; e3er ULLMQ. Q T6UTr USPECI FI CATI ON DUPLEXER AND ELECTRONI C DEVI CE USI NG THE
SAME 5 FI ELD OF THE | NVENTI ON The present invention rel ates tammmmwmmmmmmw
usi ng a band-pass type surface acoustic wave filter. BACKGROU

| NVENTI ON 10 In recent years, as nobile comuni cation systens havegheen
devel oped, portable tel ephones and portable information term nals have been
rapidly spread. In this trend, manufacturers have been vying to devel op

smaller terminals wth higher perf syst ens 15 foj“m umm

t el ephones include both anal og sys?éﬁ@fgﬁ%ﬁgwt al systens, H M“ m“m“mm
frequency bands used in those systens include various ranges, suehsas an
800 MHz to 1 gz, éﬁ?ctﬁE@ O Grizrhandyr TRRQEGh the recent
devel opnent of porta Ie 20 t%ﬁ one e porta% | e ternﬁnals now exhi bi t
hi gh performance in a dual node (such as a conbination of an anal og node

and a di g6t alFimde, OFOITHE CINHENEEONN of two digital npdes: TDVA

(tine-division ml [ S). ngp e-di Vi s] ltiple cess))
and in a dual 25 bgh %5%%% %ina%%§$ é%%é%%ﬁﬂ? édg%ayexeg 5Stﬁﬁ band,
or a conbi natdi dRref-ERTO0-WE PantReddeeeusBicHave 811t8raHz). Under the

ci rcunst ances, parts used in those portable t el ephones have al so been
) panwhi | e, there have been 30

e ~e—port abl e tel ephones and parts. In
t hose potbabl e terﬁmnabyen¢UMGanaﬁsaﬂwmqhmﬁ&nanmmunxnmmumm pyahehneng and

generation ofy Signaleh b AlUplsxer ﬁ&f@%ié’ té‘fé?ﬁ@ﬁeé' Lhar ?o?‘@gb@ﬂe

i npedance 35 matching circuit., |n general |ters I nclude_a band- pass
filter, a bad@QQﬁWﬁﬁ%Qﬂ1??4W%ﬁal% A oNBERar#BhO6Y PREERIWOIRilters.
Fbmever duMummawtreﬁb marsh fyc sur ¢ Beehacousées wavagf tbt desehaye been
developed re talhy V, I hi nce.
Figs. 1A and%%%lH ustH%%gh§H§HEfP%uﬁ{%§§%nbgﬁkgr%gﬁg gPﬁ géégﬁggram

|IIustra@?ngﬂﬂﬁaRﬁﬁﬁﬁﬁlﬁei?ﬁeﬁhﬁﬁ%ﬁuﬂ%ﬁbvdeah@tF|gnaiBgsﬁ&ﬁéemﬁeaﬂﬁequency

charact eri stidigyiafalt hey sHEMELxeind | thé her §adhc$hewAdENukkE. ﬂaB,thb@%
absci ssa axi s |qd|cates t |ncrea5|ng toward whil e
(

he frequency
the ordinate > snfbﬁqﬁﬁ%é%ef?éh?%%s%é?%?%hsf¥§ ?ﬁc?gagbﬁ Mhﬁw& d) As
shown in Fi gGHZAbaaldjwm@@rl 19 Gzl ueled- @wWeHEi bards 12 and 13, an
' rrpegance mat chi ng T@l'rb%‘é'ht thk (r@f&iﬁ‘@flé\ﬁéldﬁﬁ@rﬁﬂ eﬂftgoetgpw as tlhe 1 d
16. te IngZSIr%%feﬁggne @W%EE@gﬁﬂQate%ﬁlngTs hgwlgkgu% t %rnkna s 15 an

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



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 transmssion, while the filter 13 is a filter for
reception, for exanple. Hereinafter, the 20 filters 12 and 13 nay be
referred to as the transmssion filter 12 and the reception filter 13,
respectively. In a duplexer for a 1.9 GHz band, for exanple, the difference
in frequency between the frequencjes F1 apd. F2 is_approxi mately 100 MHz. 25
The mat chi ng B0 UHIRGS, ST LG Yo7 5y bybheTEnBaPE| BEPE. HoVEAGPES f 1 om
degr adi ng t hedddrtery char actlere s | sa biepatlroihets Fhehchanaeteri stic

i npedance of dinddBle 12 With respect to the cormon termnal 14 will be
herei nafter represented by Z1, and 30 the characteristic_inpedance of the
filter 13 will be F&d&i-ndft &S it esleit ek e 2uch fa tfgPledgtenciidf a

Si gngl i nput tied ify @rnﬁlrtﬁzlcaiﬁﬁljlrérﬁ&rmnaétﬁérﬁiﬁgﬁﬁ-het Berchanaet effi zthiec

i npedance Z1 t ilte IS o] e-.characteristic inpedance

val ue of the‘%%ﬂ%ég% 56%5€&%%%1 ﬁ%,ggéﬁétﬁéecﬁg? étertstic i npedance Z2 of
the filter 1¥Fharagifemistienhdohasha deprleseron oeflie cieaph ofhawnbynyirt ue

of the matchimg CirgUidhd .addcid®a-akis ihaedyeasytpt arsy@eak, s F2, the
i npedance Z1 of the filter 12 %s reflectjon coe flcbent of and .i npedance

.1,
72 of the filt8ICRPTEE UG EELENT sTHE T hpetiBnts (BFuBTGiRate axis
char act et Dst iimdinfatre thyhammhdasimt ¢hel thal acteeasing egwakdio tAs f the

common t er m nal, Japanese; Ungxan %f@&gﬁtlﬁuphgfaaggnt S.£;8310979,

10-126213, and 2001-2678381 di scl ose dupl exers using surface acoustic wave
filters. Amorfd'd Hel 1R HhubIReI Fohsta Jelphnesel thekanl hedhpaednretbSH i cati on
Nos. 6- 31097 % efredk i H26 24 3nsuggest t haphavenenSconcaatchiing @i rcui ts.

Japanese Unexagned Rakent, Publ i catd on Ney; 4001- 267864 dLsqkoses a d adder
type surface acoustl ¢ wave | €r, a daual - npde type surfacé1 aCQUStI C
wave filter, Td T Higurs f¥2piehcys ceaelyi #ngbrdaswhr eneéscgericosségd pped
\é\/!thl a dupl ﬁx\ﬁive Aﬂisn%erl,a_m%wle@mﬂf@@@lnEap@ggFBalaui eahicer No. 11]; _3|40772
I scloses t a _conpl nat n_o er e rtace acousftic wave fillter
and a dual -ma)tlee%"ﬂ/eﬁécjseiﬁ'f%]gea%% I'g?coﬁg?i% %5@: ?ﬂﬁe 11eeg %oﬂﬁedaas a dual
band filter, fiifsteeadof trahgphexeion Aswshbanthe Figte2, 18 deplkexer that

uses a | addersiiRe: St ace OOUSH | CryBVELAhbi 8T Tt bpthrfLansppgsi on and
dder type surface

receptiop.is also known. Each resonator 20 in the 25

acousticg%av H%q§%§sﬂ?§“5$sf%dT%% € E%f?ﬁﬁ%da58u§§i5%ﬁave resonat or t hat

i ncl udes an itrMesrshiggdiadn tfansetceE? 24dander eéteptovas 22 1lard 23,sandw chi ng

the interdigi ; er ;21. [ v t chi circuits
ﬁé%FéJ@EVEEy. I%.a‘@%é%%ﬁ?&)QQFQaggﬁ? S oMo IR, k8

are 30 described i.n Japanese Unexa at ent ication s. 6-310979
and 10- 12621 %A & r dritri &t B Shiee r ek et FBRCREYt BREWSENt kECdupl exers are
not expl ai neddeyuatiaids Wl sand aF? atldesppyprivatéagelacomstzi.c wave filter

and a du?%'nnde tyﬁ@m§ﬂﬁﬁﬁ%ﬁﬁﬁx%§¥édﬁwaf félﬁfgvfﬁgd 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 represented by Z1, 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 F1, 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



35 described in Japanese Unexam ned Patent Publication No. 2001-267881, but
di scl osure has not been nmade as to the rel ationship between the power
durability required in a - 3 dupl exer and a surface acoustic wave
filter, and the relationship between the transm ssion/reception band of a
dupl exer and a surface acoustic wave filter. Furthernore, the surface
acoustic wave filter 5 disclosed in Japanese Unexam ned Patent Publication

No. 11- 340772f i s er}{)I oygﬂ on .cond]thi 0 hathonehof t he two band center
frequenci es i'd TWHY four® tTHESY sl%in}é"fcw’ as"the BT ASFSBAE 1Fhi s di scl osure
does not concemwedrrdielZxerf i thenhi tht¢helZhas athEinstiycandi es @or falls)
10 of afiltelaldadiod Neoharacher st es {ab! enbobnblseel gb e other
filter. In the duplexer shown In Fig. 2, the suppression of “the 1 ow
frequency bardPSanse r@céﬁi%fﬁf‘éﬁ’r 183 t haiteevat| psthBe pass band of

t he transhk ssiharddtdrerstlic liZnpesdaote StdDig €houls, canflonnterighence i s
caused in theg transm ssion 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 vYéPgNGFicddngxfpireterPalsitiy Rulkub¢ambae N9pe &arface

acousti c wave1foidztegr,1 0 26219, |4l o¥@o bot b7 peved i dunabil duylard s | ter
characteristics. The ove obhject.is achifjxs/fg%g%/ a dupl exer that 25
*h

i ncl udes: twootliF s HESUST e 195 e VEORF ¥R ent band center
f requencies; rard ixgihiayes mafagimgseiVnexamihad FatehésPubéiphases of the

two surface agUstd-cVRYR fddd emiz)efwhs@%@gt Lo tBLendURIEXGr . one of
the two surface acoustic wave filters is a | adder type surface acoustic

wave filter, A IhEOiHEE Dne IGPANTE R W AR dcdkeRtc wave filters

i ncl udes two Fotb Inwree: ichralNaDdE0 @ Y26 5818 T adesatossti &8 wadeeldi kipres connect ed
in parallel. d e ce; stic e fLlLt xgel s _in power
dur abi || i\% 3§U§§J%x%l Qll%s}é/tpls% %b&€af}§€8#heé o%l‘l\éu\%¥ gé?%a?&?%c%&é?iag%mve
filter, Whi cRIVSFIOURE Hudlefmdnd ypel 5errheeduepast cé raavé ffiat er, not
only exhi bit s stieefi ddsemvicd equinpedlsdriachi eupserxeel | BDtofilter

characteristi it r ;1 I I reat.ly Lngpt power
durability, g%%\?:ﬁret%e @%%%4%%%&% e]'g)‘g%%afegr%g%gt §8é gg‘rzégpgqgcousti C
wave filters o i tpar sdorev inat For t her avteddait hypke suwpeeeed power

durability, theudalc e tyipestrisges agasthsquaygpti kiergcean be |ocated

2 the fhpnt endLue frstesfage [11580 89,85, 60088t £, 50, g qon

termnal? of & e%eers bLoy ’
instead of a duplexer.

As shown in Fig. 2, a duplexer that uses a ladder
type surface acoustic wave filter for both transmission
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. | Ais a block diagram
illustrating the structure of a conventional duplexer; Fig. 1B shows the
frequency characteristics of the duplexer of Fig. |A 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 inventi Fi shows_the differences in_characteristics between
D T uctur o IR E SiD1% TN 19 (HrOUR 8 STVt ot behaviRg EhS DNE
filters conne:et]ectuqns;jarpalbeaiweém othé trdwmstiasesndrdupbéxen banacedr dance

with 25 a secong, m Pf 1} Xereiggﬁstgge‘g gnflgltg 7A illustrates

the circuit strué)t ure o avin ance output; Fig. 7B
illustrates the baIFé}ﬁélé‘&rﬁ\SPtr]ﬁjt thﬁ gursfaqs Lﬁs%ta%%c av vl és(éiaern
accor dance wdﬂso’i%@d hil rt w@mmmeﬁmm@dpp@ﬁ@ﬂt pPa¥eAth®RonFiNg. 9

shows the fil cterist f the d exer,jn _accord wi,ith t he
Third empodi el PSS il e b rrote TP chBR ERE PentEron E,
i nprovenent bangbwen3s diredhidncieni th twoi her éase tameleasulbgh ¢fs DVS

filters CO””G:Qutee%ﬂ'H?eﬁJ%r?é | elph i %llsje]lo'ishﬁ\’@ ddes fidt etogbaracheristics of
a->5 dupl ex i n accordance a fourth epbodi nent of tgﬁéﬁr sent

i nvention: Fi%P 5 strh W otrP?/l B?C%eﬂhﬁé?(@r r'ife5cd8rd ith a
fifth embodi menta ofilttheer priEeSent the nvlentaober Fsgici2Baild sa (plramwiviesw of t he

dupl exer, w tJ} the cap,beihg ¢ &ooved,
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,



Figs. 13A through 13F illustrate the layers contained in the | am nated
package of the duplexer in 10 accordance with the fifth enbodi ment of the
present invention; Fig. 14 shows the connections between the chip and the
wi re bonding 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 conpari sons between a | adder type surface acoustic wave
filter and a filter; 16 sh th haracteristics of dual - m)de 20
Lype: Sur f ace Btotit TeRIFTeT rorde Lipnt "5y i e a e har eRberird Lo idte | he
bottom face ofeduwed ommeerigraunddsoocinpadréayedy, ispenviedomote t op, of a
dupl exer in aggoy; W h i t .of e n 25
Figs. 18A througkﬁlglgte%l I%st\?laﬁ%% E%Pnp}géelrgﬁgoﬁgafnﬁgg Bh%ﬁ 'ih'bde Vcﬁjab:é
package of a SHFaS&r2G ¥ ekortrarRel i Ehra §@O@ﬁ€ﬁe§rr56dipﬁéﬁtll@fl t he
prgselnt | Bverturditiefidgre 19A 15 @h@!mpﬁ@e@dogowee aa@aas%urittlyr)g thayer 30 of
a dupl exer i C t obt b erbadi ment cof  the present

i nvention; quaaglg@daaen ay}y% a‘i;r}l%?ae%o%?lﬁsgbc wagongﬂte 5&d Iaélyg’ of the
dupl exer of Ijch:atm at}:.t'ghe 20ront | eidr ftles fhéSCrsCagB §tlrllil@tru¢@ dfe a 35
dupl exer in acGdEe v tiha dbmhdn epbedi ARNY ok fth@ Bh?ﬁ%&feﬂ nvention;
Fig. 20Bis a plan view of the wire bonding pad - | ayer of the

dupl exer of Fig. 20A; Fig. 21A illustrates the CII‘CUIt structure of a

dupl exer 10n &RIGTRIDRICRARTIGN t @t PHEnDRAWIRAS of the present invention; 5
Figs. 21B, 21C ang;21Dq( qsplaawmﬂmrwglfr@gpkgilﬁ whee bonding pad

| ayers that can be enpl oyed i n the dupl exer igs. 22A through
22E il |l ust ratsé:qq‘?é:‘i%ﬁlé? %oﬁ‘ﬂ%‘f%‘ﬂl‘?%a%h‘éupéﬁi‘ﬁét ed package of a dupl exer
in 10 accordance Wirtiky arIBeIsmcﬁnat It renifoch qeesvic pf cliheapt @septicBvemt i on;, Fi g.

22F is a bott V. natgd package of the duplexer in accordance
e

with the el eventh 22G is a section view of the dupl exer
in accordance withFige éﬂ é@éﬂ%r@ﬁﬁﬁjlmnvﬂlﬁloQ@ll dunlgraphushowi ng the

stability of ddierdahareed erd st f £cé npesiageecofatytberphasesnat ching |ine

pattern enplOyEd I%‘the as‘§¥§'¥ rﬂ%%&é&%“éhgfagﬁerlsglcs 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



20 the stability of the characteristic inpedance of a conparative exanple;
Figs. 24A through 24G illustrate a conparative exanple in relation to the
el event h enbodi ment of the present invention; 25 Fig. 25A shows the
reflection characteristics of the single DVS filter enployed in the
conparati ve exanple shown in Figs. 24A through 24G Fig. 25B shows the
reflection characteristics of the single DVS filter enployed in the

el eventh 30 enbaqdi nent, shown in Figs., 22A throu 22G, Fig. 26 shows an

i nsertion | oSYR i%ﬁ%ﬁ?&é???ghvél‘? c%p??%ﬁggi FRRPELIBENELETetFent h
enbodi nent shawsant Rirgent22At hrough 22G and t he conparative exanpl e shown
in Figs. 24A throu 24GH 435 Fi_0S.. 21 ; 7F | te_a dupl exer in
accordance with a ?\I%gl'f?%Ae%o& .%rreenqt?tl'(;%fnt B{llgé{gp%ée{t&lhéng%%%?og? 7 Fi g.
28 shows t he daesrdarste IWwisides? of i fHe ¢rReptnentfpft EheoPrerentifth

enbodi meny anch-idmeireception filter of the twelfth enbodinent; Fig. 29
illustrates atran%létio 30 sho e transiti

regi on; Fiqg.. th on, regi ons

(M) of the fifthidfodtient nd e HU Th SrboRimeRte s oy Ee
il lustrates tdee dieg-ret trmgtoteer of a dupl exer in accordance with a
thirteenth enbodi mgntysof 1t3ae dRIQYH dIwentl o r 28 Wehd 8sythg di e-attach
| ayer 10 of the fifth enbo irrenlnt as a (ﬁorr%a{(ative exgrrpl e; .Fig. 32 shows
the band rej &G Ethpression AR i GRS FReGuBhcy "SI FEPIF*ELcHOf t he
dupl exer 30i n aaceorddance witthh the fiftlh enidodhmebeenfhterbodiesents; Fig. 33
shows the w ri‘?n}é‘?ﬁdﬂd}g; | ayer, the die 15 attach layer, and a section of a
dupl exer in accordance with a fourteenth enbodi nent of the present
i nvention, as wel| Fdg-t Hé ¥ shdia mpnngerionheberveant b FAyEr, and a
chti on gf tH%cd@eexeirr@fbdﬁwirﬁgfpmen@pgknsﬂt EﬁéhauﬁQ?‘R%I‘ratiinVe exgrrpl fe;

Fig. 34 shows the staop-band su SSLon on t i-gh; frequency side o
cach of the dUNCERET Wb tEneat o FOCRALFF P E oA Poby et
enbodi mehbs; iFvgnt3®Pshows a top view of the die-attach |layer, a top view

of the comon ground/f0ot) pachlayes A @radnseshbRingf iApduphexer in
accordance\Mégkﬁﬁgfgg§§”ggkween 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



enbodi nent of the present invention, as well as a top view of the
die-attach layer, a top view of the commopn ground/foot pad | ayer, and a
section of the duplexer of the fifth enbodi nent as a conparative exanpl e;
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

enbodi nents; Fig. 37 is a plan view illustrating the connections between

the chip and .the wr ondi n ad 35_1 a dupl exer in accordance wth
a sixteenth empySdH ttb’b? CiLHgl%fee’%e‘ht— q,'en?{) Fig. 38 is a plan view
illustrating the Egg 21@oririelatstcrrw:dﬁethwmiltreui:thi ptandtthe wifr e bondi ng
pad | ayer of ”{é@of’cﬁar’i@@ #Leh eéex‘_eh’aha@ﬁB%Q%ﬁ%%tW oD thae

si xteenth enbo |rrent o present 1nvention Is a plan view

i |1 ustrating RURSSN T IHERAE I8 bet ween the chip and the wire bondi ng pad

| ayer of get anot hefrlg@(armjee, of1d,hearttupt EXedré rp}aa::@ovﬁeneesmbwmnt;he

si xteenth enbodlmrre1 of the resent mvg(tr]atig ergng atg %0 illustrates a
communi cat i o “device in 1"61 accor anccé i ayseven €en errbodl ment of the
present i nver&noeyeRESCRI PR GO I#E PREFERREDLERMBODI MENTS The fol | owi ng

is a description ofm?@ocymrttr&cgtgﬁwzzételp1@§eflétént/eet Laperw th reference
to the accompan Ci}avm ngs i rst odi rrgnt Fi il I ustrates a

dupl exer in é‘codé}adgtfc 11?589 eBO ?ﬁ%n? of FHBLSFELert i nventi on.
In Fig. 40 ttae:cs:am;almrpmnetm&n aslehosehatmbadymdescpifbédicare edemdt ed by

the sane refengnge nuperals as those for the conponents already descri bed.
The dupl exer 'shown in Fi 4 includes a | adder type surface acoustic wave
25 filter 32 and a |1&.,g|2[g2@d|1r§a|q %%We\ﬂl%a?fn‘%@% tyBenetiPflace acoustic
wave filter ?gﬁac]&l’ei‘@ | @fidetie typel sxie f ate acoustibaceawe thi lther e32ventd
transm ssion filter of. the dupl exer, and the |ongitudinally-coupled

dual - node type surjface acoustic wave filter 33 is a 30 reception filter.
These fillPers 32 afd B3 A4V Hid fegEhtobante€epf ekher @guéaEREs 1NOne end of

the | adder tyar&cwat@@@ wCONSthe ¥yayeehtht enbddimenggnnect ed to a comon
term nal 14, and t % I'%e; end is connected to,_an I?ﬁévid% Otfertt;genal (a
al

transmission 35 te 15 i 9eR e ST ohe et of S
| ongi t udi nal | gfoorgd eelr el ¢ nndteedqpeesgff abe nbeast metwiniadf ilitrer 33 is

connected to Jhe- LOMDL1858H Nah Ahe VEBeBeABRRCBIBBdiment, 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;



