whprexépret ﬁétowns?l difeted ¢o the
antenna; and reot reaaiessi oe 1grsyatienvandha ﬂ@@%ﬁUSMEﬁacﬁsﬂﬁﬁfEﬂeare

connected to the duplexer this el.ectroni ¢ dev |ce th plexer S one
of the duplei%?@p%eg%%lrgﬁ %g] S rel(go%ﬁﬁé: il h%plexer

conpri si n§: tWﬁﬁsﬂhi@%e6%c@mﬁ|Q9M@M@ ﬁhnﬁ?&dtﬂnﬂmrﬁw@ 5 dlfferent band

center frequencd e AffhédPPaser MBLSHI BOgehuRE sutltalcdmtahes the-Ph@ses of
the two surface acoustic wave fi ters to each other, one of the two surface

acoustic wavet$51% r%nb%?%ge%t%aad@PrF9ﬁ@ -sut P aL BT BREESEFL NRQFESE it
while 10 t he gtdwerdonel eddihge pabtsunbabeaaocdushiec thawe: fdrttter s |nclud|ng a

plurality of d fﬁ%tyPQ ﬁH Lageqagoug hC Ve fH‘h %?%%?ﬁ
parallel. 2. The dﬂP exer as c alne ?n o W% Wher %L%) pIurallty
of dual - #8de Cf@pfeh%uﬂ%% %relaagwenwaveWWt@?@fﬁfa‘@@larsﬁﬁ@heoénaé@ out put .
3. The dupl exesadsng | patedrns 87ai shdnldhaseken at he qynurcd 1200 qfm dssal - node
type surface(£8£¥§é£c wave 20 filters have a bal anced output.
Fig. 32 shows the stop-band suppression on the
high frequency side of each of the duplexers of the
15 fifth embodiment and the thirteenth embodiment. As the

grounds are further reinforced in the thirteenth

embodiment, the stop-band suppression is also further

increased.

20 (Fourteenth Embodiment)

Fig. 33 shows the wire bonding layer 62, a die-
attach layer 63D, and a section of a duplexer in
accordance with a fourteenth embodiment, as well as the
wire bonding layer 62, the die-attach layer 63, and a

25 section of the duplexer of the fifth embodiment as a
comparative example. The fourteenth embodiment is the
same as the fifth embodiment, except that the die-
attach layer 63 is replaced with the die-attach layer
63D. A ground pattern 108 formed on the die-attach

30 layer 63D has leading patterns 106 and 107 extending
from the die-attach unit 70 that is the same as that of
the fifth embodiment. The leading patterns 106 and 107
are connected to the vias 863 and 864, respectively,
which are connected to the corresponding wire bonding

35 pads. In this structure, the ground pattern 108 is
connected not only to connection paths but also to the

external connection terminals (side castellation) of
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4. The duplexer as clainmed in claiml, wherein the | adder type surface
acoustic wave filter is provided for transmssion, while the plurality of
dual 25 node type surface acoustic wave filters are provided for reception
5. A dupl exer conprising: two surface acoustic wave filters that have 30
di fferent band center frequencies; and a phase matching circuit that

mat ches the phases of the two surface acoustic wave filters to each ot her,

f the t t] fil i der type surface
SCousti ¢ vave T idE ERASRUR Lo 9YEs  ACCE-AERDRYT, LAY EEALNES B (TFe
wave filters @Rl leWey Baprupdl the ehigudlo- wode hy phusthdénceednbascied. wave

filters conneniethi® panattel a LhegerSAumbeR! WralddnnLft idalpmde type
surface acoustjc wave fiiters scade 6. Th% dupl exer as clainmed in

being c d.
claimb, wheraif 5 rHe ot her Bhs 6gntﬁ8rpﬁ8a§5r95§% SCoET W have filters
i s formedoby Raistadifgrewolduat- bdegrypedsurffacdeadonsti cfamveof ither s
connected in paygléel . 7. The duplexer as clainmed in claim5, wherein 10

the | ast one of the dual-pode type surface acoqustic wave filters connected
in parallel have a]§V%QI%AT§RE%Fo%@%u%toBTbQHQ AUpPERES 1Y @Waﬁﬁéﬁ in claim
5, wherein 15hidie fasqueneyotitibecduahchnde type dswlfeacs Acusthe wave

filters conn i e bal tput. 9. The dupl exer as
clainmed in cﬁg?ﬁgg,&%ﬁgég+%§éOgﬁﬁetﬁgdggﬁggggg%guFﬁggg%g53ﬁ§ti%Swg € filter
is provi d@d forounrdnsaresfenthani reirherredginudingalfopedgsirgdh dual - node

type surface aénausinenwavenéi ktepsprang BuRYreediber irecaRid Mirther
increased.

(Fifteenth Embodiment)

15 Fig. 35 shows a top view of a die-attach layer
63E, a top view of the common ground/foot pad layer 65,
and a section of a duplexer in accordance with a
fifteenth embodiment, as well as a top view of the die-
attach layer 63, a top view of the common ground/foot

20 pad layer 65, and a section of the duplexer of the
fifth embodiment as a comparative example. The
fifteenth embodiment is the same as the fifth
embodiment, except that the die-attach layer 63 is
replaced with the die-attach layer 63E. A ground

25 pattern 110 formed on the die-attach layer 63E has
leading patterns 111 extending from the die-attach unit
70 that is the same as that of the fifth embodiment.
Each of the leading patterns 111 is connected to each
corresponding via 112. The vias 112 are also formed in

30 the phase matching line pattern layer 64, and one end
of each of the vias 112 is connected to the common
ground pattern 76. In this structure, the ground
pattern 110 is connected to the common ground pattern
76 through vias 112, so that the grounds of the lower

