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FI ELD OF THE | NVENTI ON The present invention relates to a ng a
band- pass type surface acoustic wave filter. BACKGROUND OF THE | NVENTI ON 10

In recent years, as nobile comunication systens have been devel oped,

portabl e tel ephones and portable information term nals have been rapidly
spread. In this trend, manufacturers have been vying to develop snmaller
terminals with higher performance. THEFESISUEATION for portabl e tel ephones
i nclude both anal og systens and digital systens, and the frequency bands

band and a 15 SRR B BRAAROME, BRSRCEL SR A A et o

portabl e 20 tel ephones, the portable term nals now exhibit high

per f or mancesi n @ gl o Pogles (Bl¢hNR$oR conbi nation of an anal og node and a
digital node, or a ' | digital nodes: TDVA (tine-division

I ) b
mul tipl e access) and IFEDRKSEFHe- VPR DA nEieiabee hecasspplexen msdndual
25 band (a contd natridbipands ac B dizrhasdaasdsait. RaGdz fidand:. or a
conmbi nation of a 900 MHz band and a 1.8 GHz or a 1.5 GHz). Under the

ci rcunst ances, parts used in those gortable t el ephones have al so been
devel oped to KROW O R ki r BRWEBTI®Manwhi | e, there have been 30

demands forosnal | er and rkesstexpensd VvaaPaidpbl e t&hrrhongs idnd sRaftless | N
t hose pprtablehg%%pkggg§, dupl exers are _enpl oyed to conduct br Q&ﬁ!ng and
generation of signals. Eelﬁ;%ﬁﬁﬁ’n%?ﬁ%??@glﬁ%ﬁﬁaégnﬁ§lﬁ Eﬁﬁ} €
i npedance 35 mindlirmgtdiorcdigrmimabenkand, bébe fapidliy ispodeade alnband- pass
filter, a bandth@iseqldedit,! ildrfiifadfuferSORLOaLEOR 0L ihRee WM didd ers.
However, dUpleé%Bilér terﬁfﬂg¥§ &%Ef higher performance. The systems
15 for portable telephones include both analog systems and
digital systems, and the frequency bands used in those
systems include various ranges, such as an 800 MHz to 1
GHz band and a 1.5 GHz to 2.0 GHz band.
Through the recent development of portable
20 telephones, the portable terminals now exhibit high
performance in a dual mode (such as a combination of an
analog mode and a digital mode, or a combination of two
digital modes: TDMA (time-division multiple access) and
- CDMA (code-division multiple access)) and in a dual
25 band (a combination of a 800 MHz band and a 1.9 GHz
band, or a combination of a 900 MHz band and a 1.8 GHz
or a 1.5 GHz). Under the circumstances, parts used in
those portable telephones have also been developed to
achieve high performance. Meanwhile, there have been
30 demands for smaller and less expensive portable

telephones and parts.
In those portable terminals, duplexers are
employed to conduct branching and generation of signals.
A duplexer normally includes filters and an impedance
35 matching circuit. 1In general, the filters include a
band-pass filter, a band rejection filter, or a
combination of these two filters. However, duplexers



usi ng surface acoustic wave filters have been devel oped ecently, %
achieve smaller terminals with higher performance. Figs. 42hJune. 2006
illustrate such a duplexer. Fig. 5 1A is a block diagramillustrating the
structure of the duplexer, and Fig. 1B shows the frequency characteristics
of the duplexer. In the graph showmm in Fig. 1B, the abscissa axis

I ndi cates the frequency (increasing toward the right), while the ordinate
axi s 10 indi catesihg pasfacat epsiusy i mar@asﬁﬂig:&upwvarai\)e Wsen shewalopefi g.

1A, a dupl exer ﬂ@céﬂﬁhyde§ot%hﬁbkﬂé~e ﬁla:!laera%zjnﬁi 3neengpt chi ng
circuit 11 (herei ngfter referred to sinply as e mat Ing cifcurt 11), a

common term nal PRATOEHAFRdi vi dual terminals 15 and 16. 15 The filters 12
and 13 each includes Rigsr f BEeamgoLBt i t1uvavatki Isieh aarthglases 6 f fFarant

pass- band cente equ S n E2 > Fl he filter 12 |

filter for ?raﬁgn1£%|%ngﬂg K df%ﬁe g ﬁ?lg %fatl%? éﬁﬁt%ﬁr CtuF%c%gt

for exanpl e. Hed & e br | aﬂﬁeFQQ f LBt ehows2 téwed fr@2augndie referred to as
the transm ssl&mfa&ﬁ@hé@légdorhEhéeaﬁptlle%rfl|&ﬁr tia% gra@PeHdWEldh In

a dupl exer for or exa he difference in frequency
bet ween t he %q%en{: tih—? %hﬁcﬁﬁs?saéggr &)‘E’dﬂﬁtaézlef fg'tf I\ﬁc%e

mat chi ng C|rCU|&lmgre$spm@vtdedrdotpeeveght)Lhwnmﬂa(nhe:ﬁkdmmhﬂé éxnm1
degrading tbe fiddfiatdatRetsilatifieoRE i PICh otk id of ghe

filter 12 with term nal caracterlstlc
i npedance of IR ¥Thakh elflgep%seﬁtféapia?ng 105.1@:?&@6#%&%@%%% k2
common The charaact er3 starc impspecte t@atbRiagmERm cuieprds eaad s #ler and

the filter 13\Mééeg¥%dlgoté%hgifqggngﬁeo%a%ching circuit 11), a
common terminal 14, and individual terminals 15 and 1lé6.

15 The filters 12 and 13 each includes a surface acoustic
wave filter, and have different pass-band center
frequencies Fl and F2 (F2 > Fl). The filter 12 is a
filter for transmission, while the filter 13 is a
filter for reception, for example. Hereinafter, the

20 filters 12 and 13 may be referred to as the
transmission filter 12 and the reception filter 13,
respectively. In a duplexer for a 1.9 GHz band, for
example, the difference in freguency between the
frequencies Fl and F2 is approximately 100 MH=z.

25 The matching circuit 11 is provided to prevent
the filters 12 and 13 from degrading the filter
characteristics of each other. The characteristic
impedance of the filter 12 with respect to the common
terminal 14 will be hereinafter represeﬁted by 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. If the



termnal 14 is FI, the characteristic inpedance Z1 of the fjlter S
equal to the characteristic inpedance value of the commp 14,
and the characteristic inpedance Z2 of the filter 13 is infinity and has a
reflection coefficient of 1, by virtue of the matching circuit 1. If the
21 June, 2006 frequency of a signal is F2, the characteristic inpedance Z1
of the filter 12 is infinity and has a reflection coefficient of 1, and

t he characteri siiequéempedahca Z2gonélt he FBLtehel&NaIaﬂnﬁﬂiSKidhe 5

characteristic igmpedance ol ye Q}fletf@lEQMQ Ler mn'?_fq alrgp %2
Unexam ned Patent%fubl jcation 10979, 10- 126 an 2001 67881
di scl ose dupl exer’s ey %%ﬁ?%%%l%EBugflé wape FPPt€P§r

publ i cati ons, jag&nﬁs&xUmﬁXamfnemePﬁiBﬁéerblueabguﬁl k@s1ﬂﬁ§310979 and
10- 126213 SYOesl. )M QEENL S o SREGNL D9, G1 LEULES. clapanese. tnaxam ned

Pat ent Publlcatlo di SCl 0Ses a er K ype surface
acoustic wave fi4ter, a dual - node type surface 15 acoustic wave filter

and a hi gh-frequency Jeipagldise Uofe @i l&l qsa%&%"ﬁ@bfﬂéhﬁ@@ﬁ Wokh &

dupl exer. Al so, ned, P 1- 340772

di gcl oses that 3&0% ﬁas(f %&‘%ﬁ—f‘a ‘?’é‘ad&s&f gyghhf 3& EQ@@U PLSRE/E il ter
and a QUaI-nnd@ﬂ%n&a&nnﬂ&n&a&nbuﬂtnsthvmaﬁnlterser Amsopgptbyed as a dual
band filterg Rghead o, dURIEXRse At?néﬁ' nt8 Fh@eg% pandYRI48, t hat

uses a |l adder _type surface acoustic. wave ter h transm ssion and
reception i s al§G -kifowt.O Hak Rk dtat o2 BB $‘1’19gﬁ§t25mP£86f§F“eP9F|§e°§hrface
acoustic wave matt@uag:tuxcﬂﬂﬁﬁea Jpplhesd flAcecaAcCOUsd | Bavane resonat or

that includes agp; Q%ﬁﬁgﬁgh%alzkkﬁpﬁg%ﬁﬁ£ag}%§€goggélSc&gdﬁ %Zt % 23

sandwi ching the I nt i'tal transd rovemen
mat chi ng ci r cufPELace %O@éskirq pege f Udpahese dae amﬁ@dtmteeﬁprface

Publ i cati dib Noscoustic wave filter, and a high-frequency circuit for
a wireless device equipped with a duplexer. Also,
Japanese Unexamined Patent Publication No. 11-340772
discloses that a combination of a ladder type surface
acoustic wave filter and a dual-mode type surface

20 acoustic wave filter is employed as a dual band filter,
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



6- 310979 and 10-126213, the transm ssion and reception fi!ig&s of b e

dupl exers are not explained in detail. Also, a |ladder ty

acoustic wave filter and a dual -node type surface acoustic wave filter are
35 described in Japanese Unexam ned Patent Publication No. 2001-267881,

but di sclosure has not been nmade as to the relationship between the power
durability required in a 21 June, 2006 dupl exer and a surface acoustic wave

filter, and thedUPbéaerOﬂBdip_batﬁee& oo usitdws Waysd ol Iteeept and bhad of a
dupl exer and a §%I£@f§n§ﬁ9ﬁsﬁé58@@%et%blE?%ns%ﬂ@graﬁygé§%é@fb§uﬁ%ﬁﬁeof

acoustic wave filter_5 disclosed in _Japanese Unexam ne ent Publication
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100t o 11 Bor SrTefd et diadPesl g CRTRRE Bar Ui R fhn fher
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frequency band wfnd heedeceptiogubhkies 13 thBatooveilrans ride pasyihangs of
t he transn1SS|oq}f|Iter 15 12 is hot stron eno% h, and interference iIs
caused in the tHafdHss G bard L St fict 25 EY 3‘3% hR°hr 6RBFEI& &l e |ine
in Fig. 3. D SCL@EdREeOR T Heh1NVENTE OdhdBakterdsthesefrdrseesan{abj £2£119f t he
present i pgentd t [ u X ' | o y e
Deoust| ¢ wave 117 et REEE Aol DhEXBhappbberTetils Tadnd Ve Y00 L)
characteristicPt B HARF obi Ee®ris achieved by a dupl exer that 25

i ncludes: two surfac@nacoustdup waser féhdwrti sid heighaye tHefl beppite d3ant

o the tvo sur Phed ot RN} TPrBR of ot Bl hebERE: T T4 dubl exer.
one of the two W@t e Hansttiite viedes fpandrefj tha Boansddesiopef sirdmce
acoustic waye fiid ti@r notidt&dif 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. In 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,



ot her one of the two surface acoustic wave filters includes tw Qr _nore
dual - node type surface acoustic wave filters connected i 0611

| adder type surface acoustic wave filter excels in power durability 35 and
exhibits steep falls. The other surface acoustic wave filter, whichis a
coupl ed dual -node type surface acoustic wave filter, not only exhibits
steep rises, 21 June, 2006 but al so achi eves excellent filter

characteristi csbm\ttmlsaseduﬁedviassesctbmmeh@smart@xgrcﬂﬁﬂacﬂmmmb PRiER

durability, by o] de .t rface acoustic
wave filters cd%%%%#g% InEQ?tE&ﬁe Osg ﬁurt gFﬁgﬁ Rﬁﬁ) pow ¥oved power
durability, thelugridliede }Pyp‘élgﬁﬁﬁaéé 5bUEHIOC oAV e Idlearls-m beype

| ocated at tfﬁ?édﬁ&ﬁc@ﬂﬂc&ﬁgﬁlé'ﬁé%esfﬁgﬁeib|E%hn%%t%ﬁiJQP$QQQERA:E0 t he

common ter t he dupl 0 BRI EF SCRI PTI W NGS Fi
1A is a bl ok a’%%‘@‘%*h‘?ﬁ’i“??%gt’?’hﬁ‘nbf}‘?hémpﬁ’?’ﬁ t BF¥ S5f gg\l’ré'&)rf\}érﬁlf'o ¥

dupl exer; Flg:dﬂakﬂmm@ethﬁpéraqnémcg ghavatter watviec ¥ idftedshecaupgdexer of
Fig. 1A 15 Fi ngc%ﬁéduast%r@ﬂ@%%oﬁ?”éﬁ&“é?ﬂ@' £JURLEXRE JSING « SOEH 0Nl

surface acoustic wav ters | et Scharact eristics
the duplexer GPrHgFted gth%-??W%%@ré@é@laaQMppéxéﬁﬂ slupdEstedance with
20 a first enbodi nent of the present invention; Fig. 5 shows the

di fferences |ng§f§ﬁugég'§%§ffb SRk jekure having a single DV5

filter and a o3, e onnected in parallel; Fig.
6 illustrates a dupl é')tér il@ a@c@rddrméﬂmt&gr% Bl besbndténbotheent of the

present lnventbQ&udﬂdie'b%ld|é6ﬁﬁéﬂ€¥bﬁﬁf &u$§ekérstructure of the
dupl exer having a ba%ance put 7B illustrates the balanceg out put ;

Fig. 8 illustrates a aﬁplg§éﬁ &5%%?%&?% charactRfiatémfoltnent of
the present intést doplexer of Flg lA,

15 Fig. 2 illustrates a conventional duplexer using

conventional surface acoustic wave filters;

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

- Fig. 4 illustrates a duplexer in accordance with
20 a first embodiment of the present invention;

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

Fig. 6 illustrates a duplexer in accordance with

25 a second embodiment of the present invention:;

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

Fig. 7B illustrates the balanced output;

Fig. 8 illustrates a duplexer in accordance with

30 a third embodiment of the present invention;

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

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

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

Fig. 11 shows the filter characteristics of a



Fig. 9 shows the filter characteristics of the duplexer in accorgaﬁge wth
the third enbodi nent of the present invention; Figs. 10A u w an

i mprovenent in power 35 durability with an increase in the nunber of DVB
filters connected in parallel; Fig. 11 shows the filter characteristics of
a 21 June, 2006 duplexer in accordance with a fourth enbodi nent of the
present invention; Fig. 12A is a section view of a duplexer in accordance
with a fifth enbtellesar 6 ahecpdesert wishi avdmirdrh dhilgpdil@dht sofi phan
view of the dug)exeint W hbehPeoncap being renoved; Figs. 13A through 13F
illustrate the layers_ , contained in the | am nated package of the dupl exer
in 10 accordance\Mt@+QTu9$%f%% 2rboat hent VieWt RE Br S8@dEexsmvéntion; Fig.
14 shows the commertdamse beiwkea théthhepbodifiehite ofi b prdiduwntpad | ayer
of the dupl exer;{JLn@csQrdance with the fifth enbodi ment of the present 15
invention; Figs. 1bA and 15B are graphs show ng i npedance conpari sons

bet ween a | adder typdisi fledde axcudrian visiew ¢f| the dnglegxews Milltherther g.

16 shows the chapdeimnetiatopdagdual -mode 20 type surface acoustic wave
filters; Fig. 17 is %ipers eﬁi e Vi %wo}ggFthelbottomfaﬁe of the comon
ground/ f oot pad | ayer JSee JREHER dF L USEpFexEPSi A2¥€ESr dance with

a sixth enbodi wemtadfined Hen pries ehamimvend i pack@geFogs the8Auireowegh i18F
i || ustrat e16 he Hlca¥eichn GO Al nech d nfiggnItﬁgwamgnea%a%eoﬁpr%s%g}@gexer in

accordance with_a seventh enmbodi ment present invention; . 19A is
a plan vi ew of *WEHP Y ount i ng | ayer
Fig. 14 shows the connections between the chip

and the wire bonding pad layer of the duplexer in
accordance with the fifth embodiment of the present

15 invention;

Figs. 15A and 15B are graphs showing impedance
comparisons between a ladder type surface acoustic wave
filter and a DMS filter;

7 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



30 of a duplexer in accordance with an ei ghth enbodi nent { t he present

i nvention; Fig. 19B is a plan view of the wire bonding padi—ﬂgﬁﬁPgﬁﬁgihe
dupl exer of Fig. 19A; Fig. 20A illustrates the circuit structure of a 35
dupl exer in accordance with a ninth enbodi mrent of the present invention;
Fig. 20Bis a plan view of the wire bonding pad 21 June, 2006 | ayer of the
dupl exer of Fig. 20A; Fig. 21Aillustrates the circuit structure of a

dupl exer in accdedance fnitthe alupdrtterenbdiignt2ok; the present invention; 5

Figs. 21B, 21C, and 2 ar | an Vi 0 / nl e f wr ndi ng
pad | ayers that can bgggengﬁg‘ygél?dﬁ%\t&%g% u\;,)*‘ihéqegecrl chl{% ggt’%z)‘i%u %g‘gg I2A
through 22E il | H8PL&FET HE pEFerslancs vt e | Fer e ¢mpodimedtpadkibe of a

dupl exer in 10paeeehdaﬁ©§ewhﬁbnan ele¥enth Fnbodinegt of Lhe prsseﬂt
invention; R g. 22F ig. o] m yiew of t am nat.e ackage of ., the
dupl exer in accordancgl%sfhﬁgﬁé éhg\’/eﬁ]flﬁl Eglrpo&ﬁené’rﬁa,“ 15 94%) Showng
section vi ew of SkpEPdEP| eferirs baccddmdamesl Widyetshet e eveat hbenbodi ment ;

Fig. 23 is a gramppishbew ngd the sidbihddly S ghe acteristic inpedance
of the phase natcE ’ P ) Jﬁ&ﬁ tzggéleventh enbodi nent, as

ing.line ttern enployed
wel | as 20 the stabilit9° 0f2$ et]Bﬁ‘aPﬁEt@?f%stliléuisﬁﬁédﬁncﬁ‘é’%flaaye%rrpar ative
exanpl e; Figs. editahnedghn24kei Lhndhnatkel MRS alff e dEXBEREE iR
relation t t di f e r nt . nvention; 25 Fig. 25A
Shows. he Totl anr s oreane? AFERNLER: eQprlcl el M IS PEaSeRE Sy [
t he conparative'™&&AhpPR: shown in Figs. 24A through 24G Fig. 25B shows the
reflection characteriBigCIf is a bottom view of the laminated

package of the duplexer in accordance with the eleventh
embodiment ;

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

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

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

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

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

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

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

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

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




the single DMs filter enployed in the el eventh 30 enbodi rregi sho& ig Fi gs.
22A through 22G Fig. 26 shows an insertion |oss conparis J) he

reception filters of the eleventh enbodiment shown in Figs. 22A through
22G and the conparative exanple shown in Figs. 24A through 24G 35 Figs.
27A through 27F illustrate a duplexer in accordance with a twelfth
enbodi nent of the present invention; 21 June, 2006 Fig. 28 shows the
insertion | osses of tHeg.r28ephbes thkt énsefrttibe flidddeembditment and t he

reception f'ltefeeé%EQSntﬁg&EbE %Eb%h@m¥¥ftﬂzéhbé%ﬁmé$955%§+§§ of the

i
transition region € transition reé:;
fifth enbodlnenFe%ﬁHt%ﬁE fuerernodntbg el fth gmisadinensirates t he

di e-attach | ayer of aFl@upt9X£11ust@@@@édanﬁQath&r%ﬂfﬂééfﬁﬂﬁh enmbodi nent
of the present mverﬁ; svveII 88 ge di e-attach l.aye bﬁ%of%hﬁflfth
embodi nent  as a conpara |ve ex%%?e Bi §T233 LERGHs T

suppressi on on %ﬁ@hh¢@h0ﬁn@quénapds¢de @Waiﬁﬂh(ﬁmhddimhmﬂexers in

accordance with the fgfdh and;ihi ggggeég 0 , t he
wire bonding | a thleédl e 13'5 altltac ene thﬁgﬂ;gg(:cﬂ gr? of 26%\6% exer in

accor dance vmt%@%ﬁ?%ﬁﬁté%n?ﬁCQHBSBFﬁEHEXBfat%@ﬁ&%ﬁﬁﬂﬁ iRt iment 25 wel |
as the wire bontheaxgptayent iheedtéeontt ashwkayens umuidneﬁﬂﬁﬂamhcﬁay@w
dupl exer Oﬁotm%f'ﬁﬁé‘fTP@H'Qﬁﬁ%a%ﬂeﬁﬁcggpéréEh.%r—@%@% gﬁof%g 34 shows

t he stop-band suppression on uenc t he
dupl exers in accordéﬁ&é\ﬁ%fﬁh?ﬂﬁf?h?f@%@@ ?@M??ééﬁﬂhsﬁﬂﬁﬂﬁﬁﬁ#WE<NF|g 35

shomsd?ftop vi eteothitdte- th @quwehaghsiayesr ?achOBfYtﬁ@(dhﬁﬂ&ké¥%?ﬂﬂl .
ground/ f oot pa e 25 segt of .a exer, ance. mnt a
fifteenth errboglérrﬁ Ja Cl”{j‘trrl e’té_)l'é(?ltE %gﬁn?flgntgégt\f@lr’lthas (%ﬂ“

the die-attach IayerFlﬂ -t o ﬁhﬂﬁ&ﬁtheuyxXﬂwhmmdlng layer, the dle—

15 attach layer, and a section of a duplexer in accordance

with a fourteenth embodiment of the present invention,
as well as the wire bonding layer, the die-attach layer,
and a section of the duplexer of the fifth embodiment

as a comparative example;

20 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



ground/ foot pad | ayer, and a section of the dupl exer of Ege fiftggos
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r in accordance with a sixteenth enbodi ment of the

present inventicomneRitg.or@8 hestweqt arheiewipl dndt thei wgrehboRdihungad2006

connecti ons bety
exanpl e of the d

. . : | f
tre aﬁmd%@pdeﬂr@m ;ﬁ E@;{ﬂgl 89 Eégert ;x%c%gr%%tégef

I.n accorda e sixteen enbodi ment” of the

| exer ) ] .
present invent¥d % thiey sidg ganth mubedingnt | pHisthat PRESERE SNYEARECNI ons
between the chip andFibe W©resbangilag pdew lidyeistofaysig anwéher exanpl e of

(he duplexet | BordCaianCe bl ekl TROCLIED! bl Bageent

i nvention; and

| ustrates a co ni

with a seventeéﬁﬁﬁreﬁﬁo&ﬁﬁe@WQﬁﬁQHusﬁﬂmniﬁuof!mwgn@ﬂpheXBESCRIPTICN OF THE
PREFERRED EVBORLYENGSnERE wiiald MG ii:& e ritas b Afe 9  §FDPHENBRES QL 15

the present invent

Enbodi nment Fig.mXe

enbodi nent of the

ion, with reference to the acconpanying draw ngs. First
Pgﬁﬁgfrgpgs a dupl exer in accordance with 20 a first
présent 4Dniéhtisomates Bi gomhunitdsst samedeohponent s as

th I ' d
ose al r gady Q@é@fh@ﬁ@ea&th anak Jﬁéﬁigifﬁﬁg?éﬁﬁfﬁﬁnSF HQEE§E§eE?g_ 4

those for the ,co
i ncl udes a | adi®ye

onents al ready descri exer shown in
b8 surface acoustic wave 25 filter 32 and a

| ongi tudi nal | y- coupl ed dual -node type surface acoustic wave filter 33. The

| adder type Sﬁﬁ%@ﬁfP@faﬂsbfcIﬂﬁV%RE%%%%imﬁﬁﬂﬁbﬁiﬁﬁ mssion filter of

t he dupl exer, ard

tne rongrrudtirarry=coupret
The following is a description of embodiments of

15 the present invention, with reference to the

accompanying drawings.