-9 circuit 11, and the other end is connected to an individual term nal
(a reception termnal) 16. One of the features of this enbodinent lies in
that the transm ssion filter is forned by the | adder 5 type surface
acoustic wave filter 32 having single-port surface acoustic wave resonators
20 connected in a | adder fashion, while the reception filter is fornmed by
the | ongitudinally-coupl ed dual -nbde type surface acoustic wave filter 33.
Herei nafter, the | adder pe 10 surface acoustic wave fllter 32 will be
referred to sinplyE &9tf%ﬁ&%@ﬂﬂﬁn?ﬂﬁcﬁpﬁ?¥¥%9n 350s3R8 Pheth

| ongi t udi nal |secaipl @d bt e fode tyéefSBtﬁaGﬁbadQMthCaW@NQHé|t€H 33 will
be referred t r 0 e reception filter
33 has a C|H§%§%é§%%c?€%%@$ﬂ ﬁﬁ P%é Pw%ikESe ﬁgog%gﬁggéce acoustic wave
filters (two dual - Fdde t%@@msfa%aet%@sitr@n%%omrﬁ@mnu and 35 in the

]gz_mloodi rregg shown i erl@ g. 3o4,srhﬁmlﬂwétﬁaﬁ@i@iéfdréglﬁﬁs%ﬁé%ﬁg ?dlh:ée SAV\é4
ilters and, are connected in_pa el. ch of the ilters
and 35 incIudggﬁgﬁr%é???&%ﬁﬁ?g??él9??aﬁ§8%?hbseTﬁgaépﬁ§Fter referred to as
| DTs) 36, 37, and 389.ard tiolusfrtatorshgodbamdadbachnleygr 4f wef erence
humeral s are cn;glélé]_oti@daé@owgn@@nmaﬁngstHErE@@n@MBe%éofdllﬁe%{t I for

conveni ence. The |IDTs 36,, 37, and 38 are arranged next to one another in
the transni ssitth REGSRR T ol 6$NELPT acdS atihist PE M@edl?hétﬁﬁqbeétad’r%r 39 and
40 are gﬂatlngfrmﬁéeﬁifts efilosd exanpl &s andomparatﬂa@ge&aa@ﬂagent to the

| DT 37 and 38, res Y. T QM§3 a styucture as
the DVS filter e tmnffﬁég%1ﬁger %- ﬁé%g§%$e§8éﬂﬁgggg§ |% paral | el
inthe foll omrg Tedher T e RN ®f %h@ec@ﬁbeﬁpkeo& EBEr §4@d exfesheln DT 36 of

the DVMB filtetc@hkdsn3ES wormeehedrt pronenaf thheteenbhl icke Rlierdides of the

| DT 36 of the DMS E"teﬁyééﬁu%ﬂg H?ggﬁlggnﬁﬁA&kg%ﬁggg%%gggﬁﬁgthc?Rgected

to one end of: the ‘chi'ng "circu
conb- i kéoel etiragteslaferacindfatpectDrs g6 hsdgpdereed inOse asfrddrece

comb-1| i ke e'Qﬁhﬁ@d@sféﬁrﬁé@hﬁﬁﬂéﬁgo@iméﬁﬁ gkstﬁblb%%s%ﬁt'%n%%ﬂﬂﬁﬁh?d to one

of the conmb-like eJectrodes of the 5 filter 34 Li kewi se,
one of the cdtblTke et®ct %d%%rﬁbeﬁ 1RBT Ye5? t Tattagh skayer,
connect ed to anke afsadiel conbdf | tke éhptéredesfothehéilfBh 2&bafd inten tDVE
filter 35. Tnﬁ§qa 5@&&@ %ﬁggeelectrodes are al so connected to the
reception ternlnal 1 16 The er conb-1ike el ectrodes of the |DTs 37 and
38 are g?8unded Fig. 34 shows the stop-band suppression on the

high-frequency side of each of the duplexers in

accordance with the fifth and fourteenth embodiments;
Fig. 35 shows a top view of the die-attach layer,

a top view of the common ground/foot pad layer, and a

25 section of a duplexer in accordance 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



Fig. S5illustrates the characteristics difference between a single DVB
filter and two DMS filters connected in parallel. A DWVMS filter has much
fewer 15 pairs of IDTs than a | adder-type filter, and has a nore renarkable
increase in insertion |loss due to the resistance of the |IDT el ectrode
fingers. Particularly, where the frequency is high (a 1.9 Gz band in the
exanpl e shown in Fig. 5), the electrode wi dth becomes 20 as small as 0.5
um and therefore, the insertion | oss becones very |l arg Tq avoid this,
two DVB fil t SSEMERA P QPO hgt FenghhP haP B]F‘etHérSpgﬁ’Pﬁdnlgerﬁ’g;’t% of the
singl e DVB fI]Jat}ea"r arfe aositest eeikampparat| ehe dspaekresulih, atche mdesicst ance of
the el ectrode, i ?%ﬁ: n h ti. S
reduced by 1. ﬂéggﬂ{% égjz}h%%%lfﬁg &?m%)éé ?fl tg}ellres g\%%ﬁft ég&gvceklﬁ%d
reduced to 1/ N ar e Fdohnet df ian PeamalTiedw thbusesiiagcehef the electrode

fingers becoresmrdddNdds Heenssh nghy, chip auabeheomwsbbmldtlelrgsm be
connected 30 |neoaraélel shoul d be |ncr?ase ﬁﬁ Ee i nsertion | oss due
0 SCFPR

to the reS|sta"ahy eYGftm%ré?%kaerA?}é%mp GFDVS filters (two
DMVs filters |a1zqdmaermpﬂnetfsh1dvm $hxFegnth) emhogamahiteb fditdysersmsdritgh
power and redyxas, s, POy requi red for 35 one DVS filter. Thus,
sufficiently high omer ur b|| can be secured for the dup Iexer The
power durability w IJ19 ‘bt ><’?J‘I fe &t ?W“H‘é‘fja??tl?ﬁrfiﬁgﬁce 1 t he
surface aboustdapndarece egditat ar sevéntaenthaasbhbdsmentf blft ehe3dresmmact ed to
t he conmon tefrﬂ«) 14 are series-armresonators arranged in series arns.
Accordingly, e |rrpedance of the reception band of the 5 transm ssion
filter 32 beconmes higher, and the insertion loss of the reception filter
Cﬁn be redUCGIESdP]EERTIBDMHDNEI‘I@ESBREDERRED EmBobamenggnt er frequency F1 ?f
the transm ssion filter wer than_ the bandcnte uency .F2 o
the reception 10 flqllht erfogé,owmd; t'he afaﬁ??s Ifl?h pasg %ad fie ﬁ bt

transmi ssPon e trregntusimgenti andevithpeesareace &colidei ¢ wave filter
partially oqu@@?gmr&k serdfihde. reception filter 33. However, a dupl exer
having the reduced insertion |oss and the inproved power 15 durab| lity of
the reception filter 33 can be realized, even if Fl1 is higher than F2. The
nunber of DVEiidt eErsbdaimentonnected in parallel is not limted two, but

may be three or greater.q This,aspacds of 4§ 1@&&@6@& ae&s%bﬁeewllthbe 20
descrlbeg |ater _jn detail. K Each of the | DTs shown 1 n Fig. is forned in

the fol | 6% ng* nenisl . SWACAIPSYTf PEMEREI RIEG SEOMt &lwq{bt%ﬂnor Hh $9 al f oy
nmufti-layer fiHensamd oa:amﬁbrb@'nsgauag ethogeoalacadhstieate ibkat are made of a
pi ezoel ectri ¢4 %f s S a sat A et ed angl e
(at 42 degrees, cut, yé&ﬁ% ?%lr;l&r?]qge HH}ne?H;L 3 osu%% afgj e"{hc%l ng
are then per RN S oﬁ“ﬁ’i%a%fét@%?‘ﬁrilﬁe@he e a‘F“PB%eWFnﬁBPWﬁuHH -1 ayer
film The traﬂ'nsgn SzSI;QEbIlhdié@l’a 32aandrt bgpeesaptien falcloh%rtﬁswmya have 30
i ndi vi dug JJTJSJ[ rates, or 1?385}15?56'—c£ﬂi ;sLe%p% i8S mto%lealtl the ot her
enbodi men e pr esEnt | nven? P

surface acoustic wave fllter 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 1is
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



(Second Enbodinent) 35 Fig. 6 illustrates a duplexer in accordance with a
second enbodi nent of the present invention. In this figure, the sane
conponents as those of the first - 12 enbodi ment are denoted by the sane
reference nunmeral s as those of the first enbodi ment. The dupl exer shown in
Fig. 6 differs fromthe duplexer of the first enbodinent in that the
reception filter has a balanced 5 (differential) output through nodified

connections. The d er ho 6 . has such a reception filter 45.
The conb-1i k& &l qfdﬁg %@ I?ﬁgeg7e?ﬂa%Sa?@“ﬂ?SGﬁﬁe&O'ﬁnFlg 4 are
connect ed t o igmtitv iotueel tmﬁmwmﬁﬂth@ DBeptiverseBiand)336.and are also 10
connected 1o a recepld o trdinalc s A balpnceduoblipilaganibe oht ai ned

t hrough the reception termnal 46 and. anot reception termn 16. Figs.
7A and 7B|IIHEQQ%QQ?e¥4ﬁﬂ%ﬁ%%%l%%tBh%te?hésdﬁﬁF@ﬁérb&ftb@gla§43§ shown as
a dupl exeb 100/pen shix faae éwbuétb@J@aﬁedemtput325hswgnqlsdedepdﬁtthe

sare ampl 1t udas AL OPRgSLLE RDAGES e 83nLPdl 6060 B g egent an ST gnal 1

and a receptl on Si gna anced output i's easier
to design theladadssi rﬁ@sltw@uuwlsllfgrtléqaeé@@@ntéozjeﬁiléé@rsu@h fayrme@ gur t abl e

tel ephones. Rafd i1dH ﬂlydlraélﬁyd@@uﬁxsa Jj§aﬂ§0ﬂ8§§t egpko s flakeof a later
stage, a structure that can Oﬁ%%g g ecep signal s haV|ng hases

di f ferent frdﬁ?éﬁ%&??ﬁﬂﬁﬁe %?%EnE ¢ctafdenah
si ngl e- omOpunmsnﬁamﬂLﬂmpuéﬁhQTMavd EMbbdrnéatleﬂgbe8reEbu3EKhﬁes a

dupl exer in acGgdance yhd htﬁaﬂé%wsﬁm?oﬁiﬂ?& 9& thagpigsent invention. In

this figure, the same conponents._as those of the foregoing 30 enbodi ments
are denoted byPTHeEhRAL e$%%%%eﬁuﬂ%?ér@0§§ tHBseSYE LoRE PGOFSiig
enbodi nent s. waweecEplttian 33 well S0e ofeforseenbodsimpliyhas ahst ructure in

whi ch one or ﬁgg{?g@gﬁffi% s gonnected in parallel are connected in

cascade. In 't xanpl e shown 1n Fig. 8, 35 a set of two DMS filters 34 and
35 are coéfinected t FhendianaPtsian ofikter CVb 1a$ tareireniti gtractume

secondst age tmp \@MS:H|dlﬁ@l%n@@@”@ﬂb@dshﬁf@@éabbghs@&@ %%tqqnelx% by
reference nu rals 5;hand 52 ctrodes 3& the I DTs 37 of

[ he VS fi 1t oty Mad Bvda S dRFRGe | ASalaRTh! REFe Zid e clnbol i ke
el ectrodes cﬁandmﬁﬂtﬂm 38 ofmbd@imist f shoensiB4Fagd 9% hereinafter

referred to as DMS (Dual Mode SAW) filters 34 and 35)

20 are connected in parallel. Each of the DMS filters 34
and 35 includes three interdigital transducers
(hereinafter referred to as IDTs) 36, 37, and 38, and
two reflectors 39 and 40. In 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.

30 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 -



5 are connected to each other, as shown in Fig. 8. Reference nunerals 37
and 38 are allotted only to the IDIs of the DMs filters 34, for
sinplification of the drawing. The conb-like el ectrodes of the IDITs 37 and
38 of the DVs filters 35 and 52 are al so connected to 10 each correspondi ng
other, as shown in Fig. 8. Fig. 9 shows the filter characteristics of the
dupl exer in accordance with the third enbodinent shomn in Fig. 8 The

characteri sti vvn in Flcﬁ% 9k}are 5r E V\/&ere he band
center frequenc ey 5 Y e thansH s ? terrs eF’s oie€F %t fan the band
center frequeardey X 20346 hes receptden. flqrteeroﬁa:heﬁ\sccprsbalxbady known, a

| adder 1ype SUIdAGRALOUSE IGuayor T3} L excehiisi B pewer 3qur§b' ity and
exhibits steeper falls. In this_ enbodi nent n the ot her

filters that CRYeEhSs it g 19F h%% %"P@%pi%F%e@lﬁ%r@éﬁﬁe@tfe&fﬁen Ip?é'"r al | el
and are farthi@r oo‘}aacrmjems sbi 1that 3dhe inderdion, |ass @ant}be teglbeed and t he

pover. dur abl itne GAL IS GEAULY {00 Dipdsy A5 SBANNOLY BLgccd Sha i se of

t he pass ban e receptlon fi uency S|de) is
st eeper than Ctorﬁlatecd?e He® | BRI Tty %WlPa%ékac%&@FFéoﬂﬁﬁeog ither IDA) so,

the insertiorsd ass taan m@s rﬁﬂytc@ﬂ 3and T&f&éttﬂﬂ{r%étékﬂl @mbhclﬁéde of the
transm ssi on fll Ictterroo’:iel an ell nproved. In #he bove d cr| p:tl on,. the band
center 30 fréguency Gt F HE 1T ard P e St oh FPIT ? §§ce§ rSRer SCHaR % he band
center fitequdfoy FReobtiiee cemiptliidke félaar@lss antl tihe FDEBe 37 &hd pass

band of the tygnsd 'ﬁﬂcﬁ[hciédlter 32 at least partially overlaps the fall of
the DVS filter 50. wever, a duplexer that 35 has f{he, receptlon filter 50

with |ow insertionfiss arki”@fr 35S MgtV et £ Uik 467 | Ft fTeARPEE
realized, evéretiwWedtl 4 &s:tmgl‘ferDM:hafuPﬂer add twoFDHS. fiQAeard 10B

illustrates a LAk oMere,t gyf@ler éllh 1 &F shggqgggﬁegehgrpar allel is

i ncreased to i nprove. the power dura e i nventors e present
i nvent i oh®comfidied®s Phoverayuwt ajci’qi‘ii‘f—? 'Hé@? 6h1ERE sEPGch@Be asHGEGS i n
Fig. 8 1In tmemdﬁkﬁbl¢KWWﬁrM@§eap@|iﬂﬂefOlbﬂelbéQnaﬂbsiboﬂhbern]nal 15,

and out put Sléé f%@k% eoyﬁTféPg%Ehgagogngger he art%élulvV h the

power being app ransm ssT on FansirssSion’filter
32 10 shoul d“ﬁ?@%ﬂ( t’rher streduency berhbgh Kap%e%GHtZl hendnia mdenal power

durability t%%é.tamﬂlré tg}ﬁbvﬂow el abs | j tynd eéieé@%uedw%tth%efcf&ae%t ructure
er 50 broke first, .as shown in

shown in er, e rece on f

Fig. 1:)A251I'h|‘3‘ss i agY\ECFV dbr{}\ler g‘%a?(}aﬁjéé 5e 15 B§udBg e itRe lP(?cseptl on
filter 50 duédaprsid gmry rﬂp@dwce T satichitigl hettweenDMHef i taasai ssi on
filter 32 and e g e&?%;&&ﬁrﬁ?'i@ﬁ &R, h A4 &betﬂgw@f)ehg%a%n'g%@k tg the

breakdown of the reeception f] . To mgr ovg power. dur ability of
the DVS 20 fﬁfteer%m%l%ew%ff%%?%% ﬁ/% FPrRRrEe ohﬁeB?ééllﬁ par4fl 8 was
cascaded to aresdidr, ddte on‘estm‘emdm/sofltmereleohnedEedmgemar dlsl el . The

openi ng b@”gtﬁe&q ﬁ%a% of / 4“9 %ﬂé'lﬁéér%ﬁn %%QHQ tdl&%egip%ﬁ) ng |ength

of a singie e power appli ed to eac
filter was rédfcetP- and Hﬁé‘eﬁé\kr ldfl'JI’Natﬂﬁ iRNS \ialsL & e e%%%ﬂnga§ shown in

Fig. 10B. Acw\d;]ng-lg/ch whetu b £ | 1 20 sans ecenpkoyed fiar phhalneagpti on
filter of a er., L0hg [ d,single ters
are not sui tg’lbllfg %srj’ﬁ)@?&g JDP %%W%;]"é%ggg il E?%%%rdr% bect er eﬂc\)arsﬁnbllecessary
to connect t\ﬁcs:c(qrc%m%lmrmwn@er nobalPl‘éﬁl’éltherS 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 -



(Fourth Enbodinent) Fig. 11 illustrates a duplexer in accordance with 35 a
fourth enbodi nent of the present invention. In this figure, the sane
conponents as those of the foregoi ng enbodi nents are denoted by the sane
reference nunerals - 15 as those of the foregoi ng enbodi nents. The

dupl exer shown in Fig. 11 differs fromthe dupl exer of the third enbodi nent
in that the reception filter has a balanced (differential) output through

nodi fi ed conn ctlons 5 This reception filter is shfva as a reception
filter 55 in FgSUFEaqsh a0 Srfbdift Herte STt ¥67boF i kBSel ectrodes of the
| DTs 36 of theabsBifsditcer 18t eand Sz drivadctaz@d go othdedommoki gerBiawéd

connect ed t01gachOtdatie ANyt e s ike L afucaden apeialog pannect od to

alOreceptlonterm out put ‘can be obfained through the
reception te”ficedd l@alémd %tltifé?eqraét%ﬂ%nt}ﬁ%rm‘ﬁaptlen Penet REEFDSdI ment )

15 Fig. 12A lt&aaslnawltdmlﬂat@ecm We by 0iighddpl exarthe accordance with
afifth enbodl ent. ofn t.he SDretseC | nventlon F:LﬂterZB hs a QI an_yvy vi.ew of the
dupl exer, wi R ap’s Town i n F e Tt ng F eRDVED. ]?ﬁl r’rﬁogl ment is
a packaged dupl exeﬂnhahﬁng?‘tb@r‘i’@ @lreszamtetm,r ertejrlé@n@fcwh’@erl rst through

fifth enbodi FRRigentie MAC@AGNY wWestdhbed: bel pw €ap be apphiedrt 0

dupl exers haV|n uctures other than those of the first through fifth
embodi ment s. ﬁg‘ &E’ﬁl w SRS rl'—?‘ﬁi‘ericz% c‘l’tdEEe r98ePLAPRat ed package

60, a chidp 6Filaephasls matdthig fane gattlee npd2s haddao€aph6&7. The _
| am nat ed pa‘%'i%%%nﬁ%él% ffl"lecéray?i Syfihnd héogg@dgﬁ Jc?g’é”@hggaéé shown in

Fig. 12A. The layer cap nounting. | é iIs awre
bondi ng pad IaWéHStl'Pné*’qvfyefrl]G%eli Pzl Bo %Y%Ja%ﬁpﬁa§ B. r'TRE Payéhe64 is a
phase mat chi n@deptaq@atﬂlelrtreﬂ ayxErs . HBh;@vIeay,era @hap Isex8e € M@ IN@r oad/ f oot pad

| ayer. Each g tdtgl@ecta_xl?sgrtalbtqoyg ﬁj &8@%% gg [[ri al having a

relative perm appr oxi I'TB. um na or gI ass

ceram csl535 dm@b@égtmmﬁ ithe | z8repBion lh%rwﬁecbénbﬁngeaaazleéyer 62
form step-|ikeparstss Erlnsléjqﬁ[g}%pa@@gepz The step-1like parts forma

concavity to acco dat e 69. The chi I § accommodat ed
in the concavity, Wgﬁ LDE?@ 51%54(15 tﬁc/ﬂa Sihdie %l‘boﬁgj% t%$ pltural (two,
for exanpl e) pehiad Lgnli tiss ricrt al gasteedftwo silmgt emehi peubhhtreet pansm ssi on and

reception filftersare &9&@%3@)@& %fi't@@ & R LApel 8CiLh€iShbsiiatge 1IN a
case where two Chllﬁjs 69 are fﬂg})&?e on the other hand, the transm ssion

filter i¢Y9fodfeFhiPsshetadet land the reception filter is formed in
the other. I|n thisEechodifnmemte, IDTS nagioevrchurp By i s4 etpl Byeded Thnstbhki p 69

following manner. An alloy film mainly containing Al
or an Al alloy multi-layer film is formed by sputtering
on a substrate that is made of a piezoelectric material,
25 such as LiTa0O3;, 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 -