35 face of the chip 69 can be further reinforced. The
common ground pattern 76, which is a solid ground

surface, is connected to external connection terminals
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25 10. The duplexer as clained in claim1l or 5 wherein the | adder type
surface acoustic wave filter has series-armresonators connected to a
common term nal of the duplexer. 30 11. The duplexer as clained in claiml
or 5, wherein a rise of the pass band of one of the two surface acoustic
wave filters at least partially overlaps a fall of the pass band of the

ot her one of the two surface acoustic wave filters. 35 12. A dupl exer

conprising: t i C e-filters that, have - 55 di fferent
band cent er P&%ﬁﬁ%ﬁ%ﬁ%@?ﬁéﬁgféﬁpgﬁgﬁ %éld%?néh%i?ﬁh??'tﬁ%ﬁuﬁhtEﬂgs t he
phases of thetawndurdhcehacbousercfaaeecfi ther shtip é&clzant ey, the two
surface acousgdic, tewwe=dilters and the 5 phase matching circuit being housed

in a |l am nated pac e, d one of the two surface acoustic wave filters
bei ng a | adder typé%ghrﬁggéﬂﬁ%ﬁ%s?ﬁ% WeR P eF UPRRFPE1PRe OBt K& one of
the two sérf atighacustuenapveide | versadb bhckbdi ngpdresears roff eclthial - node
Lype surface Seaustd g, ageld | 154 ScRONBEELEANIA RALBI Hancl3. aThG dupl exer
as clainmed in claim12, erein the phase matching cyrcuf& is fornmed by a
line 15 patt&FPunds afe byptleserrainErarftdinntékaifmftzentterei n t he phase
mat chi ng ci r amdodnerithe ohdestopebahdt Bappwessibhade aeoudid:c wave filters
is formed by.q#%%éé@ pattern that has a length of 0.25 Ato 0.34 h, A
representing:% e wavel ength of surface acoustic wave to be transmtted

t hrough tRe dual - node type surface acoustic wave filters. 25 15. The

dupl exer as cl{sip@echnth ct@bsdddentherein: the other one of the two surface
acousti c wave filt%{s h a structure in and second dual node

. ich firs
type surface acousti’® walle ¥5 13 dHPEofiett BV h"30t P&r SPPBFCAr @ Sascaded:
and between the chip 69 and the wire bonding pad layer 62E

of a duplexer in accordance with a sixteenth embodiment

15 of the present invention. In this figure, the same
components as those of the foregoing embodiments are
denoted by the same reference numerals as those of the
foregoing embodiments. Each of the duplexers in
accordance with the fifth through fifteenth embodiments

20  includes the DMS filter 80 of the single-output
structure shown in Fig. 8. The duplexer in accordance
with the sixteenth embodiment, on the other hand, has
the same structure as the structure shown in Fig. 11.
More specifically, the duplexer of this embodiment

25 includes the DMS filter 55 of the balanced output
structure. To achieve a balanced output, the
connections shown in Fig. 14 are changed to the
connections shown in Fig. 37. The wire bonding pad on
the chip side, which is connected to the connection

30 paths 7510 and 75;1 in Fig. 14, is divided into two pads
in this example. The connection paths 755, 754, and
7510 establish the connections with the reception
terminal 16 shown in Fig. 11, the grounds of the second
stage (the stage formed by the DMS filters 51 and 52)

35 of the DMS filter 55, and the reception terminal 46.
The wire bonding pad on the chip side, which is
connected to the connection paths 7530 and 75;; in Fig.
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a pattern for making a ground common between the two dual -node type surface
acoustic wave filters is forned on a |ayer other than internedi ate | ayers
in the | am nat ed package. 35 16. The duplexer as clained in claim 12,
wherein: - 56 the other one of the two surface acoustic wave filters has
a structure in which first and second dual node type surface acoustic wave
filters connected in parallel are cascaded; 5 the | am nated package

contains a w bondi hg. r a S, st pad _and a-_second pad
formed ther eofn?’ Che ??gé{?g%agﬁggi Fl%]gc ﬁﬁ%ctlgidttth&%a e%raén HEof Tha T ot set
of dual - node $YPECSUFe ackhachasti padadésfshoensipyFhir e 1BEndiemyesarms t he

second p?d bet ing ﬁ@c@pﬂn@ﬁteglrh@nalgnevn@hggfb?;% %%faor%tgtsﬁkx?fesd;é@ -agode
type surface acoustic wave filters r ondi ng; an e fir an

sggond pads ﬁ%ﬁ% ?%nt%ﬁm%%ﬁ peﬁagnFRérghﬁgsp8% @R%Om??ﬁv%%nﬂ?nﬁﬁﬁad | ayer .
15 17. Thé dufpexerieas ceunhbedli A6cl aim 12, wherein: the other one of the .
t surface acoust iwg; fi a u i i.gh _fi secon
wo € gvaveg fi11686- Dass aaSLEHEL ggamgé\efho% g 8;%%%

dual node type surface acoustic wave filters connected in 2 are
cascaded; anﬁ“ﬁ?%ﬂ%d@ %@f?%%e@T?BFpﬁﬁdS§é€6ﬁ&rﬁualTﬁééedPVé€X§ﬁTface
acoustic waveirdcludes arweinadeondimygnphy aakiersk2lFayernthabnhe¥s drie upper

surface of t | ) a a econd | r. that forns a 25 compn
ground. 18. ?ﬁé'ﬁﬂ%$§§§€l§§8%|%?%eggfﬁe§|%3wﬁf§?¥ﬁﬁé¥%3ﬁ33thg ot her one of
the two $8rf HROGULPNE $ROEN 30N Figer $4has fodthowst-ur 8henwiksiech first and

second dual nusendype 1S4 f @cer REOURE pCsnaee fhliter s scoedadd nparad | el
o2 caseadede A A (41 oty png fod 3 3bcnd padeate Bt iSoMELRY 1o
into two pads in this example. Also, the connection
path 755, establishes the connection with the reception
15 terminal 46 shown in Fig. 11.