Firs

t Embodiment

20 a fi

Fig. 4 illustrates a duplexer in accordance with
rst embodiment of the present invention. In Fig. 4,

the same components as those already described are

denoted by the same reference numerals as those for the

components already described. The duplexer shown in

Fig.

4 includes a ladder type surface acoustic wave

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

30 reception filter. These filters 32 and 33 have
different band center frequencies. One end of the

ladder type surface acoustic wave filter 32 is
connected to a common terminal 14, and the other end is
connected to an individual terminal (a transmission

35 terminal) 15. Likewise, one end of the longitudinally-
coupled dual-mode type surface acoustic wave filter 33

is connected to the common terminal 14 via a matching



dual - nbde type surface acoustic wave filter 33 is a 30 re tion_filter
These filters 32 and 33 have different band center frequé§£§E§SL§999end of
the | adder type surface acoustic wave filter 32 is connected to a common
termnal 14, and the other end is connected to an individual termnal (a
transm ssion 35 termnal) 15. Likew se, one end of the |ongitudinally-
coupl ed dual -node type surface acoustic wave filter 33 1is connected to the
common term nal circyit alpatoli hhe2btheme en2006 comedtdd,tanant he ot her

end i s connect egngpy fitual NbykdHah 8" TLRALGR ] GGBALAN { ofgl nal ) 16. One

of the features of this enbodl ment ransm ssion filter is
formed by the | adder 4% ypk %@ﬁf5%%t%5%%s?fcthé§eeMPQQQNQﬂZI%%ﬁ%u}n

single-port swhacetheousahsmiB¥ohesQNaLer S s2FHEMEW Lt Hd Baddagdder

fashi on, whigl e o T n is_for b . .

| ongt Cudi nall y- ok SHERER AERh Pl s Paldr TR ter ddhaving e ingierpast

Her ei naft er, tfﬁ#ﬂ raggpetio waveacesavetstisc Aawenndated 3N wi | | be

referred to SIerHdeﬁSfémléﬁanﬁmﬁéleﬂefHeE@bt?i%n FAddie is [formed by .
Wi

| ongi tudinal ly | ed dual urface_acoustic wave ter
be referred toéﬁ?ﬁ%%P%% T%%nafgﬁ %&FBie |SP@9“§§.el§Yﬂ%3%Q£ﬁﬁﬁ?on filter
33 has a circwapqusumnLwawe|fuhtmnhBﬂuaHkmnﬂEnafpersuthaceaadeus&W@eNave

filt fiet 35
Lhe. enbodi ment -SRaaC R e 5 HERE, FEPLEL' S2ORAIL el Bl IR Y Wode

SAW filters 34 35y ﬁ‘%r‘ér%’b?fﬁ’e%%b@nlﬁlb‘é?él Bél . aeaicrth@f the DVS

fi :c ter sd34 and oy iitnad irdel) f-hr@ep 1 el ed@agm@bet t?p&d@cﬁrf&ce( f&gfcﬁisﬂiiifd er
referred to as S Y/ ectors 39 and 40. In Fig.
4, reference ﬁ&%r éﬁl:s)l%aerrg 3n3ot%;%][3q?€f e]aeger’f%% §8nﬁéﬁ‘3r}rtys i e DV5 25
filter 35, for t&&RPddicendelteie 3PDTs 36, 37, and 38 are arranged next to
one anothetsin the twaesm&maondlfrlq%téxorwfhéyréa@fréﬁgesgteu%\ﬁ%e The

reflectors 39 in which dual-mode type surface acoustic wave filters
(two dual-mode type surface acoustic wave filters 34
and 35 in the embodiment shown in Fig. 4; 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_



and 40 are grating reflectors, for exanple, and are arranged ad| t to
the IDT 37 and 38, respectively. 30 The DVS filter 35 has §5¥§#§&ig

structure as the DM filter 34. The two DMS filters 34 and 35 are
connected in parallel in the follow ng manner. One of the conb-like

el ectrodes of the IDT 36 of the DMS filter 34 is 35 connected to one of the
conb-1i ke electrodes of the IDT 36 of the DMs filter 35, and these

conmb-1i ke el ectitedesthear ersonneditesl ¢amionki kadebéct hodast olfii egodi rocfui t 11,

- 10 21 June, 0 he -4 e r of each of
the I DTs 36 ist%r%oﬁrl\)?(}s.ﬁcgg %@é%%hb-cﬁl%é e%%ct‘%%@gesi)ggét‘he | DT 37 of
the DVB filter €385t odegnfdettdie tIPTone! o? L t Hee cOMb- fikbesl 88t A6des of the
| DT 5 38 of theobMBdtidd alo Ihe ldkamsSezompel ket BEc60FBdeki ke ehectipades

of the IDT 37 t id ter, 35 i cqonnect.ed to one of the conb-Iike
el ectrodes %f t%%eo%f%gbdé‘ PSS 41 | LEFe38 Sopn I Bhred? e088nb- 1§ ke
el ectrodes ar elakeo edemtaoded tof tihe rEXRp37 ovf teheni DS £01t6r Ble ist her

comb-li ke el eckopdestel tthe ondls BT AN o3 AL Lo I PYPEEHdeEl 8 Bhe IDT
il lustrates thEBngrﬁge“Sth difference between a single DMs filter and
n

two DVS filter €t &S d1gded 13- Abss Ganec s cRIVpeler 15
pai rs of |DTs' ehantacdHadderet yied iddrargctasdl hastlee nbeeept ORI kabhnénal

i ncrease iy i nggrti I u Lk L8S| fet I | ect e
fingers. Particular y? ggﬁ%geg?%g ??ggugﬁgy%ﬁgﬁﬁﬁbﬁﬂighﬁ%gﬁ%iﬁ %gnéggn t he
exanpl e shown PR RBFE. 95PundRd-el ectrode width becomes 20 as snall as 0.5
gm and therefore, theginsefl1@8tka8ss BEGOMRES reRILE didtde:s @i BFOF&ntdI S,

the single DVEFFIESR o S 8RRy T sy e Svoactfs PELEREs' tha
resi stance of ¢penertedr dtepragérd .i sA2BMBedddédrt bal aucindieweri nserti on
loss is reducesabys of IDTs than a ladder-type filter, and has a more
remarkable increase in insertion loss due to the
resistance of the IDT electrode fingers. Particularly,
where the frequency is high (a 1.9 GHz band in the
example shown in Fig. 5), the electrode width becomes
20 as small as 0.5 pum, and therefore, the insertion loss
becomes very large. To avoid this, two DMS filters
having an opening length half of the opening length of
the single DMS filter are connected in parallel. As a
result, the resistance of the electrode fingers is
25 reduced to 1/4, and the insertion loss is reduced by
1.2 dB. In general, if N of DMS filters having a
wavelength reduced to 1/N are connected in parallel,
the resistance of the electrode fingers becomes 1/ (NxM).
Accordingly, the number of DMS filters to be connected
30 in parallel should be increased until the insertion
loss due to the resistance is eliminated.

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

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

- 11 -



1.2 dB. In general, if Nof DVMsS filters having a wavel engtlh;[redgﬂﬁto 1/ N
are connected in parallel, the resistance of the el ectrod cones
1/ (NxM. Accordingly, the nunber of DVS filters to be connected 30 in
paral l el should be increased until the insertion |oss due to the resistance
is elimnated. Also, the connecting of DMS filters (two DM5 filters in the
exanple shown in Fig. 4) in parallel disperses high power and reduces the

power requiredEr S35 fgee BMSUSH iewavusesendtorsenfl $hhi gh power

durability canthansegwsadd oriiithg d}ﬁ@'@aﬂec@& POvEtie duim@Bh! k¥l be
expl ai ned Iateﬁéln detail,. Further, - 21 June, 2006 the surface

acoustic wave rdséhst SPSiGE FHE ?%%ﬁﬂﬁﬁ?ﬁﬁ(ﬂf??nQ%g 3D EBRhHESt 84™0 t he
commmon terninaRCC@&danglyerm@g-wmpadanﬂeuaﬁstmérﬁmgeﬂtiansbandso&rm&e

accordinglys !Beahapedanes ¢fikhe eUd el [ Neng Ehansm ssion

filter 32 becones higher Insertiron |o e reception filter
can be reducediPSPRtERE 38@@e°§é§@ﬁ|ﬁﬁQﬁPt%Qﬂaﬁk#ﬁﬁée%@@rbﬁréqdéﬁ@ﬁ FI of

tEe transm ssion flIIﬁrt383hBob@M§ﬁsc$h Flb? :?HHjﬂéﬂ%;H%ﬁﬁfﬂUﬁnCy F2 of
the reception . r and the fall. of. the pass of . the

t ransni ssi on f|%ggL%b§$ugﬁn8fatﬂgd&é?qﬁﬂﬁ§%ﬁﬂqeﬁé§¥%£o€€t+§ bBYETtilter
partially overthps the bipsd eknthe frecwmsiian Fl |afrtiss. réosevion a

dupl exer havi ngiiber reduggd tﬂéeﬁﬁuqnoko%%émﬁ$§§“béﬂ&"&feéhgomer 15
durability of the rec be realjzed, even If Fl is

e%blon fi%%% EB can
hi gher than F2XTTREhIRHER bf PEI USPE% & HEIdoiRRl $HEIRSRal I el is
not limted twm00®ﬂt1nayabe fhiteropargrnedtler .ovHY Isaras peod ﬁ&séhefptﬁsent

i nvention “‘l|r$@bp@909eff[f?9d35ateﬁow@vgftaélPPEQ%Pe?fh%Qq_ S, shown in

Fig. 4 is forned in OW ng nmanner m vai Nl contalnlng
Al or an Al alf%‘gfc‘ﬁ%wlim%%?nfipﬁﬁ §nfio¢#§dlw>r§am RITRE

15 durability of the reception filter 33 can be realized,
even if Fl is higher than F2.

The number of DMS filters to be connected in
parallel is not limited two, but may be three or
greater. This aspect of the present invention will be

20 described later in detail.

' Each of the IDTs shown in Fig. 4 is formed in the
following manner. An alleoy 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 LiTaQ;, 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
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on a substrate that is nade of a piezoelectric material, 25 such as Li Ta(3,
cut out at a predeterm ned angle (at 42 degrees, Y-cut, , for
exanpl e). Exposure and etching are then perforned to forma pattern in the
Al alloy filmor nulti-layer film The transmssion filter 32 and the
reception filter 33 may have 30 individual substrates or a common
substrate. This applies to all the other enbodinents of the present

i nvention. (Secendogibedicmene) dek ofiegl HyiﬂHeKHamH(fEfEﬂ@ptéX&ﬂméﬁals

accor dance mnthasatﬁgggngfqungqqgk AdRe rq;en%h “ﬂg%gt
figure, the sane cgn&ong as those o the |rst - fb tme
enbodi nent are H8notdd By ﬁﬁ§e§§n§rpg¥éP@h&@Hﬁﬁﬁﬁ%ﬂ%ﬁ %%etﬁbgétof t he

first enbodlnenembahﬁmduplEKeth&hOWMeIﬁ&déglldi(tﬁﬁﬁﬁﬁ h& &M the1 shptgxer
of the firsts enpggd a eptl | as a balanced 5
(dlfferentlal)ngut%§§9% Fgﬁﬁﬂ nn%pﬁleg%rgHﬁ cﬂqg% TETHE Pt ek shown i n
Fig. 6 has suchT%@r@%@b?¥@ﬁ shpineinaBigThé basb-sidke | metepdbsnof the

IDTs 37 that afglgseunsed tHe Féanbélﬁk@ 59@@@95895t efe%b.; Gt 3Petween
the DVS filters 34 and connected t receptlon

termnal 46. A DX anted g%ﬁ?ﬁg?gcéﬁ Eégob aPﬁ@dCFﬁV¥W&H? rREEpt e T
term nal 46 artktanotherhe ebdpt fmﬂ]tbesranalanﬂiGSSFl gnd Bheanglsd illustrate

a bal ancedigut g | £x oyn as,a r 100 in
15 Fig. 7A. A bafgﬁgggﬁ%gyg FXFLofpel fhiFga :‘%theA g%ggé%%%itudes and

IS S
opposi te phased s rﬁﬁ%d@%dO%QaénegeEEEPpéh §hgnalecERAi®m treuipia bon
signal 2 in Figl6 #Bd aNdther batespedonut pukinkl 1%.easier tO deS|gn the

electric circuits for;electro |c [ such as_20 porta phones
Particularly, as a duplé&effls cgﬁ%ec YR ?CP%EaECF 8 3

structure thatTh&aﬁqﬂhﬁﬁﬁrtQQ)Eh@epﬁlbﬁ Shg%aleShavdnglﬁhase§00 in
15 Fig. 7A. A balanced output is signal outputs of the

same amplitudes and opposite phases, as indicated by a
reception signal 1 and a reception signal 2 in Fig. 7B.
With a balanced output, it is easier to design the
electric circuits for electronic devices such as
20 portable telephones. Particularly, as a duplexer is
connected to an IC of a later stage, a structure that
can output two reception signals having phases
different from each other by 180 degrees is more
beneficial than a single-output structure.
25
{Third Embodiment)
Fig. 8 illustrates a duplexer in accordance with
a third embodiment of the present invention. In this
. figure, the same components as those of the foregoing
30  embodiments are denoted by the same reference numerals
as those of the foregoing embodiments. A reception
filter 50 of this embodiment has a structure in which
one or more DMS filters connected in parallel are
connected in cascade. In the example shown in Fig. 8,
35 a set of two DMS filters 34 and 35 are connected to
another set of two DMS filters. In Fig. 8, the second-
stage two DMS filters connected in parallel are dencted
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different fromeach other by 180 degrees is nore benefici 3I thanzi06
singl e-output structure. 25 (Third Enbodinent) Fig. 8 il

dupl exer in accordance with a third enbodi nent of the present invention.
In this figure, the same conponents as those of the foregoing 30

enbodi nents are denoted by the same reference nunerals as those of the
foregoi ng enbodi nents. A reception filter 50 of this enbodi nent has a
structure in whivchreseenre notee DMSs f51 tand B8nnethedcombphikel el are

connected in cageRdqoddks the @%@npﬁfbsﬁﬂm@f'ghg'BPS8f1§§e§sS§M Qfhd Wy DVE

filters 34 and 35 are connected to  another set o lters. In Fig.

8, the second- tag@H W %9 1§36 Lohmect 88i AhBaFamPal i%fe denoted - 13
21 June, 2006 ey ecgfrerdene e furtes a‘ﬁ[ﬂ‘él?&n:ﬁlf5€heTbESC§mmtlelrlse34ela®@t rades of

t he | DTs 37c¢ of e MG r c ea h ot her, and
t he conb-| igl)<e atgll%ectroffdéécf %%Aél%?do%eﬁf %ﬁeg%wgﬁ ﬁt ‘and 51 5 are
connected to eBEheSEREE rHEesdh 3'h F1d).38. arﬁ@@bi@hb@dngﬁéVat§ %heand 38
are allotted onbyst @ft hee IDPE fOf] ddves DB fféfeﬁméﬂlfi@at%ﬁpb@ *tq;l%t' on of

the draw ng. Th conb-I ke electro es f the | DTs 37 .an
filters 35 and“ élng “al EE CcGRABCE&&e S’Reﬁif'r@ rtééepgj?%f%ggit $ as
shown in Fig. 88 pifgthe §MﬁmﬁuﬂuﬁﬁsIiiyanﬂmﬁacaeeislsoscoﬁnéhéeddmplexer
in accor dance whth Log oyt REROURI, ShoVholn Fior: 8.

characteristics shown.in % obtain case where t he band
center frequency F1 1590f 7t RBOVPaRERi S4il&8 5 |qhtae’5ra%t?1ilssmﬁﬁr‘fer°¥h’élhethe band

center frequendypE2xef tiheaceceptiner fWiltttertthd. tibrd Semiabdbadytkehwoan a
| adder type surfa ust el . dur@ab y and
L85 qtcUst ki oo LLLLEC 9161 A ARMEEPLrat LY 8

exhi bits steeper
filters that C%F%Péffil §P| gaCRyehahe TSt e ansh egrter frequency F1

15 of the transmission filter 32 is lower than the band
center frequency F2 of the reception filter 50. As is
already known, a ladder type surface acoustic wave
filter excels in power durability and exhibits steeper
falls. In this embodiment, on the other hand, DMS

20 filters that characteristically have steep rises are
connected in parallel and are further cascaded, so that
the insertion loss can be reduced and the power
durability can be greatly improved. As shown in Fig. 9,
the rise of the pass band of the reception filter 33

25 (on the low-frequency side) is steeper than that of the
ladder type surface acoustic wave filter. Also, the
insertion loss can be reduced, and the suppression on
the side of the transmission filter 32 can be improved.