10 is secured onto a die-attach unit 70 fornmed on the dieattach | ayer 63
with a conductive adhesive 71. The die-attach unit 70 forns a chip nounting
surface, and is nmade of a conductive material such as Al. The size of the

| am nat ed package 60 is approximately 5 nmx 5 15 mmx 1.5 mm or 3.8 mm x
3.8 Mm X 1.5 nm with the height (thickness) of the package being 1.5 mm
The cap 67 is placed on the cap nounting |ayer 61. Fig. 13A is a plan view
of the duplexer shown in Figs. 12A and 12B. The cap 67 hernetically seals
the chip 69. SFPOFH&THp &~ ieTr SRR P Wi TR nBREF 6?5?Fﬁ@c§u8ﬁm§§aﬁc§ pl ati ng
or Ni platings @hddee &ff dease of 1 tdie dmivo dbhedt packaged Pl esen shoedl ar

grooves 83 ar r h j i A rLge of the
grooves 83 argl ﬁd;:g& odn%e%gﬁ (sa?i(%;m éescg‘xg%%g(\e/gsggs%gontfﬁ%ug from 25 the
cap nounti ng SpsSHENt oln Hha&onmn e ewpElPoofiphar] Aper asbalans@sduct i ve
llayer is pr OVIdiecd:érrérﬁtag_cal)ofo& tgra@ﬁ/@@gmmé@ﬁ@éa\ aoﬁa@&@qun%n path (side
castel l ation Sﬁe Fe&% 12%3 con ection g t hs create continuity
among t he Iaiy XS S %Se 135 eRPEPnal r@Sﬁﬁ’é&to i'on term nal s.
The " COVVON (ﬂ‘i‘ﬂlﬂl‘@ %O\Aﬁhendém@) 11X willdctheodsscef belde | 8P8s. 3Fig. 12B i s
a plan view of, atﬂmaxsérg{&%d’r{c?edv‘iﬁ "r1fe $3pr67c3RALBLER Floak JiEd1S

renoved. The chip 69 he cap_ npunti nﬁ ayer _61, and part of the wire 35
bondi ng pad Pg<eE? %‘@szeje%te%‘f’t 4t"|’\’édc§B 67"HePRE PéMSved. As shown
in Fig. 1@2B, c&brﬁ'mlte“d ng 74 fmd@p*@ioxa conduntiveocnatRrbalasded as Al is

formed on the, el _oe MBHN r?@dlé%%g g tﬁQer‘ééBﬁgl?ft@ ?ﬁ%%lon the

seal ring 74 e cap nnunt|ng ayer S an openi center.
The opening #$ frhsnH @oreaterlyioor taERdRAbAALi-ng the chip 69. The seal

ring 74 is 5 conneqtl@% Lo henComectioit patdsa 75a1exeent oibputour
connection paIt | ocat ed '1‘5' the.centers of the four Si de ? rf.aces. The

chip 69 form;kﬁ'uedq ]Oecf%(?rt s%‘rf%cjesa%hﬂg?l 3swavgump FEer tfie DMVB
filters &b aljiof the fobf&hasthmrqmigﬁvtdeﬁtwmb@WEmlES Fhetbhip 69 may

Lt 11 Ho e M Eitiaes Sxeioppoetescchiits a3 sRdichesapy J ter o°
[ [ , X u

SCousti ¢ waud FIAH G5 T BSL 1} S st BREPHHPBr S1GRE M Ao BVE 1 LB+ 50 i s
a 15 receptionitdh la dwalél’rtreedblmn:&qsudenotedsbyaseéer encelesiner alhe/7 are the
resonators (tdhe patie rcfﬂlfé %Cfé.ﬁdgfeéE‘Poﬁ £l 88'&%%% al,chhed adder type

surface acoustic wave at are sc emati cal shown. The bl ocks
denoted By r&fart@Re n"tﬁﬁﬁ%tl‘o‘?%s ar € ate 203 e5vnad dra @?Héeﬁﬁft éen of
el ect rodes anghrrefdtasd 0t|f<$)a1®fI¢ hef w&ététestsaet, hat sarecaluse sthwdmatical ly

shown. These [ enso %‘é(? iz\%ég&rh% gnhgl\fgnga R4S @ Wiring

pattern forme ors SO connected to wire
bondi ng pads dFQEﬂQﬁGPﬁiH %?P@Se%% %%%Wwel%f) fRETERISp 169MOTe substrate is

made of a pi ezpaiEmicdidr shagl e styglalonapeti skravehras Li Ta03 (at 43
degr ees, ,¥-cut, X- propagation, for exanple). The el ectrodes on the
substraté~are fornmed in the follow ng manner. An alloy filmmainly

cont ai ni ng AL{TOL(SuBbedimdnCu or Al-Mg) or an alloy multi-layer film

Ziu nl y c?%al ni ng %Ilg( SLsgmalaJsMra%M %u@:’ex@f{%/&co%/awlep‘%lﬁw |
patterning art BEFOrTRGHETe FF | FIE oPFoF APEhENdEaEar Gos 1BnERRE 38
substrat e. flgure, 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
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The wire bonding pads 79 are connected to wire bondi ng pads 80 fornmed on
the wire bonding pad | ayer 62, - 18 usi ng bonding wires 68. The bondi ng
wires 68 may be made of Al-Si, for exanple. Sone of the w re bondi ng pads
79 are provided with vias 861 through 869 to establish electric connections
with other layers. 5 As shown in Fig. 13B, the wire bonding pad | ayer 62
has an opening 84 in the center. The opening 84 is smaller than the opening
73 of the cap nounting |ayer 61. The wr ndi pads 79, are arranged
SLong tho | alihg SRR RSG5 Ao 11Ty SERLLEFS 10 al %
fornmed on thelwaterdaediofy tpeesITBs Fi gof 1dhel DMSt faf esrshé&4cemae &l ons

bet ween t he 'é)égkﬁgé}ééftgwégégﬁgg%ﬁg,Pag?lgxgrcg%b_ﬁg&%rence nuner al s

751 t hrough 12 1n 4 1 ndi ve connection _paths (side
castel | ati onelEstrafes afaridse 1508 cdbpahyrhg PéPeféhtersumdr angd 71
tTEr ough 7512 a&@k&ihrfhé?dg?ed uéw%@m othéhg geor éEéWﬁnﬁlhnﬁ’i@?!’l@ecti on paE hrs{

e connecti at hs an orm,t roun t.he first age (the
ot age 1 or med B R AT e S 3wy 38 PREHREToBrebr Srnd Bas R ter 0.
The connect i dPT20 Patthey531estabt¢shedd i heoronhBpliacaitiiont lod ftdet
;:ast el l Flt llgn dARrimRA. Eyi‘hfeogton%(iiléie%cﬂétd}ﬁ%d@% ﬁé% gﬁ?thmg[%nsaham gn f

erm na own, i [ . The conpectiop,pa or s e grounds o
the | adder t ewghﬁgﬁiéggioﬁk%?%rﬁﬁgg ???tS? 35 ¢ §°CSHH§€FF§HPQ§’path 755
forms th&0gr caavds wirtdrpdndsig stElyer pfas hehoOs finl Fég.56,. or the grounds
of the | adder type f }gﬁgﬁ i Vi i The:canpectian path 756
est abl i shes the cogﬁgixﬁggsmﬁt q%h%:¢%H§E%aé%i{Tgﬁ?gﬁQg%??hg%cghﬁon
terminal (an BIREHRE 300 tAFFR FRRYCA4WERBwWRREntRiLgd 8mbPRE MERIn&dYa"8h pat hs
75? and 75$ fiof midie @r oumds ofatder saeiconicc stagevd the siggeof aveed by the
DS filters 5} and 52 i FigyB),0f. 4 he, VB Ll Ler 20 cThe, connecty on path

759 est abl i SHes e connection w h cas ation e reception

35 term hal K& sHRutfanFgss Bon Thel EdrAnédét idnlpeehs theno thed bPAB form t he

grounds of thearsecont sqege-Pfrs her DMeef tbteptb8n Fheteenmecti ag path 7512
is not - 19 conne ted to tgg % tteén on_t g wi re bondi.ng pad | ayer 62.
As descri bed 30 tHE G ouhds> 1T heYPFr EP §R5§e 26P U Witer 50 is
connect ed t o ftihe & comrreks | on pawds dexalel hatycondeekhdb itter mitreas= o or med

by foot pads descs i bad, lakier Jemfah 8ih 752 tes COPREE hORAPabRS755 may be
mcludedéO and the grounds of the second age of the DMs tilter 50 is
connecte

t o e Tohnera § o‘FP%’é%‘Fﬂ'se’(b%’Eé?ﬂﬁycﬁﬁﬁéctsitﬁﬁpt érmiSTal®s)® 10 75-,
758, 7510, antbntbdtedhien gvarutse Arendeanéofaedhier thisgananerso shdthat the

i nduct ance cqrpo r e a p-han uppr. ion can be
increased. The cgﬁg%%€¢%§?p£§%§ g%ﬂ B%S%?89§%? ?gg,q9§1§%W§ﬁ§ 7511 (the
connect i on pAYaEsl ey FeNi el gaeaf l¥hafPrem@t-heAs shown in Fig. 9,

the rise of the pass band of the reception filter 33

25 (on the low-frequency side) 1is 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 Fl 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 above grounds are nmade common to the seal ring 74 fornmed on the cap
nmounting | ayer 61 and a common ground pattern 76 fornmed on the upper
surface of the comon ground/foot pad |ayer 65. In other words, these
connection paths are not nade conmon to the 20 internedi ate | ayers 62, 63,
and 64. Accordingly, the stop-band suppression by the dupl exer can be
dramatically increased. This aspect will be described later in detail, with
reference to Fig. . Th onnectj hs, 751 thro h 7511 hayi ng the 25
above functions ar ]eFﬁl@oﬁTngcoiieoarf% ]Itq?l% ﬁﬁ?%@ﬁ%ﬁﬁ?nﬁ r& Bofde nélhﬁads 80
with | eadi ng mintest NoRIgS t hel were bondeagepads 8@raflielons denot ed by
reference nungrale 801418, 1M‘ﬂ>£@v@0@ﬁén§o€9ég HE?‘Ab@L%@t@t the inlet (one end)

of the phase rratchl ng | ine pattern 72, he one 30 denot ed by reference

numeral 80Z is a wWI® HHRHP TR Hriois oEéHe%t%thenBEFFéPn( £REJFCHED end) of
t he phase5nata:rp?mge1f|dlerm1ﬂy\ EéethﬁsehpadSrEQiu&t@d shd4marig qonpected to
the inlet an the o I of .t he e tc e ftern 72.faornmed on

t he phase mat c'hl ﬁg % |rFéaSecdttern aygers‘r31 86&5119? eE)@I agrggfmls 862. The

di e-attach | digmig® hab>a anduettpetshbanala PFege ra3®enTieaitdife-cm ttduh unit

70 that constddnH®s tdeminad 14. grwmd ﬁ}@ét;emetSbépﬁgegpemlbaetel e-attach
| ayer 63. In the die-attach un

|nt hl oc |nco act
il e chi S Sradth el T F 8k, 0hi LB R B aeRa ol & o by
thickly p&intihmgldhdzsecdk bf beks, afhen aheedteaat tlapseunmift thtng SLl'fCHITEd As

shown in F'gruﬁ%%ltﬁﬁh P'@U§§b1§l$%t@§9€d Ofﬁotﬁgepgkgraﬁh§9g1§QE% 70,

usi ng the conductive adhesive four thick-paint blocks spread the
conducti ve adtRli VPHEleh Phe @ntFhe BBFPSWF&CéhSP‘mt H& EHi% 69. 10 The
di e-attach umdwerdet s t:km@neectepltmnthmcemnem bepkpatths st5l,as/Ehowand 755

that functio i e L, e die-attach
unit 70 |s n(r;%rﬁtsz%lgie% eelgsgn%gcc%%é gﬁ?ﬁ&% g’g\ég Vé% and 7511,
shown i nlfig. Calmse@m}féhtfﬁ%rW‘Fﬁ@tg@ﬁuﬁéléﬁrléot Haeséeosd ithige of the DVB

filter 50. Acg@fétuang&e/,mm%echen@ow@nébﬁuwxé between sihied ifistt st age and
t he second stage the DIV f | ter

ound str r t he
suppr essi on by tahe fll?? erre%%t% be"i Fr‘b?g ed asa\rAIA% be Pe&sEr Lit?eag(alqﬁ er. 20
The di e-att acked ayertss hrepkdovdedfovbe rheephage fatldcleimd@d.i ne pattern

ayer 64_shown in Ficd inkioyAS Qi KidapdBD:yt e phasewsalching 1ine
pattern Zﬁ is.formed on'the ine pattern | ayer 64. The phase

mat chi ng“Pi nef Pht$EFn aiZS?E ‘SPIF}HEeQSB%ﬁt ?éhﬁeﬁ"ﬁaﬁo@eﬁ:&ﬁ df as to
mai ntai n a predet ered neds | eagtadedheophasehmat skitng fl ithereggatiMI n 72 i s nade

of a CO”dUCtif’ﬂ*{@ﬁr#é’z‘ln@@té‘&ylﬁoﬁ?&?i&xmg COPRETobEH) S'lle;é'aftﬂ’é@

tungsten (W, or the Mor e sgem |ca ¥ I'mis fornmed
on the phase %‘?Fk?‘ra?%hwhﬁ PMSefphteEP NWREYEr b&r aﬁé |t§1et IPRE S er ned by
| aser trinm nigeroytt hef | a keingdet hesebylterm the phassulal chhegpbwee pattern

72 Bothagnds, ofy Lhe phasecimbeli pg) LLoe, 03! Lendayer o e squnect ed to

the vias asema Ing [ine pattern strip line
pattern of a @@%%@waee h%%%aigérumsl ﬁhWﬂt An @1@und0&}tent| al

patterns sandw chi ngddwiiphyse, miehi mas | Foetpakt gra éapflekad Ferground for

the - 21 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. 1In this
figure, the same components as those of the foregoing

embodiments are denoted by the same reference numerals
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strip line. Unlike with a circuit conponent, the quality of the products is
substantially uniformw th the phase matching |ine pattern 72. Thus, stable
filter characteristics can be obtained. 5 In the follow ng, the functions
of the phase matching line pattern 72 will be described. Figs. 15A and 15B
are graphs show ng i npedance conpari sons between the reception filters of

t he conventi onal duplexer shown in Fig. 2 (the | adder type surface 10
acoustic wave filter 13 bei used as the reception fj]ter nd t he
Guplexer of e BISRBIRE [HBAE BRSOt RORLEE 8t nEPBNELPERFEE 50 bei ng
used as the r=gueptiion Figtel) . dhSfshewfirom Fhg. dbbAexpni orf tthephasierd
rotation, the eﬁa/pfnSyréacehac}geéé%el%vm%ey hel! aldAlhdde DV

filter 50 have different | npedance characteristics. To | ncrease
i npedance of tHefk ?%ﬁﬁ#ﬁ%%)o%u%aﬁﬁ ERrPHER PG AL £Er CHRASE G on, the
phase mat 6hi mghid nraecpeagbttiedsm fﬂlt@ﬂneeteﬂowﬁ hbeaDibckiplttiem FQ 1wl b

preferably h ave t 34_A, as _sh in Fig. 15B.
Here, A represen S the mave en]f%%§? lé% Ta%%ea%%%étﬁgﬂmave to be

transmtted t&ﬁ&ﬁﬁﬁpd¢ﬁeQﬁﬁiﬁ@lI@TSS@G Dﬁ the BMSe fofl telrs 15ddderd t3e

surface acoustrif: Wawe 5td>@eaea3momt;he80baer c%rﬂl@ct%opr@&eear@ﬁ chtR8r!line
pattern of 25 appr.oxi ma rovided, so that the

i npedance of EQ%UEQW%S¥b%eb%ﬁ%caf?g?spﬁaé a}EPaF gﬁeéﬁﬁr% dhés to
infinitylQA representn ngethenaavéb endgt foafanded sontace asoubki ¢ wave to be

transmtted tyonghed hentadderchypeesUpLash REOHhLE 3¢ WRYE diddifly 19).
Further, ground patterns 8 are orne on t e phase matching |ine
pattern Iayerr%ﬁﬁp%%P%hE%ﬁm}%akrb 13D. The ground patterns 88 are
connected to the correspondi ng ones of the wire bonding pads 80 on the 35
Wi re bondi ng Y, gh the vias 863 and 864. The ground patterns
89 are connec@ﬁgﬂ??lﬁﬁeggﬁégég ondi ng ones of the connection paths 75. As
the - 2215 ground fidtt erdfs 188 ankPBol br@inat npdcbhonh¥ipiasé @watching |ine
pattern 64 i ruaﬁuéxémnﬂeracwedgﬁ@end&tﬁaa beftai sheoegeherithey i RAUCt ance
conponent s can be reduced and t 39% ssion can be.incr azgd. 5 The
Snal

gr ound patterns R nﬁn%%h%}%narraﬁﬁe w8 Pt dvel 8§ | i nes of
ot her | ayers curildxadi rigl padshe opapcskedwnoinh&igi.gidR biedes nvwaved.

speci fical ly,rihe ghosatndatt ek ng §cﬁ99e§9d§b§e§lerraﬂ%%q e Mt 1o
overlap tterns connecteg he connection ath 53 (transnrssron

signal ), QSG'R‘?aﬁ%%H%%?B%?r% eb??oﬁl§ﬁanapf°uaﬁd 1248 ﬁ&ﬁ%ﬂ%%ﬁ? gnal ),
as well as tHehenipachonthggdeadsiB8d beihwt has ber apgdrment td he capacitance

corponent s bejueen.ihe s1analsoapdotheedr BURds eaRADEeduGRd and | mproved

i npedance natc Ing 15 can e Insertion Ioss In the
dupl exer can %%f§%d%k%ﬂugﬁhelEB%n%%b@?bﬂﬁHFFoot pad | ayer 65 is provided
under the phase naﬂnMruypméxemmﬁndwm layetg6412FKi ncl3Beksaa top vi ew of

t he commygg grﬂ¥§gé o ngé 5020 658}?2§8Flg ‘ﬂﬁféﬁ ctiye view

of the botto n groun pad %ayer , ronrthe
top. The comﬁﬁ?%ﬁ%ﬁnﬁﬁpa@@@rﬁ 78Pi 87f orhel beminatagpepckase 60 MRS common
ground/ f oot pgidrd ayLfe H6S. 61Theh@@ﬁ@nn6gr@emdnaabaee@ B osevearns siupst antial ly

the 25 entir ea t.-he upper face. tern 76 is
connected to %% 3ﬁheéfﬂbﬁp‘%tﬁg f%‘%%% ?H?R%“% %ﬂa?rCon %%t?%ﬁe pat hs
753, 756, andZ59 @n@le¢sbom@l@@npedtédYEe t hehgr bapdrpatt ésng &3 eshown in

Fig. 13D3and dthex&origspenditie ongse 0fed ha_es%r;ﬁhgagebaaebﬂgneaqgnéo shown in
864. th this structure |nductance

Fig. 13D, throut%g t he vi as 8%2&
components cdif bePTedtR¥T by BFEF P the Yrotas” JREUPHETSGpr essi on
can be incregsatl. layer. Each of the layers 61 through 65 is made of
a material having a relative permittivity (g) 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
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The bottom face of the common ground/foot pad 35 |layer 65 is the nounting
face of the duplexer. The duplexer is nounted on a wiring board, with the
nounting face facing the wiring board. As shown in Fig. - 23 13F, foot
pads (foot castellation) 661 through 6612 to be connected to the connection
pat hs 751 through 751z. respectively, are forned on the nounting face. The
foot pads 661 through 6612 function as external 5 connection termnals, and

are brought into contagt with t correspondi el ectrodes on the wiring
board, so as ctr}blpes%)é;'bli% é’ltheléntr c Jcsorﬁfecg‘%"?“b‘:ﬁ%gc%el? 0bt€ padeceditind 662
are the grourdhd eray rizd stdoned hey farsingtagehop thetDB pilltrerl S@wchhe foot
pad 663 is the, lQ . tIAnsdi Ssigh §ef .ngl S Aaddie Aupl exg leTEﬁi&EOt pad