Fig. 39 illustrates another example of a duplexer
having a balanced-output structure. This duplexer
includes a wire bonding pad layer 62G. The connections
in this duplexer are formed by modifying the

20 connections shown in Fig. 14 as follows. The wire
bonding pad on the chip side, which is connected to the
connection paths 75;, and 75;; in Fig. 14, is divided
into two pads in this example. Also, the connection
paths 759 and 75;p establish the connections with the

25 reception terminals 16 and 46, respectively, shown in
Fig. 11. Further, the connection paths 75;; and 75
form the grounds of the second stage of the DMS filter
55.

It is of course possible to modify any of the

30 duplexers shown in Fig. 37 through 39 so as to achieve
any of the features of the sixth to fifteenth
embodiments.

(Seventeenth Embodiment)
35 Fig. 40 is a block diagram illustrating an
electronic device in accordance with a seventeenth

embodiment of the present invention. This electronic

- 41 -



35 surfaces of the | am nated package, the first pad being connected to a
ground of the first set of dual-nbde type surface acoustic wave filters by
wi re bonding, and - 57 t he second pad being connected to a ground of the
second stage of dual-npde type surface acoustic wave filters. 5 19. The
dupl exer as clainmed in claim12, wherein each [ayer contained in the

| am nat ed package has a ground pattern that is connected to a ground

term nal for Qvf@eafsOgt§5r§§éiém§e?gphgﬁelagh%at?P package. 10 20. The

dupl exer as clained in cl Each Tt redi at e | ayer contai ned
in the Iamluﬁ%ﬁpi%kﬁ%g@nﬁé@C@PB#GOnéY§§?mepﬁ tthet Hoy ted orinebegione a

ground ter i npd immdmnm@ owber mf@@@e@fsﬁbacka%@a%%@hp%%k%gﬁ and
each ground p ition as avoi d overl apping a

5@% o esclted Int 5 % 5#
signal line pa eer o?ne% Of Tha FQHPHSt G p3lR4ge £2F bondi ng pads
connect ed 5t o $HeP DD s¢ghadn| phethat deanwingl. The dﬁptbnedu@iaMGmSﬁufln

claim12, \Ahetfreénf @1 MO SHbEASReABRUSLI erpaVS d literts,

different ba 0 @§o M\@uencles gre fornegM?n%g ch |p eﬂgy one of
the two surfgﬁﬁﬁﬁgﬁﬁ%?lﬁ VelRiFters4fas a structure in mhlch tmo

dual - node type surfldce momoustie wavepliohéetsctodsechedri n parallel are

cascaged,, and 0 fo B ounth O o6l 0 3bNCShB0RS 218 MR COMLA A 1o

| am nat ed pac age exce réxer as <l dl
further &8nprish m%ﬁﬁ%¢$|f%@q%ﬁPEYﬁhaﬂltoﬂﬁg t hehenBFofantiise 1\ sur f ace

acoustic waveirddli®ss; arngneesesondichihpatpakxker mishe pthar-esof the two

- o8 amplifier 183, an interstage filter 184, a mixer (a
multiplier) 175, a local oscillator 176, an interstage
filter 177, a mixer (a multiplier) 178, an interstage

15 filter 179, and a power amplifier 180. An audio signal
from the audio processing system is modulated by the
modulator 171, and the mixer 178 of the RF unit 170
performs frequency conversion (mixing) on the modulated
audio signal with an oscillation signal of the local

20 oscillator 176. The output of the mixer 178 is then
sent to the duplexer 174 through the interstage filter
179 and the power amplifier 180. The duplexer 174,
which is a duplexer in accordance with the present
invention, includes a transmission filter 174,, a

25 reception filter 174,, and a matching circuit (not
shown). A transmission signal from the power amplifier
180 is sent to the antenna 173 through the duplexer 174.

A reception signal received at the antenna 173 is

sent to the mixer 175 through the reception filter 174,

30 of the duplexer 174, the low-noise amplifier 183, and
the interstage filter 184. The mixer 175 receives an
oscillation frequency from the local oscillator 176
through the interstage filter 177, and then converts
the frequency of the reception signal, to output the

35 converted frequency to the IF unit 172. The IF unit
172 receives the signal via an IF filter 181. A
demodulator 182 demodulates the signal to output a
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surface acoustic wave filters, wherein: the other one of the two surface
acoustic wave filters has a structure in which two dual -node type 5 surface
acoustic wave filters connected in parallel are cascaded; and a ground of
each of the stages is made common in the | am nated package except the
chips. 10 23. The duplexer as clained in claim12, wherein: the | am nated
package contains a layer that fornms a conmon ground; and the comon ground

i s connected n i,qn . ter s..formed on_outer rfaces
of the |an1na§§%8%%§ ggé %ﬁgggg%§§%ngegtl5hebéﬁgl%(ﬁ%&%ﬁo%l%?d%ygﬁ?Waces
of the |ani nat®@tpakREge-and vias formed in the |aninated package. 20 24.

The dupl exer as C|a@@ﬁﬂhénc@ﬁﬂtﬁlégtléﬁeaéb@cetBﬁo%%h%%.QQ. 0f4¢ he two
surface acoustijc ructure in which first and. second

dual node type" sﬁ%¥§%3 30888 5eﬁ693 ?FFt@F§§@6ﬁhé%T%%PW%P@5 oarattertare
cascaded; 2t hefl hreénackdrpatkagetdont aiind &icdmpowegr aunchbayety aad t he
common groundbéaygﬁlgggda first common ground pattern that fornms a ground
surface for the first s 30 of dual -npde type surface acoustic wave

filters, and a secéﬁﬁac h ?6%Hﬂhp§FY%Pﬁe?H5P £EORS idegytsunt sihg ace for
the second setrefedualnupdeibypraser baeee aecustibedvave fdt!ermmowadk25. The

dupl exer as cLal npdo LOn! FhUbA: oWNELCHy Wihi AN W GhPagkage contains a

first la%%r teﬁéoéiments, but may have other various embodiments.