In the above description, the band center

30 frequency F1 of the transmission filter 32 is lower
than the band center frequency F2 of the reception
filter 50, and the rise of the pass band of the
transmission filter 32 at least partially overlaps the
fall of the DMS filter 50. However, a duplexer that

35 has the reception filter 50 with low insertion loss and
greatly improved power durability can be realized, even
if F1 is higher than F2.
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connected in parallel and are further cascaded, so that ﬁgeginseﬁﬁhgn | oss
can be reduced and the power durability can be greatly i : shown
in Fig. 9, the rise of the pass band of the reception filter 33 25 (on the
| ow-frequency side) is steeper than that of the |adder type surface
acoustic wave filter. Also, the insertion |oss can be reduced, and the
suppression on the side of the transm ssion filter 32 can be inproved. In

the above descripti ofigshelbandndedt0ér 130 dstagieseya haoé whersrahsni ssion
filter 32 is |9ﬂﬁbertg%nDN%eé%T¥éf§”g crééﬁgﬁeﬂ9y 5. plelhgsreception

filter 50, and.the rise of the pass ransm ssion filter 32 at
| east partlalI9n8€8?F§HstPhémﬂﬁ9We(ﬂh%rRQWRHS@WW4Q¢15DY However, a

dupl exer that 35 hasThhelneé&ﬁbtenofﬂ kher p&%s\&ntth ﬂrﬁﬂéﬂﬁ‘ﬁﬁ{tct@xﬁldllz@@édand
hi_gher

greatly i oved y § even
Phan F5. 4" SopBguEL aByRRI LY R O R TR RO CABCFRHGr e t he
nunber of DNVB ?rlt%ﬁst%bﬁn@%$éd PﬁwparHBBeEPPéledn¢me¢$ajtnansmHQWEomhe
power durability¥rmIhg1i U]SenfaﬁﬂsoﬂftptuQe sAgsan »Jerw&rﬁé@é'n%@@uf}s&l tﬁe

power durablllté test on the sh# re shown in his test

Fi
pover was appl FREYH FREMEPAAsH'ssi hthtE ﬁlﬁBWQES%e&H@ &@ﬂiﬁe%{ﬁﬁals wer e
t aken out frontbhetranﬂmnnslennfmater432wlthdﬂuranBMﬂsémmmgfﬁpﬁéredzto

t he transﬁkﬁsl990ﬁl&t§fe§g f&?gttéﬁegg'%Sq%}ta4§(ﬁw%r ﬁ%réﬁ |ty te

first after a certajn lapse of tinme in a
the power dur d@P¥Pey p?%%f darpbédibit testrhelnt £ @t@@@%ﬂmﬁMﬁﬁhi#%Ry' 8,

however, the regsmtm@ﬂrie&t@mtSBnbtn§estmh&tur%Ssﬂamﬂ11ﬂfF g.8,10A. This

i s because a [sT}1 =T use e Lece ti.on filter 50 due to
slight inpedance nlsna§ %l%@é%é?megn% gtefrgﬁ 3éif%ﬁﬁﬁkwas3§h%%ﬂ t he
reception fil tiet 5. aH@Athé? s | egagee $eﬂ0wertheakag&k@@wn of the

receptionlbil te@fusdd in the reception filter 50 due to slight
impedance mismatching between the transmission filter
32 and the reception filter 50, and the power leakage
led to the breakdown of the reception filter 50.
To improve the power durability of the DMS
20 filters, a set of three DMS filters connected in
parallel was cascaded to another set of three DMS
filters connected in parallel. The opening length of
each of the DMS filters was a third of the opening
length of a single DMS filter. As a result, the power
25 applied to each DMS filter was reduced, and the power
durability was increased, as shown in Fig. 10B.
Accordingly, when DMS filters are employed for
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

In

to connect two or more DMS filters in parallel.

(Fourth Embodiment)
Fig. 11 illustrates a duplexer in accordance with
35 a fourth embodiment of the present invention. In this
figure, the same components as those of the foregoing
embodiments are denoted by the same reference numerals
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To inprove the power durability of the DM 20 filters, a set of bee DVS
filters connected in parallel was cascaded to anot her se

filters connected in parallel. The opening | ength of each of the DWVS
filters was a third of the opening length of a single DVS filter. As a
result, the power 25 applied to each DVS filter was reduced, and the power
durability was increased, as shown in Fig. 10B. Accordingly, when DVS
filters are enwg)ms‘eoroﬁ hend e.ﬁeﬂég@ﬂmﬁl éﬁlﬁbd@fneﬁtgum'ﬁ%@rdu 18kagl e DVG

filter or cas 5|n S e not suitable in

power durablllgﬁlﬁg% fﬁ%DMEOﬁ% %é%%%s A %BGCSHH gEetwl F%ﬁog%
filters in parﬁmhﬂdlwakﬂuxdlﬂﬁﬁﬁxﬂhﬁnﬁ@cépglonlfuﬂtasthasea dadaplomder i n
accor dance “‘thd£¥ié%éﬂﬂﬂ5ﬂ)fﬂﬂ¥¥“ﬂ”¥ﬁr6ﬁgﬂhﬁo@i?§§8tcbﬂé%%&hg%s In this

figure, the sa%g_ onent,s as_those of the foregolng iments are
denot ed by Y he 1&4ie &ﬁﬁ%ﬁﬂﬂaﬁﬁﬁﬁﬁ%ﬂ%? sh ?anisJﬁnEEC?BGGOQSfﬂﬂ6§é of t he
f or egoi ng enbodinméligs. 1The dupkaier empoeMmdant Fithe Idomhffeks fromthe

dupl exer "o [ PRALBKS o i, Lt ey Le5ge LoD, LELI 63, B 2

bal anced (dlfferentl out pu roug
reception f|Itépatsa§ﬁo®ﬁ@%§@?dw&ﬂxﬁ#§w13|¢r%r055ne¢heﬁlgo £BCch mithes

enbodlnent thanGOﬁhelb&&b -glige! 0dRs fddde tDTs1 R0 @bnhberDNBthI Lters 51
and 52 %f géggndeg n.Fi % arg g Qnecte to each otr]t?ﬁ and the
conmb- 1 i ke SPe CSFLd nadnddet 8 8™MEG MYt A nal 46, A
bal anced outpu@béahnbé tbbpaghedhﬁhm@w@pdﬂunrwﬁxmﬁnmm 4&randahnd6hamnd

anot her recepfé@@pggbﬁl@ggmlgal(ﬁgfth Enbodi ment) 15 Fig. 12Ais a
| ongi tudi nal section view of a duplexer in accordance with a fifth

enbodi nent of the present invention. Fig. 12B is a plan view of the
dupl exer, with(FhEticapmbhdimenn)Fi g. 12A bei ng renoved.

15 Fig. 12A is a longitudinal section view of a
duplexer in accordance with a fifth embodiment of the
present invention. Fig. 12B is a plan view of the
duplexer, with the cap shown in Fig. 12A being removed.
This embodiment is a packaged duplexer having one of

20  the structures of the first through fifth embodiments.
The packaging described below can be applied to
duplexers having structures other than those of the
first through fifth embodiments.

The duplexer shown in Fig. 12A includes a
25 laminated package 60, a chip 69, a phase matching line
' pattern 72, and a cap 67. The laminated package 60 has
five layers 61 through 65 laminated as shown in Fig.
12A. The layer 61 is a cap mounting layer. The layer
62 is a wire bonding pad layer. The layer 63 is a die-

30 attach layer. The layer 64 is a phase matching line
pattern layer. The layer 65 is a common ground/foot
pad layer. Each of the layers 61 through 65 is made of
a material having a relative permittivity (eg) of
approximately 9.5, such as alumina or glass ceramics.

35 The cap mounting layer 61 and the wire bonding pad
layer 62 form step-like parts inside the package. The
step-like parts form a concavity to accommodate the
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Thi s enbodi nent is a packaged dupl exer having one of 20 the strucéu&gs of
the first through fifth enbodi nents. The packagi ng descr an be

applied to duplexers having structures other than those of the first
through fifth enbodi nents. The dupl exer shown in Fig. 12A includes a 25

| am nat ed package 60, a chip 69, a phase matching line pattern 72, and a
cap 67. The | am nated package 60 has five layers 61 through 65 | am nated

as shown in Fi g:h11:i26°9 Thgnd mrp 6619 Ilss aacc@mmmméaglhaxﬁé cEH@alv(i‘&f%r 62
isawre bondlqgipa attac

Q%e% hﬁ i i
|l ayer 64 is a phase. ﬁéﬂ% T 15 %e Y t?%?% ?a?BFP ?Hétlg§éP “Ebnnnn
ground/ f oot pé&ﬂl@Wﬂmplgﬂﬁtmﬁptwmatayeﬂsl&1¢ds®ugﬁ 65513gmadehmp a

material havingea ¢ ey AR (N Yed et pbn 2RBEREETELEl ¥ B Sch 2

al um na or glass ceramcs, 35 The cap no Ing | ayer the wre
bondi ng pad® | &yé&t %(ﬁ%ﬁ%ﬂ%ﬁﬁqq%%pp%H?%tF%E?de ¥%eapﬁéﬁag@he¢ﬁetwo
step-1ike partshmmanﬁﬂ(Hruxﬁdﬁgbyen;HENHMﬁ@a®Ehéhehana6 tA® June, 2006

by 8 ingl o chiBoort B dr AT v LY ARPBE BRi BPncraborn b ase

by a single chi
of a single cthe EQQQPQMQﬂuﬁﬁkﬁﬁﬁnﬂ%uﬁpﬁmﬁﬁxnmohhélbtées ar&nfonied on 5

a single pi eZOehb@tcirlh@nftlJb%t rsitrfé_;lé E1i - ase Meérﬁﬁ;lwedchl@ﬁl@%ﬁ{ﬁ

enpl oyed, t he ot her tra nl sion, fi orned i n qgne of
tgg CKIpS ﬂH;ndlstﬁg Pé@gg n&ﬁ'ﬁlq%ﬁ’q - § n éhEOBPﬁgronlﬁhFhﬁée‘

enbodi nent, a 8thgkb dhwpr6@3|wmﬁhdanaﬂnddﬂnrweﬁm@héﬁlﬁé 7$.setheed onto a
di e-attach unlalgoaggégﬁdugqtth@ @d%m§“tfgﬁlﬂfﬁﬁﬁn§§n§‘Eﬁrfaﬁgndﬁﬁh'Ve

adhesive 71. The di,e-attach unit 70 forns a noun surface, and is
made of a condbﬁt?@genﬁfeﬁl&P“§H€ﬁ1§§,Nateﬂﬁﬁ%n%kﬁh odstRE- | aFhnas ke
package 60 is apptbzi raméhytedmpaxkagkd aimies hiprdki@at8ld BMmmk 3. § mm X

1.5 mm wigtsh the «hel ghlm(t Bickngss), of 5t e packages bghng, 47 PHL
height (thickness) of the package being 1.5 mm.
The cap 67 is placed on the cap mounting layer 61.
Fig. 13A is a plan view of the duplexer shown in Figs.
12A and 12B. The cap 67 hermetically seals the chip 69.
20 The cap 67 is formed with metal plating such as Bu
plating or Ni plating. On the sides of the laminated
package 60, semicircular grooves 83 are formed. In the
example shown in Fig. 13A, three of the grooves 83 are
formed on each side. These grooves 83 continue from
25 the cap mounting layer 61 to the common ground/foot pad
layer 65. A conductive layer is provided in each of

the grooves 83 to form a connection path (side
castellation) 75 (see Fig. 12A). The connection paths
75 create continuity among the layers, and can also be

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

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

the cap 67 shown in Fig. 12A being removed. The chip
€3, the cap mounting layer 61, and part of the wire

35 bonding pad layer 62 can be seen, with the cap 67 being
removed. As shown in Fig. 12B, a seal ring 74 made of
a conductive material such as Al is formed on the cap
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The cap 67 is placed on the cap nounting layer 61. Fig. 13A.is a n view
of the duplexer shown in Figs. 12A and 12B. The cap 67 h@ﬂn@?ﬁ%agﬁé—seals
the chip 69. 20 The cap 67 is formed with netal plating such as Au plating
or Ni plating. On the sides of the | am nated package 60, semcircul ar

grooves 83 are fornmed. In the exanple shown in Fig. 13A three of the
grooves 83 are forned on each side. These grooves 83 continue from 25 the

Icap mounting | igglmtﬁimq ol;y?" (ﬁ)llr;nmri'l“@r aayl/6Doi s pathcedyer Hhe Aeﬁ@n?lﬁcti ve
ayer is provi ac r n

(side castellati cgjn)nM?S (EQ = gﬁlo%ﬁ%l\h%? lgaq%%]gnéegt@o% 4 ﬁé‘gﬁ%ﬁgcrggat e
continuity anond t RIS - anBec Ry b I usedhe @X@@@ﬁ&tméﬁﬁectl on

term nal s. Thea'iﬁ@iﬂhﬁklaml‘dlﬂe showh 69, Fitthe %wﬂm@emeﬁgrl bed | ater.
n Fig. 12A

Fig. 12Bisga f, the structure, wth th [

bei ng r enmovad, E’Fﬁ@ %V(\i CE htehézcc{lge :‘IJF’DJU?{EI %pﬁ]ﬁyg? Xcﬁﬂg ngt £81T he
wire 35 bond|n&OQQGCK&F@rp@Zh§aﬂ5béleﬁnﬂiwlmhtmheceapeSQ béi hhe femved.

As shown in Figidé2BurFaseal. ring 74 made of a conductive material such as
Al is fornmed on the - 17 1_June, 2006 npunting |layer_ 61. The cap 67
is placed on the seafggr FH(}]E’?ﬁ_g fREMEap o drddRF ItRS B FRRS an openi ng 73
in the center. a¢h930@enwage7$iﬂmemsawaaunﬁuﬁﬂﬁtﬁuitérsa@ﬁo&nydafimgethe

chip 69. e seaksti afixqhS Buseaneahed e copeckion qaths, 75, gxcent

the four connecti on pa centers our
surfaces. The chfpléddesr k¥Pehevriagsr at%éifsltﬁf"a%‘éi‘ %bb‘i%tl%zv\avd f:hlet er

and the DVS fibMersidteangookhbha ih0 Fiig.stg tf’ﬁdlugékafnﬁplléh erpodiaents. The
et Lt 50 Ehsen  theEEehabY PRy pY LI E R et Gutde ‘FIaf8na0, v pe
surface acousti® %\/a%'éaﬁﬁllﬂ%é?lglz figtertr amshitdss AT ifitldrer an@ ibeaDVS

filter 5016s areception filter. The blocks denoted by reference

numeral 77 are the resonators (the pattern of
electrodes and reflectors) of the ladder type surface
acoustic wave filter 32 that are schematically shown.
The blocks denoted by reference numeral 78 are the

20 resonators (the pattern of electrodes and reflectors)
of the DMS filter 50 that are also schematicélly shown.
These resonators are wired, as shown in Fig. 8, using a
wiring pattern formed on the substrate. The resonators
are also connected to wire bonding pads 79 formed on

25 the substrate of the chip 69. The substrate is made of
a piezoelectric single crystal material such as LiTaO;
(at 43 degrees, Y-cut, X-propagation, 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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15 reception filter. The bl ocks denoted by reference nuneral 77 are the
resonators (the pattern of electrodes and reflectors) of 2hdunggd@BP6; ype
surface acoustic wave filter 32 that are schematically shown. The bl ocks
denoted by reference nuneral 78 are the 20 resonators (the pattern of

el ectrodes and reflectors) of the DVMs filter 50 that are al so
schematically shown. These resonators are wired, as shown in Fig. 8, using

a Wwring pattexsmfg)rtrmumgtrhﬁrsubsaratﬁae Tﬂr&&%@ﬂ@i%% 68" fadl Be
connected to wif Ppads. 79 { % he substrate of “the chip
69. The substrate |s rra oJf Lohi %ﬁ%@? ‘Etrr one iyt etReyWLER RAPEAPEl such

as Li Ta®B (at R@Sdgg&efbfﬁ preuideX- pi opagat s 086 fidirexahpBé) . to The
el eotrodes on e S & LA { kLo biE w;j_)h' ¢hig TG An alloy

filmmainl yscont ai ni suc or an

mul ti-1ayer >film rra?‘%l ¥ &’_‘3’ﬁ't ity AI13(Psucqt19asWWe rging- cad XB)Y@H/AI

é”r'\]/g/A' gr Al62Miyaley /2 -dx@nm;]{ feor nad tiye ﬁ@@?t?flngrl?e a@pehsnglhem @égosed
tC|ng an pa%h%ﬁﬁ' e lmto arm e el.ectrodes on
the 35 substratg Tﬁggv‘\cn%ragl g%%ro$$%d§n% % U&%nﬁ%@t@ﬁ“t’%l\ﬂgré Yfdndi ng

pads 80 formed®%n tﬁ@ewréebbﬁaﬁﬁggpmdmay@r ag®, arrkiged dloey 2OO6 usi ng

bondi ng wires @G8cihbe shard kg WHehimy de. mRIe Ofihfptreffrigxanpl e

Sone of t opdi ads .79 are provided with y as 861 through 864 to
establish e ec%rgrg ggn%%gt}% A& H 55 ﬁ’e?n Jé%r%aé Aé shown in Fig. 13B,

the wire bondi ng padFiayet4 SzlhasramespshenQMerdtﬂd"r&s dest esen Thige Openi ng

84 is small erchmgnﬁbhsnap%ﬂlengu?t% %foﬁdl%gcq;%dmr d P95 Yo ¢ SlanJl1E WiTE
bondi ng pads 79 ar e al on two fdcing es of the ogenl ng 84. A
wiring pattern 1'§° 5 2§1f ’Fr%‘dlg n’ e 1R rFel%ori'cﬁ g pbE3tothe fwedye

illustrates th@omwnewnopathet Wedndet bastelila tSmnd § he Mg erdigndiang pad
| ayer 62-]E$fe£@@§ﬁpanying reference numerals 75; through 75;; explain

the functions of the corresponding connection paths.
The connection paths 75; and 75, form the grounds of
the first stage (the stage formed by the DMS filters 34
and 35 in Fig. 8) of the DMS filter 50. The connection

20 path 75; 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 75; 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
73¢ establishes the connection with the foot
castellation of the common terminal (an antenna

30 terminal) 14 shown in Fig. 8. The connection paths 75
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 753 establishes the
connection with the foot castellation of the reception

35 terminal 16 shown in Fig. 8. The connection paths 75i
and 75;; form the grounds of the second stage of the
DMS filter 50. The connection path 75;, is not
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nunmerals 751 through 7512 in Fig. 14 indicate the twelve connectiﬁa pat hs
(side castellation) 75. The remarks 15 acconpanying refer u s 751
t hrough 7512 explain the functions of the correspondi ng connection paths.

The connection paths 751 and 752 formthe grounds of the first stage (the
stage fornmed by the DMS filters 34 and 35 in Fig. 8 of the DVs filter 50.
The connection 20 path 753 establishes the connection with the foot

castel | ation (foomredtnd foottpadsatdesod | bedthat @i yeobontiiagt paas Magsiron
termnal 15 shgwn in Fig. 8. The connection path 754 fornms the grounds of

the | adder type surface acoustic wave filter 32. The connect ion 25 path
755 forms the ground$Sofleskd ifeds absvage tdfe tdeoumies ¢f | the Sbrsbr t he

grounds of thesktad@entt e My fRcR Hc0UStis MaNBebtblieto32helhe connection
path 756 estahl ishes .the cqnnectign with the foot castellation of the
conmmon terd?na?o %ﬁ%%ﬁfghﬁggﬁftéﬁﬁ%%ﬁﬂﬁfu99%%%ﬁhl?ﬂ EFgmiBalendogdidect i on
pat hs 757 a_ndeSQOD@r pacdtve dpssuridedfl dter setdndirst dfe (tdhe stage for med
by the DVB fil kghfeet iand R4 H i ﬂay8)>e0fintcﬂ%déa\fts,hfaﬁ]deet;héogrgﬁ‘?d

connection path 7ggeestabl i shes the “connection w ot castell ation

of the recepti8h t 8PTORS St Ish&n the AMS Blltee 2BnhecEPBReFAEAs 7510
and 751, form thetheroundseef ibhe paatend sitagmol d¢hene OVBohi LeenihBlsThe

connectiongatfs751251 s ot - 1 Ju 006 _connected to-the pattern on
the wire bonding?pad Tayggo’63&8A2§Hésc?§§e§4%&%ﬁ§ I Grothes"ef the
first stage ofPtRe™PWBCEY| f6r theti &heormsbtatdinge t¢pnpBorenhecaten pat hs

(external conneetluoad) eafringhe sebieharky S rLadsodesshi bedihat-ebketbl
and 752 (the £9 ngg%kég Eath gggs_ ¥ be.incl ged)? and the grqu gs of the
second stage d? he FPPeP F@ &bn%ééte 71 of e 5%ﬂheg?$oﬂ plat hs
(ext ernal conn€elre oporeeathahspatd 757, magsbe7500 luded )7Ebht Hrermgricunds
are reinfascetpbdve grounds are made common to the seal ring 74
formed on the cap mounting layer 61 and a common ground
pattern 76 formed on the upper surface of the common
ground/foot pad layer 65. 1In other words, these
connection paths are not made common to the
20 intermediate layers 62, 63, and 64. Accordingly, the
stop-band suppression by the duplexer can be
dramatically increased. This aspect will be described
later in detail, with reference to Fig. 16.
The connection paths 75; through 75;; having the
25 above functions are connected to the corresponding wire
bonding pads 80 with leading wires. BAmong the wire
bonding pads 80, the one denoted by reference numeral
801 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 phése 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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this manner, so that the inductance conponents are reducga and %152

st op- band suppression can be increased. The connection p

757, 758, 7510, and 751, (the connection path 755 nmay be incl uded) t hat
forn1the 15 above grounds are nade comon to the seal ring 74 forned on
the cap nounting | ayer 61 and a common ground pattern 76 forned on the
upper surface of the common ground/foot pad |ayer 65. In other words,

t hese connect gawunat ps tareermadts NMadamesbromnti® dhe-20taohelagdrat8.| ayers
62, 63, and 6471, A¢qqrdi + Lhe St a essi pl.exer can
be dranatlcalﬁy ?ﬁ%rgggg b C?glggﬂgg?p qﬂrﬁgggéﬁégrﬁg 5¥ %T§CQE|%Edetal

with reference“PStRcE. wigh ‘Fﬁ’@ e &l Grpdigred1 Heoursahidkvi ng t he
25 above funct patstabeoekanesieed drtdde wleﬂpm(%wgnﬂuﬁg tbegdl ng pads 80

h | eadi Al h db
Fef orence mumor P e o1 8 e & BoANUR pat i oV bt oA | At (one

end) of the ph&Bevpatehfag- Iﬂﬁ@:p@hﬁemﬁuIQ69mmﬁtdﬁ£amhe@00d9nothd by

reference nunegak-802ak5 ﬁnW%reobO@@I JurRmi @Iagggsgyélgg (the
ot her end) of %F hase chln Ilne ttern 72. ese 801 and 802
are connected t'G Eﬂ%rl Flpéf: aﬁ&l?’lrre baeakst e sack tﬂ}?as%on%‘t”éh’?’%g line

pattern 72 foragdeshveh@lphaseéhenkahiing Botltione feaid esh tiyechfg @bth the

Taes 3P and Ok Jhe-dieahi ARdc) A6°hOANARR M YHIE SlHE-L Lon " O

13C. The die-attach unit constit utes t une gr ound
pattern is forRet®n’$he Hize- &hcltvsl apet nctien s dircwndachvimit 70,

fﬁyrkt hi ck- pai néadl ngksat beraongact m‘rﬁvébp €hepd68- é't%afcﬁlrblrmﬁﬁ: Tie fourh
thic pal nt a L.C aLntin €S cks,.when the
thé)%gt éc?nrtngéggg QX Eﬁemﬁoxﬁgﬁtd nl%@\ltq}%?éfh 69 2107

di e-attach uni [
attached ont o Hé 7dire- ahoseh igniftigz0,1l dusiwig ethef condube i gecuddesifve 71.