664 is the ground termnal for the [adder type surface acoustic ve filter
32. The foot Wed 6653 hes Hrdutdt 62 FPREIORof 1L ke pse Sragedfont he DVB
filter 5050r 4 heirgrlounsi d s eet rforstibetratdder iype caséawre1b agoustic
wave filter 32.. Th 00f pad 666 is the co termnal .14 to which an
antenna can bcéucposnﬁ?egct?e%ﬁ Ief?%%?’ p%rcllst}é%inggﬁﬁrGEQH ané ieor] as the ground
term nal s fort raneRerpirh sthlecnfis htoDMAf int ene50f The tbdpspadneb is

the recepti onHerrdd@tiddn dhecld {9otopads 6Rlenandtfbll atg groynd
termnals for_the second stage of the filter_ 50. The foot pad 2812|sa
ground terni iPPEEREted D% ec%m%r bunG™BaPY &fn 7%thncE?85. 12A and

12B, the$é fdot gpadsred eoshown diepaytashfonitpdlsf66meds othehabalie-

structure of Jifieyd 1L, &bodli PEOL £aBoREuEHIPEdaHR8S vEOHhOWS Wi th
enphasi s bei nc%fﬁput on ‘the ground structure, Wiere the DMS filter 50 has a

structure in AF A sHtlof TQubPrhBde £hpe BarPrhiBJIassidEice WA filters
30 34 and 35 iconmetd edf i patd@hdel vé smeaseadedstioht he atlher TRet sake

dual - nrode typ i frhters npected in
paral lel, t heoefl m‘% ﬁfeag?grfag%'?%{éarc\é\?%% %é §%n%8é£8ggrﬁlggfe§ d%i (rt;h ﬁ(e 51 am nat ed
package 60 ddhot havewe, pafterh TBr*ndkPngni3s thée greundshcddeon bet ween
the two dual -Hadmd ypeh Skl @ce) aspushé Cpdaxagi beehy. 1ThRURn.t he stop- band

suppressi on by the filt 50 can be inproved. - 24 . Also, whe t he
N Tirer 50 has 4TS AR b Th MATEHLL R SOF SPPATRN Ly Bt ace
acoustic wave'¥d ] tleths B2 arpl35 chameef ethendpatekbel shovwageaddamnnect ed
to the other gat oqdugh: node: tyDe 69 hacReBiBERUS seWaveadd Idiers &4, and
52 connegbed n par aléfl , the wire bondi ngﬁr&)ad | ayer 62 contained in the

| ami nat e pa%ecﬁb Ast§ i FRIMeddet tR e bR ePhBhdPAg SP&Rs 30 A connect ed
to the conneglamirpatdrs Nhlphadin®2 (Qrhecloomnedd s oof pahd Y&bhimayedl so be

i ncluded)) t conne g Ok 1t dual - e p urface
acoustic wav%%%%%er 5@2'4 i%ﬁp%%?%éffgﬁe&???ggsstggggg\?\d t%%r%%gqbo%ﬁi (I’EISEWI res
68, and secorfgHfe (MM ¥e bbhdi héPpabBr8d P6 bBecarredEed &b adre

connecti on patdynedon 7E&8ch 75ilde . amheEl lYrdovde gdnoest edubofirba
25 the cap mounting layer 61 to the common ground/foot pad
layer 65. A conductive layer is provided in each of
the grooves 83 to form a connection path (side
castellation) 75 (see Fig. 12A). The connection paths
15 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 Dbonding 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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15 grounds of the dual -node type surface acoustic wave filters 51 and 52 of
the second stage by wire bonding. The first pads and the second pads are

i ndependent (uncommon) grounds on the wire bonding pad | ayer 62. Fig. 16 is
a graph showing the filter 20 characteristics of a two-stage DVS filter
havi ng grounds that are made common to both the first stage and the second
stage with wire bonding pads (a case where the wire bondi ng pad | ayer 62

makes t he grounds co%a d th f||ter characteristics of the DVS 25
filter 50 haWg ik ]g'ro ¥ Ghet s inacetage Bhe PRelsecond
stage that doimy omiThiecatz@ wicduntdach leter 6l thead henwbpenbogdi’Ag pads

80. As can bg nS}g{egsf(%%{ 19 R oﬁé}%lﬁ%&op@aﬂ@rﬁé‘p&ﬁfgsébr‘?EaWt h?PP'VS

filter 50 that ave grou common i s 30 drama
i nproved. To %W%W%f‘t%tc%%mﬁﬁt n Hey.seml Fings’/hetdssary to

mai nt ai n ghe doieparutence tqtet&emgé@tm@hs péttlbemtret(cebagehfer @wdrhe second
stage, and vi Se versa, in the %flcldt_er 50 {;]g n n the hi p %9 35 Were
the DVS filt & BT Hadh sattt}h tute A V\?fiichnt s(e? Fr8u8| r%l&e

surface acoustiids waveffddsers 34 and 35 connected in parallel is cascaded

to the - 25 ot h@"‘hes%thl‘ﬁ @J@oﬂ?&decﬁé’%&&’éf a@%pé‘CQHJ%E!aEeWaVG filters 51
and 52 connected in parallel then%%ounds of th ual - node type surface

acoustic wavéFAUters e nkift Tonmh £ bt Fhetf*fc?sf’fstaéée Oafn&htene
second 516t ag"e,rsby thrdugh ofothieh f émis¢dimyets61 Troe nelngpt b mppelfosmrface

of the |am nat F}?ci?dh@]{g agn,gr S n y Sefy t

gr ound pattern 76 e ﬁgrme |£&?§e %g/glflgt%g Q%gé ?irtg]zfngz %gltacma e the
grounds comot’ \i@’ltlﬁqlhl% sthe ute, Fide %toBQBaﬁHaT91§uppF€s§héﬁ can be
i mproved, anctaverse iMMddenceypé exiesoal apoiuseicanake €asiter @i ded.

Al so, V\here the E\‘&friérﬁfsfs ?IP h@isl@%’zsltr ﬁéggﬁe'BMwé‘iEtt heS%et of_ dual - node

type surface dcoustic Wave ter connéc o parall &l is
cascadedlbo IBadrtinthefikiage dhedddlodipiedaypecdury acefarenseic wave

filters 51 anflinkLoMMecded e paéaéﬁet@rgh@tﬁérgbt@@% Cithe wire bonding
55" my b | O UUHIeT G0 TORHECERbEL 0o f nEnG: oafds fof Yehe SHIAED mode
type surface aaooustic wene filters334thad 3Beobchhmatiicstl 19t agewny. Wi re
bondi ng, and fhe secand padsc L4 h@ymtéeePeﬂgénﬁum@gaﬁ%cca%ecttheed to the

connectign paths 75~, 758, 7510, and 751 i connected to the grounds
of the dbdl - FSRPIEHE Sulfae PAbesti of wa %CESO#P& end SeEREX Bt the
second st age,ofarehedMeciebdtd¢o ihetiext eanal amennechemlattteramlryalsmc(ﬁro.ot pads

66) f d t f he..f t f
) forme azr [ re%‘%%@&%é Qf%b&’i}é’g‘ SHk QHSWhnlh %lﬁjds ér%@l ment) o

the | am nate age is structure e reinforced,
and the 30 .m%d@%%%n%@ﬁ%e%r%nr@aecéab%reﬁerebyh?néfeéaeétpﬁé
st op- band suppressi on. cdmee doye@rso 6iitBrosghing gaﬂtsal'lr%(idrfmetd”l%d ami nat ed

Prgﬁﬁ??ﬁg gayer h%hﬁ%%e%%ggngﬁ%eégﬁé gg onrj!;li1e aSteFagg tshgn fggaftcflgch
unit 70 on tHe BigAarebxtihe giovhd eayeéahsmeseamélsgu@h tefe Uidhpdts 64, and
the comon grind padd@Fdedd PRcthe kayebpagation, for example).
The electrodes on the substrate are formed 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) is 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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- 26 65) to be connected to the ground termnals (the foot pads 66
except the foot pads 663, 666, 669) fornmed on an outer surface of the

| am nat ed package 60. Wth this structure, the grounds are reinforced, and
the 5 i nductance 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 die-gttach 10 unit % on the |ayer 63, and _the ground
patterns 88 ahtfEd YN EHEI 1'4yEFS6 g'tor”b% RHHERY L £BSt RE ﬁﬂagu?‘?& termnals
(the foot padsadib ekceptsSiheféootxpafdic66350tb60f 668 Warsedoadiag out er
surface of t } 60. . Fach_qaf ot-he tterns is |ocated
so 15 as not hfaod%\rﬁe??%]ggafgg(?g%g%dl?ﬁgﬁggp?grﬁggtﬁgjgg#gﬁa?%f‘iﬁé pattern
connect ed to ¥HerkRbhitecel ont PAEhgOTB8Ct¥88s HAGh79YNhefoPie n t he

| am nat edspackage @ st hien boingli nD3wAadsh& onnest Benti@ngheasi gagled i ne
pattern. Wt IS structure tégg capgﬁitancg %orrpggents can bg 20 reduced,
t N be 61

and t her ef or26,§i rf—i‘)sf o%do?%%la%n T Fnﬁeg fi 8YEHI "Ac r&isngl Y,
the insertiorsnakkenfthde dupl exerisan’BeofetbeedapAmoouigng Neafar t h

embodi ment  hag) beap dgsiarid bethdhyaya s 14e, pboyer £x880! 83 onYakiy@us
nodi fi cations_can 25 pe nade to the structure of the fifth enbodi nent. The

| ani nat ed paci@ge$0S1¥e7 ekahPPeCPERLIAGt 8Fi nif Wl F oNEnBRFILGEN der
structuréf bulsmyfcomdi onatbeswied hunbéngopadayédrls (six |ayers, for

exanpl e). Al so, the.chi ) t e - Si i electric
30 gt e%i al, and t%elfgg'f grﬁ%@%%%%gge%ecgﬁggg%gﬂgf btg%g%(?&pl%é%er.
However, the FubRie? 137 Shefutecabondine Rade lpveire©232 BRASKRBCEMS filter

50 may be formeteonl SEPRy alr SifstTRLesn FThe.mauernndisatsed Horcwdierpart s

Ui tabl ¢ et STTHC Ry oo i Gy ede BaPERGr=CRET) dader Pepe Bartdce
acoust i c lmavea¢¢onpan@pnante faeeDMS hinesrl50 7faythepubhveé Stheexpyin
e S I L
ilnstgaz gf th Efa%‘ﬂ%?eﬁ/g%nsﬁﬁgéeggbo?fg?iJg?%/va{fém?i%f%rg%‘?u% gp‘f’gg DVB 5
filter 50. (Silx hfEndbodsteae) (Fhg. stZgesfarpedspegcttihnee DM iaftdrte 3bwer
surface (the hojtomface),0fgl hgrcogaopugr e¥AdLi0g) Pagnlo LayetGof seen
fromthe_top, of a duplexer In ) ,
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
756 establishes the connection with the foot
castellation of the common terminal (an antenna
30 terminal) 14 shown in Fig. 8. The connection paths 754
and 75g 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 759 establishes the
connection with the foot castellation of the reception
35 terminal 16 shown in Fig. 8. The connection paths 751
and 75;; form the grounds of the second stage of the
DMS filter 50. The connection path 75;; is not
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accordance with a sixth enbodi rent of the present invention. In this
figure, the sane conponents as those of the foregoi ng enbodi nents are
denoted by the sanme reference nunerals as those of the foregoing 15

enbodi nents. This enbodi nent has the sane structure as the dupl exer of the
fifth enbodi ment, except for the comon ground/foot pad | ayer 65A. The foot
pads 661, 662, 669, 665, 66~, 668, 66lo, 6611, and 6612, which serve as

groundtermnals re,connected to the co n ground 20 pattern 76 through
Ui as 92. Wt RTSCHST o e RHECGTORGSTOT FRECBPERER Bad daver
rei nforced, &% the inductance conponents can be reduced to thereby

i ncrease the st op- @%n@e%lb(ﬂrbee%s'qﬁ{bv@5 e VERG I SO gﬁﬁt)_:ﬁgrsgs 18A

through 18F illustrate each W%/ers contained Int at ed
package of a ShdS%exdr Ghe ddtdrbahker winlsa SevefAfRedntedichent of the
present i Bvenidmmcthrbrt r;malér p €Srnd hecsaneceosponents nag s3¢ drivese of the

f or egoi ng ent])o eo%(sjoc? § (feétg}trh eé)ylgt ﬁ;aﬂ%brefgr ?dl%r}lumeral s as those

of theforegomg Sevent di ‘hen ¥ s fromthe fifth
enbodi ment | rtlctmee@tlr%tmﬁ@ of 53¢ W& Y dreomgrtady £ oand phlde | ayenndA conmon

ground for ne%]eortrtétese?c%rwpp@ta&@cef ofh& a@mmleéeued/ fleotcom@clt@aer 658
shown in Fi gstr? %and 18F js divided, into common qround patt s 76A
ar

and 76B by a R Py rRvd s 9§eXte§%a CPRBEEGAREN LG ﬁ’@ ttern
76A is cofnectied t/0st héSoonmect i7dn: pattse thdowands 752¢ aailnformsdt he grounds

of the first §f;adeH{ndhe stcﬁétl_t@t‘ie 59ndff@€aﬁ8@“98mg5§%@sp%%er” 76B is

connected to the connect’i on %at S 7511, and forns the
grounds of tHERSEShd Fhge o Stpr™ lP)ﬂ/BdfFPPEl‘fegélo‘\"h@""é’ort;ﬁ?on‘-r{frrcfftﬁ'ﬁje‘i‘)attern
76A i s not cdanrecietda: tdre wotrinecibon 1t h 7859 Ubgr 75,Gormect/ed,to t he

ground of the dadder une: SuTL2ce FEOYSH) G INE THALST 9ty Absfn BRelle 10

connecti on pa |on |rs
filter 582 t C&ﬁnﬁﬁplg"r%%n@f?)am@@ nccmﬁplflu‘ﬁ@ttbﬁssa@lare@mﬂr‘l ground only

for the DIVS fidrnyd &h dre t&w Iﬁ@merngtheyegmnagaoan@o%ohhgﬁddﬁ stage
is conpletel stg%ar atﬁd gr g 5; % secon stage in
the DVS filtér Ehrhuy, S E DI Fx t—r T hatPeff FEF AEFy °&v 5iNEs CLBE s e

i nfl uence of acEIafoatnimad ckayde 62al izedt{&Er gihv hdEnbbdesent) 20 Fi gs.
19A and 19B er&lr@@ataa 194 ihe I@@@ HRYOt EBEmbayeb €HA and the wire

bondi ng d Ia 62 of | exe ccordance with an, ei ghth enbodi nent
of the p? sent q%ﬂﬁa&'ﬁ Jﬁf?lﬁ%s @gr egng Hg sdnECRENDBALKL sEHE t hose of
t he foregoi ngstexmd):hrrcem@rar@sﬁﬁordemy)t‘ekﬂeb@tupﬂlexearreaneberence nunmeral s as

those of the f0regol & S DO BPL dELLRipChr om the

[
fifth enmbodi nent |né%le structure of t e cap nounting | ayer e seal ring
74 formed on e Tdd MR hg "I”a‘}/"err%ﬁ%?%c%oﬁﬁegﬂéd £8-the wire bonding 30

pads 80 connected Uhet k@enertactd gnatpad h3517&511mlfbt75’/251t1hh9ughgt heevi as 863
and 864 t Efmﬁi #:t(#{ ,a]tét - S5 QuD gdototpg dgg re further
t uct an

 ei nf or cé ¢t Conponents are reduced Sr réBy "I'mpt ove
the increase qq{@%t%m%%@%upp?%s ¢dhieyerirast he?r‘ﬂn013‘5 ’H\Fnt’hrEnbodl ment )

Fig. 20A il usincptres gdwes 80 CUtiie Sé&ICA4i6tO88 By reference numeral
80; is 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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- 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 ment in the structure of the matching circuit. As shown in Fig. 20A

the dupl exer 200 includes two t chi ng circui 111 and 112. _The
it oht ng. o 1 GEREER DAL ARt orh O L RoCH E e abE FEFPoreY8s Kid 80, and
adj usts the phasés ofid-tetfddi ernsit3Z/@Gndfalr Theckapehhhgbibrsi tinll2 is

provi ded on tc%(;%%gtpq}l q_g]eofdtge %gél#gms thTrpné egg) %lgpg kStructure

shown in Fig the upl ex i nc e W re pad | ayer
62A shown i nPRIiGE XIRCKEs atfovird Te iRy %Bckwneabattegn§h9§eand 95 are
formed On5th®l\tﬂdk% Dandma padiiayert 620 udhe 70 nespabiaed.94asor ns part of

the mt ohi ng S Fah A (e d g pati el 25 Larin bheomaehi ng

circuit 20 172° icdl | art of
t he matching dmer-@):lttaCIllllrbléthe(en Qm@oﬁmnc@eﬁwhaveladbﬁéltvﬁe 7I1adder type

surface acoustiC fpaMe HHildierp 3t 8:51150&19@ é f\@a@attler BoR4uanrd viche phase

mat ching |ine attern 72 shown in Fj rmthe art  of t e mat chi ng
circuit 111 & Wt hridif tEtm Ib‘iﬁt%fﬁdg%ﬁ% B%/stgﬁ FBFPS@ ‘The line

pattern 94 i §?_maord1m:—taextacm anei tentd of s t henpdased mabchhrgcbnne cpdtdrer n 72
t hr ough the 6(1175 Thggl i ngnpaytern, 95 féné@i?ﬁd Qeg%ggdtshev\@are bondi ng

pad 809 wire- bon t he receptl on termna nnected to the DVB
filter 50, an@®AHELAMERTTh Dht h HRESImddted 1 1 hed Foot phd /869
correspondi nd & eaxdthedracepiddntd erid nebndéct Whhpabhs SbErucTBg e, 75 he

i npedance of a%r&eﬁgl exg wﬁogncggﬁbelgdj ﬁi&%ﬂ gt Kznevcelr aI ﬁpoqlr{}% Syg SO t hat

i nproved 35 inpeda bé "ac ved. he i nsertion
| oss of the dis e%@érorzbmuasge eatrc@@je PMS t hiel bRampPe hOWArdingly, 20B, the

l'i ne Eattelrnt%ﬂesog% n@(l_llzoontﬁd?ﬁ;@ﬁetrh@@n?@héﬁfﬂrsﬁndtbﬁé bh@et@@tem 95
is a ben i ne ern wever S 0 shapes ma

enpl oyed, as %ﬁ & R rihe e@? g ?tr%ﬁt rrﬁ&fd Brehtys F9 Ou?%A
illustrates tdterwitnog t tSe usipweeofien dopl eker £21.6eirncancoedance with a

tenth enbodi N, Rfed, heasprﬁleptbé rw@ét(tfggedﬂggerﬂB through 21D are plan
Vi ews shovvr ng various exanple W re bondi n?%g%g 10 Iga\t/ers of the
e

dupl exer4210. In tH&ESe dfﬁegli"rtésadt H@W%d@o@@ PHBEetBf the
f or egoi ng entpﬂ;msrmmtastcarmgje]nntecbdotytéi‘ne Saperr éflesbnee dunerial.s 1&PD.t hose

of the foregging,panpdimals. hr?%\@ %ﬂaﬁégﬂagﬁﬁ‘in?h%ggp eX&le 710 has

t he sane crrcurt structure s 1 exe own in Fig.
20A. A wire bendishd PEeEd a@fértkb?ss%%%%wf“?ﬁcﬂﬁg é:‘tBeh%tée\Wal@é’qrn t he
line pattern &. The yhas?6 nas ctdmnredtiett teatherphaseisgabching |ine pattern

72 shown 5” Hé%tefﬁjtg%@é%%tggnpg &hgspgél%égﬁtgﬁntgep¥ %e%%rmlned

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 pm to 120 um
in width. Ground potential patterns sandwiching the
phase matching line pattern 72 form the ground for the
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20 the Iine length of the phase matching line pattern fornmed between the
comon 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 25 has a line pattern 98 that fornms the matching
circuit 111. The length of the line pattern 98 is varied so as to adj ust
the line length. The line pattern 98 is bent at several points, and is

| onger than the i att 4 s i n .Fi 2 B A mnre bondi ng pad | ayer
62D 30 shown § QE 3—r§i %gqﬁﬁf 5%CFﬁ" & YUt Ay paﬁg?ayer 62B
shown in Figquzﬂaxyexdegﬂuih@ﬁodwmtstxejg@bstanelpaﬂyeunlgﬁrmswne@ﬂaced

wi th the bent é\éngﬂlta% LRIt 2ohg Wide %é{%mgéﬁﬁ ?2ab0f’r?u§”é'€£%i85 of the

tenth 35 enbo the 1 edance of  t exer 210" can be adj usted at
sever al p0|nﬁ%lﬁﬁﬁjQWﬁﬁ%ﬁkﬁF4ﬁ$eﬁémﬁ@¢@@C%Pﬁﬁlﬁﬁﬁ be achi eved. As a
result, the |nsertE@nthe3folldeﬁ@(ﬁtﬂdmfwh¢ﬁfww$ @i0ckanpheseeduced.