As described so far, a duplexer with improved
power durability and filter characteristics, and an
electronic device that employs such a duplexer, can be
realized in accordance with the present invention.

15 Finally, the structures, functions, and effects
of the present invention will be summed up in the
following.

1) The present invention provides a duplexer
that includes: two surface acoustic wave filters that

20 have different band center frequencies; and a phase
matching circuit that matches the phases of the two
surface acoustic wave filters to each other. In this
duplexer, one of the two surface acoustic wave filters
is a ladder type surface acoustic wave filter (denoted

25 Dby reference numeral 32 in Fig. 4, for instance), while
the other one of the two surface acoustic wave filters
includes two or more dual-mode type surface acoustic
wave filters connected in parallel (denoted by
reference numeral 33 in Fig. 4, for instance). The

30 ladder type surface acoustic wave filter excels in
power durability and exhibits steep falls. The other
surface acoustic wave filter, which is a coupled dual-
mode type surface acoustic wave filter, not only
exhibits steep rises, but also achieves excellent

35 filter characteristics with reduced insertion loss and
greatly improved power durability, by virtue of the two

or more dual-mode type surface acoustic wave filters
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has wi re bondi ng pads fornmed thereon, and a second | ayer that is forned
over the first layer and has a ring-like ground pattern; and pads to serve
as grounds anong the wire bonding 5 pads and the ring-like ground pattern
are connected with vias forned in the | am nated package. 26. The dupl exer
as claimed in claim 12, wherein: 10 the | am nated package contains a first
| ayer that has wire bonding pads forned thereon, and a second | ayer on

whi ch the ph kng_ Cj Kt ks for ; fi I r .al so _has a
phase mat chi ﬁ%&é@%ﬁ% ?%r%égg?%ggéongugﬁgei%g?ﬁé %Egge%)[r%t clﬁllpnréwpel rcuit
formed on theP?Vestdungletlisyecohhectdedltraodee typas sundiadts meeistict forned

OR tge lsecondﬂé@dffilbﬁﬁggbaﬁ Méa%%@égﬁd b 'Ft![&% |f%rf@]9'rﬁate%%p okage. 20 t27-
The dupl exer as_cl aj in clai erei n_the phase matching circu
f ormed on theg¥??%t5€%§%rg?gL85gh8cP8dCPB“&ﬁ&e%nFé? FPEAken a common
termnal &f thermiupsbkerfandet Hepiwsesurface acoustic wave filters. 25 28.
The dupl exer as C'%h”e@h%nﬂw&“dF1%%ré”&ﬂé§Iho&QStggésﬁuEEEEQ!ng circuit

i t

formed on the first layer has_a line pattern; an e viais forned in
the |ine pat t¥FMSDYC ThHES dipl BREP H8SEFaPRed 1t 1ol Maw TBVSuierein: the

| ami nat ed packﬂ@@l@e@ﬁ@é@Soatﬁht$tabayﬁbwﬁni&5EW@LCm,tMbﬂﬂﬁﬁfTiﬁﬁfhlngd
circuit is fornmed, and S n Q Il round is fornmed;
and the conmon grou%d i@eaﬁt(r%%n%elld%%loﬁrresuc %%%%?tfgﬁg?gggfaceas to cover

the entir€ s@FAeet b vavephhdberfit BAVngader eubplanced output, as

shown in Fig. 6, for instance. With the balanced
output, an electronic device in which the duplexer is
employed, as well as the electronic circuit in a stage
after the duplexer, can be easily designed.

15 4) In any of the duplexers described in 1)
through 3), the ladder type surface acoustic wave
filter may be provided for transmission, while the two
or more dual-mode type surface acoustic wave filters
may be provided for reception. With this structure, it

20 is possible to realize a duplexer having such filter
characteristics that the falls of the pass band of the
transmission filter are steep, the rises of the pass
band of the reception filter are also steep, the
insertion loss is greatly reduced, and the power

25 durability is greatly improved.

5) The present invention also provides another
duplexer that includes: two surface acoustic wave
filters that have different band center frequencies;
and a phase matching circuit that matches the phases of

30 the two surface acoustic wave filters to each other.
In this duplexer, one of the two surface acoustic wave
filters is a ladder type surface acoustic wave filter
(denoted by reference numeral 32 in Fig. 8, for
instance), while the other one of the two surface

35 acoustic wave filters includes two or more dual-mode
type surface acoustic wave filters (denoted by
reference numeral 34, 35, 51, and 52 in Fig. 8, for
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30. The duplexer as clainmed in claim112, 5 wherein: the | am nated package
contains a first |layer that has wire bondi ng pads forned thereon, and a
second | ayer on which a phase matching line pattern for form ng the phase
matching circuit is fornmed; and 10 the wire bondi ng pads include wre
bondi ng pads that are connected to both ends of the phase matching |ine
pattern through vial formed in the | am nated package. 15 31. The dupl exer

as clained in ' : LD e ' ed_package contains a |ayer on
whi ch a die-gf%%%%ﬂ%%ftcls %%#%%d%ptﬁé%gaggEOrfgget Coddt M NaE FiTters
bei ng nount ediaste thereli sunf2eehaopustiandage fhe téire- Metiash anddadms. a

large area thanH hale ddastad€asbnRBet €8hP that shippb?R sl W swd ,
acoustic wave_filters. 32. inclaim31, 25 erein:

3 The dupl exer as,cl ai_ned
the die-att acﬁrF‘?.ﬂﬁetn%sb"i‘%%%lihkﬁ% f)lg?t E?ﬁ%?‘%aaa Fggtﬁéaé‘i“ﬁ’g ER& (RAWRE are
connect ed5t o domatectiton phat tise f peoedt bonsiEdéteur facedeoff Urtthdmni nat ed
package, eacQﬁgrngajeading patterns having a width of 200 um 30 or
greater. 33. The duplexer as clainmed in claim12, wherein: the |am nated

package contains a%ir$t [Faferupateds dpaclites bohdt hg parsotbesed

t hereon, and ensecHnrhd ayes ourfibcchaaodseiat waek Wil drss herymedh thﬁ t wo
surface acoust] fl . pbei e n the die -. 61 attach unit;
t he die-attacdéﬁﬁﬁéﬁz %%%%%@ @% ?gogﬁﬁgﬁb%ﬁ Fn%YB§d§u§§ﬁﬁﬁuf%%P%ﬁ%ﬁmds
among t héOwi rea sonid Hee paosonteebeghivi naradletd ps shewrarimdtien fackage
and 5 connection pathsthotped@p1sixde swdacesofid he) | a1 pat edppackage.