The four 18I ckelpdi sdcdh@CKBa§Or §RALhBepAgNEYGtie¥e 50, Accordingly,
there is no continuity between the first stage and the
second stage in the DMS filter 50. With this ground
structure, the suppression by the filter can be
improved, as will be described later.

20 The die-attach layer 63 is provided over the
phase matching line pattern layer 64 shown in Fig. 13D.
As shown in Fig. 13D, the phase matching line pattern
72 is formed on the phase matching line pattern layer
64. The phase matching line pattern 72 is a line

25 pattern that is bent so as to maintain a predetermined
length. The phase matching line pattern 72 is made of
a conductive material mainly containing copper (Cu),
silver (Ag), tungsten (W), or the like. More
specifically, a conductive film is formed on the phase

30 matching line pattern layer 64, and is then patterned
by laser trimming or the like, to thereby form the
phase matching line pattern 72. Both ends of the phase
matching line pattern layer 64 are connected to the
vias 86; and 86,. The phase matching line pattern 72 is

35 a strip line pattern of approximately 80 pm to 120 pm
in width. Ground potential patterns sandwiching the
phase matching line pattern 72 form the ground for the
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adhesive 71 on the entire bottomface of the chip 69. 10

! Ee di e'gﬁtg%a(:h
unit 70 is connected to the connection paths 751, 752,

function as grounds, via |eading patterns 87. However, the die-attach unit
70 is not connected to the connection paths 757, 758, 7510, and 7511,
shown in Fig. 14, which formthe ground of 15 the second stage of the DVS
filter 50. Accordingly, there is no continuity between the first stage and
the second stageipnltihe.DMiikeewibh. aWetlrcubits compoméntst rilos ure, the

suppr essi on byghheiti! Ler than QSggigmrque ubas%aﬁééi'al;r“@{ glgf%&gﬁdwi@ﬂef- 20

The die-attach

ayer 63 is provi

ne pattern

over the phase

| ayer 64 shown“i'f BRgSe1BREChABIshaRE DRttiegn 13D, Thasphad@dst ching |ine
pattern 72 isfibteedcharhbeephasecenicehi e Idutaipaidern |ayer 64. The
phase matchj ng |ine pat N 72, 1.S. a |i 2 attern that .is hent so as to
nai ntain a predeter mﬂ?e%r_%lg%gg]t%ﬁl 2 Eﬁgsguﬁﬁ&&ﬁpﬁgq i f8SANEH 72 is
made of a corfBueEipiednhieriBatharnl Y2cwifldi ienglesappdred.CuFigssi IMd (Ag),

tungsten (W, andtheplike. gMpes SRBGH higCallpldad &

d Me&sddd mis formed

0
h h hi I I 4 [ h
on t he phase 3@ mat ¢ I?‘??el ne attergg_’l%grﬁ] gﬁétand I's then patterned by

| aser trinmm ng

DrEHR

rerePthehe ESEVRRTHIRL | i ne

pattern 72. Boiupkesidsr ofhebe jnaBieg . nAt ¢ hhag lhidde rpatyiper sl @are 64 are

ted1ho the,, M .17h tching | i t 72 i
connect e %bf)i n#@b MBS $6)e apth 862. 17 eﬁggsg%%tﬁo%%'zg%&r:&l%ne%%l nlzis

potential patt

attern of approxi mtely G ound

SartRf cHihPimkexpralE khecPrag§enitnd nysmntdian Bhewyr m t he

ground for then Rily. 28 (the, DND0Si 5terpshi Beingnhiske wist Ry circuit

conponent, the.
phase mat chi ng
obtained. 5 | ¥

q
h

d o praoduct.s is substantjally uniformwith the
i EHIe lpéa tfe)%rlné%.' T%‘%S,S}%?%Ibllen 191 e#’%ha?ﬁ&f’& i"Stics can be
I iy, the Yadder ohgpof suhéapkagesousdtichiwayd i ne

pattern 725w lfi lhedeascrdmedndimes Adfter 50 have different
impedance characteristics. To increase the impedance

of the transmission band to infinity after phase
rotation, the phase matching line pattern 72 connected
to the DMS filter 50 should preferably have a length of

20 0.28 A to 0.34 A, as shown in Fig. 15B. Here, A
represents the wavelength of the surface acoustic wave
to be transmitted through the DMS filter 50. In 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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and 15B are graphs show ng i npedance conpari sons between the reception
filters of the conventional duplexer shown in Fig. 2 (theﬂa@@;&%

surface 10 acoustic wave filter 13 being used as the reception filter) and
t he dupl exer of the present invention shown in Fig. 8 (the DVMs filter 50
bei ng used as the reception filter). As shown in Fig. 15A, prior to phase
rotation, the | adder type surface acoustic wave 15 filter 13 and the DMVB
filter 50 have @irPtadepit tiemped@fcarchdiBcter i &tiwsd do ther phseet he

i npedance of th My § $i-0n, Jand- | nf i iyt ha Lan, the
phase mat ching | ?ﬁghgggt éﬁﬁle?g)aconner%:%eédm% om}%%se%??f t gﬁ%é%%é?d
preferably have®dh BRgFRIBLosGes 241 g dnciance Lorpenants Frp. besB.

Here, A representiactle wadeltergtsmpgfrddid gurdaceoacpustésswave to be

transmtted g hrough t ]t er —.Ln,the case of the |adder type
surface acoustic waveﬂs? %‘r}aég,_sagggfﬁg 8%3h8indh§ d2 ;ﬁf%i%aéi%cfc%?n line
pattern of 25 appkokPnaveryan. sianed G.izesAqfiobhérs Ixpeiseandsoondhay t he

i npedance of thpadisansahesten bandnaf sa8hnRNasg ndOt alie %%@'&%@lfﬁ
infinity (A repgesenting t he,  wavel %Egth of. the surface acoustic wave to be
transmitted through?t AR aHAEFSEPGe 88U Ec 8 %2 ddEs B PSRV f3F tRPE 189 .

Furt her, groundeypatiapnsh88pahtie8fsacenhected deo ttHre @hrasectmdshbaghsi ne
pattern | ayer 675, ag Shaw 44 odi & T 91;%;,}9

connected to the,3 go respondi nogr{:o%egs&% ,ihzg@m{e o%‘g?%%%ﬁ?iéé%géﬁo{‘he 35
wi re bonding pa%llﬁ%fe)rr EhfoughreFRPYier 863nahl- 864, welde agr dined

patterns 89 areonrisoicithd opadle 800r riesgonthng oPesngbmbhe ,cemaect i on
DR TS s g et o 0RO RUCRAEI N HS NP e 10T TS,
rei nforced, thSTHNRT Gt konpRienaed, candbémpreteded mpahnde malpPriossi on
can be incilBasethn be achieved. Thus, the insertion loss in the

duplexer can be reduced.

The common ground/foot pad layer 65 is provided
under the phase matching line pattern layer 64. Fig.
13E is a top view of the common ground/foot pad layer

20 65, and Fig. 13F is a perspective view of the bottom
face of the common ground/food pad layer 65, seen from
the top. The common ground pattern 76 is formed on the
upper face of the common ground/foot pad layer 65. The
common ground pattern 76 covers substantially the

25 entire area on the upper face. The common ground
pattern 76 is connected to the connection paths 75
except the signal connection paths 753, 75s, and 75s,
and also is connected to the ground patterns 88 shown
in Fig. 13D and the corresponding ones of the wire

30  bonding pads 80 shown in Fig. 13D, through the vias 86;
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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5 The ground patterns 88 and 89 are arranged so as not to_ overl si gnal

| ines of other |ayers and bondi ng pads connected to the %1—91%9'-%%!9@5. Mor e
specifically, the ground patterns 88 and 89 are arranged so as not to
overlap the patterns connected to the connection paths 10 753 (transm ssion
signal), 756 (transm ssion/reception signal), and 759 (reception signal),
as well as the wre bonding pads 80. Wth this arrangenent, the

capaci t ance coRp8neds theragser fovd: s:agiteﬂlsladlmmhe66grt01mdsgknaﬁrﬁlbetpeduced

and i nproved i BpedansedrRLLRINGES Lamde ASN sets i@usthxtdlﬁgp nEeRLion
loss in the du gl exer caﬁr be redLELced he cqmron ground/foot ad l‘ayer

i s provided uhd&PSEhd itdse 3t&t CREAGY iHe the (et @ rfd2e - Filhe 13E |s a
top view of théocbnmensgtéundhtooghpad,d &y&rthibrﬁSas asrgk &t9al 13F is a

per spect | ve, Vi eunALokhBnboLtALATace 0 the sarmp, araung/Laod, pad | yer

65, seen from op.
upper face of F'ﬂ% Eeﬁﬁﬁﬁpﬁpéaﬁﬂl ?é@?tp’éﬁielsam tBBE Wmfelnmd?ﬂmmgrmnds

pattern 76 CgVﬁbSeﬁﬁbBl&@hl allkytthe %5n@1@dtﬁ_%r?§ earpe tf'&%tul‘p%‘%f gsne. The
conmon groun t 6 i,s connected to.the canne paths 75 ept
connrgcgtlégﬁ he & £ © “?%% 9%5‘8“7%3 %Sﬁd%gﬁs 1r$te ahd& ébfc

t he signal
t he ground patthe n@MSstihbw: 50n Fi‘fge A30: apddt ﬁé3CD$rE]Sq2)0ndl ng ones of the

wire 30 bandi r@r@@ﬁﬁ1§91§ﬁoﬁ\@rﬂnﬂnglglslé@ tfhfér Qﬂ%het 3%%%@%%869
Wth this str E%fu d nduct anc co onent s an uce rei nforcing
the grounds, andt tive CR§upHr Pe fﬁ’iErE’é@eéad?ﬁé Sé’PﬁoﬁluP%@é?eof t he

common gr ound/dwwis pad wsféeléybteﬁ&l?s tﬂeenﬁuotlpgdf gee D the dupl exer.
Ihe P N ) SRRy Yl U TN ) 1

the wiring bo own 1 n_Fi pads (foot
castel | ation) 66P% Hrivti - 8612 ?%rmb’éa%oﬁﬁécﬁ:é@ dgddea comee@UTiRGRAL hs 751

through 7532, acoustic wave filter 32. The foot pad 665 is the
common terminal 14 to which an antenna can be connected.
The foot pads 66; and 663 function as the ground
terminals for the second stage of the DMS filter 50.
The foot pad 66y is the reception terminal 16. The

20 foot pads 66,0 and 66;; are ground terminals for the
second stage of the DMS filter 50. The foot pad 665, is
a ground terminal connected to the common ground
pattern 76. In Figs. 12A and 12B, these foot pads are
shown simply as foot pads 66.

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

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

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

35 the grounds common between the two dual-mode type
surface acoustic wave filters. Thus, the stop-band
suppression by the DMS filter 50 can be improved.
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respectively, are formed on the nmounting face. The foot pads 661 through
6612 function as external 5 connection termnals, and aregﬂpgﬂgﬁk—gﬂéo
contact with the corresponding electrodes on the wiring board, so as to
establish electric connections. The foot pads 661 and 662 are the ground
termnals for the first stage of the DMS filter 50. The foot pad 663 is
the 10 transm ssion termnal 15 of the duplexer. The foot pad 664 is the
ground termnal for tAﬂeS¢.ad&dle¢r$y‘pbesDMSac‘deltecroBQt iha swav & tfiddterre34.n The
oL Pa0 002 uoufiien eRousg:! 8ETLORL ROkl R il AlAIS By dh BT et

50 or the groun#i %erm ng er t ace 15 acoustic wave
filter 32. The ¥bot®pad %6%“?3 ?h@oeﬁﬁﬁﬁﬁdtéPnFWé@lﬂﬁh(iSMﬂ&ﬁFQ#ﬁantenna

can be connect ezonnddiged ood phadscbhErandt663$ H@I&qt—ln@aieaiyfﬁte
Lhe T ocent | on 1 e s EdE: P e P . S 2 b it Seb i D R
termnal s for tHe wetorkrrdbee B@dthéYEWB6E|bpataaﬁedThm frdot pad 6612 is

a ground terni m&dmﬁmtﬁbl&&gé heo cx@éryvf'l%eulgggtquttm%r 2,6&@ g% 6\/22/%

and 12B, these fost s are shown s g

structure of tH& 91 eef’rbco‘?ﬂ’?‘r%‘f‘\tte%athongté sﬁﬂﬂﬁacﬁﬁoéspfa&ﬂsoﬁs'il ﬂ/Ptdh
enphasi s bei ng 7put @hetn@nngcmu@@ startic tUfrse maherlesd he: Ovizfuddé@r) 50ohas a
structure 10 WheChordRe: 1584 5glﬁg§u R deqL YRE §Héf?ﬁglaﬁ%g%t% %@ve filters

30 34 and 35 connected in para |s cascaded er s
dual - node type SSUrface i e £¥itens s3SIaaﬁd3§20(foﬁﬁ§ctfédsitn

}oar allel, ) t heksrtla'ger meidibattthd ayetdchi iR, wHes ?@81 6§n§085ébﬂadplalalst h%(?e
ani nat ed pac 6 ttern for rounds conmon
79GPt Y Ul o A L e BB B0l Prenrelingidon pe

bet ween the two dua surface Aco
stop-band supBP&ESS 3§7by7§he 'ti\ﬁ f ppder’ 550) cm be Cﬂpnavedd to24he21 June,
2006 15 grounds of the dual-mode type surface acoustic wave

filters 51 and 52 of the second stage by wire bonding.
The first pads and the second pads are independent
(uncommon) grounds on the wire bonding pad layer 62.
Fig. 16 is a graph showing the filter

20  characteristics of a two-stage DMS filter having
grounds that are made common to both the first stage
and the second stage with wire bonding pads (a case
where the wire bonding pad layer 62 makes the grounds
common), and the filter characteristics of the DMS

25 filter 50 having independent grounds for the first
stage and the second stage that do not communicate with
each other with the wire bonding pads 80. As can be
seen from Fig. 16, the stop-band suppression by the DMS
filter 50 that does not have grounds made common is

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

35 Where the DMS filter 50 has a structure in which
the set of dual-mode type surface acoustic wave filters
34 and 35 connected in parallel is cascaded to the
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Al so, where the DVM5 filter 50 has a structure in which tgg get OE;qﬁ
dual - node type surface acoustic wave filters 34 and 35 ¢

parall el is cascade- connected to the other set of dual-node type surface 5
acoustic wave filters 51 and 52 connected in parallel, the wre bonding
pad layer 62 contained in the |amnated package 60 has first pads (the

W re bonding pads to be connected to the connection paths 751 and 752
(the connection®pBer ?5% réy dakdomgsld rotneded))face lchesthnneaved to the

grounds of the ﬂuate@f@dslt %pe SSULLAGR ARYISHH gaa\/\@aﬁéi't@‘ié (?floeﬂgs?’éf()f
the first stage w t.h gap W res 68, and second pads he wre

bondi ng pads 80 ?8 gaa oﬂﬁ Et OSPW§%ﬁﬁnﬂﬁﬁ4§ﬁicrﬂﬁW% $Bl¢er?5%re7510
and 7511) to bemgdanectmwdnt bot hethS throdridstofstidue diral -tsleséypedsur f ace
acousti ¢ wave été&@rsb§1vi‘9@ué2?‘ff chide cgeeqnd §A0% YAl & g&géng The

first pads and the second epen unco S on the

wi re bondi ng paﬂpP%ﬁeFuBéacﬁlaf thej d agigadse aﬁ?tﬁﬂaamdt%hezo

charactfrlEt{ﬁssﬁéo@dtmaysfags EBESEPEtQheh%Mhmg¥I p gﬁﬁe@ﬁeégade |
comon to bo n e ) Wi wi re hondi ads
(a case where %}E% %%%}_%%%g%ﬁe g%?ﬁng 8¢« I?é‘?gfaﬁec{frcﬂﬁfﬂsm %)p

and the filter THRHHRES cfoRIPEs OfithetDMS 25rtlctUEe 50hkasgitog ibmhebendent

grounds fonot hesdpgfﬁéssﬁéﬁg@aﬁnlget bﬁp%@‘%@ﬂd %h@geéd%%edqm SR cat e
with each other  wt he wire nlﬁl n%ﬂg can be seen fromFig.
16, the stop-band s "‘bllt'e%%Jr%@n Byt e ¥i Ia‘f"Ql‘L §G‘ -that does not have

grounds made conmon iAd B0 owhare itded | BMS NPt bved. 5Tohashikexe ridae vafd dat
shown in Fig. wifich ttis dBCassalya 1%&&@@@ gngfsegea%%@%%ec WPivd he

grounds of the f,irst sta e fromt e secon vice versa, In the
DVS filter 50 f Ehd Wne%ev\henepﬁﬁélm fiisl Cas BUlehsER

structure 1h whiheh mxsettazge dupl dumbembypet gpef aae raceusidotsmave Wdvd ers
34 and 35 CO””%@T%$H§‘§P-QRi%z'é%ﬁﬁgg@g&dlﬁopgggllel the first pads

(the wire bonding pads 80 connected to the connection
paths 75; and 75, (the connection path 755 may be
included)) to be connected to the grounds of the dual-

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 75, 75g, 7510, and 751;) 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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- 25 21 June, 2006 other set of dual -npde type surface agoustic ﬁﬁ%g
filters 51 and 52 connected in parallel, the grounds of e type
surface acoustic wave filters are made common to both the first stage and
the second 5 stage, by virtue of the first layer 61 form ng the upper
surface of the |am nated package 60 and the second |ayer 65 formng the
common ground pattern 76. The internediate |ayers 62, 63, and 64 do not
make the grourfds dommvh.coiinectéistst thet greunthéestdpraiand the dieppr essi on

can be inprovega@Ndadves [ u extern noj [
avoi ded. Al so, ba ere the fﬂl% e?@%g %%Saégf'r u%étsedr 26?92 %ﬂ%ﬁi t%%g Asrgt of

dual - mode t ype S Fadd LAk 19E e elaninreked Backagesslconethelhif
paral l el is castaded ume,l5%Hdegodieds singerof nduakteApdantypeesur f ace

acoustic waye ;fidt8r-$, gﬂﬂ: nected in_ parall the first pads
(the wire bondﬁhglbaégcg% coléﬁﬁéiﬁk?ﬁ%ré%%%%%gc?Poﬁhéﬁggﬁsl?gfegﬁﬁ 752
(the connectioﬁhﬁaﬁﬁoﬁﬁ?Qﬁﬂ/%RPPE@ﬁﬁuﬁéd)) to be connected to the grounds