(EIeventh E r h. I ad xe n b5
accor dance "H}%ﬁ“—' ever%sﬁggn%%bn—g%?ﬂoff?ﬁé &%%éé%%gfinveﬁgég E % Fi gs.
22A t hrough 227G 1t5f¥’e AT LMD NEMR W1 G %Ih]@@@am:et ReMPaird§ersy embodi nent s

are denoted Iyethersaie el @ ncen NENeEaks a8s {:H@S@oﬁfrehﬂﬁofrlﬁllego' ng
enbodi nents. Thi.s enbodi nent, differs.fro th enbadi nent~in the

structure oquRQ%ﬁ%feﬁ UAh 1hyetd - H g t%%c£§ﬂ5ﬁ£ ty89e§ 46K | ayer 63A
enpl oyedlPn tamustevemdvenbodierent3 bheishoubddbesnbhed rebaptiiogs. 22A,

228, 22D through 23F A(® {fle @I ASr Fb8Stnd3hrelaRe l%';?efnta %gehﬂo% Fi g.

22G is a section view 15 of the duplexer 1nh accordance wth el event h
enbodi ment . AL dHdin 9 nlHY. D2E 1 EE¢F ovfidPpabfelAedo?si &h ﬁorned on the
di e-attach | agere@3ifon Thiel ggound Azatdreywn 101 Fisg arrshgedrioarsdeh a position

as to cover IEA}; fzeoxgér}:zaﬁf cg’?t C@r‘lé‘gléél&&pé%%@Quzgaggo‘é@oh%t cgwa%%D The

gr ound patte ‘common_ gr ound 22E
sandwi chlPhe lﬁﬁ(ﬁﬂqufn¢r@M%aﬁ%%?ﬁr7§O Wﬁeegﬂééﬁérﬁéﬁtern 10l has

four thi ckpaiindpdd ks dkih?rélﬂté’\fli§@l<§§6 Cﬂuplrﬁ&éésémmée@lmpé\daﬁcaol e 103
is forned ar qun of the via nd 8 event the ground

h
pattern 101 froﬂ¥}ouéﬁqu%?Fl%p %nﬁng%Q ignﬁ Fed %8 5the phase
mat chi ng | i ne@attiam 7t2he Ashase Iph’ecslelmtE;hnﬁgplatherpat7t2e|C|®n7@qt§CBO

i nter posed batywalk ties UPPPEe n%'%ulerﬁyeﬂepabw Ravi0h art gt d#proved
|npedanc e_insertion ] oss c n be reduced.

natc can chleved and t [
The reas Q#ﬂqﬁ ERS 33 0&10%% SH%%nch%rE&EerPEP.c ?ﬁﬁ%da ce can be
expressed bynﬂpxésﬂﬂtnmtﬁpemnm&lemgtﬁSof the surface acoustic wave

to be transmitted through the DMS filter 50. 1In the
case of the ladder type surface acoustic wave filter 13,
on the other hand, a phase matching line pattern of

25 approximately 0.2 A 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 86,.
The ground patterns 89 are connected to the
corresponding ones of the connection paths 75. As the
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Zo = (L/IC 1/2 - 32 The phase matching line pattern 72 shown in Fig. 12A
i ncludes parts that are interposed between the dieattach unit 70 and the
comon ground pattern 76, and parts that are interposed between the cap 67
and the 5 conmmon 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 line pattern 72, the phase matching line pattern 72
is located at a distance fro he ground. Accordingly, 10 the capacitance
formed at t hEPHIS Bty (ho 24P &7 2HY TRETPHACE FBECRPASS i ne pattern
72 i s snal | ematdnirthatired gdtecatmesd pant shidsmeanebe seengfroamdshe above
equation, as e geech{xpos_‘ |1 terl SELG AL n becones
hi gher. If actesibr%e char acctsée?’l St?rlﬁ% %@&?%%S%cggﬁégggngg%gﬁe%%
char act eri st iedURREHarRE 0fhe he peResS hel cRrRgPPi ABCHEEEEAN 72 mi ght exceed
50 S~. Insthe strugter ¢ rehewn gatddgs S2Addroughrd2érrangtieset her hand,
the entire I%rg)g:t t}oofov'gehreloaohasll_a maf c in%slé e ﬁﬁlteg:erlg 7%Si S idn er sed
bet ween the conmmon’ gr oun o p%r%? ern 7% ahd The groux patatnern For ned
on the di e- atdtegtsh dayeacB3A tActhe dshghyl ahpepar tMofet fpephiseadadchi ng
l'ine patterntfg igrSlRsdtrdhes Woundy andatbepetahgedt B GRarrAt ard stic
i npedance can be readi I% set at the desi reg tgpggance of 5Q S2. 25 Fig. 23
t r act

Q
is a graph sHOETMFR H'SRBTTITERS of o TRHeCER PsEPENPATE@ENEE THS t he
phase mal@hi sl i(heapaitiest on? sarpladyed 15 t(he aglsendesrgt o refbockpethdn and t he

stability of g ar r4stic.d co rative_ex le. In the
graph of Fig.st% ,aclph'ea?g%&ajb%ci(gfséa ngdHr:gsp%nségln)t'sn%ﬁe %%g? ?g% of the
phase mat chi g9 REPERERAT2, 8 dnd Wi drith hat eraxdemerpr e5BRt s t he

char act eri st icagaqiedanse dod)ondites Cloapasahi vReexagphe si anal duel exer havi ng
the structur i 1,4s. ro i ie-attach 35

| ayer 63A of e%’f]ogl%e evé;an{hgin%%%“fbn%%t ,glgﬁe_%ﬂ%s)ggbagﬁp%gégr e( g%f)t\/\c%”inrg Fig.
24C) of lhe cwpdraatdciel el €hesvernoninse el @ent @8soint hephase

mat chi ng i ngqupidker &8 s Nrd@ucdg, shown in Fig. 24G the cap 67 covers

t he nei ghboring areas of both ends the phase matching line pattern 72.
Unli ke the structure SR h qﬁod@&))l%%tt Fﬁ%%gﬁaﬁ%ﬁ E%hgsdpé%{tlgggh | ayer
shown in 5 FiundeAQhmsphdwe diztaiimghl ingt pebhaeot édyes &dl.y éng.

connection patiy e, W bOSdi £9 Ly CeorRONNgEBuRdro24Bret alse.dif ferent
fromeither of the structures shown in Fi 2B and B shown in Fig.

S. , 13B. "As
23, in the el%Vverit e%zmi%%%tl,st%ep%ﬁaPa%FéVFSWEWi fiped&ifc&Ord- 9%
stabilized atfaappraiithet etgmbdh S2rouedAfdbdspadf 1herl éngt keah ttheomphase
matching lin t n o | (W e; .0 ot.he and,
t he charact e?ﬁ}?i%%hpgﬁlaengg%%uﬁst aEH;I EBaa\l/n%t(gfc()r(flrr\e\rr—?él5 rr3é§ g?%@%ﬁsggortg%
reachi ng 65 YPRAT thacsmed nths @mien aPeafdédony PRE devsks.6dnedPenhe
char act eri st i®ningre daneen @ xsceetsrb07 S2covrepedanpe taatdRilng aamnot be

pLover L ¥ahet OHEK, e LASSIbLeD, Kgos, Ol be ipleratolarcaes, 1o
filter (a DVPFitawr)’ @nbt oyerneat ehet eolpar aphpecéianppatdisowd i n Fi gs.
24A through 24Gef Oshe 258;800Wsohhect ebheghtan ohayastgristdcesof the
| ndependent recentj on JiTLSl, (iR DIE TALSL R0k STRLQUSY igh e, sl eventh
enbodi nent
in Fig. 13D and the corresponding ones of the wire
30 bonding pads 80 shown in Fig. 13D, through the vias 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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25 shown in Figs. 22A through 22G Here, "an independent reception filter"
refers to a situation where the transmssion filter of a duplexer is not
connected to the common ternmnal 14. In the conparative exanple, as the
characteristic inpedance becones as high as 30 approximtely 65 S~, the
i npedance matching in the pass band shifts from50 S2. As a result, the
insertion |oss of the reception filter becones Iarge as shown in Fig. 26.

In the el eventh eﬁ?odlne on the othe lha nd, g aracterlaﬁ{c i npedance
of the phase IrHirc 369 (GA T SPLF L1 ePbal ot N ERPPOKP RER 1) 50 S2,
as shown in %q;cdﬁhedkﬂ&wmbrmﬁq cémMEQBBSnbﬁathS7BQCﬁhEdugh The,

nei ghbor hood ,9f (L€¥Q%E*terg§ feflest] Rnt e3ﬁountcpg E%rls&hgs of the

i ndependent rec ption 0, and t erefore Ie i npedance
mat chi ng can ftsv@tpéﬁdﬁré@ theoxgredfine, f‘t“h@til%eﬁﬁl Qﬁtleé§§1of the reception

filter 505i s wldctiam Slh@Mﬁhrteﬂli:} gan@6ar5 }Eﬁbﬁgﬁdl ahltb, cbarta@tdma_Itexer for
a band hlghenj}han 800 and §a% naterlal

havi ng a Iom1pernf%ﬁ Qondln é%@??ﬁe% %%r ek ?swerl In that® case,

the variati ortd re&ueéolcm wheeisi¢ c<:<i>rmpe©éh@esbecmesfecgnpadéaﬁﬁhy | ar ge,
unl ess the phage dd) FBEChRnRY JridiR P atd @l iha/ls | o £ ovigs eﬂl%ﬁhsue@er o&nd

| ower ground surfaces,. as s in Fi 22A, t hy ou 2G Judging fromthe
above facts, R Qﬂﬁlﬁﬁ%ﬁﬁfrgﬁxn1ﬁh? ﬁ%ﬁé %@%d%b Gis suitable
partlcuIaﬁly1¢mﬂnsmmsamnn|tefmrm@h ISeqﬂehhy Bapdeaktr800TMiz fobthpgher. 15
(Twel fth Enb thpE tnauah i S I

accordance witHh agt&glf%%oeégﬁyrnﬁ% Zﬁﬁe-%ﬁﬁs%%?ﬁ§ﬁ352??0§ﬁ§ ﬁbg hese
figures, the%ﬁﬂﬁ?ﬁﬂﬁnﬂﬁﬂﬁﬂ%&%&ﬁ203¥ho&@ﬁﬁfQQﬁaQ%Qe@ i nigf i nent's are
denoted by thgrsame tefeiencersrineral siastt besgeob ft heef OMBgGEINGer

erbodi ments. e Pluthe LT e Rl LIt 2oeTbRdTFERLALS At dh phase

mat ching |ine pa ern i s connec WTé s on e package
t hr ough @ﬁasaQﬂﬂﬁtﬁptWﬁNQeﬁlkﬁ%hcezrnﬁWH% Meels padrebucked B as to reduce

_thetlhnsergl grtdm}@h ASrihean 13 Eb@hvh%ZB ahv\eg\éﬂAem&%Je?l avel @&Mel 86<filfedf8r med
in the pa 0 e n WO_ Vi z an

8613 are for%bei r}h ‘5&% %&%ﬁ’g ety c%hﬁ?g & @f%%?gazA The 30

vi as 8610, 86kIrmi86ilzs E@mlBma3$ee®eda53@géooﬁeuhenDMSdﬁelaEnadH)Iayer 63B
and a phase matchinig 1h0g @@,I tfsf %H@Y%C%o%@eifm@ﬁa%i@ angh 8611 are

connected to the |nIet % hase mat ching [ine pattern 72A The vi as
861z and4861Ff% RAfhe @@daﬂé @ﬁ@wﬁEQGﬁr?ﬁﬁ@ B?resn%ﬁé bR&sé&DhRat chi ng
i ne pattern s&fondidicegd hef vilas B6dorfiB6at. 5861zThantdo8618adaké f arsred in

three layers,, each, of {dg. V125 885,8U€048:H8 Bher E8MALANGS Rlpe as to - 35
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 1s 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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affect the insertion |oss of the reception filter. These vias are provided
at either end of the phase matching line pattern 72A, so that the

resi stance val ue of each via can be reduced. 5 Fig. 28 shows the insertion
| oss of each reception filter (a DMS filter) of the fifth enbodi nent and
the twelfth enbodinent. In the fifth enbodi nent, the via 861 is provided at
one end of the phase matching line pattern 72, and the via 862 is provided
10 at the other en In the twel ft i ment, on the other hand, two vias
are provided at ea%ﬁsgndw@@IFhéjﬁ%gggyﬂgg% Hing § i 1S pat FEFACYBAS AZ shown
in Fig. 28, twhedmgdrd iset |oSsdwudl thedé weypé hsenbadenenbuiss ismalalver t han
that of the fdiflfe.RmoodiiRntsd & RALLLeACEDYa1T1 200! 0¥ ALY 4 dB).
Provi di ng tmo or nore vias to each end o mat chi ng Tine pattern
72A can al so AT He thlmseEhon $%@|%ﬁ dFﬁg m29€|FWG@tﬁ&miéqqanS|tlon
regions. bn agAasawheisrd hﬁitéwrsph@mcwr béhhé&t%@ inCude 1ar1i,nsertion
| oss of -4 d%'and a sg%p(Pand Suppy essi o t he bran5|t|on regi on

represents |n J(Ii\ﬁ-izlia LY 2a??8 ﬁéflfagnlgalt Ss transit. In
ot her words, Jtaﬁenfarte&qi:mfc@,ka@mg@ ohias heinst epadsi dhheawdes bondiag

transition reg dH‘td¥béfﬁbéﬁ%éﬁé&et@ftﬁ@ecéﬁﬁeétEanPé%a%oﬁ91 angal ler, the
a

filter exhibi ef erabl y .angul st eep profile icularly,
fiter for a 500 Ne CHMM AOM e annied: B SarkF SHiF e b on band
cl ose toléacfbeotdm"rr;ecatrmtitmrﬁﬁ@r@rosﬂn@ﬂl df ptbtedablymbaee tyremal | 30
transm ssion ilie cher i |f e ition
region is sm%ﬁ%%e%%ﬁ?ewé%%gglg?%g §§e%§8 ggl tfs tt(glraéng Ia:’urgde w der
in the productiasif priddesshe Rrndhed prbaaet Pén ?P@I gecqrdp@adsandthcal | y

i ncreased. 3&ilde tmﬁldmmmm@@dt@e}ﬂé cbhﬂetﬂéﬂr tboRhleosBrin® Ateloh smal |,

and accordin ayhthﬁﬁ_&al,%a,?, |100,noa¥ne ]-fl}f{'ﬁ eo Srr?inectea?ﬁd:%% shows the

transition reglons diment l%welfth
enbodi mehb. W@mﬁplce% Wedtm@hslm@@@ T—bpeea@hféf:et Reotistttlls amde wel ft h

enbodi nent s. fﬂflet@ﬁ/sef?gear\/@'&@ @f the éé@BﬁﬁtlsQQ E€BkOoRS ref Hoh@ut 1 fth
enmbodi nent mal | er?fg% X mat e

g Accordin , t was
f ound t hat $%h %aﬁe‘é?égt P§ Fnéf&a&@dtel?émﬁ% ction
yield. (Thi rtbmdm@bctylrmmqs 1@n Ftige 8irel bostiavepaché adies- &t2.ach | ayer

63C of a dupl exer im paceq dance (ﬂgg}l aspduiteentd eobedinent of the present
invention, and the di'e-attach |ayer 63 of the flft,h enbodi nent as a

conpar at ?0e SRS e ERH oF 2he? dupPerbrecchffofd1t®E &RiVIL%91 and 69z.
The chip 15 6odroigrsthdte éﬁddeaidéy@emmunfaoebat:busmec Mase fatddgpr 32,

shille the chify $92.] oram, e OByl Ler, 00 LBnibR LA Gnbasiqnt (he

conducti ve adhesive 1 'S die-a and t he
| ower surf ace$rte tHee chi§3 kB@rithh@ B33 é@éesoﬁaet‘}aéﬁﬁotﬂ@e THBET ach 20
unit 70. As tdwncanducinaeciaelhesiver 7¢hbsaateeiappkised ft ancheMy oss- 1 i ke

part on |cht ch un| i o] r.ed h nds of the
| ower su\rysaces rc}fE I?hio ?ﬁﬂ psn%gjlrl %Q%ggnle érPgl n orfgérd%h%h%ud: } attach
| ayer 63C of ftaoe Hnd ednt hsepdodi Abage bhathdoonRéEr ClRANEN 125 s & yr ound

that is furtft%rckf &) i OF cveﬂthAugéanep@bh@ﬁﬁglgéd@nafohe msecaht geh | ayer
at.tac unit

63C has a | ar ar ea than t r of the
o pat t o G L. 1 D8 P LaboPrE b BB S s s o Y D
faces of the ﬁivbt%mlfgﬁ Bot atde $920t 30ava ghpsndspaede tdeamgroursd pattern

105 is the saiemscihe of ound-patger nrd Odeshovn {Re FE9re22Csnihe Ghi ps 691
and 69z are bonded %‘Qto he ground pattern 105 wth the conductive adhesive

71. Even if thechifts 691 AntF6925aF% hPaBBd AT PosEi IRSSHRRASFt from

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 predeterm ned positions, the |ower surfaces of the chips 691 and 692 do

not stick out fromthe ground pattern 105, since the ground pattern 105 has
a large - 37 area. As the conductive adhesive 71 is also applied to the

cross-like part on which the ground pattern 105 is not forned, the grounds

of the I ower surfaces of the chips 691 and 692 are reinforced. As a result,
even if 5 the chips 691 and 69z are shifted fromthe predeterm ned

positions, a ground surface can be surely forned on the entire surface. To
further rei nPOPEE (IRE GHoRtHisL - 1Rk TP pat i of RS 875°8F Lihe “eNFr t eent h

enbodi ment arfe Ingdes iildema Heh ¢drend @aeli ngn ppatai he187the girotelsf idfft h
embodi ment . Matee praleiahl oy facy oaddeadsading papbernsedia should have a

wi dth of 200 um or greater. |g¥l shows the stop- ppressi on on the
hi gh frequen&pds EmOTedch Rt HehRiupl exerstaget ard15hej FERCE/boOdi nent and
the thirteentshgpodiyBntirt A dhectgs ofinest ar gyédr 6heforpiingoreed in the
thirteenth enbodinent,-.the s - band suppressiopn_is so_further increased.
20 (Fourt centh OIS B gh o3 EhEEr Rt PaoBoRll AB0 &sr 62,

di eattach | apercdBD,layatr £ setrimineftlkze dophexer grauadcopdarnce Wit-h a

fourteenth enbediifRdnmas W&l |1ppethes rezbondings! ayeno82malkae tdee- at t ach
| ayer 63, and a 25 section of t'g‘rﬁkd pl exer of the fifth enbodi mﬁnt as a
conpar ati ve SERE AT G bur fa ﬁf%&ﬁ%uﬁ% t'Hee sBhBPaR2Pfle fifth
enbodi nehd, eupgpteddiain tden deainpedvédyeand3adgerepl acdd uanicle tdfe

die-attach | reig'(%q' A Hound pattern 8a{,9£gg§ on the die-attach 30
I ng

| ayer 63D has | ea patterns 106 andl 107 extending fromthe die-attach
unit 70 that is thé&ls@me vASienhdthoPMhef ¥i%eh YhbP nenf tr#REVFBadng
patterns 106 waidthlGChearsstconhedi£-hodé heype asuB63cand c86ét ircespaet i vel y,

uhich are comacled, to, Ug, correspondi 0g YW g, PORdLAY ;35 Aads e ddii s
structure, t he groun pattern 1 I'S connect % no onlly fto connect|on pat hs
but al solbo tie edhamatadmnekbtdonl tee@de nhyRe (shgéacaseeOugttiignwaste - 38

grounds through ddes HaSandceprbmgd ¥eed hen gpouads0f the lrawer face of the
chip 69 can be further reinforced ar%%r nunher of
n

lo.th
connection pat et‘“blrtehebr Je??]a?a%%na%c?%%ﬂg‘?ggﬁir Egﬁél& RE Grdtind 5
patterns rei nfadrtce the agdourdds (vhet henhewer ohapa tdf thenmelyi pe69. Fig. 34

shows the stoprhapd HUPRESSE 0 Qe LhEG hE ghe hEegueNaYsSide tole @RGN Of the
dupl exers of the fifth enbodi nent and, t he fourt?enth nbodi ment. As the
20 mode type surface acoustic wave filters 34 and 35 of

the first stage by wire bonding, and the second pads
(the wire bonding pads 80 connected to the connection
paths 757, 758, 7510, and 75;;) 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 Dbonding 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 grounds are further reinforced in the fourteenth enbodi nent, the

st op-band suppression is also further increased. (Fifteenth Enbodi nent) 15
Fig. 35 shows a top view of a die-attach |ayer 63E, a top view of the
common ground/foot pad | ayer 65, and a section of a duplexer in accordance
with a fifteenth enbodinent, as well as a top view of the dieattach | ayer
63, a top view of the common ground/f oot 20 pad | ayer 65, and a section of
t he dupl exer of the f| fth enmbodi nent as r’rgar ativye exarrpl e. The
fifteenth e i EhtPs STMESHR & the W‘F"E’P\ ehBboU-FEnt, @%@eﬁtootthat t he
di e-attach | gpers &% |@<d@iﬂ aﬂe@ oot pdes dées,atd@ch dayerfoaded Argraound 25

pattern |10 fQr 6 | eadi t s 111
ext endi ng from {Eﬁdsgﬁe&g% uni tf%iﬁ%{a%d §%E§8§ %maa agﬁ%ﬁﬁl Eﬁ’;@t he fifth
enmbodi nent . Bddhdfitehe HIE%OHWWt@?@lsrqy_rlf%(:@@nné@ﬂe@hﬁo each

correspongi ng ndwthde Wnpddsntld 22 86 eralis@ed ot BeEhbReBY tihe rehase
matching |in attern Ia%cf 64, and, one end of each of the vias 112 is

connected to GURPT2TT L™ 76. In this structure, the ground
pattern 110 is conﬁ‘éa@t edltteantdmadmn‘ﬂmyegn*fom Patoegh 76 thnoaghedi as 112,

so that the grpunds l@mﬂﬁl@téc@%cl@asgé age H&véhgreﬁha E%t‘%@&n@e fiurd her

rei nforced. The rou ttern 76, whic round surface
i s connected ttr}l? &Hr;gﬁ{hgg R i Oh tRE ntA%FE ©2sgthe 9?&‘?& a3Gnnect i on

path 751160r tdlatl |7l(bsan'rﬁmes ldayer g6 dunatsd ot hé herbandr phacerafs Bi3e achi p 69
can be reinf t Op- uppr egal the 5 high
eac 1{3%@6 dupﬁé‘%é 88?11?é‘§9e§ FB Efg §§o%'%d

frequency SI exers o iment and the

fifteenth enﬁ(ﬁﬁ“ﬁéﬁtls AL el eplouprids afe PUFEREr LhE ﬁP@ftc@@dﬁn fhe

fifteenth entgsli, memt) fb@méaobnbaﬂdo&lﬂ@@r esgifard oif Uﬂﬁ&elfamﬂ%@@éed- 10
(Si xteenth Enbo rrent% Fi o \:I%Q? i | an_vi ew show n% t he cong tions
Wt k& B

bet ween t he cf:h| t B dl%rouprh H%%/%?r E %flgca eX&r in
accor danéé wias reptsn;a e@mw@m@datmml 1bln¢ phttprasdthei sigmailon. In this