34. The dupl%ﬁ%&:%%éﬂé¥ t(%léhg §$géé2tyggeg8%?éce acoustic wave

filters connected in parallel may have a single-ended
output, as shown in Fig. 8.

15 8) In the duplexer described in 5), the last one
of the dual-mode type surface acoustic wave filters
connected in parallel may have a balanced output, as
shown in Fig. 11.

9) In any of the duplexers described in 5)

20 through 8), the ladder type surface acoustic wave
filter may be provided for transmission, while the
longitudinally-coupled dual-~-mode type surface acoustic
wave filters may be provided for reception, as shown in
Figs. 8 and 11.

25 10) In any of the duplexers described in 1)
through 9), the resonators of the ladder type surface
acoustic wave filter connected to a common terminal of
the duplexer may be series-arm resonators, as shown in
Figs. 4 and 8. With this structure, the impedance in

30 the reception band of the transmission filter is
increased, and the insertion loss of the reception
filter is reduced.

11) In any of the duplexers described in 1)
through 10), a rise of the pass band one of the two

35 surface acoustic wave filters may at least partially
overlap a fall of the pass band of the other one of the
two surface acoustic wave filters, as shown in Figs.
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10 the | am nated package contains a first |ayer on which a die-attach unit
is formed, with the two surface acoustic wave filters being nounted on the
die-attach unit, and a second |ayer on which a conmon ground is forned; and
15 the die-attach unit is connected to the common ground through vi al
formed in the | am nated package and connection paths formed on side
surfaces of the | am nated package. 20 35. The duplexer as clained in claim

12, wherein tf@A & POE. OfTéﬂg fgaénng gméygeo%u ace 38 %%%;'mave

fllters in the ot er one’ of WO~ sur acousti'c has a
bal anced out pe@twesn3ghe ppaspebendai ofdéhiec & weomifsiary:acousint enmaye a
dupl exer thatfist&ponected to the antenna; and a transm ssion systemand a
reception systemt are connected to the duplexer, 30 the dupl exer

i ncluding two surf aco\fs e e lfri‘f‘ﬁrétrjsorha%ﬁ@ BFPY&F8Rt YB&nd center
frequenci s, amdtlzephdsplarechihgtciinclutekor twat chinfh ddea phasesc of t he

two surface agoustieiveye éhgfceﬁavgoa\%%@r%me&yafn%ﬂ%eor&ee Of the two surface

acoustic wave filters being a | ad 5 surface acoustic wave filter,
whi l e the ot h%?e%%%n%%eﬁheaﬁ%asehﬁéeemaéﬁ d{i9c SAerralif | thats makthe$ ng a
plurality of ﬂmalpM@d@styﬁetﬁurEa@esurﬁace aaerustiic wexe filt&rs gonnect ed

X piiéak'si' As (U MR LHEGT ns TRE( RO, RUFABLAGH NS TAS As. As
. Ash. As{ 1R {. %%V%s@ll\%e;t\% andAtNeABD2AS. mgtAhlmg Ringuin {ar (housad. A . A (

CALLA (LA L ALLALS . DOnmPhE £ 8d. PacRbgh9qdBhofe dAbALrAld rdiBe Ad(mRY 11 HEY <E8! ;
|]|&& |2R2|99U

<~yt oj e_7] cal® &}%a] ta] chPEaf RAFRAFEAT cafRq] @R af BE] E4PCSPCAPSRa] ca] ca] ca] ¢
a] ca]ca] ca] ceca)etacaivéalftaieabcta & i@MEICEyI=]I NNSS dddIZ7d sty k&=nr
rrszz R ave_filter (denoted by refe ce nu 1
e e el el ea o)l el el Rl edl e TRl A sl el e
+5GHDNV' ?@:Fle]é\w.s}t(sa:n wad] f:‘a}ta]:sa]ma]ma]aea]atta]l@aa]sta]d?ﬁs] cadtcajeal ca)l cal ca]

pxent Sa]zfﬂ:a?l T e LR R PR AR T e e v ca cal

a]ca]calcalc séaq%%%%r]l%%] raTenRéal RFARNS 35 or reference numerals

nv##() H R 11231<Szm&i 73] caleajca) cqa] eafcahedheakgalealetc cad cal caj caj cal ¢
a] cal ca] 251 claalf,fl a] ca] ca] ca] ca] ca] ca] ca] cal 2890@Qr@GOG-NNUV7] Al dd' | 1l Ls
Vszz<~F~ @xsnl ~“Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca] ca] daj)callvaltda] cajrda=ca] o ol e W8y | Belh-=Gs&dpkanied 7] ] ca]
ca] ca] ca] ca] Q@d@@lm; ca] sad ca] sajcakcabeakaabakealical ¢alical gal cad cal cal cal

Xﬂeﬁﬂgﬂ ga]Z]S?L aﬂ:a%c%] chfRa] E&F cAEhPRSFca] 28] Bal LBFcRPEAEEHR] ca] ca] ca] ¢

a] ca] ca] ca] cd]i;@@bya] calea$ ca] catcal tanHin! prGBLOY @8a(l)i-t4(, stable
P‘@&low#%g&f(ﬁiﬁ%éf{cﬁéﬁgg@éfiétics can be obtained.