1St ostage by s te banding a8 ade 80
O o Tl Eiandatiaf e Slmadlogs AL o8 orbing FatEsorg ta e,

connected to th .
connected to thee Bprodidy cfadshé Wual -thodeldyge 62y f Ahe ddeuattachave 25

filters 5Shi@nduh2tofiot Be $eeondwhAgs, &, cewe%fggnao T:E'Sr?ét%“%bd
connection terpgjnals gfﬁgtgpads 66) forne an oUter sufface (the bottom
surface in the®fi PEntPEmGdSTef?y & dife Jmemrked backhgedsoundith this

structure, thetground3sar(¢éheeifivfoar padis @ dde B30 thducbancgagonpepents are
{hrough 65 cont aimed i chae] afh whP eEne SHEPREeC LR el e ERe pat tern
(i.e., the seRfCkpag 94-onfenk ehptheusrprgd apstesns tive BB ajordlisy pads
80 on thelSayess 62otthe diverabpaehsightl7’Qine pattern (the signal
line pattern connected to the connection paths 753, 75,
and 755) formed on the laminated package 60, and the
bonding pads connected to the signal line pattern.
With this structure, the capacitance components can be
20 reduced, and therefore, improved impedénce matching can
be achieved. Accordingly, the insertion loss of the
duplexer can be reduced.
Although the fifth embodiment has been described
by way of the above examples, various modifications can
25 be made to the structure of the fifth embodiment. The
laminated package 60, for example, is not limited to
the five-layer structure, but may contain a desired
number 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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on the layer 63, the ground patterns 88 and 89 on the |aygr _ 64 86t he
common ground pattern 76 on the layer - 26 21 June, 2006%§5¥9¥3Lg§——
connected to the ground termnals (the foot pads 66 except the foot pads
663, 666, 669) forned on an outer surface of the |am nated package 60.
Wth this structure, the grounds are reinforced, and the 5 inductance

conmponents are reduced to thereby increase the stop-band suppression. The
i nter medi at e | AARPEE epunhepugh SAageat aihbso, | any hef | heniaddepativage 60

have ground patgﬁméla@@ustmw@@@dmgteagsaﬁ@ BRst B8 1lcaner 2 rdde
round patterns 88 and 89

di e-attach 10 70, on the | ayer an

on the |ayer 6% Ttteog%ln%o?ﬂ% I?Bstlﬂ‘@yg SUﬁHpgf’é’Pﬂvnél’@t@l‘aﬁe Fodth$ads 66
except the footlasktzr 668 B66faG6Rchoshid eavanfalter Sur aace tofe toms

| am nated package £H0.5gEach of the ground patterns is |ocated so 15 as not
to overlap a signal line pattern (the signal line pattern connected to the
connection paths 753, 756, and 759) formed on the | am nated package 60,
and the bondi N ipads Erutkcdeactt o the signal |ine pattern Wth this

structure, the capac nce-C nents can bhe 20 re nd_t herefore,
i mproved i npedance ma IFJ’f.L?hl ﬁg ggﬁ% YaEh evJe‘fJe ‘,’Afc%“br%‘#] tgh‘?/ f?ﬂ% i nsertion
| oss of the dFpr&Rse déérﬁieo@qtédm:eﬁ:ﬁcw tdbughe t hemhpht irenbddifwentt plaat

been descrl(b)edlaﬁr)érV\l@)BAQf slelt®y ahune ﬁi@% Syofaé'@&'ﬁlgﬁgkf gations can 25
be nmade to the aabrycture of he fi ft od| ment . The | am nat ed package 60,
for exanple, i8°hot Fimt %‘?/Jé?e%'fr?lﬁtﬁ‘?% PEGESR&y contain a

desired nunbeﬁ-nﬁﬁnrtap@rs Isl khhayéugurfeor té:»earqairree) co@d;s'memm aship 69 has
a substrate nagdgoetb @fSLtrﬂgl Qoriue%q ae%s&dlﬁg e(“_% ﬁggaahgg,eftgre
wever

hel ps to reduce_t he si_ze of exer ype ®surface
acoustic wave PrifeFS88T8RGS ﬁ&“ﬂ?@lﬁ 1A% rt I5ps eregt b‘é’ef%@ﬁ‘éﬂ%ﬁgsepar ate

subst r at eskS Thembutlémeaks . uselli § oembodiment has the same structure as
the duplexer of the fifth embodiment, except for the
common ground/foot pad layer 65A. The foot pads 66,
062, 664, 665, 667, 665, 6615, 6671, and 66;,, which serve
as ground terminals, are connected to the common ground

20 pattern 76 through vias 92. With this structure, the

grounds of the duplexer can be reinforced, and the
inductance components can be reduced to thereby
increase the stop-band suppression.

25 (Seventh Embodiment)

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

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

35 upper face of a common ground/foot pad layer 65B shown
in Figs. 18E and 18F is divided into two common ground
patterns 76A and 76B by a narrow dividing groove 93.
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the parts of the duplexer are not limted to the ones 35 describe ove,
but other suitable materials may be enployed. Further, tgﬁLﬂﬁﬁaeggﬁgpe
surface acoustic wave filter 32 and the DMs filter 50 may not have the -
27 21 June, 2006 above number of stages. Also, any of the |adder type
surface acoustic wave filters and DMS filters of the foregoing enbodi ments
may be enpl oyed, instead of the |adder type surface acoustic wave filter

32 and the DVB Thef bbtnﬂlbn5@.roﬁlﬁjdxfpbt|£l§mﬂimtj)s Fcizcgnnéﬂtéé aopehépective
view of the lo e ttom,f eco rou pad
Wé&nng%ggf’ ggtlﬂg l%% 8 a} ékeanfln acds mggﬁc r\ﬁlutnﬁ{ i xt h

10 |l ayer 65A, seen from
enmbodi nent of th@epﬁé§éﬁt5tﬁ§@eﬁi|@ﬁeIQM&!ﬁ%iﬁ&{nﬁ% e sTmmaonponent s

as tthe oftLh@r&Qﬁag hBﬂe@ﬂbOQB”&%g%ﬁﬂ¥%d¥§Hﬁﬁﬁi%%Ft$@hn§@ﬂfoﬁfﬁﬁ£ﬁ§fﬁ
nuneral s as .t ho regoi ng e nts is e nt . has the
same struct Ore Zg"”t a?%xé? %fTI} "fqd %Wb"bd?[?ﬁenqro‘é’%g%p? f 5Pet he
common ground/f@@@OpadstageroﬁSAheTnMSfdaﬂtmad§H361The6&zmMMh1gﬁﬁﬁhd667
668, 6610, 661l,,@p8-£63¢n %'ﬁBtSEBﬁﬁec%%cgrt%ungwzet %n{?&iﬁloﬁr aERn‘?ggt ed

to the common round 20 pattern 76 through via S s ructur

the grounds of thak deprerBecead be FBPnHéP@é’di odndheladirfuck wpee
conponents can derfedecedotistibeweby finesease thglgbopa@am%esuppression

25 (Sevent hoE [ 1 through 18F | lustrate each,of

| ayers con?algte%Sjﬂ ?%iogaﬁg%%tzﬁ\ {h gglo%? dupPéQ@Pg % &gﬁb#%éﬁ%e W th
a seventh emboditage of the PHEsER tern ént |t<131|¢ CIOﬂnthIemefurghrwstt@hre samne
conponents as 304 hﬂﬁ@c@ioﬁ.@eaéOéeg@mgneﬁiigﬁh@e%trﬁyarf%rd% asdy the

sane reference:pqg raJiP %f'Of the fore 0|n enbodi nents. The seventh
enbodi ment di f fer 554, ST ne RN s F EPGr @ fot e
common first stage is completely separated from the common

15 ground of the second stage in the DMS filter 50. Thus,
a duplexer that efficiently avoids adverse influence of

external noise can be realized.

(Eighth Embodiment)

20 Figs. 19A and 19B are plan views of the cap
mounting layer 61A and the wire bonding pad layer 62 of
a duplexer in accordance with an eighth embodiment of
the present invention. 1In these figures, the same
components as those of the foregoing embodiments are

25 denoted by the same reference numerals as those of the
foregoing embodiments. The eighth embodiment differs
from the fifth embodiment in the structure of the cap
mounting layer. The seal ring 74 formed on the cap
mounting layer 61A is connected to the wire bonding

30 pads 80 connected to the connection paths 755 and 75;
through the vias 863 and 86,. 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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ground/ foot pad |ayer. A conmon ground formed on the 35 upper fa a
common ground/foot pad | ayer 65B shown in Figs. 18E and £ ed
into two common ground patterns 76A and 76B by a narrow dividi ng groove
93. - 28 21 June, 2006 The common ground pattern 76A is connected to the
connection paths 751 and 752, and forns the grounds of the first stage of
the DVMsS filter 50. The commbn ground pattern 76B is connected to the
connecti on pat BP3exsT, 2088 iy Sid;ontrndSMitiana hbnhe embogrioends odf t he

second stage ofthth@ BBt litfe RO orf NE FYMDIBEITQUNG |, PRt t 81 8, 784 {geNOt
connected to the connect.ion path 754 hat is connected to_the groung of

the | adder typ&tr&uPPREE B3t i*@YRN 44 19%rthe duplsxezs20fe 160
connect i on pat khe58& fugotriesns tie aaioushpinddies f45sthosktage ehet he DVB

filter 50, &he 1 gr 6 1 a I on
for the DVE TirropPapd RHBRANRE ar®lucdiioa A7 e aiB PREURHEE, oY
stage i s conpl BUBEyadEpasatbastr ¢f tihe domrar iy gehediventke sBeond stage

inf}he DVB ;ilheﬁtﬁoewﬁbd§menﬁ @MEE@%%lﬁﬁﬁ%}@Hi;ﬁ%ﬁ?ﬁ'émﬁgﬁﬁﬂén?d%ﬁrge

i nfl uence o er noi se e realized. i gk odi ment). Fi gs.
157 and" 198 ar E1B1 RACUPERE S0P T e dIF CHbtiN | GOTPagEr GAR SHAAPhiribs -
bondi ng pad | ayef, 6Ehef dupldupirexd0 iimclortmdance matdhangecghthiesbodi nent

of the prigsent1] nuaptinn. fhet hese i &Scdile FAM s Sqas those
of the foregO|ngtenbodtﬂents are 25 degpted by the 'sane reference numerals
as those of theCEYBPRgbIRAgTERDEALAERSs S2TIRE it skl veRhe Bhefers from

the fifth enboplhaeas ofi the Siluetwr 820fandhé cap Theomatidiginayerzcdie seal
ring 74 formed;pn ithe, cap 4punti I 1A S C efyLo-the wr
bondi ng 30 pads 6'c§%necté%@t§£tﬁgec§%§ g?iéﬁ‘%%fﬁgmgéé g%é ;giﬁe hP?ugh
the vias 863 and 864° W&l %7 stBergerucburenshoyrodmddier. tHR dughexer are

further raionf awyeex@nd®oMeincludes the wire bonding pad layer 623

shown in Fig. 20B. As shown in Fig. 20B, line patterns
94 and 95 are formed on the wire bonding pad layer 62A.
The line pattern 94 forms part of the matching circuit
11;, and the line pattern 95 forms the matching circuit

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

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

30 the reception terminal 16 connected to the DMS filter
50, and the connection path 75, connected to the foot
pad 66y 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. In the
example shown in Fig. 20B, the line pattern 94 is a
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i nduct ance conponents are reduced to thereby inprove the_increa 0t e
st op- band suppression even further. 35 (Ninth Enbodinent)gl#é¥gégﬁl——

illustrates the circuit structure of a - 29 21 June. 2006 dupl exer 200 in
accordance with a ninth enbodi mnent of the present invention. Fig. 20Bis a
plan view of the wre bonding pad | ayer 62A of the duplexer 200. In these
figures, the sane conponents as those of the 5 foregoi ng enbodi nents are

denot ed by the ssafei gied 1 £fé epa Atden Al $nasthBo3e nef dahte &Hrer egoiing a

enbodi nent s. Thee niln.th enbodi ment differs fron%the fi]%th grrbod'hrrent in
the structure of the s PTnEEERr cHATEVARE sHRANCER R § ©5BRZ £REPESHI exer
200 i ncl udes t wayratlcit ree cémeldyed10ad 1wihhdbélBe sThe beslt oleixtg circuit 11,
is interposed between the two filters 32 and 50, and adjusts the phases
of the filters ?{‘2 and 5% The matching circuit 112 is provided on the

out put si de’of ‘TFETOVEMRIEICHY. To realize the structure shown in Fig.
20A, the 15 dupl exeFizQ0 Alaclildesstinsr e richdontlrogipadt kayear82Af shown in

Fig. 20B. As s i i oA er 4 9 r.e formed on the
Wi re bondi ng pggwpgf%?Fé%&T%REHQL%ﬁﬁgB%% t%?ﬁhQ% F%B s %gpgdgpe%ﬁecﬁ%tching

circuit 111, &R& PResaMe igmwtandrirms Fogms i nehetialy 21Pcare pdani2.
More speci fi cakvlipwst Redwingy paid®nis MkdpBsthe tRar itk HBATRCHARD

circuit 11,, between th nmo termnal 14 and the | adder typg surface

acoustic vave Ef;"P(fetresr © Z%Q’aend][]%a?ee’?eﬁgza]poatte&nq’g’he%%dg{wér%ﬁastéhenﬁ?@ﬁi ng

line pattern 720BROWeNts Risg.th@R fodi mihef @Begaingoembbdimenthi ageci r cuit

11, between thgeg8RERNLy &Y %aAtmﬁelﬁke%&érr@e %&k%igfaéoth%@ b'fn%%%attern
g

94 is connected to one end of, e phase matching |1 ne attern 72 through
the via 861. Th8TFPR&"Fa igents - { HenERWE ek F e A4 e BoRdi ng pad
804 wi r e- bondedupded6rt R4 Or éaepttihen saetariciatcdbt connaectedet ast heabMBff i | ter

15 the duplexer 200 shown in Fig. 20A.

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

20 the line length of the phase matching line pattern
formed between the common terminals 14 and the DMS
filter 50 can be adjusted. The line pattern 97 shown
in Fig. 21B is a straight line pattern.

A wire bonding pad layer 62C shown in Fig. 21C

25 has a line pattern 98 that forms the matching circuit

' 11;. The length of the line pattern 98 is varied so as
to adjust the line length. The line pattern 98 is bent
at several points, and is longer than the line pattern
94 shown in Fig. 21B. A wire bonding pad layer 62D

30 shown in Fig. 21D is the same as the wire bonding pad
layer 62B shown in Fig. 21B, except that the straight
line pattern 97 is replaced with the bent line pattern
95.

With any of the above structures of the tenth

35 embodiment, the impedance of the duplexer 210 can be
adjusted at several points, and improved impedance
matching can be achieved. As a result, the insertion
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50, and the connection path 759 connected to the foot pad 669
corresponding to the reception termnal 16. Wth this s ?0 e
i npedance of the duplexer 200 can be adjusted at several points, so that
i mproved 35 i npedance mat ching can be achieved. As a result, the insertion
| oss of the duplexer 200 is reduced. In the exanple shown in Fig. 20B, the
line pattern 94 is a - 30 21 June, 2006 straight line pattern, and the
line pattern 93okss af héet dupiexgat tarh.cdioviey eredpaéd er ns of ot her shapes
may al so be enpl oyed, as will be described next. 5 (Tenth Enbodi ment) Fig.
21A illustrates_the circuit structure of a duplexer 210 in accordance wth
a tenth enbodi hEAEVERtht BEbpPdgemt)i nvention. Figs. 21B through 21D are
FLand v:ems sgomﬁn? E?%éOU§2§XQHEBQ§FﬁE2ChQDMd@%ﬂyﬂéﬁ%Khd§¥%€§k|ﬁﬂerthf

e dupl ex ese.figures, e .sane . conponen S 0se 0 e
f or egoi ng g%bo.?ﬁgﬁ %HS?ergénSPe81&V%ﬂ¥ :ﬁﬂﬁ?#igéﬂ%ﬁﬁé ﬁ%ﬂe?5?§eﬁ£ t hose
of the foregoihygerhbodi nefn sFigs. shddnthmoBgl. 2264, thiee saohepl exer 210 has
the same circubbmSbRUALYT §528nbBAL oFf tha tﬁ&%&%ﬁ@@&m@&w hPeFi 0.

20A. Awre bondinﬁ Bag | ayer 62B shown in Fidg. as a via 9 n the
line pattern 94SPThed\P¥ BBe| SaMEoRRECEEP I IS IS A et RPF g f | Rle
pattern 72 shofwregoifrygemb3BimBytadj ushi Bgetnbedpaenti @i fafetherngm 96, 20
the line hLhengt f p : e i.ne t f bet we
the.connn%%terﬁ?%afgpgg;%ﬁ%g?gﬁgﬁksggf%b%éfggémggﬁmbégg jJ%f%nggﬁga?Fne
pattern 97 shov#vefn Hig- 24€ jshewsta adgarattashpasvern 63A wnrd dxesdi ng
pad | ayer 62C mhowie i @lé&v@gntR1lémb3daifaata | rnespahilar Be98ottal thyds the

o adj ust the T 120 ht 2 oot PnEPBRbR A 285 S Bith SaC A ek et poi nts,
and is |onger ¥¥an 132 119 parcegh 13F.shbiwm. i A26i gs alBecAiwir e ilzondi ng
pad | ayer162Dof the duplexer in accordance with the eleventh
embodiment.
As shown in Fig. 22C, a ground pattern 101 is
formed on the die-attach layer 63A. The ground pattern
101 is arranged in such a position as to cover the
20 phase matching line pattern 72 shown in Fig. 22D. The
ground pattern 101 and the common-ground pattern 76
shown in Fig. 22E sandwich the phase matching line
pattern 72. The ground pattern 101 has four thick-
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 feollowing equation:
35
Zo = (L/C)Y?
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30 shown in Fig. 21D is the same as the wre bondi ng pad |3éer gﬁg shown
in Fig. 21B, except that the straight |ine pattern 97 i ith the
bent line pattern 95. Wth any of the above structures of the tenth 35
enbodi ment, the inpedance of the duplexer 210 can be adjusted at several

poi nts, and inproved inpedance matching can be achieved. As a result, the
Insertion - 31 21 June, 2006 | oss of the duplexer 210 can be reduced.

(El event h Enbodi nent Thei pRase2mathhéongh 1426 iddtistnmat®® sshduph ekerFig. 5
accor dance V\ﬂtlI!ZﬁnlﬁEQ\é@@Tshp@mQ%d't'ﬁ%Qt Ao 1%@15;?&%;&5 ?éEWQQh' PRe HReEl OS.

22A through ZZG% g ane ﬁ ngonents as those of or egol ng enbodi nent s
are denoted by FAEDsHAEr & ﬂh&qﬁuﬁﬂmﬂQ?zﬂﬁqqﬂﬁuP%ﬁt%ﬁ% 7?0ré§9|ng
enbodi nents. Thastenbbdinernt dnftkepssfaomelivddre fhid tdngerppdangnthen t he
structure t | C r 63A
> {heedh BHbERL pefety TR RINE & A lachLaxer 02

enployed in the elev noted
22B, 22D through ]Q‘QFha?@th@fséﬁé ad N g@tteﬁ.m'f&?ys SiBoe ttrltmgwmﬁ Fig.

22Gis a sectips Voeuwrds ot éhQJ.dUEh@)éerfﬁdfh aHOHAYL ndtdhihg eigyenth

i o-at {ach | ayBi EaRC 16 PBuR®Da: MaTh P S @ At | 1P chtn o

position as tolee¥esdtae @OdphaeBCﬁaﬁmhmngmalgzqmmiernchbndungiym Fig.