Li gu; ed Lhet ?]lairfﬁe Wﬁmtéoﬁﬁe&heaetgf tthféte J&fr?@@df {kﬁne eH5MBRLS ase,
enot ed by erence n ral s .as se o e fore

enbodi nent s. aé%fi% &ﬁén‘ﬁgplo&% tredgr&aecW?% ?He ‘Fﬁgt Eg?hrough
fifteenth entiodidiergy & i cwhneesed heo DMeef sLgpal80iok phadetsinmgl e- out put
Structure shaunf niH0: o oo e UL £XCEa pRC FEEAEAARRRBNLA LN 5] Herent h

enmbodi nent,, on the other e sanme structure as the structure
shown i nzﬁ repucaghy @%e@??%%ﬂpy %Iﬂ%r%%@ek@l?eéfanf:ﬁ gaghddigméftn 25
i ncl udes the MG dti 1 dvesd 55 Mafcdrid ragl vgncete ol ittt Béf UTbeseof Tehachi eve a

bal anced out t)neer E&[}pe%% ug@&)wn in Fig. 14 are changed to the
in

connections s vvn W e bonding pad on the chip side, which
is connected to th@%@r\@é’t itde ﬁfd%h bR Geme 783 10eAnFrgscrabeds
di vi ded i nt o dymwapadsrt ithd Mﬁoﬁé(aémélﬁplgbﬁ ¢anneaki Q@dp.@tlb%tﬁ@&,s &8 and

7510 estghli t he, cann on r pLi t in Fig.
11, the grgou?los o%def ﬁce g%%%ndég %Ee % ﬁf Eﬁg 5 ?gh gglgll?dlfrﬁ QDI\/ISQ}LYnI ters 51
and 52) 35 oflatmeﬂam\@f@d@@g%560anﬁorhéxa@@ Pti 6F tlé’ltmlna!lW@l tthe wire

bondi ng pad amhd fﬁ@“]&y‘c‘éﬂ%t%&@@rés seaNasLedoheatine aCerRRAGtd PN pat hs
7510 and 7511”}3er of layers (six layers, for example). Also, the
chip 69 has a substrate made of a single piezoelectric
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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- 40 14, is divided into two pads in this exanple. In this structure,
the foot pad 66B shown in Fig. 13F serves as the reception termnal 16, the
foot pad 669 serves as a ground termnal, and the foot pad 66lo serves as
the 5 reception terminal 46. Fig. 38 illustrates another exanple of a

dupl exer havi ng a bal anced-out put structure. This duplexer includes a wre
bondi ng pad | ayer 62F. The connections in this duplexer are formed by

nodi fyi ng t he 10 conn he W re bondi ng

ctions shown in _Fi 14 as follo
pad on the cAPPYS Ja E‘Qﬁn‘l 91&% Ca%thected o AThe %{)n%%mf%‘ﬁ Pat h¥P9510 and
7511 in Fig. s114:fa|® diadwsdi ¢ ave wWol Plaglss | and hbdS eXapkes Alfsahet he

connection paty}efRL: gg%rﬂ%dﬁ#ﬂ@r?té *}ﬁ‘agfozF‘é‘e@erPB y 441 hlhg%efa%c%@t 't‘Pﬁ% 15

term nal 46 shown in [ustrates_anot her exa

dupl exer havi ﬁéidé?Ibéqye&?ce‘ﬂ“biﬁﬁﬁjta%‘flﬂ%‘é%%r‘éaverhfélaﬁﬁl é%eﬁnidngvﬁ‘@dé)é’lsa wire
bondi ng pad Ilfayerer6288. The connections in this duplexer are fornmed by

nodi fyi ng the 20 connections shown in Fig. 14 as follows. The w re bondi ng
pad on the chip side, which is connected to the connection paths 7510 and

7511 in Fig. (M xths Eihddigteritto two pads in this exanple. Al so, the

connection paths 75@ aHQ77§%Peﬁ%k%@ éﬂlﬂ&&*@ﬂ@ﬁe§fl@ﬁé o8t he 25
reception ternl f t he

6 .an ectlv Further
connecti on p§FH" q%%ﬁﬁ? ?%e g %ﬁﬁdgoﬂWophgngBS%% Hag@bf t he
DVS filtee SQaMarlaﬁkﬁ s&ﬂns@mmmsGh©IEopo obdafguahgxefr tihe 30 dupl exers

shown in Fi g.5c36 A RUIN, 3 SO 285110 &ahb&VReARY 00T thBe fr%%fe‘rﬁrtes of the

sixth to fifteenth enbodinents. (Seventeenth Enbodi nent) 35 Fig. 40 is a

bl ock dlagraﬁqWQQR&Q%nlﬁﬁ-§ﬁlélé@ﬁﬂﬁﬁ«:Qﬂﬁn§§@?rF%EE%Pﬂ%ﬁﬁeaﬁnth a
sevent eent h emaed rehttiod fdwse g Bsedmboyemeénos. aThi seabeetr ®yi che 41

device Ts 2 RN Ed el ephale. ADFL Lhe LeansmL 3oL a0/ aceRlipn syst em of

the portable te one 1 s shown s such as an
audi o pr beessMRP I@ﬁiarghﬁ§taﬂhﬂﬂimQQﬁ msivpe i $amat $bAUGEUrReadr awi ng.

One of the d%m&@fpﬂé}ieﬁ@ffﬁi@gﬂiﬂ@i esodi rrahe, | sxesplkoyed ithd he
portabl e tel%Ph%ﬂﬁ1%£¥gghé;k pag layer 65A. The foot pads 661,
66,, 664, 665, 665, 664, 6615, 6611, and 6612, which serve
as ground terminals, are connected to the common ground
20 pattern 76 through wvias 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. 1In 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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The portabl e tel ephone includes a RF (radiofrequency) unit 170, a nodul ator
171, and an IF 10 (internediate frequency) unit 172. The RF unit 170

i ncl udes an antenna 173, a duplexer 174, a |low noise anplifier 183, an
interstage filter 184, a mxer (a multiplier) |75, a local oscillator 176,
an interstage filter 177, a mxer (a multiplier) 178, an interstage 15
filter 179, and a power anplifier 180. An audi o signal fronlthe audi o
processi ng systemis nodul ated by the lator 171, and_the m xer 178 of
Phe RE unit  TF6 prTs i HOLth RS o BhA T oh TR RGE Sofor RESmodul at ed
audi o signalQmmﬂeqnlannpdﬂkﬁitﬁusﬂghabzofahueﬂammﬂ ﬁhk(gnndﬂdﬂcwf176. The

output of theyd el k7&isd Nan SENIp® Ehecdupbexerrdd dodonoh Lhe
interstage filter 179 an E{)ower anplifier 180. The dupl exer 174 whi ch

is a dupl exedHMra BT deiTce ik b ¥ HeP P esent F‘ﬁvEﬁ?l GRANNEREM QA4 NS
transm sspon 75,], tEEB;L?Mm,aa&@ regeptand former thédgdroandsa ofattel ng

circuit (not 0 fegmt p r 180 is
sent to the afle{?:@\r%{{r?a 1% hroug [ﬁ%dlt exergq74 ﬂi r(gé({:@% Lé{ﬂéﬁa
recei ved at tled temrentfd 18 nat scecmn%t@het@n Kee Wsnemﬂ@@ghptaﬁ@ r'égept i on

filter 1742 3Q,0f fthe S exed t1<74thé herb@Ma neEsenamhbibieer th$2 and the

interstage filter 184. The m xer ecei oscillatjon frequency from
t he | ocal oscsiqu%cc?r e S QU ¢ h’g Jr"fﬁ]ér)s{faggAn]ﬁq"t 6?5199 and then

convert s10 he doreguenicyn afattthe’ yedeptdtdrorsd grmlag goownd pof the 8b5rebnvert ed

frequency tostt{}egé of.UrEﬁe s Ahecd Fooigl ttﬂgzcéﬁﬁéhvaa?oh% $agrdrvia an IF
filter 181 dul at or 182 denodul ates t he si to output a - 42

derodul at ed dfdi FEGNART A3 e R p‘?%@é’%gl ﬁ@ggygpéthﬁoPMéhown) As the
conmuni cat i orf idendrcesshowm it ifs gpar#fén naﬂnajesorancuiupcj;mendoéfthhepr esent

i nvention, lte t 0 rabilit
can be achl eﬁ?gtl'h t% rsjtg é} rgg]ﬂ%@és:% % %E%WE gl}n?rgrﬁl%sw%?m}%ﬁle prese%t
i nvent i ohShawe Beeh Uesdrs birr f%?ag%%«\Ev*éhe PHe phésemt Si0nveRPlén is not

limted to thae M 61O &[ﬁ)@déflﬂﬁ;iientby goyihavaedothee VaflQéhce of
enbodi nent s. ribed so a dugf%ﬁr Wi th inproved power durability

and filter cl‘?zfr aecrtriﬁ S R %% ]?ﬁ'n 18 Ic device that enploys such a

dupl exer, can be realized in accordance with the present invention. 15
Fi naIIy, the gtigitirdshod tetd pns, and effects of the present invention

wil | mred up in the follo The present in ion provides a
dupl exer%hat i ncl §d&s- wé* V4 Qggee KT WAVRYFi P nget 4P 20 have
di fferent bamdbwenitrey ¥aweguehlth esnd atide awphaskondtiohi pgdcilageint &@hatf

mtches Lhe phaggs afed hey LI0-5HALACE AECHSLhOCUBNEN' Lhieraraeanh ot her.

In this dupl exer, one of the twp surface acoust wave lters Is | adder
type surface Bt HavE FEPEEPN ( dehibtdF o5 byIveser eEE% AaRer al 32 in
Fig. 4, for idsimstce)ts s |ehdédhe of heheofierefotiihg ewbosiitfeates aoeusti c wave

filors 5ac! uslsmdaie sof oL e, dhal : DREhXBenaHELage agousie v d | ters

connecte |n ara denot erence nunera
instance). T reg01ng empbodiments. The eighth embodiment dlffers

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 | adder type surface acoustic wave filter excels in power durability and
exhibits steep falls. The other surface acoustic wave filter, which is a
coupl ed dual node type surface acoustic wave filter, not only exhibits steep
rises, but also achieves excellent 35 filter characteristics with reduced
insertion loss and greatly inproved power durability, by virtue of the two

or nore dual node type surface acoustic wave filters - 43 connected in
paral l el . Fur r nor e, tht roved power durabi | i t he dual - node
Pybe sur i ace SRR 2 el 75er CRuare pel Thca BANEE. PHECHAGRterd (1 he

first-stage quet qrrdscertle connect @d. t ditdhe 2B M H presam naky of the
dupl exer. 2) drgg efmgf%té{f’etﬁé”&ﬁg? %ggugoloc V\@Me filters
ave sl ng

described in out put 4, for

i nstance. 3) th?eset vﬁ)lcﬁ%reh%r etfemaisa%d%om%@e%ﬁfaéetmesgc@ésttuh@ wave
filters nay hf@i%g?blbﬂj a@mmrpw aBé @é\@wﬂeunb?l Qhe6safn@r ﬁerf%txamﬁa Wth
t he bal anced out ral’ ectronfc devkggel nlr\{\/n ch ge duQI exeﬁ

enpl oyed, as el tahe el BCT roni ¢ ¢i reuf¥Ciia Pg e"aft&r t 8 dupl exer,
can be easi | yridddi gambbdlmemi) dnt Beys ofr©1hetUaplfeiéhsed\@9©lr1m§a®ct iim 1)

through 3), tdhe Is%dﬂ%t&]y@eoﬁu%éc:ﬁaeeawﬁtgl %l%\(ﬁtfl | her JmRVyPe: prevy ded
for transm SSI on, whi I(ﬁw &5 f gual node type surface acous ic
wave filters 4By B&'%r ]zee)ﬁelfo% etept FoR° W’?hmtaﬁlc 186y GAEGHEESt 20 s
possi bl el0o rldal bne aldupl Bxermdavhigg sathchitt i, char acterpesids that the
falls of the BENOTc L foe 1120581 551 0041 bb CLn Al SuSLERR (e Tises Of

t he pass band of the receptlon ter are also steep he i nsertion loss is
greatly redudd®Sehdh Ne'olnett 55 dirt adidi 9 sTRp é&%?‘}hiﬁﬁr 6VE6YLE) The
present i nvermzoﬁsalp&@vmdm dﬁs mt@@tp@upbe&er ofhahe mMaudessLtdmossur f ace

acoustic wave fil t%rst tetgﬁt dlggﬁcetn&]ﬁasr}go‘grﬁ %ﬁrgﬁéeg%gm %?]acand a

phase matching circul c €s es Wo"Sur
acoust i clhaveudlaxar 3@ emmlléfﬂq?l%rthq% nwlhﬁsbﬁnéﬂézepadod@mfr 428 t wo

surface acousdHdsymeme zfid,tezcsal s ras | Al itrypgeléuri@ﬁe acpushherwaye filter

(denoted by reference nuner 32.in_Fi stance) ile e ot her
e of the  tved SN el S LEOTTLET cOable T EER BOPALTQABETh e ot
dual - node t ypshes urifrac epaitioerst | 24 waeen$ i paet sofdehet md tloy imef eriertoe muner al

34, 35, 51, and, S%nbntﬂéglfﬁeiﬂgttefﬁl95 thstanced goePesehgdcipcparal lel,
the two nmor.e dual node t\ﬁlg%tlsurface stic wave filters bel né;hcascaded

Wth theggas@eade cBRRECcFPE réld¥ppf §sﬁ&ﬁleofpattlif§qrbv94rm~'ﬁ %ands by
the recepti ompdit teeff t@nd mdeciponegrcircuit 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 804 wire-bonded to

30 the reception terminal 16 connected to the DMS filter
50, and the connection path 759 connected to the foot
pad 669 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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5 durability of the reception filter can be further inproved. 6) In the
dupl exer described in 5), the other one of the two surface acoustic wave
filters may be formed by cascadi ng two dual - node type surface acoustic 10
wave filters connected in parallel, as shown in Fig. 8 7) In the dupl exer
described in 5) or 6), the last one of the dual-node type surface acoustic
wave filters connected in parallel may have a single ended out put, as shown
in Fig. 8 15 8 In tg_ dupl exer described in,5), the Iast one of the

dual - node tyﬁ %ﬂﬁnﬁﬁﬁ?ﬁﬁﬁm&?@?l?Qﬁsl%BﬁnEEFEGrPn parsl Pel may have
a bal anced oltepitt ,1iase e dm. Filpwekkr ,9)pdtteartys off tbehdupsrapes

descri bed i n(g%)a, %Q.stchrkpéj%n;@oyé@evél d‘gjc_aﬂ1 gdg%ggggdaﬁggﬁtl c wave filter

may be provi for transm'ssion nglr tudi nal I'y-coupl ed
dual - node type surface acoustic wave filters nay be provided for reception,
as shown pn RignhtB misbdilmerd) 10) In any of the duplexers described in 1)

through 9), the re nat of th dder type. surface acoustic ve filter
connected to a co %Il %x T TR b%tg‘éﬂggg-eapﬁ:aa

resonators, azblfz;llfowrr |2riL(F|1js adccarrdialﬁscewthhthl sesthuembreimemd iofpedance
in 30 the regept ignfand of,dhe &4 angigsi %é'ﬂﬁ%u Ing M‘ﬁréﬁée?laﬁ”d the

insertion loss of the reception filter 1s reduced. 11) In an
dupl exers deé’clﬁ‘“tfe(fl'}or’("llr)g oLy 1952l ¢ 5 s%fth?hé‘lﬁﬁs?oBﬁlﬁ@gorPé‘dof t he
two 35 suff adeyecousif ccivavdupidter s2hy din |easse phtguaeky ouer kapea fall

of the pass l?l_;ad?rg;oqieﬁtfs}? £4 hrgrkagé‘e Fl’oﬁﬂé‘ﬁ&}?@@% a‘éﬁb%%%‘t% ‘%}Ve filters,

as shown in
rel ati onship df?ét e asspantR oFerfe P%e§aﬂ-ﬁaéé 5@6’@& |ch- Videe

filters. 12) fihedquiasednbsyandnon. alrso o des ye§. S2aapt bee dupl exer

t hat i ncl udes R, sur §,2C0us (e ve.filt rs.that have differe band
center freque é) ) 5 a pE?Hasi%Lah et ¢Ni n%l(r:?lrltl:gl F’tfrHa%CunatcheéChta%e p ases of

the two $brf gde aﬁbmils&xetrv%ﬂ/(b fhowrrsntbieachOdther. In this duplexer, the

two surface acoustixC wleeV\@a\b%cfl'ddgt P ang d heg pPhasgowRt hi RYgCi bawit are
housed in a Iam nat ed ﬁékafgot e ot ed ngref era;ce nuner al SO in Fig. 12,

for instance)@0f of t l'é%r e BRbESFRc have #F1 YEfs®Ps1i8 | adder
type surface caoousttied wavetlie | plexs¢ deambotetdndyliestepenternumer alhdd3a i n Fi g.