14) In the duplexer described in 12), the phase
matching circuit for the other one of the two surface
acoustic wave filters may be formed by a line pattern
that has a length of 0.25 X to 0.34 A, with A

30 representing the wavelength of the surface acoustic
wave to be transmitted through the dual-mode type
surface acoustic wave filters.

15) In the duplexer described in 12), the other
one of the two surface acoustic wave filters may have a

35 structure in which two dual-mode type surface acoustic
wave filters connected in parallel are cascaded, and
the grounds of the dual-mode type surface acoustic wave
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this structure, the stop-band suppression can be
increased. This structure is embodied by the fifth

5 embodiment, for instance.

16) In the duplexer described in 12), the other

one of the two surface acoustic wave filters may have a
structure in which two dual-mode type surface acoustic
wave filters connected in parallel are cascaded, and

10 the laminated package may contain a wire bonding pad
layer that has a first pad and a second pad formed
thereon. The first pad is connected to the ground of
the first set of dual-mode type surface acoustic wave
filters by wire bonding, and the second pad is

15 connected to the ground of the second set of dual-mode
type surface acoustic wave filters by wire bonding.
Also, the first and second pads function as independent
grounds on the wire bonding pad layer. With this
structure, the stop-band suppression can be increased.

20 This structure is embodied by the wire bonding pad
layer 62 shown in Fig. 13B, for instance.

17) In the duplexer described in 12), the other

one of the two surface acoustic wave filters may have a
structure in which two dual-mode type surface acoustic

25 wave filters connected in parallel are cascaded, and
the grounds of the first and second dual-mode type
surface acoustic wave filters may be made common by a
first layer (denoted by reference numeral 67 in Fig.
137, for instance) that forms the upper surface of the

30 laminated package and a second layer (denoted by
reference numeral 76 in Fig. 13E, for instance) that
forms a common ground. With this structure, the stop-
band suppression can be increased, and adverse
influence of external noise can be readily avoided.

35 18) In the duplexer described in 12), the other
one of the two surface acoustic wave filters may have a

structure in which two dual-mode type surface acoustic
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first pad (denoted by reference numeral 80 in Fig. 13B,
for instance) and a second pad (the pad connected to
the connection paths 7530 and 75;1) may be both

5 connected to external connection terminals formed on
outer surfaces of the laminated package. 1In this
structure, the first pad is connected to the ground of
the first set of dual-mode type surface acoustic wave
filters by wire bonding, and the second pad is

10 connected to the ground of the second set of dual-mode
type surface acoustic wave filters. With this
structure, the grounds of the duplexer can be
reinforced, and the inductance components can be
reduced. Thus, the stop-band suppression can be

15 increased.

19) In the duplexer described in 12), each layer
contained in the laminated package may have a ground
pattern (denoted by reference numeral 70 in Fig. 13C or
reference numeral 89 in Fig. 13D, for instance) that is

20 connected to a ground terminal formed on an outer
surface of the laminated package. With this structure,
the grounds of the duplexer can be reinforced, and the
inductance components can be reduced. Thus, the stop-
band suppression can be increased.

25 20) In the duplexer described in 12), each
intermediate layer contained in the laminated package
may have a ground pattern that is connected to a ground
terminal formed on an outer surface of the laminated
package, and each ground pattern may be located in such

30 a position as to avoid overlapping a signal line
pattern formed on the laminated package and bonding
pads connected to the signal line pattern. With this
structure, the capacitance components can be reduced,
and improved impedance matching can be achieved. This

35 structure is embodied by the fifth embodiment, for
instance.

21) In the duplexer described in 12), the two
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surface acoustic wave filters having different band
center frequencies may be formed in a chip. Also, the
other one of the two surface acoustic wave filters may
have a structure in which two dual-mode type surface
5 acoustic wave filters connected in parallel are

cascaded, and the ground of each of the filters may be
made common in the laminated package except the chip.
With this structure, the stop-band suppression can be
increased. This structure is embodied by the fifth

10 embodiment, for instance.

22) The duplexer described in 12) further
includes: a first chip that forms the one of the two
surface acoustic wave filters; and a second chip that
form the other one of the two surface acoustic wave

15 filters. 1In this duplexer, the other one of the two
surface acoustic wave filters has a structure in which
two dual-mode type surface acoustic wave filters
connected in parallel are cascaded, and the ground of
each of the filters is made common in the laminated

20 package except the chips. With this structure, the
stop-band suppression can be improved. This structure
is embodied by the fifth embodiment, for instance.

23) In the duplexer described in 12), the
laminated package may contain a layer that forms a

25 common ground, and the common ground is connected to
external connection terminals formed on outer surfaces
of the laminated package through connection paths
formed on side surfaces of the laminated package and
vias formed in the laminated package. With this

30 structure, the grounds of the duplexer can be
reinforced, and the inductance components can be
reduced. Thus, the stop-band suppression can be
improved. This structure is embodied by the sixth
embodiment, for instance.

35 24) In the duplexer described in 12), the other
one of the two surface acoustic wave filters may have a

structure in which first and second dual-mode type
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surface acoustic wave filters connected in parallel are
cascaded, and the laminated package may contain a
common ground layer. In this structure, the common
ground layer has a first common ground pattern that

5 forms a ground surface for the first set of dual-mode
type surface acoustic wave filters, and a second common
ground pattern that forms a ground surface for the
second set of dual-mode type surface acoustic wave
filters. With this structure, the stop-band

10 suppression can be improved, and adverse influence of
external noise can be readily avoided. This structure
is embodied by the seventh embodiment, for instance.

25) In the duplexer described in 12), the
laminated package may contain a first layer that has

15 wire bonding pads formed thereon, and a second layer
that is formed over the first layer and has a ring-like
ground pattern. Also, pads to serve as grounds among
the wire bonding pads and the ring-like ground pattern
are connected through vias formed in the laminated

20 package. With this structure, the grounds of the
duplexer can be further reinforced, and the inductance
components can be reduced. Thus, the stop-band
suppression can be further increased. This structure
is embodied by the eighth embodiment, for instance.