22D. The 1@r ouglge padp L6t 494e apdrinba SQTERR g{%@db@a} M e ShOWE7I N
Fig. 22E sandw ¢ the hase natc I n ttern_72. The ground pattern

ine
101 has four tHIEKEMPARESHIBRkS i’c’)g éﬁ“ﬁh?@ﬁt%él M plssgsm hotintkan A 25
hol e 103 is f ormetd atr ouimel elodir opathe.vis 86n Bads86R, fream ahd abuwyent

t he ground paté@ﬁtﬂ&%“é%”&ﬁ&“@hﬂ:é‘@oméges}ﬁ ial.ﬁ.e%e,lt%%d Sl sonnected.to the

phase natchln%_ | i ne pat
mpedance becomes higher. If a desired characteristic

15 impedance is 50 Q, the characteristic impedance of the
phase matching line pattern 72 might exceed 50 Q. In
the structure shown in Figs. 22A through 22G, on the
other hand, the entire length of the phase matching
line pattern 72 is interposed between the common ground

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

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

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

35 layer 63A of the eleventh embodiment, the die-attach
layer (shown in Fig. 24C) of the comparative example
covers only the center of the phase matching line
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As the phase matching line pattern 72 is 30 interposed befween t pper
and | ower ground patterns 101 and 76, inproved inpedancgﬁﬁ§33ﬁ¥2§—§an be
achieved, and the insertion |loss can be reduced. The reason for this is
as follows. The characteristic inpedance can be expressed by the follow ng
equation: 35 Zo = (L/C) 112 - 32 21 June, 2006 The phase matching |ine
pattern 72 shown in Fig. 12A includes parts that are interposed between
the die- attacﬁaGﬁFFn7%2andA§héh@Uﬁwéﬁ Figund YFat ttdre Fap %ﬁdcoﬁ%rﬁs t hat

are interpﬁsedthetweequaﬁyﬁ?)dﬁééﬁ}bﬂ;ﬁb%?C%H@@noﬂrﬂﬂédpﬁahbern 76 (Lhe
parts in the vicinities,.o aot.h en Ain attern 72). Since the
cap 67 is Ioc%%lle:gbgfl%al&inset gﬁc}cgt rr[bzf'hebﬁlﬁé%(g meckﬁtrﬁu(f‘?‘h%e %é?‘f‘érn 72,
t he phase mat chPn§ibene lgét ttémougth i13F,| ddut et eatatat aickt hagerf sbawnhén

ground. - Accpr dirngl y 2 420 nhie cgapagid-ange e alodhecPast §obsheeBnkhe cap
l'er than that at the

67 and the phase ma ching Ilnengﬁttetn 72 1s snal
other parts. ASCRBRACHECBeBAUrom PRevdbEyEONE4HE: LAY ASHME Chelthires
snmal | er, the chéBatterilsbi di fifrretdandadrecims:highethe | §t audesreed
characteristicgld, dag [ 004t chara i st.i c d.npedapce; of the
phase natchingSIi%%nggt?g§%'7%2%i§%§lé&%@edgéogéﬁ%hhlﬁﬂﬁ§%&§%§kLﬁ@ shown
in Figs. 22A thRRreugheTeEEhormbRELITENfer thenEhauws e i sl ¢ ehgp@dancehe
phase matgh)i ngisléﬂ@bpaikeﬂna%Zab@rig&tiﬁ{aﬁ@ﬁ mg}w%%géwdp@gavaifgméngfo
pattern 76 an round, pattern 1 ornmed.on t ie-atta er A
Accordi ngly, a%%ygggtogfgPEephﬁﬁgsga#E ¢fi%n HW%N?%%ﬁ?%Rn 2 ﬁgléieie to
t he ground, aﬁ@R@%§¢bi6¢e?xamelehapactéeistb@riﬁpﬂd@nc@h©an be readily
set at the desini£ehdt®LI30¢8 QhpalaRce?sFubstaBlics hdl SoeshR¥ENg the
stability of the ¢ ar g teristic, i.npedance of %he phase matching |ine
pattern 72 enplioyedTn ?H@'eFE@EH%HQe ot AEntnSy AR, as
15 indicated by the arrows. When the characteristic
impedance exceeds 50 Q, impedance matching cannot be

properly performed, and the insertion loss of the
duplexer increases.
Fig. 25A shows the reflection characteristics of

20  the independent reception filter (a DMS filter)
employed in the.comparative example shown in Figs. 24A
through 24G. Figs. 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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stability of the characteristic inpedance of a conparati xamﬁ 6In t he
i i gEnfung 2006 | o

graph of Fig. 23, the 30 abscissa axis represents the |len

phase matching line pattern 72, and the ordinate axis represents the
characteristic inpedance (0). The conparative exanple is a dupl exer having
the structure shown in Figs. 24A through 24G Unlike the die-attach 35

| ayer 63A of the el eventh enbodi nent, the die-attach |ayer (shown in Fig.
24C) of the conPaRrBEFVETréREABPeofcbher ¢ nolipenden tc areaapiofon hii bbase50,

matching line -ad3d 2ReddPBre’0P6epakhenB {dpAfaritOWhtdhiHg c&4Get he cap
67 covers the nelghborl ngu%reas of oth ends of the phase mat hing |ine
pattern 72. UnI¥RBTYRESde r fid (it W FheFFB§er’igﬂnt hPESgR 13 t he

di e-attach | ayeres¢ptvhonnfblEeg. 5Q4Cshamatllie dise-sdictwvac i rurditg cahdect ed to
only one cegnn Th e layer
8 eﬁéf@fc@fﬁ?ly Poﬁ”eg dQETQk@Q FNET %QLQ)\QPE{ %}Féxg té‘angquB

also different fromeither structures shown In
As shown in Fi TH23sugh a%h% BP0t p bApgdi repeckame amdreadhal ikavEng

i npedance 10 i s stawbipé zett el vappr 9%i g8bekrib2d @arna@a’ dlse Sl ﬁ}d&ﬂ? | engt h
of the phase I p rn.72..ln the _conparative ex on the
ot her hand, t@rp Ha?%c e% s?'lhﬁ:glva]éﬁ%%gnl %nurrrglt 6:?‘ 818 ok JICI'TES

exceeds 50 0, raRSAaRCSIIAIES h%lmxfmﬁrntés' 18rigedi catles byt heheplasowns.

Wien the char actardisting 1id@esanesr gxeeeds éev@reum&%n%ﬁ@s GHdg cannot

be properly pqtrforrred and the_insertion | oss of the Légl exer increases.

g, Pooh showk T T Sl HiHAr SRt ot SENE8Rofn S8dehe SeRGeTERIGH

reception filté&2F.a DvBofingt érpom eine akexiré nf4dies potﬂperatruetaxermllmwhovm

in Figs. 24A t 2 o e t stics
g 5By cEtigﬁ; 4Gp RSy t%}?%ﬁh?[ﬁgg}:éﬁig ﬁ%%@@.cuﬁhﬂ%ﬁ@é Tty

of the mdepen% reception fil |n t he

el eventh enbodithEnt?SE5 Whdwd i Fi xrauenay t hesdgrf 2860 Feor" gher.
i ndependent S

(Twelfth Embodiment)

Figs. 27A through 27F illustrate a duplexer in
accordance with a twelfth embodiment of the present
invention. In these figures, the same components as

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

25 the resistance in the vias is reduced so as to reduce
the insertion loss. As shown in Fig. 27B, two vias 86
and 86;; are formed in the pad 80; on the wire bonding
pad layer 623, and two vias 86,2 and 86,3 are formed in
the pad 80, on the wire bonding pad layer 62A. The

30 vias 863, 86;;, 8613, and 86,3, are also formed in a
die-attach layer 63B and a phase matching line pattern
layer 64A. The vias 863y and 86,; are connected to the
inlet part of a phase matching line pattern 72A. The
vias 86;; and 86,3 are connected to the outlet part of

35 the phase matching line pattern 72A. Since the vias
86:i0, 8611, 8612, and 86,3, are formed in three layers,
each of the vias has such a high resistance value as to

_35'_




reception filter" refers to a situation where the transmssion filter of a
dupl exer is not connected to the common term nal 14.I|:2i:h¥%ﬁé§%¥ﬁive
exanple, as the characteristic inpedance beconmes as high as 30
approximately 65 0, the inpedance matching in the pass band shifts from 50

0. As a result, the insertion loss of the reception filter beconmes |arge,
as shown in F| ILn the el eventh enbodi nent, on the other hand, the

characteristic |ﬁﬁ&&aﬁ&@(ﬁ“%Qﬁ?ﬁﬂﬂﬁﬁPﬁﬁu%%lﬁ@elF%@eleﬁatﬁé#ﬁe¥2 i s steady
at approxi mat elfhe5@ @iazs safowrdwiddd Gt 28itAeeoeddngEythkhphpass band is

| ocated in the r d 0 h eyefl 1. ne,
2006 characterpg???gggolq%% ﬁ%ﬁﬁ%ﬁukj%gré%gp ?%% fﬁ%t eséﬁ%ance vaiue
therefore, prePér§BrE Vige&amc @araiashiiaryd can be perforned. As a result,

the inserti®on Ioss ofifghe2sr eaepki @Ref Illnts%rrti%d scyBlds @scghown in Fig.
26. 5 Particul f.ar plexer f ban her t

a 1900 Mz ban épﬁéeEagéq erlifal’ aJ? ’g n?ffF0|?9b891@8§€rlbed
earlier is eanD?eﬂhelhweﬂéthc&wbodUMEnuarlah|QMG|fﬂﬁuh(ﬂmﬁaﬂimﬂmsxlc

i npedance becoggs $!LQ”B%E CAL Yol 2688, atNLRES el Jthas; éa]rpas@mh' ng l'ine

pattern 72 is cove B per and round su as shown in
Figs. 22A thro’ﬂ@ﬂﬁc 3[}8g ﬁ&tﬁlr&m7t2he e el 8§mé%t9m‘ﬂﬁ@dshom

in Figs. 22A tehtotugéa 22keirsendi. tabnhetpar tiwellrarl )émb@'dln{é'iﬂ: USéh i the
hi gh-frequency, @@Qg ggngootwﬁuvggs g@e o c&;yelfth nbodlnEﬁ é FIgS 27A
? in a n%odlnent

t hrough 27F il ustrate a du cor ance\Mt
of the presentP "i’?l%éﬁ%?%hmgnltlﬁésﬁaﬂitglwes?%t heAsagbosonpandrits. ad8 20

t hose of the fﬂﬁ@gﬂh@@r@ﬂbﬂdiﬂgﬁt 5faltaed<tﬂ:@t1%hb>édﬁ&m§@fhi@ %@f&hgﬂﬂégrf
t he e ures o

thi's enbod nentias oot ERBnEL et At BRPAG e (hetir s T Combot od 10
15 approx1mately 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 value 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 -




the wire bonding pads on the package through vias, and Zé‘tge reabﬁhance in

the vias is reduced so as to reduce the insertion |oss. Fig.
27B, two vias 8610 and 861, are forned in the pad 801 on the wre bonding
pad | ayer 62A, and two vias 8612 and 8613 are forned in the pad 802 on the
wi re bonding pad | ayer 62A. The 30 vias 8610, 8611, 8612, and 8613, are
also forned in a die-attach |l ayer 63B and a phase matching line pattern

| ayer 64A. The%Vi 48e861d tinemipdingnt cnthddhedtvol fhb emhbdimgatt of a
phase mat chi ngThioneapdliker wek2A mefurad aso 86dZ-indr 8648 arergogngcted to

the outlet part hase .matching |ine pattern 72A._Since the vias

8610, 8611, 86%3955%3‘%%% ,%%%?%%ﬁng‘eiﬁvfﬁﬁgglﬂiiﬁ Ot R of the vias

has such a hi ghfRBSiStanceegdlous af tthe 361 Jemeod2066taivbect the

insertion Ipsssph1lbe 59069%3'&&1%46&% 0 ey a%cﬁf@r@fﬁ%i)gedi@twé?éther
esi

end of the phage hi n ine pattern 72A, so that the r st ance val ue
of each via ca%oﬁﬁgﬁggﬁﬁegheStﬁ%}f§ﬁ3%ﬂ?ﬂ&%WQRii?%%rﬁr%ﬁtﬂﬁsénﬁFeéééh
reception filtthe(proictiibhey)iedfd.t he fifth enbodi nent and the twelfth
enbodinent. In the fifth enbodinment, 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 end. In thelfteerth Embedimemt) on the other hand, two vias are
provi ded dt0 each endrif. the iphasergekshiRg biBeapatlar M AN &sc show in

Fig. 28, the | Lon.loss of the twelfth enhodinent. is smaller, than
that of the fi _ﬁf%%%od%#reﬁ?cfﬁdé%l?@e?’éﬁ&‘eab?“f#f&d&dki *P%E%z’“%’.“& 8%).
Provi di ng two Bre ipressnsinvepadhnendndf thige diphage st changr | 6heohattern

72A can al so it oFer theembb@abhi 08 s 80c@Rpaflad:i 29 d at i tion
regions. In atgﬁse wher e The fiiter ghara tgﬁigﬂﬁi?%ﬁ#%#ﬁ%%deq%ﬁ&{ﬁgirtion

| oss of -4 dB ?1%P%f SHaAnAPSBEpr £¥8i 6r1BF S50 8B OFe-t rERi ERHR region

representd> 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
69; and 69; are bonded onto the ground pattern 105 with
the conductive adhesive 71. Even if the chips 69; and
69; are placed in positions that shift from

35 predetermined positions, the lower surfaces of the
chips 69, and 69; do not stick out from the ground
pattern 105, since the ground pattern 105 has a large
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in which range (MHz) these two attenuation values transit. |n ot wor ds,
the frequency range of the attenuation values is the traé&#hﬂ@ﬁiagéion. As
the 25 value of the transition region is smaller, the filter exhibits a
preferably angul ar and steeper profile. Particularly, a filter for a 1900
MHz band has the transm ssion band and the reception band close to each

other, and therefore, should preferably have a small 30 transm ssion region
and steep filtedrehar abs ethsttesductivehadheangiet i7dn isegilew iaprsligd L@ he

al | owabl e rangechof -£hgquengy phirkt SnCah ke mafe ¥slaid iphtherPr pgyctison
process, and the grgductlon %I eld can be dramatically i creaseg. 35 In the
twel fth enbodi MRt ToRBefnsEREi gRoPBSS P f%?ﬁ'aﬂ%“%gﬁf%%& dFfGly, the

transm ssion reghinsi 69, akisd 69mldre Riegin30r sddws Ade transit oavergifns

(MHz) - 36 21 Jhuge 6.-af L f L erhodi negt twel fth
embodi ment . ° T\/\%H%]a%%%gg_gg% eér?r(gaés%zr ea(}efeor ea%%go jf:l?[ﬂe{zﬁlgfth and twelfth
enbodi ments. THErederageipgfueositipasy r anginowK! rali fGife otan Hee t fier e Lk

enbodi ment was Hoshad! 6n BleapRExkeMBhely ce..65TWHEu rABeer Gieigifbrdd tes

found that the twelfth enbodi nent n_greatly ingrease . the production
yi el d. (Thi rtee%’f%url’i‘_ar%bdilfgﬁg%?glﬁaﬁ?argil%it]lal l?st?&gieegﬁllﬁete |rgt-1%1t tach |ayer
63C of a dupl erodimertortdanvadei vhdart hemnediteh laastidigrarattgrnsg h@7

present i ?xent iﬁ‘,tl?@df%fﬁfﬁdélﬁb%iﬂégt[ ?W@ér@g’pQElfeTrE%lgli,f bﬁ_&”@gi{fﬂ%‘g as
a conparative exanpl e. Each o e ers enpl oys, two an
805 The chi p TS B0 drasteres | BdRerhbyRs. Larientt ebibl ST e oF or
32, while the orngnted2. forns the DMS filter 50. In the fifth enbodi nent,
the conductive adhesip 712'SS]SCRp§i L0 EhEqdikenatkbach Junidn 14 and the
| ower surfaces of theegc'hi3ps 691 an@q%ﬁ@%l?eg%oﬁdegpgn%o tﬁe gi e- atet ach 20
unit 70. As t h&iBhdikegvenadhesdgeof1epshapso thspidugd exers of the
15 fifth embodiment and the thirteenth embodiment. As the
grounds are further reinforced in the thirteenth
embodiment, the stop-band suppression is also further

increased.

20 ({Fourteenth Embodiment)

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

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

30 layer 63D has leading patterns 106 and 107 extending
from the die-attach unit 70 that is the same as that of
the fifth embodiment. The leading patterns 106 and 107
are connected to the vias 863 and 86,, 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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to the cross-like part on which the die-attach unit 70 ii!got fggggd, t he
grounds of the |lower surfaces of the <chips 691 and 692 = d. The
die-attach layer 63C of the thirteenth enbodi nent, on the other hand, 25
has a ground that is further reinforced. A ground pattern 105 on the

di e-attach layer 63C has a larger area than that of the die-attach unit

50. This area of H%Ee ground pattern 105 is al sg | arger than the conbi ned
area of the boPEEHFEcELTIhENSWY & ps AEFP AR Bigd. e | FEewds akbect |

t he ground pat tbenlo®®r <adee csfanehsaschimes gr candbpariietnelOk eshawrdad Fi g.

22C. The chi pstn694;an r %PQ% e gr r ith
t he conducti5elgd%é§?vgag%%r2v§nqi‘ q%qghﬁﬁépébg %ﬁ%ﬁegggggréaéﬂgcgn in
posi tions that LBRi PELEEAMI3SOBNeddiaitradnigysl g i 7@, theedrowse surfaces of

the chips $91pandetfzd deindbraid thOWrJURiB tde HOUIEve PaELBENCE0BheSi NCE
t he ground pat{:ﬂgg £Q5 has a large - 37 21 June, 2006 area. As the

conductive adhesiVe 71 is also applied to the cross-like part on which the
ground pattern 105 iBigno84fohaed, thhesgrpubandofsudpedsmiern son faees of t he

chi ps 691 and K9adharecE8LRAEQT I : i e, ghj 691 and
692 are shi fteg%Z£om ?Eﬁgéggeggt@; ﬁ:‘fn%g&lggft ito%%aég?}g%%% %gﬁgée can be

surely forned Phem gnSuphdcdheTd MRt st keeRrbe  Af duils,
| eadi ng pdth ergsoB¥ds obrehéutrhhetreertin feredi mentt ey ef dodiecsahieler t han th

| eadi ng patt ergfsp8dimd Qe of +fhefLEL e < 5 L P ch of
the |eading patter]h[él 87a shou Bbha\ggﬁgb\%i gg%réosfs%telp%)na?;% 3?%%%%%9 Fi g.
32 shows the st¥pE®AP@dsuppression on the high frequency side of each of

t he dupl exers of the 15 fifth enbodi ment and the thirteenth enbodi ment. As

the grounds a{f&féﬁéﬁ%ﬁ éﬁ%nforcegéin the thirteenth enbodinent, the

od%meP .
stop-band_suppression 1S al'so Tur r increased.
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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20 (Fourteenth Enbodinent) Fig. 33 shows the wire bondi ng Ii‘\{er 2&E6a di e-

attach layer 63D, and a section of a duplexer in accord

fourteenth enbodi nent, as well as the wre bonding | ayer 62, the

di e-attach layer 63, and a 25 section of the duplexer of the fifth

enbodi mrent as a conparative exanple. The fourteenth enbodinment is the
sanme as the fifth enbodi nent ,excegt that the die- attach |ayer 63 is

repl aced with YHe Wi®-GrraehtigfePatham>1 A0k blifd  p4Eser nTRBE  f 5Pfed on the
di e-attach 30 ¢ayend§3EX heisel tadengfpaet efns ht0Ghdmd 680 £axtwndi ng from
the die-attach.yupif 70-4hat is the same as that of the fifth enbodi ment.
The | eading patterns_ 106 and 107 are connected to the vias 863 and 864,
respectively, whicH e Torifeiediie $hercharPespBRATAES SWe Bordithg 35

pads. In this h;iqlucmuétl@.:efﬁ@? g{]@@ndfpabbﬁlr Brl108&el Supleinecd @kln@ﬂée _ogl y to
connecti on paths t so. to the .external. connection t.erm.na i.de
castel l ation) %Tfays%ﬂ) l‘ﬁ%’h‘é,a%oghargaﬁasef‘ﬁ ol Oﬁfé“%}i%s. iﬁc?&edi ngly,
t he grounds ofgratheds cies fuckhef raénthirped9ivathke ffifittdwarthr ei nf orced

In this manneremhd A, NUbest 9f-59ARCSLEPRRALBS LY Afi1g ¢t ernal
connection termnal's and the ground 5 patterns reinforce the grounds of the

| ower face of H'HF€THID 69. Fig. 34 shows the stop-band suppression on the
hi gh freqééncy side of each of the duplexers of the fifth enbodi nent and

t he fourteentqsqrg{(gg[{@pt%mﬁd]{,ﬁ@%tlp grounds are further reinforced in the
L p

fourteenth enbodi nent, e stop-band suppression is also further
i ncreased. (FifteenfRIENBddilferd PN FiLw 3hewbug Bheoponnrertdrns
di e-attach | apetwe@dE tha (i &I Hidt Hee CRIPENLORAYAGD oot 1Ak a3t 65,
and a sectionogfaa l%@'ﬁfﬂ1§%é§¥ A& &&EQ g sgk g%%%%hg%ﬂ%§¥A§§E1 as
well as a top view™o e di'e
15 " of the present invention. In this figure, the same
components as those of the foregoing embodiments are
denoted by the same reference numerals as those of the
foregoing embodiments. Each of the duplexers in
accordance with the fifth through fifteenth embodiments
20 includes the DMS filter 80 of the single-output
structure shown in Fig. 8. The duplexer in accordance
with the sixteenth embodiment, on the other hand, has
the same structure as the structure shown in Fig. 11.
More specifically, the duplexer of this embodiment
25 includes the DMS filter 55 of the balanced output
structure. To achieve a balanced output, the
connections shown in Fig. 14 are changed to the
connections shown in Fig. 37. The wire bonding pad on
the chip side, which is connected to the connection
30 paths 75y and 75;; in Fig. 14, is divided into two pads
in this example. The connection paths 755, 75, 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 7550 and 75;; in Fig.
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attach layer 63, a top view of the common ground/foot 20 d. |l ave &é and
a section of the duplexer of the fifth enbodinent as a c '

exanple. The fifteenth enbodinent is the sane as the fifth enbodi nent,
except that the die-attach layer 63 is replaced with the die-attach | ayer
63E. A ground 25 pattern 110 forned on the die-attach | ayer 63E has

| eadi ng patterngglll e f | £ . ynj that i e
sanme as that of t4he flﬁlﬁﬁcegnét}g r{n%r:tgmég%ﬁ a%ltlfﬁﬂlgegg éQeattfe[r]ng %%1 S
connected to ealh*UCEMHtEapdiits nfgxtﬁ é’ﬂZGGBTWé‘QHIhslrlllil%tr el 3F s®eF¥e fredsi n

30 the phase nattki M@deipteqratﬁeefmriaaﬂyﬂrﬁ 64th@nﬂo@ﬂep§ad669fs@ﬁ@élsOéistBe
vias 112 is con 0 rou d atter In this structure,
FBEELAR, ke lin AT, (O PRSP e i e

t he ground
t hrough vi a 11?9C§8ttll%1t tteﬁfeugtadurﬂcﬁsr of the | oner 35 face of the chip 69

can be further reinforegd. 33he116eRMARar ¥R RA! (Sidhd e a!\f“&hdugtéxég' id
ground surface, IS conng}ﬁﬁed to, external connection termnpals -

June, 2006 via MA&IBINAeRALGRSESR MR LS T Res. TS, UM X ounds of
the |l ower face eﬂctheeehlapwaﬁecmmengr @aaf dragesl: 625. Ihshowmddieions

st op- band suppregstanso i-gh ¢ e of the

dupl exers f t he flt‘m?,aubhgéle%e%r% 8 ﬂ%lele?ﬁ%/tr@eﬂﬁtﬂ n%ggg?rent As the
grounds ar fur‘f‘ﬁ‘é\?e?EFﬁPérE‘E‘HW’Pnltnhglﬂl f tiéer@tsh feds nerthe twHerest op- band

suppression is bemdhey padcoaasad. ch@p( Siixleseniti dibogi oemntiected. t87ths a

pl an vi ew show n n bet the o 6 nd the w re bonding
pad | ayer 62E ée%rté&gtﬁ%?ﬂ Egttlil% Zg nce ‘\?\A th EJ%I xt eéntll‘? cﬁbdtf{ nt 15
of the present iMventy¥enpads &hi §hﬁ-ﬁg@P<émptll¢e saiso,cosomemnectsiathose of

the foregoi ng erdxadi Tt @ s2@lishes 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 753, and 75;; in Fig. 14, is divided
into two pads in this example. Also, the connection
paths 753 and 75;p establish the connections with the

25 reception terminals 16 and 46, respectively, shown in
Fig. 11. Further, the connection paths 75i1; and 75;;
form the grounds of the second stage of the DMS filter
55.