L 18 Tor inefance) 1 il &) hecoiham pneoipd e 1R surpceyagoustic vave

fllters inclu | east 0 set nmode type surface acoustic wave
filters £Hendt®d 1y & e]feerF%trﬁ’:eo%u‘hké? zatfl'-’]%a“i%@r %lﬁElCQSnSr ligeePéid€ iuneral s 51
and 52 in Fi gorkded flogtversi aﬂ:ic@)c@mdmectedmmaza par ahlkdelthel3Md n t he

oup exer descrifug 1y 1), e g e L0 ELSULLLTRY 9 LEERRY Y 8
causes a varilgtifo®i kR ob%c% Heed 195t %%%ﬁl BapLefpl-ter characteristics can
be obt ai ned. 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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14) In the dupl exer described in 12), the phase matching circuit for the

ot her one of the two surface acoustic wave filters may be forned by a |ine
pattern that has a length of 0.25 Ato 0.34 A with A 30 representing the
wavel ength of the surface acoustic wave to be transmtted through the

dual - node type surface acoustic wave filters. 15) In the dupl exer descri bed
in 12), the other one of the two surface acoustic wave filters may have a
35 structure jin whi t wo, du ype rfac acqustic wave filters
connected in %ﬁ%ﬂéht%‘? Ty %’a%ljédflg a’Ph gF8§H §%f the dual - nnde type
surface acoustic wave - 46 filters are made conmon by a | ayer other than

internmedi ate |@y&fS i ¢ nat ed package. Wth this structure, the
st op- band supdpressel%on can cf)eﬂfgrilcr}eased This structure is_enbodied by the

fifth 5 enbodi ment P (47 dEOUAE)24G +hEusltbreRer GBBAPKBEd PN 12), the
other onesof dduestdemseird acie mwsévenmvembbuﬁaéﬁtrraf hae presdaritct ure in
which two dual \;g)rgte%ﬁ/p Ié“urffﬁ e d;'t%é ggggected in

paral | el are cascade 0 T He m na e package nmay contain a wire

bondi ng pad ICHV@?OII%’%S s Bhese sof phldeafgragsépengmpadinentsd atter eon. The

first pad i s cauesd eshy tond h@a@éObl@,deeén&eenﬁméib1§ebsofth@&l -Jaehd ype
surface acoustic wave filters % grbondl and thg f cond ad is 15
Btond &kt g

connect ed to tHE GO BIOTHRE AP Nbad FY5ESs che
acoust i cl@avecte | fifsh bymwd emdondingthdl sbrutherki pst taed seceridt s

function as independenty grounds, Kk ta{‘%i’\élﬁ@é’m'ﬂgkggﬁd %gygfngl th this

structure, the ‘stop-band suppression can i ncreas ructure is
enbodi ed by the We e boreihy pRECAMerte2 Showrerhd PPg. 28BS £8A Y nst ance.
17) In the dupiexer2ziesczibed2ib ﬂ}zicoud;hezthelreomaeotsaWee aanrisyy f ace

acoustic wave {4 | tgﬁ%ﬁ\'ﬁ;‘é{?hﬁ@o@ r?ti??“”igléfn aﬁ sdual opode o ype q

surface acoustic 2 ters’connecte g el are casca an
the grouhds off tiHee fdpRiexpy Lecepaogdancaolét yﬁées@ﬁ-ﬁéz@éltétousu ¢ wave
filters may henpwmdeneormon by a fi rst | ayer (denoted by reference nuneral

67 in Fig. 13A for |ntanc at t he_upper surface.qf the 30
| am nat ed package serco‘%{'d lihja er ?%éc}z t%ﬁ%@gref‘g%ﬁ& ﬁ&m%rsal 76 in
Fig. 13E, forf¢m<ar@e)tm¢ladl¢0atr§aahcbmn §88undThaV ghotihids petttectur e,

the stopband s¢pps£ssiLMmE8R bE é@éﬁe§5§g81€'ﬂgnag‘éeﬁ:§>€ dofdenge of _
ext er nal @0|s e can be readily, avoid In the duple er described in

12), the?8t hdh&ife B3 E¢HENY wht Rar PAEES R0l ét PROWRY & i'lCer £ 4ty HBFe a
structure in guwind t ot derh - dileah g pehsucbanenagawsinidc patt’c?ern Mave filters

connected in &%»%'Prll Ea{?ch@gagggdw?gg ahgl ﬁ%s@a%a(tg%? ref erence

nuneral 80 in Fig i nstance econd e pade connect ed
to the connecﬁq%t?ﬁlﬁat%% 7516 SrPursd 19a%%/rrbe pbthas four thic

paint blocks 102 on which the chip 69 is mounted. A
25 hole 103 is formed around each of the vias 86; and 86,
so 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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5 connected to external connection termnals forned on outer surfaces of
the | am nated package. In this structure, the first pad is connected to the
ground of the first set of dual-nbde type surface acoustic wave filters by
wi re bonding, and the second pad is 10 connected to the ground of the
second set of dual -npde type surface acoustic wave filters. Wth this
structure, the grounds of t he dupl exer can be reinforced, and the

i nduct ance conpone be red ced. .Thus, the stop-b nd su ssion can
be 15 increased. 3§‘el R dedtT iRfd § T % al%%\i‘ﬂ Egy r9cont ai ned
in the | am ndaed ipachkags r}:w:tmav@eat g oeindn patpesad(denoked hher efierence

numer al 70 1 0y 136 070 S ene DUREA! a PSR PLOc LAY d st ance)

that is 20 connecte to a ground termn outer 'surface of the
| ami nat ed padledde QN%W]%Hﬁs#QﬁQ{RQ%ﬁ% beHeeqr obiRBsCaP OHe a@dplt&€er can be
rei m;orgesl Jhrddie gmmbm@m@denggec;%@rbe mdugedrl&uﬁgﬂe@e bed
st opband suppr.essi can be. increase e. dupl exer desc ed in
12), each |nté$§%&;ate ayer'gg%ﬁgluxp?FF?ﬁ% # hlné%edgpaéﬁa e ﬁaéﬁhave a
ground patterys thetatiss] cohrectiettancea groundheephppal mhschdddon iae out er
surface of thedw@wmaied ﬂ??&kp”r%e anghk eReAg QIQHdeQQEEQhM@HMsbe |l ocated in
such 30 a po§}t|on S to avoi d over%ﬁgﬁ qﬁ a si ng | | ne F ttein formed on
the | am nat o GHEAHEF pate coRReFREN R0 (heceFghaRLYY ne
pattern.lwvtrthducagadlnanneaf¢fme@a@actmanpertenbeneBEQ tae ke educed,
and i nproved qggp o I'$533mShr f S
enbodi ed by fLe f &ﬁgﬁﬁﬁgﬁﬁgﬂ%fﬁQ Pf?%s?%ﬁgggn }? Fn éﬁgléﬁgtgﬁgﬁ

descri bed in WAt athd ﬁ%wpthQ%Bpar%%rfdﬁ%‘%ﬁbd@%l%e%%ver?mlFE?saHQV?ng

di fferent barwlqlmaﬂlcﬁf faequena &Seéf@rye@esfﬁ@lméd i Bha ehiapacAlex@stike ot her

one of the t %ﬁﬁnﬂ?e a(gqég w@ge fllfgrs ngecﬁa§% gg&yrg in whi ch
Acoust &

two dual - nDde surface iC” wave ers Connec araIIeI
are cascaded, lrrmmiatm%e grourd of @mmmr@ﬁeeﬁisteﬂslm@d@e%@é d:chﬁmn in

the | am nat e%mm@mﬁpum@ St ParV 1 ﬂh*ﬂ!;ﬁtsbké@b@r 8,0 the @hop band
suppr essi on %§$ egincreasggijhlf s%ructu&g E enboglég by th fifth 10
enbodi nent , Yo e “hetyupt $xer 2 6Rs ERFBEE er

i ncl udes: a'ﬁhhﬂr(ﬁﬂqﬁirthefemmsreheen@ehobftheetmbaeerﬁa¢@hmngwtic wave

filters; and i3 seqgond & Py had {&Eéftﬁs(@@eét B@Ew@@ﬁ ohet RO SWhake
acoustic_wave 15 filters. |n this du exer r one of the two

surface alouRdESidve q‘iaﬁ%rfsh%a%r%u rﬁ%FE?Enl ﬁ89\h§8ﬁmﬁﬁo SdudinSrode type
surface acoustie-amect ildpss €dmnedicerbridimpalyl | ehy apercasfaded, and the

ground of eaﬁﬂlp %&ﬂ%ﬁfﬁﬁé Eeff?m??”lé” %BE |3 '%%teeggr%qer?Ckage

except the c struc he” st op- suppr ession cdn
i mproved. Thid&thRESEW S s %m%oﬁ?%ﬂa%99¥hét¥Ff#ﬁpégﬁﬁ§@néﬁ¥l i nst ance.
23) In the dLﬂHa{ﬁ(ﬂry d%tcratbetche ndd2j red hempaaghnated fpackage may cont ain a

layer that forns C9ﬂy055Q¥§ﬁﬁgﬂlaﬁg &?ggcgﬁgnstgbgyng %fc%%nected to

ext er nal connectlon “er fiha surfacées o | am nat ed
package throd&@ﬁﬁﬁﬁﬂﬁﬁ$¢ﬁﬁF%m?%d¢@¢ﬁe@fohh§|Eéa§@rma@@§hﬂgthkﬁqzﬂnnated

package and \dascd:ef med dmptdped amh nehede packagr. eMbblitRing, 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 1s 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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30 structure, the grounds of the duplexer can be reinforced, and the

i nduct ance conponents can be reduced. Thus, the stop-band suppression can
be inmproved. This structure is enbodied by the sixth enbodi ment, for
instance. 35 24) In the dupl exer described in 12), the other one of the two
surface acoustic wave filters may have a structure in which first and

second dual - node type - 49 surface acoustic wave filters connected in
paral l el are c cade %é’:h | am nat ?Fczggge may con ?I\i n_a common
ground | ayer P Wi} ! [ 1 G9Br ©ha§C¥SfFrst common

gr ound pattemmqtnﬁlghﬁqmingeagﬁmwndfsbothcenﬁerofhehblpﬁasset of dual - node
type surfaceIﬁﬁgug pati{SEs, 7§ndtﬂ1 @og@pg greundypatt ern that
surfacew@%r t% Hgf t ?

forns a groun, e second set O node t pe surrace
acoustic wave ¥ iTi%Ets. L34 thh el stPlict tie, dtﬁea§F66hbé@§?H)%ﬂﬁﬁﬁé@%lon
can be i nprovedy. anﬂ:adyﬁrﬁhe|dﬁéu@ﬂc&cnfuﬁxtebaaheaceﬁetca@nhgrkﬁﬁﬂlIy

avoi ded. ThIS t nbaqdi e t v

i nst ance. 25) Sm{etu#luéﬁpé%ggr scS‘f bI}e/ed k%%ﬁndi%ge %%ggggﬂbgﬁ (Ei pacﬁage may
contain a fir&iB |y arlahadihberast wirempehthag padsheostadativereson, and a
second | ayer dain Ilsnftoitj@d DYerahfe1 il stAé ayr%w@nﬂnhaiga pBNgihi ke ground

pattern. Al saq, E%; é; iﬁﬂroundg B bondln pads and the
ring-1ike gro ?Y%ﬂ RHARRt ed“PRr G 8ﬁ §1F Mred BT YNES ani nat ed
20 packageé. \NatsuabrisZemcaUr@pprhslgabehgs56fcheeQamhéﬂas(ﬂﬁtﬂkﬁfurther
reinforced, ang,d4he dndycd 6&5&9&3&%@98&%8 §§Heb5a'&%@lf?led/2 Thes, (e

st op- band suppressi on, can her 1 ncreased his structure is enbodi ed
by the ei ght SRR he¥R | e*%Wpt%st%ﬂcE eZBtEGf Fﬁn?he t8Gpl exer described in
12), the | amdtatedt-packsaigec maypedahat nia ﬁnsshbuayehdth@mdtxmeureebonding

pads, and a é§gg%?4ag@r onrggégf?éhg%paa ECRBQQHﬁﬁ{C%!t is formed. In

this structure rst’ | ayer se nmat hg circuit 30 forned

t her eon, land el ffﬁte@,%%ttéfr*ﬁn@réwm tWh@tﬁ%faeo@btlﬁéCF?iféﬁtngyer is

connected to e pese dRéshdHgsci pruihpbanned patthe nsecemthd@ysy through
a via forned||1g%§ilanin ted package. ., Wth this structur he i npedance
C

of the dupl exer° YA Usted at” e‘é%?aﬁn\%%r Enoﬁts}oszfm? &6t di ngly,
i nproved i npetiancsxerat thié repsan. be achi eved. Thus, the |nsert|on | oss of

t he duplexer Can b%ﬁkﬁdQQQQ SH3N§5ﬁ%@x¥%f@%%ti§neepggb@gerléQlcs By the

ninth e i nst ance. dupl exer described in 26), the
phase ma h|n %lt% Qe? ?%%dr%ﬂe? éo?lkéﬁtﬁﬁyé? C‘lcc'tf’ﬁ'}ratected to and

i nt er posed betmwbryddeicomm®ncoeparanlvs ekambéedaploemerlrarfdgshe 240
surface acouséﬂfodweZIé!t%ri%s. 25B shows the reflection
characteristics of the independent reception filter
(the DMS filter 50) employed in the eleventh embodiment
25 shown in Figs. 22A through 22G. Here, “an independent
reception filter” refers to a situation where the
transmission filter of a duplexer is not connected to
the common terminal 14. In the comparative example, as
the characteristic impedance becomes as high as
30 approximately 65 Q, the impedance matching 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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28) In the dupl exer described in 26), the phase matching circuit formed on
the first layer may have a line pattern, and the via is forned in the |line
pattern. 10 Wth this structure, the inpedance of the dupl exer can be

adj usted at several points, and accordingly, inproved inpedance natching
can be achieved. As a result, the insertion | oss of the dupl exer can be
reduced. This structure i s enbodi ed by the tenth 15 enbodi nent, for

i nstance. 29) | exer de crlb t he | m nat.ed pac e my

contain a fi rcéjtal I eerrlOSEFJt/ﬁﬁ cchtd ‘g %%%HF 56‘(3?? aPt |f§qft5’lrn§ "’ and a
second | ayer aoni vdhmie@mmmefﬁmmbelmp@damde matthusgzeaat bect ure, the
conmon groun oqrﬂequegs '%W%lé“s'ﬁ q pcﬁfet'l%éxocf %}geoent_hée surface of

t he phase nm circult tht i's structure, aracteristic
i mpedance of rt@rt@rga}mrb@rlt@am He t%a‘émlylsewa%hawaeénr &d9valfe. This
structuresi s peradieit dyy 255 dhea ed@ybskdr endpdanmbahd hogherstaage.s030) In

t he dupl exer scrihed in t Iamnated a e tain.a first
| ayer that hgfsﬁew reqbondlangjgfgpads ormaddt her%g E‘—:‘g%dmg%éercorqd Fayers on

whi ch a phase retve HeTgnd b thiev pa tas rdeherilped rreatfheegmghes@l i ng
circuit is fammthad eddd s wid Lkﬁé#f&tzléﬂilelw tBebendiragtpadstiircl ude wire
bondi ng pads that. are %(F)nnecte g gs f _the Bh%see rr%h]chl ng |ine
pattern throdfPSAHES BFHTGH ?Jn%mr hEHat ¥ SQEESge. "WER RIS B cture,
t he totalOr esisgtcdrics Vialne wittdren 362 viascenarbd wédbcegpeandridhe insertion
| oss of the duplexey, Ly al $0rDee & edggeghogml §neﬁ‘@§9' mehh ik LrRedi ed by

the twel fth enbodi ment, for_ instance. - n the dupl exer descri bed
in 12), the 1%4- nagéﬂlg;%@@kefdféwec&lﬂoé’i% feﬁcftzfy'ert}b% %F‘éht%trll 88PFARCh unit
is fornmed, andh tEhLe;st W urf resu gie ORBE | £s \Aewtébltéepsralieummltyecfocrn t he

di e- attachu 5 this. s e.dj e-att it _ha ger area
t han t hat ofne Ieanestlnonéesre ?M u]‘t;lhél%% Qnsb%hg ?\%\ogggrﬂggeogc%u |e%r wave
filters.1®Wth this structure, the entire nounting surface of the chip can

be presented @svel HOUWHbsWhaee) even if the chi p is 10 shifted fromthe
desi gnat ed posi t| o] Thi ctur nb@g the t hi rteent.h

enbodi nent, for rsilvtl ce§7§2) %O‘t‘ﬁé ZZUS LFS%E% |%e8 P §Tf, *the die
attach unit rmgcdtaiﬁeld@amtﬁg patwel hsht qabodivesdnpéctdée g esemiect i on
paths forned jon,&wdesur fiRceheke Cfflgtdlf‘es! ang nat egh packa %gneg@ﬁ%hagf the

| eadi ng patterns has_a Wld h of 200 m reater this structure,

t he grouga A FUrther s ef ey ey %‘T% gh@ggtﬁpaﬁﬁnﬁleélﬁﬂi&dez’é’ di'&an be
further incressed r&})rdmcd heunkipd bxeds desosebed ithelZpregdn20 | am nat ed
package may GOpl i i tj[érStOn 366H tt}*heatf ML &, ﬁ%‘ﬁié‘g Hégééﬂt%@eqs

t hereon, and a secon ayer has a die-attach unit orrre ereon, with
the two surfai'é? ct(ftﬁstf?fta%\}ea??h%’e‘islb’e?n@aFrBﬁﬁPeélsoﬁoth’@C&teéjattt%ch unit .
In this strucathis evitdeoch@ing tpads uont the Backagrechedulgh Wiirses bard ng pads

to ?erveégpag{(hoéﬂdess ?P&U&céh nWEE ?ﬁQQ' hg 9 8cehht g“%@ ¥ asreaQ{c!EEd in the

| am nat e age an connec |on pa orrre on 5| surfaces of the
| ami nat ed packyeinagithi @i 5os$ r udturdiomel yrioidids2aPe EUWPt HéASr 8i%nf or ced,

and the stop-$3@N®B6,;, are formed in the pad 80; on the wire bonding

pad layer 62A, and two vias 865, and 8633 are formed in
the pad 80, on the wire bonding pad layer 62A. The

30 vias 86,9, 8651, 8612, and 86,3, are also formed in a
die-attach layer 63B and a phase matching line pattern
layer 64A. The vias 8619 and 8617 are connected to the
inlet part of a phase matching line pattern 72A. The
vias 86,2 and 86,3 are connected to the outlet part of

35 the phase matching line pattern 72A. Since the vias
8619, 8611, 8672, and 86,3, are formed in three layers,

each of the vias has such a high resistance wvalue as to
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30 suppression can be further increased. This structure is enbodied by the
fourteenth enbodi nent, for instance. 34) In the dupl exer described in 12),
the | am nat ed package may contain a first |layer on which a die-attach unit
is formed, with the two surface 35 acoustic wave filters being nounted on
the die-attach unit, and a second | ayer on mhich a common ground is forned.
In this structure, the die-attach unit is - connected to the common

ground throu V|as formed i the anln acka e, and connection paths
formed on si g’g T s B8 pg% abh&® W‘f‘ﬂnt% dt&&ructure, the
grounds are flinetseerviras rdoy o;eobv:amjdtdme &1ishep- baddosuppeestiasre can be

further i ”pr%‘éec%hﬂﬂj S Hd ;{:F&ttﬁ{e?r&t 9]%7’0096 edh by Eﬂg Eb%&%%%%e qdjJrent,

for instance ef exers descri inl through 34), the
| ast one of e Sfirk %&%W&Es{ﬁ #4410 acoustic wave fllters in the

ot her onesof the tE@gSUQ%a@%dWEMﬁHd(1ﬂM§ﬁtﬁdﬂtfw§sh@§ 8abnl anced out put .
36) The present vent| also s, an_el ect i ce.that cIudes
an ant enna; §‘§ﬁ ﬁgki ey ! cdﬁ% %ht?ﬁ g éﬁ l%%%aﬁgbathbﬁén153|on
15 system andra rtéteeplw@rf@ys&r@mdmmare Icmrﬁ’fe&:tfexif’ttlm ¢heodiperker. In

this el ectronine q,el\g G5, tllge YRR dtS e &afd tde ewpl sxgLs described in
1) through 3 upl exer t wo surfgce
and a

5
acoustic mavggﬁqq % LR Hﬁﬁﬁf?ﬁlﬁfte?%ﬂtt%ﬁngyﬁeﬁpérl?r%ﬁﬁgﬁé?
phase maighi rg mhenpuheﬁmﬁnmatdhesﬁmhawﬂﬁﬁnh;qmbwﬁememb,sunfabe acoustic

wave filters 4 HaGhQlhery, %Qfafé‘ﬁ% 8‘91&14&‘: QEeeQQQUE‘h'dC pavedilters

being a | adder type surface acoustic ter, e 10 the other one of
the two surf &8 Sf ARGkl F§ IRRE S FRcT ¢l nd s %W%W%I%@yFbg dé&r - node
type surface tarolusidertiasre Iddd es S clodiness edthnepbbalimeht 2s Ereldwd exer

as clained inclalmle. WEHe! N 1o f NGRL I ALLEY (8T qd¥@kIRdR type surface

acoustic wave
15 approximately 0.4 dB).