25 26) In the duplexer described in 12), the
laminated package may contain a first layer that has
wire bonding pads, and a second layer on which the
phase matching circuit is formed. 1In this structure,
the first layer also has a phase matching circuit

30 formed thereon, and the phase matching circuit formed
on the first layer is connected to the phase matching
circuit formed on the second layer through a via formed
in the laminated package. With this structure, the
impedance of the duplexer can be adjusted at several

35 points, and accordingly, improved impedance matching
can be achieved. Thus, the insertion loss of the

duplexer can be reduced. This embodiment is embodied
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by the ninth embodiment, for instance.

27) In the duplexer described in 26), the phase
matching circuit formed on the first layer may be
connected to and interposed between the common terminal

5 of the duplexer and the two surface acoustic wave
filters.

28) In the duplexer described in 26), the phase
matching circuit formed on the first layer may have a
line pattern, and the via is formed in the line pattern.

10 With this structure, the impedance of the duplexer can
be adjusted at several points, and accordingly,
improved impedance matching can be achieved. As a
result, the insertion loss of the duplexer can be
reduced. This structure is embodied by the tenth

15 embodiment, for instance.

29) In the duplexer described in 12), the
laminated package may contain a first layer on which
the phase matching circuit is formed, and a second
layer on which a common ground is formed. In this

20  structure, the common ground is arranged in such a
position to cover the entire surface of the phase
matching circuit. With this structure, the
characteristic impedance of the duplexer can be readily
set at a desired value. This structure is embodied by

25 the eleventh embodiment, for instance.

30) In the duplexer described in 12), the
laminated package may contain a first layer that has
wire bonding pads formed thereon, and a second layer on
which a phase matching line pattern that forms the

30 phase matching circuit is formed. 1In this structure,
the wire bonding pads include wire bonding pads that
are connected to both ends of the phase matching line
pattern through vias formed in the laminated package.
With this structure, the total resistance value of the

35 vias can be reduced, and the insertion loss of the
duplexer can also be reduced. This embodiment is

embodied by the twelfth embodiment, for instance.
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35 acoustic wave filters being mounted on the die-attach
unit, and a second layer on which a common ground is

formed. In this structure, the die-attach unit is
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"10% & ()-1 Cs 35) In any of the duplexers described in 12)
through 34), the last one of the dual-mode type surface
10 acoustic wave filters in the other one of the two
surface acoustic wave filters has a balanced output.
36) The present invention also provides an
electronic device that includes: an antenna; a duplexer
that is connected to the antenna; and a transmission
15 system and a reception system that are connected to the
duplexer. In this electronic device, the duplexer is

one of the duplexers described in 1) through 35).
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1. A duplexer comprising:
two surface acoustic wave filters that have
5 different band center frequencies; and
a phase matching circuit that matches the phases
of the two surface acoustic wave filters to each other,
one of the two surface acoustic wave filters
being a ladder type surface acoustic wave filter, while
10 the other one of the two surface acoustic wave filters
including a plurality of dual-mode type surface

acoustic wave filters connected in parallel.

2. The duplexer as claimed in claim 1, wherein
15 the plurality of dual-mode type surface acoustic wave
filters have a single-ended output.

3. The duplexer as claimed in claim 1, wherein
the plurality of dual-mode type surface acoustic wave
20 filters have a balanced output.

4. The duplexer as claimed in claim 1, wherein
the ladder type surface acoustic wave filter is
provided for transmission, while the plurality of dual-

25 mode type surface acoustic wave filters are provided

for reception.

5. A duplexer comprising:
two surface acoustic wave filters that have
30 different band center frequencies; and
a phase matching circuit that matches the phases
of the two surface acoustic wave filters to each other,
one of the two surface acoustic wave filters
being a ladder type surface acoustic wave filter, while
35 the other one of the two surface acoustic wave filters
including a plurality of dual-mode type surface
acoustic wave filters connected in parallel, the
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10%1&()-1 s 1%43& (%he d%plexer as claimed in claim 5, wherein
5 the other one of the two surface acoustic wave filters

is formed by cascading two dual-mode type surface

acoustic wave filters connected in parallel.

7. The duplexer as claimed in claim 5, wherein
10 the last one of the dual-mode type surface acoustic
wave filters connected in parallel have a single-ended
output.

8. The duplexer as claimed in claim 5, wherein
15 the last one of the dual-mode type surface acoustic
wave filters connected in parallel have a balanced
output.

9. The duplexer as claimed in claim 5, wherein
20 the ladder type surface acoustic wave filter is
provided for transmission, while the longitudinally-
coupled dual-mode type surface acoustic wave filters
are provided for reception.

25 10. The duplexer as claimed in claim 1 or 5,
wherein the ladder type surface acoustic wave filter
has series-arm resonators connected to a common

terminal of the duplexer.

30 11. The duplexer as claimed in claim 1 or 5,
wherein a rise of the pass band of one of the two
surface acoustic wave filters at least partially
overlaps a fall of the pass band of the other one of
the two surface acoustic wave filters.

35

12, A duplexer comprising:

two surface acoustic wave filters that have
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()'@pgﬁdifferent band center frequencies; and

a phase matching circuit that matches the phases
of the two surface acoustic wave filters to each other,

the two surface acoustic wave filters and the
phase matching circuit being housed in a laminated
package, and

one of the two surface acoustic wave filters
being a ladder type surface acoustic wave filter, while
the other one of the two surface acoustic wave filters
including one or more dual-mode type surface acoustic

wave filters connected in parallel.