It is of course possible to modify any of the

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

(Seventeenth Embodiment)

35 _ Fig. 40 is a block diagram illustrating an
electronic device in accordance with a seventeenth
embodiment of the present invention. This electronic
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denoted by the sanme reference nunerals as those of the r egoi

enbodi nents. Each of the duplexers in accordance with t ough
fifteenth enbodi ments 20 includes the DVS filter 80 of the single-output
structure shown in Fig. 8. The duplexer in accordance wth the sixteenth
enbodi ment, on the other hand, has the sane structure as the structure
shown in Fig. PEVidrie gpevirftiatald yteldphdup) expd dhet hi s enbodi ment 25

i ncl udes the DM@amgﬂf§gfg§/ye Sﬂ{aﬂggge@ugguéﬂe éEPE%Bi% qu% hleve a

bal anced out put,, the cqnnectlons an e
connect i ons shdwn STPWE ¢n F29-THY wi F&SpeHdiaty ﬁﬁﬂPQﬁﬂrﬁsmﬁeﬁbpaslde whi ch

i's connected teudie @G@@@@&ﬂ@@ 3@mgaam33551§b@nghgﬁa fBrFlg 14, is
di vided intp t [ I he conn ectl s 758, 759, and
WO P o s § 8 %hrg) cﬁra t(e)p:rﬁ) UREERES NN

7510 establish the connections et btl
Fig. 11, the gF86nder6ecing §@@@ﬂdmﬁﬂﬁﬁﬁi%t¢mpbmﬁgé i@rhbd byprthblBVG

filters 51 andt52ppRbnef shbeanﬁ feil er4c555 and the reception terminal 46.

The wire bondi ng pad,on the, c connected to the
connecti on paths 751%Q%n%°5%iai$ngﬁ Gphon&Oleéi a Jg06 14, is divided

into two pads {hadhpsreguepte) unlth&§0AﬁawmndukatdmerfDpta@adaﬁ6$Fshown
0 Flo. 196 se(ygseaieatlter sEeRLLAR LA 15 g (000, A4 PR serves

as a ground ternl g and r'ves as recept|on
terninal 46. FI{C148eF| pRsiRbERRAahdEMer Q%ﬁﬁﬁﬁ?ﬁﬁlﬂﬂmhﬁﬂk@%ﬂnohaelng a
bal anced- outpuﬂmgllﬂrenrb83Thas inpkexeagd mﬂuu@msysmvrééﬁ&&@&ngapad | ayer

62F. The connqg&lggﬁllép Q7§ dgph 35 al e mnre q%gﬁgdlfyjn %%g?%g chip

connecti ons ShAﬁﬂ g 4™ as
si de, which Fﬁq’éc 1D It‘h’éercd)ﬁn@étlte@lp@trhs 17810 aatndlrwsaz;sta\gél g. 14,
is dividedl> i niid tew Pagls amdtdi SoR¥anAme1 ifiee. 1ihe cgﬂngggfy1sﬂgﬁgh7512

establ i shes t@%éﬁ”ﬁﬁ%“ééﬁhg“5£bég§s£§8e gg%em 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 interstege 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 termnal 46 shown in Fig. 11. Fig. 39 illustrates anotge exggﬁbg of a
dupl exer having a bal anced-out put structure. This duple u s a
wi re bonding pad | ayer 62G The connections in this duplexer are formed by

nodi fying the 20 connections shown in Fig. 14 as follows. The wire bonding
pad on the chip side, which is connected to the connection paths 7510 and

751, in Fig. 1dembﬂudb%b@€@udﬂﬁ(él pagds ﬂHbtiﬁél@xﬁﬂBcgssﬁ%éosyE@%m
connecti on pat g% 7510 establish the connections wt he” 25
reception ternlna 6"dna 46, respectively, showm in Fig. 11. Further,

t he connection pathsASSEUBaﬂdmmBmzcatdpm1Ubeigmomm@mnﬁiﬁrwu@ecomd st age of

the DVB fil termé@udbg lanq 1%%&3%0%%' gheeéeqlmwéfn@%"f#P%ﬁf?eatures

dupl exers om% #F g %h 39 so to achieve
of the sixt Ft h?ﬁacéﬁﬁéc‘f &t $1 thsdigh eanar Ehweabibhty 88nFig. 40

is a block di ageaachikustirating an electronic device in accordance with a

June. 2006 devi oo | & port &bl BF SPaNnSRAL kA L Re NP SHIIRLG O rpt i on

June, 2006 device is a honée
system of the %%ﬁ%%%?elﬁéﬁébh@ﬁehav§ bﬁ@ﬂnd@ﬁd@q@edKE01fﬁmcnPﬁuweﬂqmmtures

such as an augth® ;pf@@@xsﬁl DEvEHSE BR afsenBQt Hhﬁ\%d ftQJ éné'é‘ipéx'ré' cation of
odlnents is enployed

the draw g %g e duplegers OL gore
in the portable Tephohe SRbWRSFnIEYS. erT ér& tﬂ%??@&%%%%%e
i ncludes a RF (radﬁ@iKhﬂmmrm@@dummtfaﬂp aadupdekarowithl imgrcbvasd | F 10

(intermedi at e gawsensidy unity 148q TaeeBE UAbLaLL0 Lngiudes A af enna 173
a dupl exer 174 a | ow noi frer 183, an inters filter 184, a
m xer (a nuluﬁﬂqﬁﬁﬂnﬁﬁ’ e%ﬂ?%cﬁhaBs€WPF8¥§r3T¢B aaﬁﬁﬁi@ﬁ%ﬁémﬁﬁn be

realized in accordance with the present invention.

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

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

20 have different band center frequencies; and a phase
matching circuit that matches the phases of the two
surface acoustic wave filters to each other. 1In this
duplexer, one of the two surface acoustic wave filters
is a ladder type surface acoustic wave filter (denoted

25 by 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




filter 177, a mxer (a multiplier) 178, an interstage 15 é!l&er g@[(’ and a
power anplifier 180. An audio signal fromthe audio proc mis
nodul ated by the nodulator 171, and the mxer 178 of the RF unit 170

perfornms frequency conversion (mxing) on the nodul ated audio signal with
an oscillation signal of the local 20 oscillator 176. The output of the

m xer 178 is theonnsenédt ant pardapkexer rd?énbbnowah When nirer itngﬁ%vfédter
179 and the po i fLet 0. e duplexer, 174, which is a duplexer in
accor dance wi t‘é‘ﬁ%ﬂ%@?%%éﬁ?ﬁ? \’/e?ﬁ_?'leo%}lailng‘loﬁi&estyfetr KRBT
1741, a 25 recePpiVoniiifess ¢In2beandcatedt elti mdpecifmuitt ¢mbt (tlsdown) A

transmi ssi on si gnabs.! seayLhe: pUST - aTBLI Luofihockdl it S0 dduidle ant enna
e

173 t hrough .t he_dupl ex 174, A reception signal received at t ant enna
173 is senf to % l’ﬁ?g{eroégh?thﬂggx?ﬁe reception filter 1742 30 of the

dupl exer 174, the | ownoiTde aml idh erorEBuaindnddie typper shageckilter 184.
The m xer 175 rQCeiMES: APyvOQSES O cy framthe lqcal_ oscillator
176 through the iInt er%t a%\égf ﬁ%!éng%[?g?ngngEeﬁnq&ﬁvénr S ha;[ ?e i requency of
the reception sigHEte- s et PutPeke 85 ebaver tad Figeqéendipn dngtand uni t

172. The IF unit 173)reChkvesot be sicgraldudiardyd Ffpetiridde A
denodul at 05,18 qmd the, signal _to output. . a.- 42 21 June, 2006
denodul at e Oaué% Sl g}lgaﬁscffe‘(?)et lel%a%? o"BY oRBLE| AgPayarsmd (Or]rﬁtpugzhoﬁﬁ . As
t he communi cat iSG¥WWdevilt & ishovh | foFi jnsu@ncenc|Witiels thdupbézecedf the

present inventicitpexCeld efectrdnld elie $hEE ACL L HSERCENW WiieGh POVIET
durability can achj eved first thyough seventeenth enbodi nents of

the present i r?@n%ﬁtqy&#’hﬁe'@gﬁ YT bRtCShE PRLC FREVAL, 1Tk Re Siradent
i nvention is nétftieimitthed dup tdreenboven e cabotll pedesighed.may have ot her
various enppdiments. 4)Asygegsyi BedeAe bt eedUPl R Mdd P pyed
through 3), the ladder type surface acoustic wave
filter may be provided for transmission, while the two
or more dual-mode type surface acoustic wave filters
may be provided for reception. With this structure, it
20 is possible to realize a duplexer having such filter
characteristics that the falls of the pass band of the
transmission filter are steep, the rises of the pass
band of the reception filter are also steep, the
insertion loss is greatly redﬁced, 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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power durability and filter characteristics, and an elegtrﬁgic ggﬁhce t hat

enpl oys such a dupl exer, can be realized in accordance sent
invention. 15 Finally, the structures, functions, and effects of the
present invention will be summred up in the following. 1) The present

i nvention provides a duplexer that includes: two surface acoustic wave
filters that 20 have differen and cent reguenci and a phase

mat chi ng circui't® E?ﬁﬁehaf%%%gcfﬁg bﬂa8@§agﬁe§he%gﬁo% §hf¥a@5)é%dﬂ§?%i wave
filters to eadids Heype |sutrhase daplekic, wame @fi litlee st e iswy facecabaiist i ¢
wave filters wstia digddelsdyae éaﬁﬁéeelaﬁourzhecsv&@\re%efgglto@f drdsnpt ed, 25 by

ref erence nuneral 32 Fig , for instance he ot her one of the
two surface a q??@%ﬂﬂ??@?t%ys ?nE?G@EElPﬁofé#tﬁﬁr@qﬂnﬂ TRAYKY pe
surface ac5uskhaabmﬂmtjIdeﬁBeCﬁ@ﬁéptEdnlﬁlmﬁéa|beh.t@emﬂﬁﬂhdn/ reference
nuneral 33 in F£%7 qfor instance). The 30 I adder type surface acoustic
wave filter excels |n " power durability and exhibits steep falls. The ot her
surface acoustic wapé flntéhe dhbdlexies glesoupibed! diral 2) modee tgpleesur f ace
acoustic wave dnd o ,t HIOtt | 3 exbid bi 5@«:@&@@@ wh¥es £ibkl ral 3R A eves

excel l ent 35 $|Iter har act er i stlcg mn% {edu ed |nsert|%p | 0Ss an
greatly i nproveé y(ﬁﬁ%ﬂﬁ 1Y, By 17t UBCOF EXBSt RE T LG enGE < node

type surfhée &@G@SﬁhdﬂﬂﬁﬂadoﬂﬂQﬂEﬁd #3 p2tallied, 2606hoemndat &dd.n 8.

parallel. Furthermng, yhtbhbhGupTRERYCHesRORe AUl Iy of hedual - mode
type surface gcoustic wave filters can | ocat e the front end (the

first-stage fiPCer 9§ B ddithetid 1§ HevR®nFBREIECEePRPHEIN CofaviFe
dupl exer. 2) fhetbws a@ormmy e etlaln nmaes I ek wayf Aaee acsuayile-waded ilters

described in %Lt h%%ﬁé%oﬁHrEHETQ%de out put, as shown in Fig. 4, for
i nstance._ 3) mb or ype surface

15 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 rescnators of the ladder type surface
acoustic wave filter connected to a common terminal of
the duplexer may be series~arm resonators, as shown in
Figs. 4 and 8. With this structure, the impedance in

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

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

35 surface acoustic wave filters may at least partially
overlap a fall of the pass band of the other one of the
two surface acoustic wave filters, as shown in Figs.
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10 acoustic wave filters may have a bal anced output, as gtgwn iggﬁkg. 6,
for instance. Wth the bal anced output, an electronic d i€ h the
dupl exer is enployed, as well as the electronic.circuit in a stage after

t he dupl exer, can be easily designed. 15 4) In any of the dupl exers
described in 1) through 3), the | adder type surface acoustic wave filter

may be provide or t m ssiqn, while the two or nore dual -node type
sur f ace acoust?lcg%/vaa}'éjf' er M1y HEThrTRATRRLE 1ot ?lé%e’b?fﬁﬁ?owgﬁpt hi s

structure, it Z@tvwogosdidimdo baals zef atdapteresubduiceg asuctstfid twarve
characteristicsitjhat, L he falls of the pass band of the transmission filter
are steep, the rises_of the pass band of the reception filter are al so
steep, the insertiof?)osEnesPEpegpty IPFGIEEPN @I REPovES S 262 Hurabil ity
ij s ?r eatlyhii rrp_ramoeﬂmex‘s)dum%wxe?ﬂmtim&nm@@s\:a’cﬁ@ ?p?fhd@saﬁwtsﬂﬁrc

upl exer that | u . Lwo .surface acoustic Y ilters _that have
di fferent band v%?r?t%ﬁ treerdsuétﬁlcﬁtes,av%n(gl?%ﬁ%%g ﬁﬁ?gh‘f‘ﬁa{gi}:rcuit t hat

mat ches t he phdsesiuehd@sihendve pirdse anacousngcciaveiti Eheats mad odech

other. In thi gnduph@sdls el thhie JWOrsLk f AC8 8EPESLEGWRY B tfrd RS s
a | adder type SurL?CEP%COUS i C ﬁave filter (gﬁggted ﬁ%lr ference nunera

32 in Fig. 8, F6FH R&&kce) [Pwhlte Cheleeirer e HI R VRS uR FEEET 38
acoustic vilve Wwakeers liteelsudas! thhe qrhawes enaluchimpdeirtype awef hoasagcbustic

wave filters (dgngt d, By, L %g?%?g“”ﬁ%ﬁgté@"b 5%?$%f?ﬁ?%eﬁamEQaﬁi%0 8,

for - 44 21 June, 2006 1 nstancg nnected 1 n r two or nore
dual - node typélstitfPacé2acdQst PESKANES) 1 t NE i A dstadrtageth t he

cascade connectitonsttibewawppredsicas ofs therddwer ftpoeiescyrbaadacbysthe
ecepLL o, 1) SRy IR P L RESEER o1 . o, be
1 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 (dencted
by reference numerals 34 and 35 or reference numerals
51 and 52 in Fig. 11, for instance) connected in
20 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 quality, stable

25 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

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

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

35 structure in which two dual-mode type surface acoustic
wave filters connected in parallel are cascaded, and
the grounds of the dual-mode type surface acoustic wave
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one of the two surface acoustic wave filters may be forggegbx cagg&ding
two dual - node type surface acoustic 10 wave filters conn al | el
as shown in Fig. 8 7) In the duplexer described in 5) or 6), the |ast
one of the dual -node type surface acoustic wave filters connected in
parall el may have a single-ended output, as showmn in Fig. 8. 15 8) In the
dupl exer described in 5), the last one of the dual-nbde type surface
acoustic wave filti@ss demrerdedopmmparhy| el largrhatbes fhiaanced out put, as

shown in Fig. thteﬂ:)médh.aaﬂé/ rdyéhe ﬂxhlptl@éelémﬂﬁ§€édb9@dk@g@ @9thhrough
8), the Iadder ﬁ: ce acoustic, wave ovided for

transni ssi on, UCY U ¢ WoF nab vy~ %%%%|389868Fgﬁ8&ecéyp$ sur f ace
acoustic wave mHQQ§&$Q¢W'ﬂéipr@mnnﬂtdnﬁ Irecepiddied asy shbenfi AithFigs. 8

and 11. 25 50)émmdayméﬁtttgbfhggg%ggéedescrlbed in 1) through 9), the
resonators of the Iaﬂ% gpe surfa; acoustic wave filter connected to a

common term nal of | ERer ARy eBE Ls 8EFETIREA Pds o orlsh® st Rebwn i n
Figs. 4 and 8. ovit koft hjlrﬁa siwauctunr €5 céd hecoupedancavenfiQtelre mage pilaiven aband

of the transm ssi fidd ary as, h S I .t he
reception f.|%ZF%Q§U?EH§CeJﬁ”f¥?q¥n éﬁ%tbﬁmﬂ%é gﬁ%ﬁegg%§8 s%%?ﬁ%& Cﬂ 1)
t hrough 10), av%@Avée féfltes mynasativt ol mirahkel wore3sasgpfigde adustic

wave filters neyeatak@asitRapddatdge Qﬁ/a%}"cﬁﬂitaa:i@'& Pirkheopasagbpad of the
- 45

21 June, 2006 J0XCAnd 0B AP s tn RAIIG B SREoPAEs SRERTE  bei veen
the pass bandstberepa .t wbheuffizess a@dussl@ommﬁytadltqwzheJQQOHM@ pfesent
invention al sotpeoyides ¥l DrRRpINemdMPIENSE dhatatachudast ibWRasur face
acoustic filters by wire bonding, and the second pad is
15 connected to the ground of the second set of dual-mode
type surface accustic wave filters by wire bonding.
Also, the first and second pads function as independent
grounds on the wire bonding pad layer. With this
structure, the stop-band suppression can be increased.
20 This structure is embodied by the wire bonding pad
layer 62 shown in Fig. 13B, for instance.
17) In the duplexer described in 12), the other
one of the two surface acoustic wave filters may have a
structure in which two dual-mode type surface acoustic
25 wave filters connected in parallel are cascaded, and
the grounds of the first and second dual-mode type
surface acoustic wave filters may be made common by a
first layer (denoted by reference numeral 67 in Fig.
13A, 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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wave filters that have different band center frequenci egé ﬁnd g@?se

matching circuit that matches the phases of the two sur C wave
filters to each other. In this duplexer, the two surface acoustic 10 wave
filters and the phase matching circuit are housed in a |am nated package

(denoted by reference nuneral 60 in Fig. 12, for instance) . One of the
two surface acousti.c gave filters is . a | add type surface qgoustlc wave
filter (denote®®By FAFEPERCECRORSEEE 33 PRIS e%tﬁr%£9?§ﬁa?% t aPR@)2 whil e
t he ot her one dirsheptdo (denbaed bgcmesftelr@m&vmtfmértae]r B0 nitk udes. at 3Bgast

one set of du%rnmstgxgsésaﬁ&agg REQUS i pad'aMa, 'Aéégréorg@g@@é&d oby

ref erence numeral s erence nune
for instance) tofneepRECthoporphhgl Téne ary T%Hﬂh@aduﬁﬁe%éﬁﬂhescrlbed in