Providing two or more vias to each end of the
phase matching line pattern 72A can also improve the
transition region. Fig. 29 illustrates transition
regions. In a case where the filter characteristics

20 include an insertion loss of -4 dB and a stop-band
suppression of -50 dB, the transition region represents
in which range (MHz) these two attenuation values
transit. In other words, the frequency range of the
attenuation values is the transition region. As the

25 wvalue of the transition region is smaller, 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)

- 36 -



filters have a single-ended output. 3. The duplexer as clained in claiml,
wherein the plurality of dual-nbde type surface acoustic wave 20 filters
have a bal anced output. 4. The duplexer as clainmed in claim1, wherein the
| adder type surface acoustic wave filter is provided for transm ssion,
while the plurality of dual 25 nbde type surface acoustic wave filters are
provi ded for reception. 5 A dupl exer conprising' two surface acoustic wave

filters that 30 d nt . band cente e hase

mat chi ng ciréﬂft%1 O HEe T 23R %? Eg ﬁgg GPPQE 8§UStIC wave
filters to edbh>ath&gle$wweré némstwed stiof acechcofisthe Wavehf ianider s being a
l'adder type syrdiae, %@&irﬁer\{‘@é’e fI'l—let ea[vef’!’!jé eva?ﬁué hgfo{:ltg?r one of the two

surface acoustic wave lters including E urality dual - node type
surface acou§H4P§&$k??|4?%&%n%d%%e%?%dtW% EEFa?WEPdlﬁﬁét W55 plurality
of dual - nbde itWﬂ@ﬂJrHﬁC@@muﬁﬁateMV@ 66l MRES etogrdasgadeditbwaghe

dupl exer as | C rej o] surface
acoustic vvav?%%r{gfcejcrﬂsa&l s11 #ﬁc‘%@%gfﬁgg Eggug?ggtg& E&%ere\sg%’r ace
acoustic mavéHﬁIHQQQPQ%ﬂﬁﬁxﬂkﬁﬂ¢n parallel. 7. The duplexer as clainmed in
claimb5, wherein 10 the | ast one of the dual -node type surface acoustic

wave filters nn |l el, have a single-ended output. 8. The
dupl exer as cﬁgi qu%ﬁ%ﬁ ‘MGREtein 15 the |ast one of the dual - mode

type suriffce acousﬁug\M%maﬁhﬂu&nnatﬂﬁwmm&e@iéﬂapaaahlbhyhavéBQ bdl anced
output. 9. T%ﬂt&l@ﬁ%aéc&ééameie'@lgﬁaantﬁlr\efe@h%hne%%ob%én%d%% type

surface acoustic wave lter iIs
the present invention, and the die~attach layer 63 of

the fifth embodiment as a comparative example. Fach of
the duplexers employs two chips 69; and 69,. The chip

15 69; forms the ladder type surface acoustic wave filter
32, while the chip 69; forms the DMS filter 50. 1In the
fifth embodiment, the conductive adhesive 71 is applied
onto the die-attach unit 70, and the lower surfaces of
the chips 69; and 69; are bonded onto the die-attach

20 unit 70. As the conductive adhesive 71 is also applied
to the cross-like part on which the die-attach unit 70
is not formed, the grounds of the 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
691 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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provi ded for transm ssion, while the |ongitudinallycoupled dual -node type
surface acoustic wave filters are provided for reception. 25 10. The

dupl exer as clainmed in claiml1l 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 clainmed in claim1l1 or 5,
wherein a rise of the pass band of one of the two surface acoustic wave

filters at |least parti ag y overlaps a fall .of t e pass, band OL ge ot her
one of the tWdSurfate 260G NAVE AY eegr]sVe 75 N HuptRRet €CohPri si ng:
two surface abeustriossweviekd iddmr sort hdtidtavehe @Bounddpiatmeent 1o&nd scent er

frequenc es; a0d . phase JiR! AL TG4 {nd haby OB chesatls BRases of the

two surface acoustic vvav ers to eac two surface acoustic
wave filters CRidst r6e915aﬁﬁla§@znﬁf@hrﬁgnépﬂféafit bbFng KEGEed i V&N 4 nat ed

package, ®andtore oifigdhed,wansuiaceracetstiiednwdrenf itheers bei ng a | adder
type surface acaJsCtelc vvavcf filter Wml t he ot her _one of urface
T

acoustic wav& i r?cqwlnd& one o?r%n aﬁﬁFaﬁ%dgapygg s?t‘]lrrfe
acousti ¢ wavé ofrnieideron ddvnevtteid- ¢ rspafate el TAFumieedupsexepras t;hal med in

cl f"t m 12, 1%%@@%& le IRNASE JTBS L6 dieh £ m:?n bri @héomﬁgteén?ﬁl ine 15
pattern. e exer ained inclaiml rein the

mat chi ng C|r&ﬁqP%%ﬂ%W9u§%ﬁrﬂﬁA%nﬁﬁ ?rt$%a?m5h§u}?ﬁ én8086§F E%ﬁa$§ filters
i's formetOby cef 20 ifmef thatdmeyod ittt hadcerd engiffre b Dy 25edchoof. BAeA, A
representi ”g&te% ?aed“t‘?éxfhsOfB BUT LRG0 QCRUSLT & w@&‘é‘ht beQOtOr ?1'?(15 Yl ted

t hrough the type surface acoustic wave filters. The
dupl exer as A%&dHF i n claim 12, wherein: the other one of the two surface
acoustic wave filteng.has anstwsuathy estdp-wWhird $upstesstdosesnndhdual node

type surface,acousti G, ays, 11145 COnDEos £9: L0 30ppa%allel g sascaded;
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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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 wre bondi ad layer that has a first pad and a second pad
formed thered,°4 fﬁq‘?%‘fu%éd&}b/%iﬁjgaﬁongléﬁ LY or oBRdIBPURAE Plrst set
of dual - node thepel surf atecacofisthe wave 6P| tens by fintddond gl o aneldt he
second pad being plQ Wedﬁgﬁg%{,%&%%og ?c%ﬁﬁg% it% Ui Hiugl s mode

type surface acoustic wave fi , Wre n |na; a e first and
second pads fuifctSoPER} epeseleh?n gF 3EHRYR26A BRE Whee IBONdIchg pad | ayer.

15 17. The dydtexernasreinfoece i thel @roudds vhetaenlowbke dhher chetd the
two surface 360! stie wave filters has a structure in which first and second
dual node type surface acoustic wave filters connected in 20 parallel are
cascaded; and grourdy.of34 hdwy sthergt qedoned deapprredeioyppensihkace

acoustic WaVQm:'J'Htﬂéc%@é@cmfd@O@fm@aQM arf that qhpyekeiRalff @iy the upper
surface of the %{]’l nrg%gcﬁi,rgacka e.and a_second layer that forns_a 2}2 connon
ground. 18. i inent) et ¢ nfRRAFRFRSD” GREPELAC e BFhEPSone of

the two $0rf apmwchusare waveh80 féj_,mﬁoschds_ia Sheucfburreeiemlt\mi ch first and
second dual myg,dyRgsur face %&Hﬁ&éﬁd"‘@%ﬁﬁpibé%%ﬁ GQNN8GLed it al l el

are cascaded;, and a first pad and a second pad are both connected to
ext ernal conndtdi%At®%rminals formed on outer 35 surfaces of the |aninated
package, the first pad being connected to a ground of the first set of

dual - node typ@Finggéa}gten aﬁwg&&ex@ye filters by wire bonding, and

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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- 57 t he second pad being connected to a ground of the second stage of
dual - node type surface acoustic wave filters. 5 19. The dupl exer as clai ned
in claim12, wherein each |layer contained in the | am nated package has a
ground pattern that is connected to a ground term nal formed on an outer
surface of the |am nated package. 10 20. The duplexer as clainmed in claim
12, wherein: each internedi ate |ayer contained in the | am nated package has
a ground pattern that is 15 connecte %roqu termnal forned on an

o

0 a
outer surfacd6f Hfe AN STEEY ﬁc%g]e,l &fd Hr%imd Patter™$ s 1 ocat ed
in such a pogirbiusrisa® ft & ey diakexvefd @pphigelze s¢lgnal 6Bi nenphttern fornmed on

the | am nated Q%gggg%cgnd bondi ng pads connected to the 20 signal |ine
pattern. 21. %he upl exer as claimed in claim12, wherein: the two surface

acoustic wave filté&Lg-hafi §§O¥S Fhr STOR-IRIY THREFSTIYuBRCFBS are

formed insa ¢High frkeneifer Kie off tdech wof stiné adepherusti ofwane filters
has a structy.e. in i C - e f . iC v ilters
connect ed in%BgFQ|%§%%§%&%§§g§§%d¥?gﬁ%{%@§%§g$o%ﬁgoggﬁgggh o%gtﬁggstages
i s made conma¥dumdshedearfiuidihar prkaferesdept the Ehfpeenrfh The dupl exer

as clainmed i _RnRiiMekd, fiHd hefoSasid Sédpr85sdohi i st fahicpet-hat fornms the
one of the two surface acoustic caave filters; and a second chip that form

the ot her onéd"SFSIEYwo - 58 surface acoustic wave filters, wherein:
10

(Sixteenth Embodiment)

Fig. 37 is a plan view showing the connections
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 achileve 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 753 and 75;; 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 7555 and 75;; in Fig.
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the other one of the two surface acoustic wave filters has a structure in
whi ch two dual -node type 5 surface acoustic wave filters connected in
paral | el are cascaded; and a ground of each of the stages is made common in
the | am nat ed package except the chips. 10 23. The duplexer as clainmed in
claim12, wherein: the | am nated package contains a |layer that fornms a
common ground; and the common ground is connected to external 15 connection

termnals formed on oute urfaces of the |Lam pated package thr h
connecti on pat sﬁﬁnéﬁﬁﬁéﬁgs%%%osBV?aB% Sofngkglﬁaﬁﬁﬁgpﬁﬁ'pa Eaggqénd vi as
formed in thetlannated pPackbget 204286, HreowuplexBigasldFasneseisnasl ai m
12, wherein: dhe orhere ofe @érrﬁﬂ?a%\’\%)G,SUEEQC?oaﬁoﬂéhl f%s\gvagsr%gt g&S ghas a

structure in ich first and secon ual node tyge surface acoustic wave
filters connédBH T -oE b | ¥hd ablee cheehdedd Pheo |SHH TR S plltkage
contai ns 8 caeswpigiauntetmyesl 46d the comrmon ground | ayer has a first

common ground patter.n t f.or u fa the first .set 30 of
dual - node type syr?ggk g%%déﬁfg§%é%é§%n%ﬁé§§%ra%gaégg%c8%dacg§ﬁ&ﬁxggbund
pattern that Haorig aa gralaricedrdateut optrnetvseondlBes Otpdaakrnode type

surface acoustd&lvgye 4 ihies ShodRirg- pdhe1dypkexer asTrbakBBReekRri6hal m 12,
wherein: the Janlnatﬁﬁggchgge contains a first . l_ayer that - 59 has wire
t ;

h
bondi ng pads ¥brretf ahd® at SELSHAdPY aPRA T EHAL S $Pfor med over the
first | ayér amhrmssteons nghéwkeigrbugd péateeripldnds. The wire

bonding pad on the chip side, which is connected to the

connection paths 75;0 and 751; in Fig. 14, is divided

into two pads in this example. Also, the connection

path 75;; 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 7550 and 75;; in Fig. 14, is divided
into two pads in this example. Also, the connection
paths 759 and 7539 establish the connections with the

25 reception terminals 16 and 46, respectively, shown in
Fig. 11. Further, the connection paths 75;;1 and 751,
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
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pads to serve as grounds anong the wire bonding 5 pads and the ring-Iike
ground pattern are connected with vias fornmed in the | am nated package. 26.
The dupl exer as clainmed in claim12, wherein: 10 the | am nated package
contains a first layer that has wire bonding pads formed thereon, and a
second | ayer on which the phase matching circuit is formed; the first |ayer
al so has a phase matching circuit formed thereon; and 15 the phase matching

circuit formed on the first IS co nected to the phase natching
circuit for ne‘gevo]nc?hjess%c%‘?lﬂt%g%rt?ﬁ?B ghca rd %‘lerred in the |anm nated

package. 20 Z7rardwei shipbexeecastibai spdtem ofaiche2po rwhérle rtdlepiphrase
mat ching ci r ol tofgrdred, ops Shey fir sind ayeted ssconpegted LAcANSl alerposed

bet ween a common term nal e du exer and surface acoustic wave
filters. 25 %%d%epm%%é?ga§yﬂﬁ’i“nééei ROE| §hAWP6, t®Ferein: the phase
mat chi ng 6i r ctirip I Of g Dont e thestirhayey. haSn@ bfnenaaﬂhpaaxea@d030 t he

viais formeqiﬂ@ f&? #%g%p&%gagm %95 Igeﬁw %%r ;88 t%l %\;\Erh claim12,

wherein: the Tanmha kage confalns ayer % he phase
mat chi ng ci rcﬁﬁle@@m%rmwnah@l HigecBAd | ayer on whi ch a comon ground is

formed; and the commn (G4 auHKhd St@Ié@EtSl@é’ 1fcslg8saapagi tion - 60 as to

cover the entgﬂre s%%face of the E f‘? mat chi g% ci_rcui t7 30. The dupl exer as
claimed in cl B3AS TEAGRREE! ninthell dni Aal8dUpasREgd "donttdihe™h i r st

| ayer thao haslmmaeméxd)mltemgfpadseﬁoyﬁredntiheﬂé@n ahd BFseodnd 1l7@yer on

whi ch a phase; O, 41 erhxfo t phas t.chi circuit

is fornmed, J@%&%é; E\imglrgﬁ g%ni%a é P%E%%grvﬁ?é Z g'dég r%% that are

connect ed to %Eﬁjlfﬂ%h%i% b3 th%nph% %rﬁﬁfﬂ@ﬁl hdlltrke 1§§t'té‘rr‘?”t>1ﬁlbutfh vi as
formed in thenlBamimbied) patkage. 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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15 31. The duplexer as clainmed in claim112, wherein: the |am nated package
contains a |layer on which a die-attach unit is forned, the two surface
acoustic wave filters being nmounted on the die-attach unit; and 20 the
die-attach unit has a large area than that of at |east one chip that forns
the two surface acoustic wave filters. 32. The duplexer as clained in claim
31, 25 wherein: the die- attach unit has Ieading patterns; and the | eading

patterns are conne nnection path d on_side surfaces of the
o nat ed paCkTGRTIeRan GCHb 3 KT hobel ter FEahayPRG o8 oAt den S8R L500 —m 30
or greater. 3&otTm®oduplexer as claimed in claim 12, wherein: the |am nated

package contains apli thL laysl-livate 35, has, Mid esﬂlgam'm pags fgr med

t hereon, and a second atta unit is forned, the two
surface acoudiicd URere & dundrex ety HRRINRERISOME t hBVEREiong1 exceddesdh unit

the die-attagiiwyrd dhsrcectadido wite DogEi peweadausebyiligyasa@r ounds
anong t he mnre bondlqgﬁfads through vias fornmed in the | am nated package
and 5 connectlon pa ‘ormed on side surfaces of the | am nated package.
34. The dupl exer aghel dilmsd ithrougihmsEXenitrardin: emipod hwenhai a4t e8epackage

contains a fIﬁr@sérayqrn@hmrpm@véh@eaﬁtaéacyﬂbédl §of epred, u¥ithethe two
surface acou%%ﬁf wave filters bei ng nmount attach unit, and a

e
second | ayer \ﬂﬁqﬁ?Qa(ﬁﬂﬁﬁﬂ]kﬁQnﬁﬁi?%tfg+ﬂeﬁe ﬁa Egetﬁ Offe-attach unit
is conneb@eddmbddnmannﬁnanﬁcmﬂuiH¢N©ughh®rasafmonedembodhmemaminated

package and connec%|ogegagq%égoggqugn %QQ§1 }giggeﬁlmﬁ rgaghnated

package. 20 35. The duplexer as clajned 1n c aiml ere n the | ast one
of the dual - RS e airkidee aa?,%u%%]r‘éelé\a‘*?]ea¥iiFFeFéthCtshea@fjhe'lP one of the
two surface ageusirnahawefidd efisatasmpl bas agaed aubppllexds,3GanAbe

el ectronic d%@a(%é%Hn¥H}%éEBréHhégnﬁfpﬁjthe 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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a duplexer that is connected to the antenna; and a transm ssion system and
a reception systemthat are connected to the duplexer, 30 the dupl exer

i ncluding two surface acoustic wave filters having different band center
frequenci es, 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 35 being a | adder type surface acoustic wave filter,

whi l e the ot her the t rfa oustic wave filters including a
Bl ol 1ty of CRRESRSe 1 e S e F ST SIS i Al 1 TFRER L Ronnect ed
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10 10
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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-1 10 last one of the dual-mode type surface acoustlc wa
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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|ahdt i MUIEAer that includes: two surface acoustic
508

fquéinéles, and a phase matching 01rcu1t that matches
the phases of the two surface acoustic wave filters to
each other. 1In this duplexer, the two surface acoustic
wave filters and the phase matching circuit are housed
in a laminated package (denoted by reference numeral 60
in Fig. 12, for instance). One of the two surface

acoustic wave filters is a ladder type surface acoustic

Z R LTI ok QLS PARE ffviua%%@ewihiplo 10

L! 10%@
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wave filter (denoted by reference numeral 32 in Fig. 11,

for instance), while the other one of the two surface
acoustic wave filters includes at least one set of
dual-mode type surface acoustic wave filters (denoted
by reference numerals 34 and 35 or reference numerals
51 and 52 in Fig. 11, for instance) connected in
parallel.

13) In the duplexer described in 12), the phase
matching circuit may be formed by a line pattern, as
shown in Fig. 13D, for instance. As a line pattern
hardly causes a variation in product gquality, stable
filter characteristics 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 A to 0.34 A, with A
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
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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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 1s 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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10! ° L" 10%<<& {he pommel@bm Qa)tfrs [P 00%4aER /Opa 11 mEY 199sRetD) - 11" L" 10%<=<=&'
() -1 L"10% maskir(dctled R dted®al0connection terminals formed on
outer surfaces of the laminated package. In 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) 1In 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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"10%EGEG&T()_éd%'agéigg%%égié!%a%é 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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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. In this structure,
the first layer also has a phase matching circuit

30 formed thereon, and the phase matching circuit formed
on the first layer 1s 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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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. In 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 wvalue 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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laminated package may contain a layer on which a die-
attach unit is formed, and the two surface acoustic
wave filters are mounted on the die-attach unit. 1In
5 this structure, the die-attach unit has a larger area
than that of at least one chip that forms the two
surface acoustic wave filters. With this structure,
the entire mounting surface of the chip can be
presented as a ground surface, even if the chip is
10 shifted from the designated position. This structure
is embodied by the thirteenth embodiment, for instance.
32) In the duplexer described in 31), the die-
attach unit may have leading patterns that are
connected to connection paths formed on side surfaces
15 of the laminated package. Each of the leading patterns
has a width of 200 um or greater. With this structure,
the grounds are further reinforced, and the stop-band
suppression can be further increased.
33) In the duplexer described in 12), the
20 laminated package may contain a first layer that has
wire bonding pads formed thereon, and a second layer
that has a die-attach unit formed thereon, with the two
surface acoustic wave filters being mounted on the die-
attach unit. In this structure, the die-attach unit is
25 connected to wire bonding pads to serve 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. With this structure,
the grounds are further reinforced, and the stop-band
30 suppression can be further increased. This structure
is embodied by the fourteenth embodiment, for instance.
34) 1In the duplexer described in 12), the
laminated package may contain a first layer on which a
die-attach unit is formed, with the two surface
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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connected to the common ground through vias formed in
the laminated package and connection paths formed on
side surfaces of the laminated package. With this
structure, the grounds are further reinforced, and the
5 stop-band suppression can be further improved. This
structure is embodied by the fifteenth embodiment, for
instance.
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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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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plurality of dual-mode type surface acoustic wave
filters being cascaded.

6. The duplexer 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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%&' ()-1111112sa3@* & ladder type surface acoustic wave filter, while
the other one of the two surface acoustic wave filters
10 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
15 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
20 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.

25 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
30 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.
35
16. The duplexer as claimed in claim 12,
wherein:
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10 connected to a ground of the second set of dual-mode
type surface acoustic wave filters by wire bonding; and
the first and second pads function as independent

grounds on the wire bonding pad layer.

15 17. 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
20 parallel are cascaded; and
grounds of the first and second dual-mode type
surface acoustic wave filters are made common by a
first layer that forms the upper surface of the
laminated package and a second layer that forms a

25 common ground.

18. The duplexer as claimed in claim 12,
wherein:
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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has a ground pattern that is connected to a ground
terminal formed on an outer surface of the laminated
package.
10
20. The duplexer as claimed in claim 12,
wherein:
each intermediate layer contained in the
laminated package has a ground pattern that is
15 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
20 signal line pattern.

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

the two surface acoustic wave filters having
25 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
30 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:
35 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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filters has a structure in which two dual-mode type
5 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 chips.

10 23, 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

- 59 -



10 10<: 109%& ()-!'L,,! 10% ()- !'LL,, !10%<& ()- 'L, ,!10%& ()-

'L, , 1 109& () -

~CzX6MB70! LF! 10%&' ()-! L!10%<<& ()-!LI109%& ()-! & 109%%5& ()-!S& 10%& () -

109 ()--# WUAMBTO + . @10%% ()- )!y .@10%-& ()- 'L (@ 10%<& ()-!"

| 109%EE& ()-' 'L 1109%& ()-'!" LF 10%@8&’ ()-#{ Y70

.\L!10%77&f()-'H\L|10%K<&f()-'L'lO@@?&T() 10 10 10<MIO%&' ()-!"". @ 109&' () -

awle{ Y70 ~ (y10%& ( LS, 109

" 10%<<&' ()-! X‘qsldﬁ ?) anlﬁri‘bo% %%mﬁ% EPE696 78 EC0R| PELPS!
T610%&R () - SO (DhdtH 1y)fdOBET&O(exr the! f0%t layer and has a

ring-like ground pattern; and
pads to serve as grounds among the wire bonding
5 pads and the ring-like ground pattern are connected
with vias formed in the laminated package.

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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5 wherein:

the laminated package contains a first layer that

has wire bonding pads formed thereon, and a second
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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34. The duplexer as claimed in claim 12,
wherein:
10 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

15 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.

20 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.

25 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,

30 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

35 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
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