13. The duplexer as claimed in claim 12,
wherein the phase matching circuit is formed by a line
pattern.

14. The duplexer as claimed in claim 12,

wherein the phase matching circuit for the other one of
the two surface acoustic wave filters is formed by a
line pattern that has a length of 0.25 A to 0.34 A, A
representing the wavelength of surface acoustic wave to
be transmitted through the dual-mode type surface
acoustic wave filters.

15. The duplexer as claimed in claim 12,
wherein:

the other one of the two surface acoustic wave
filters has a structure in which first and second dual-
mode type surface acoustic wave filters connected in
parallel are cascaded; and

a pattern for making a ground common between the
two dual-mode type surface acoustic wave filters is
formed on a layer other than intermediate layers in the
laminated package.

l6. The duplexer as claimed in claim 12,
wherein:
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'10% & (

the other one of the two surface acoustic wave
30 filters has a structure in which first and second dual-
mode type surface acoustic wave filters connected in
parallel are cascaded; and
a first pad and a second pad are both connected
to external connection terminals formed on outer
35 surfaces of the laminated package, the first pad being
connected to a ground of the first set of dual-mode

type surface acoustic wave filters by wire bonding, and
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20. The duplexer as claimed in claim 12,
wherein:

each intermediate layer contained in the
laminated package has a ground pattern that is
connected to a ground terminal formed on an outer
surface of the laminated package; and

each ground pattern is located in such a position
as to avoid overlapping a signal line pattern formed on
the laminated package and bonding pads connected to the
signal line pattern.

21. The duplexer as claimed in claim 12,
wherein:

the two surface acoustic wave filters having
different band center frequencies are formed in a chip;

the other one of the two surface acoustic wave
filters has a structure in which two dual-mode type
surface acoustic wave filters connected in parallel are
cascaded; and

a ground of each of the stages is made common in
the laminated package except the chip.

22. The duplexer as claimed in claim 12,
further comprising:

a first chip that forms the one of the two
surface acoustic wave filters; and

a second chip that form the other one of the two
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. The duplexer as claimed in claim 12,

wherein:

the laminated package contains a layer that forms
a common ground; and

the common ground is connected to external

15 connection terminals formed on outer surfaces of the

laminated package through connection paths formed on
side surfaces of the laminated package and vias formed
in the laminated package.

20 24, The duplexer as claimed in claim 12,
wherein:
the other one of the two surface acoustic wave
filters has a structure in which first and second dual-
mode type surface acoustic wave filters connected in
25 parallel are cascaded;
the laminated package contains a common ground
layer; and
the common ground layer has a first common ground
pattern that forms a ground surface for the first set
30 of dual-mode type surface acoustic wave filters, and a
second common ground pattern that forms a ground
surface for the second set of dual-mode type surface
acoustic wave filters.

35 25, The duplexer as claimed in claim 12,

wherein:

the laminated package contains a first layer that
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26. The duplexer as claimed in claim 12,
wherein:
10 the laminated package contains a first layer that

has wire bonding pads formed thereon, and a second
layer on which the phase matching circuit is formed;
the first layer also has a phase matching circuit

formed thereon; and

15 the phase matching circuit formed on the first
layer is connected to the phase matching circuit formed
on the second layer through a via formed in the
laminated package.

20 27. The duplexer as claimed in claim 26,
wherein the phase matching circuit formed on the first
layer is connected to and interposed between a common
terminal of the duplexer and the two surface acoustic

wave filters.

25
28, The duplexer as claimed in claim 26,
wherein:
the phase matching circuit formed on the first
layer has a line pattern; and
30 the via is formed in the line pattern.

29, The duplexer as claimed in claim 12,
wherein:
the laminated package contains a first layer on
35 which the phase matching circuit is formed, and a
second layer on which a common ground is formed; and

the common ground is arranged in such a position
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g pads formed thereon, and a secon
layer on which a phase matching line pattern for
forming the phase matching circuit is formed; and
10 the wire bonding pads include wire bonding pads
that are connected to both ends of the phase matching
line pattern through vias formed in the laminated

package.

15 31. The duplexer as claimed in claim 12,
wherein:
the laminated package contains a layer on which a
die-attach unit is formed, the two surface acoustic
wave filters being mounted on the die-attach unit; and
20 the die-attach unit has a large area than that of
at least one chip that forms the two surface acoustic
wave filters.

32. The duplexer as claimed in claim 31,
25 wherein:
the die-attach unit has leading patterns; and
the leading patterns are connected to connection
paths formed on side surfaces of the laminated package,
each of the leading patterns having a width of 200 um

30 or greater.

33. The duplexer as claimed in claim 12,
wherein:
the laminated package contains a first layer that
35 has wire bonding pads formed thereon, and a second
layer on which a die-attach unit is formed, the two

surface acoustic wave filters being mounted on the die-
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attach unit;

the die-attach unit is connected to wire bonding
pads serving as grounds among the wire bonding pads,
through vias formed in the laminated package and
connection paths formed on side surfaces of the

laminated package.

34. The duplexer as claimed in claim 12,
wherein:

the laminated package contains a first layer on
which a die-attach unit is formed, with the two surface
acoustic wave filters being mounted on the die-attach
unit, and a second layer on which a common ground is
formed; and

the die-attach unit is connected to the common
ground through vias formed in the laminated package and
connection paths formed on side surfaces of the
laminated package.

35. The duplexer as claimed in claim 12,
wherein the last one of the dual-mode type surface
acoustic wave filters in the other one of the two
surface acoustic wave filters has a balanced output.

36. An electronic device comprising:

an antenna;

a duplexer that is connected to the antenna; and

a transmission system and a reception system that
are connected to the duplexer,

the duplexer including two surface acoustic wave
filters having different band center frequencies, and a
phase matching circuit for matching the phases of the
two surface acoustic wave filters to each other, and

one of the two surface acoustic wave filters
being a ladder type surface acoustic wave filter, while
the other one of the two surface acoustic wave filters

including a plurality of dual-mode type surface



acoustic wave filters connected in parallel.