12), the pﬁasecomé@he@gtﬁl egdebnaRy cbankerigt e milddles p@dﬁrﬁédﬁﬂ o@S shown

in Fig. 13D, stap ine.pattern , har cau ariation in
product qualit gﬁté? %ﬁeggﬁgsfP?tg ec%%P&@F&Fﬁ%?“*?“%% ?ﬁ]ned 14) In
t he dupl exer d%%t¢¢b@ﬁetnthe)flrﬁé phdsés ﬁ@m@MQﬁydannnhefQﬂomm@ of her
one of the twodirf 8£6t 360USEI QuiRVRGHE! tt??% Ry e Ydmes e avdvae
pattern that:{ﬁ@:a | engt h, of 0. 23 Ato A wth 30 rgﬁresentlng t he
wavel engt h of ST 2% " HEBURPT lnﬁav@“ﬁotﬁé 5 &3H t%r ough t he
dual - nodelfypeomedtaed acotisti groaund bfltbessebﬁhdI$dﬂKDﬁhqﬂ&$&mode
described in 12),. the-plher, mﬁ@g of &Q@ ?@1%§EgaceW§EH“?h'% wave filters
may have a 35 structure in % e surface acoustic wave
filters connect e it a‘Flll%Ig’é‘P'énéﬁs@%EHe éﬁﬁ’letxﬁ*é GRSURE of the
dual - noge tyPQEMHﬁdﬁﬁhduxnhﬂIEh@ﬂﬂﬂdgc€§nc%1céﬂ@@neﬂ%§5ﬁddFHHS gre nEde
common by a t her n nt er.nedi er .1 he nat ed package.
Wth this strq:)uég{ ucfeé]éheustophb Os,pupb{{)larrédss|g\y ?:%n ﬁén cabd

increase

19) In the duplexer described in 12), each layer
contained in the laminated package may have a ground

pattern (denoted by reference numeral 70 in Fig. 13C or
reference numeral 89 in Fig. 13D, for instance) that is

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

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

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

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

21) In the duplexer described in 12), the two
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increased. This structure is enbodied by the fifth 5 e fll;nentE bﬁ
instance. 16) In the dupl exer described in 12), the other t wo
surface acoustic wave filters may have a structure in which two dual - node
type surface acoustic wave filters connected in parallel are cascaded, and
10 the | am nated package nay contain a wire bonding pad |ayer that has a
first pad and a sgc t reon. The flrgé Pgd IS conn cted to
the ground of aF|r§F9ﬂﬁ %ﬁ Wﬁﬁ% 13 RAGIRT aAbE ERBRRE | B2

filters by w reebtrdi dgeqamtciks sagome: padned 1Hn conmetp ed Absd:,hetlge ound
of the second seheef oual;rmpde PGt S SRS %mefﬂté@gsmgyow re

bonding. Also, the first and secon function as 1 ndependent unds
on the wire boPfdYfg2padrrayere %thhﬂmhstﬁﬁrQRﬁlﬁﬁp ?h%yg?o%uﬁﬁﬁﬁe
suppressioﬁicaacbestmcreasedf12@e¥hl&dﬂh@ﬂﬂdﬂeanEpaﬁﬁmthdabg t he mnre

bondi ng pad B, or nsta n.th | exer
described in 1 ?géaﬁgd WH ltgﬁe oPuP%e %ﬂfacgﬁacou%i m% Eters
may have a stW@@?u?@mmﬁnmhhchh?wéamuaﬁimﬂkpaqhﬁHQnﬂXQﬂniab@@s@hGPZS wave

filters connecyeghi Bhpar gh&abta&e capeadedy-aithd taﬁpﬁ@éwp&l ofaf hgefirst
and second dual node t§ ce acousti C maEe %¢§ yfp q?de conmon
by a first |ayartdendted %@Sr% BIeheEe nhfte PR °§?eﬁn At

i nst ance) 10haterfilpeddment, upper isatbace.of the 30 Ianlnated package and a

second | ayer (denotqubquﬁp V@f% nce NWEL Al 841 P F % %ﬁ?th%?r i nst ance)

that fornms a conpon groun this structure,
suppr essi on cam b #REr edstdrshnah 4Ry ERaE fPr’FfWSuér’i{% Bre e@é e‘%tﬁal t¥9i se can

be readily avdlﬂeﬁacé:BSacic&)xstmcthevduphexeﬁ:sdeaelrd kedddbrk?)chifecipdber one
of e Luo surddse ALUSLAE, WBNE (1! LALSCIRY N3YR- SUHGIUrE,Jyp which {uo
dual - nrode_type surface acoustic - 47 Wwave Til1ters connect ed
in parallép aﬂgjggygadegnéghy%iduplexer, 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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first pad (denoted by reference nuneral 80 in Fig. 13B, r.ins e) and

a second pad (the pad connected to the connection paths 11) may

be both 5 connected to external connection termnals formed 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-node type surface

acoustic wave fil W re bondi ng_ and the secon%fpad Is 10 connected
1 ace

ers
to the ground cﬁuﬁéﬂp%é% ?HP%%E BPVQuhtihBEE CPYPPECEE Gk e
filters. Wth tddascadaducinug ethe hbagioahdd phckhgedmplyexenteam ke

reinforced, and:drfigor %r?&lcfas& Ofpongnt fé‘“ Pfuc&ﬁﬁé‘ceg eTBBﬁng. ohhe
st op- band suppreSS|on can | ncr ease n dupl exer escrlbed I n
12), each | ayerd*UBIf HIwaE iR e flaﬁ?ﬁa%amﬁacﬁa@enﬁayaﬁ&\%ra

pattern (dehot etbrms refereanmee swnkdied FOri oh&i girdBCset orfefo&faenmeadwrrer al

89 in Fig. 13D, t S 2 n d a_ground term nal
formed on an ouﬁ&? %ﬁﬁace 004§¥ +aﬂ?g3tgﬁT§§£§agé8dmftﬁeq%qésﬁqm%ﬂure
t he grounds of derguFadearcdhde ferns ok cedouaddsuhéaciendeat dice
conponent s can skedreruead. meiﬁal-Ilﬁ'@détQ eb§99f§58p&§§§‘s@€ﬂc§%x}?ﬁ

I ncreased. 25 In the d described in )3 each internediate

| ayer containe%qhﬁefﬁe Igﬁgﬁaggdsp§5%' Qﬁn/QQﬁ/ LPRTRAMD pattern that is
connected 1@ asgicpuwed s icer mamalbef cmmedooed anandt adveus éade fauerive I nat ed
package, and e@%tae%%qn%oaetet Ik TBY J@aé?fftggoi&'eéucr‘ll"ﬁ.ps 5993& Eaas to

avoi d overl appi.ng a.si ine pattern am nat e
and bonding pads® @Bﬁﬂgﬁpeﬁyt5qﬁu§%¥iﬂﬁﬂ ?W?@ﬂb%ﬁ@%rnfoﬁlﬂﬁsﬁﬁﬁ§e
structure, the capackbanckn cemponenl sxeandbeciréthecedn yzuilﬁﬁgoved
e e SHLASBRRCOE ANLEY Sy LU g S M SRRy e
two - 48 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 is connected to the phase matching
circuit formed on the second layer through a via formed
in the laminated package. With this structure, the
impedance of the duplexer can be adjusted at several

35 points, and accordingly, improved impedance matching
can be achieved. Thus, the insertion loss of the
duplexer can be reduced. This embodiment is embodied
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21 June, 2006 surface acoustic wave filters having differggt!b%p%gégmter

frequencies may be formed in a chip. Also, the other one

surface acoustic wave filters may have a structure in which two dual - node
type surface 5 acoustic wave filters connected in parallel are cascaded,
and the ground of each of the filters may be nmade common in the | am nated
package except .t he chi Wth this structure, the stop-band suppression
can be increadd¥. tHRi EIQF?u@WHP@lWQHEnbgaFe6n§§aPﬁ§ fifth 10 enbodi ment,
for instance. 22) Théruupuaxemaﬂdnpmdxai|dbéba15¢mthﬁr26;ncthdephaaeflrst

chip that for g Oﬂﬂc\?tﬁir&ﬁ‘ £ 1 ¥ ST LACERACOYILILC MRKE. T g1 and a

second chi p that e of one of acou tic mave 15
filters. In thi%HEFSE@ rtot%@do%héﬁrﬁﬁée@fb?hﬂe?WothﬁuqqmmpﬂuﬁﬁﬁﬂkﬁﬁMave

filters has5a siff utiairdup Dexdi Chindt ¥Re dtab- FREEab¥Pa coftace wasalst i ¢ wave
filters conneq%%qlln paraIIeI are cascaded, and the ground of each of the
filters is nmade comion in the |am nated 20 package except the chips. Wth

this structure, the 28toplbanitesdyplessironesar ijed njn o¥ed, Théspbaseacture

i s enbodi ed by rdeHiidd h-erdegi ”P&‘Emeéi Obni PREAREEst23h ik WS HIRILXET

described in 12), the | am nated package may contain a’layer. "that forns a

25 comon gr ourtd " Cakt® tHRE o %uﬁﬁaléscgﬁﬁgéﬁe&QW¥Q§d¥*Wﬁﬂp%ﬁﬁﬁ%ﬁt|on
term nal s 1@rnﬁdUM1uhu&HsEmudﬁuxﬁ, wfe t hepéamhoat ed phekage lidweauglan

connect] on pat b, RPN g8 M ageR, 0L, (lRg! auEBaadAgekage and

vias forned in the anlnate ructu ‘t he grounds
of the dupl exerMPZRVISE W%%F‘E%dﬂawrt%eci’%dh@taﬁbéeé’@ﬁponéﬁt§ can be

reduced. Thus, rebalst, Op:iibamdlmcﬁﬁslc%‘sc@ﬂ tlmee dﬂp&@&ééd clii estructure
i s enbodi ed by LA - th hggb% i_ment, far 35 %4% % the dupl exer
described jn 12V, % ReFS §5& gfufﬁeﬁﬁm? A e filters
may have al® embodlment 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 value of the
35 wvias 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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structure in which first and second dual -node type - 49 ﬁ éune,; %26
surface acoustic wave filters connected in parallel are : d the
| am nat ed package may contain a conmon ground layer. In this structure,
the common ground | ayer has a first conmmon ground pattern that 5 fornms a
ground surface for the first set of dual-nbpde type surface acoustic wave

filters, and a secong%connnnﬁggroun pattern that forns_a ground surface
e

for the second set ofl’dudf- & (R aRtiR Wave thfiters. Wth
this structure,lamenastep-pankkd® sBappcestndn eadageri mpr oNedh andiiagiver se
influence of extefdal holsgsc reagll vai de i t I i's
enbodi ed by the sevenx% enbd%iﬁ%ﬁ??dfo?géngpgnggg ggf¥gﬁ§iﬁg¥ﬁ§% éﬁer
described in 12%3V% hel lters mifedpaekagechayheofigrataaciy stnitayednt hat has
15 wire bon8i ngpadss fora@drd heflgondiangeeasacandt! ayer at hatrdex faorewed over
the first |ayer d ing-1ike round.pattern. A so, .pads to serve as
grounds anong t?ﬁgldﬁﬁgzggiég%jhﬁaﬁg %ﬂ% ?ﬁégr%h PIFngﬁrgﬁﬁh dtern are
connect ed t hr o fAcs Farunddid wate fahtensed WDtlpackagestWithutki s

structure, the tgeowilsi Qf ddithe P! SXLEacaNcRELhMT ERS Ealnby ced, and the
i nductance conponents can be reduced. Thus, the stop-band suppression can

be further incPEESER eFhid® & (FARE STELaFBodPEaNbY £t hBSeiC§ith Iémbodi nent ,
for instant@. 2hiZ@ed rfrdre tduepldxeirgreisedi pedithod2) , Thhe stantnatred
package nmay coat.ai A st i i.hg S, second
| ayer on whi chﬂt%hlgﬂlb%ﬁfalsiér?ﬁ)t ?ﬁ]ﬁg@ﬂﬁ%@uﬁt?%ég?ﬁgﬁgh% ?%lgs lgt%&%&%t?r'e,
the first |ayer al soSRas &7 phHagedvlerragdescadibed3d cilved thrrdba and

the phase natchihgcti meditt mkgr Medre Areddiend ipsttéayerthstcamaected to the
phase ot i 0ccfpE il L0 IR 00 SECOIE FRELGU MOUON.S e I
can be adﬂ&gteafathgegémépated package. Each of the leading patterns
has a width of 200 pum 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) In 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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35 points, and accordingly, inproved inpedance matching %?E be %@E%eved.
Thus, the insertion |oss of the duplexer can be reduced2 € i ment

is enbodied - 50 21 June, 2006 by the ninth enbodi nent, for instance. 27)
In the dupl exer described in 26), the phase matching circuit fornmed on the
first layer may be connected to and interposed betmeen t he common term nal
5 of the duplexer an%efg% surface acoust%c wav e L ter 28) ILn the
dupl exer descr rb84S © PITAEET (i THT t%f?%%?tvfﬁﬁ 8rBRY A8 i rst

| ayer may havethe ﬂﬁmen@ammbmmpkagétdnﬁ\dqnnecﬁnmmeﬁathstﬁerhedeopattern
10 Withthis Silel dirdde IdPgANatmind ity AU RXEL. CaflciPerpfl ust ed at

several points, and accordingly, 1nproved ed anc |ng can be
achi eved. As aS Fggﬁpfeftﬁ@q ﬂﬁﬂqﬂQﬁwqqﬁﬁﬁQﬁth%@ H%b?%?é?eéanabé theduced.

Thi s structurestepebhodi etppyeshd drertan He efibeche®nimpfvednstELe. 29) In
t he dupl exer d ol mnat ckage ontajn a first
| ayer on mhlchgﬁghhgggasgsné%mhﬁﬁ%d%P |ﬂqe(¥£¢ﬁ% ; %ﬁ%o l%%%%hd§oFayer
on which a conﬁﬁﬁtgﬂ§@nd is formed. In this 20 structure, the comon ground

is arranged in such 8s5) posi targn 40 W%uﬁf‘@x@?&' BeseWibaee iof 1bhe phase
mat ching circu h_this ﬂcture t he haracteristic i edan e of the

dupl exer can b%thlégfll 94)$eit 45heSPre@ v i Ut @R F uEYR) SPE 8fBodi ed
by 25 the]élev@@@hSENboﬂawenf;ltem8|nﬂtaheeotﬂbrIdnérmfduméekno descri bed

in 12), the Imgg&sdaeasgage »ecgatﬁgqs hfalsr%ta %ééaé%@g wire

bondi ng pads forned theregn, a second layer on mat chi ng
line pattern that fot®s 'ER?:ﬂfﬁﬂﬁﬂﬁa%ﬁﬁ%ﬂﬁ%@ﬁc?%%ﬁlPrpglﬂéﬁnéﬂ In this
structure, theladteohdaddegipadshanchude wdiese kondimgmeads 4 hadpleker

connected to %J‘t efgsc8£nég€eah@§oetﬁgt gpxitg%nlai;n%nd 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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pattern through vias formed in the | am nated package. Vvii;flﬂ S 3bguct ure,

the total resistance value of the 35 vias can be reduced, ertion
| oss of the duplexer can also be reduced. This enbodinment is enbodied by
the twelfth E iment, for instance. - 51 21 June, 2006 31) In the

dupl exer deSEAEEG i n 12), the I|am nated package may contain a |ayer on
which a die- attach unit is forned, and the two surface acoustic wave
filters are nmounted on the die-attach unit. In 5 this structure, the

di e- at lach drduplaxgscamprsingsr area than that of at |east one chip that
forms the two, s&rlfe{cfeaaﬁz%ugﬁ:o‘%?té (ﬁltﬁ@vtﬁatf LLt8hRectal fda ddhdncH ferhiddl Gna the
entire nounting surface of e chip can be presented as a ground surface,
even i hadehdiffefthpbang cthtes heducadietramth t he designated position. This structure
is enbodied by the thirteenth enbodi ment, for .instance 32) ].n the

dupl exer ded® %ﬁéﬂﬁﬂNHBEFFHEﬁ@tHﬁghﬁggﬁdﬁmﬁﬁF%Wm%th%W%wPé% SHE ™54t t er ns
that agg.GoRReckkd to connection paths formed on side surfaces 15 of the
| am na eg:pac age. Each of the |eading patterns has a width of 200 pm or
greater. W bic dhite tstor uncfae ecoustib evaye diltedsbang afladdeh éyper eirfatopeadticand t he

st op- band uppression can be further ingreased.. 33) |n.the. duplexer
descri B@4®i t%zj",ﬁﬁ‘i e sther one it B8 FecRE er?ﬁ?“%lc‘in‘fvéY%%ge]fs gt{l%}%y%r t hat

has Wk)f&%ﬁ%gﬂﬁ' | RAGlR a‘ygé St GERChe WiRE Mikeeqidl baede of fivke hag a

di e-attac nit fornmed thereon, with the two surface acoustic wave filters
bei ng rourted iwmpatdlel.di e- attach unit. In this structure, the die-attach
unit is 25 connected to wire bonding pads to serve as grounds anong the

wi re bondi ng pads, through vias forned in the |am nated package and
connecbi on gt hrpf@emasd cimsd de clsw flasesredd thd@lralivynelt éehlpaaicagpe Wt h
this structure, the grounds are further reinforced, and the stop-band 30
suppr eswifans aceustisavava ttllgesrhave gehgiesended PHIPYt st ruct ur e

3. The duplexer as claimed in claim 1, wherein the plurality of dual-mode type

surface acoustic wave 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-mode type surface acoustic

wave filters are provided for reception.

5. The duplexer as claimed in claim 1, wherein the plurality of dual-mode type

surface acoustic wave filters have outputs connected together.

6. The duplexer as claimed in claim 1, wherein the other one of the two surface
acoustic wave filters has multiple stages cascaded, and each of the multiple stages has the

plurality of dual-mode type surface acoustic wave filters.
7. The duplexer as claimed in claim 1, wherein the other one of the two surface

acoustic wave filters has two stages cascaded, and each of the two stages has the plurality

of dual-mode type surface acoustic wave filters.
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is enbodi ed by the fourteenth enbodi nent, for instance. g4| )¥ I n ?E@

dupl exer described in 12), the | am nated package nay cont upe | ayer
on which a die-attach unit is forned, with the two surface 35 acoustic
wave filte ei.ng nmount ed on.t.he di,e- h ' n . yer on
whi ch g co#‘ﬁ%ﬁu%l?gﬂﬁacla%meq %lrcrlr%ﬂl. l’l“ﬁhe{ %lt' é%gﬁorfﬁ@?hlﬁnah ﬁ%@uda? gxfo;ﬁ't@ t ceﬁ unit is
- 52 2kfal¥REousBOWAvE BNBRGUHaS thréDintdigich@nr@edigenund t hrough vias formed in
the | am nat ed package and connection paths formed on side surfaces of the

| am nat ed package. Wth this structure, the grounds are further

r ei nf ogced, S - p L A0S VIR Bvgd. This
struct g're isﬁgrj%%!}lgglgasbé}ggﬁgq??}at?ﬁgh'g\ﬁél%hﬁ%gﬁﬁgﬁqtgl,%% or ﬁ?stance. 35) In
any of ateHermitipdbrex esramdasasttaed i n 12) through 34), the | ast one of the
dual - node type surface 10 acoustic wave filters in the other one of the

two surface acoustic wave filters has a bal anced output. 36) The present
| nventign atiR0u At Btk ifl Rkl 0WHrdR HRdddidfnd fkhidasusad want enna; a

dupl exer I's connected to the antenna; and a transm ssion 15 system
and a fiticephs anseysteem tdsatatarsecamected ttodtheosingle catupbexigrmingh of Hhe
electranic device, the duplexer is one of the duplexers described in 1)

t hr ougH"B8¥CT- 21 June, 2006 CLAIMS 1. A dupl exer conprising: two surface
acoustic wave filters that are connected to a conmon termnal and have

di fferent band center frequencies; and a phase matching circuit that

mat chedlt he Thhduplsxafastotmedin slaim de wharssus tise ofviheenass padeplsoneefdheh ot her

one of t\tgcr)] %Wtéiivj\% ar%g{l{tlg(r:\?a acﬁtjezg %ﬁle%\@giglléfto%reﬁfq?ste %] geglt % ﬂhgfi)%gg bdnfiP§; RET T ace

acoust | € ot ne o ace acoustic wave

filter sthHen6hdislh thE o surldee abbdsyic dfavelfiabrsnode type surface acoustic wave
filters equal to three or nore and connected in parallel.

12. A duplexer comprising:

two surface acoustic wave filters that are connected to a common terminal and
have different band center frequencies; and

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

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

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

connected 1n parallel,

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

by a line pattern.

14.  The duplexer as claimed in claim 12, wherein the plurality of dual-mode surface

acoustic wave filters has a 1.9 GHz pass band or higher.
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2. The duplexer as clained in claim1, wherein the plurahéiﬁ.of %Bﬂg node
type surface acoustic wave filters have a singl e-ended

dupl exer as clained in claiml1l, wherein the plurality of dual -nbde type
surface acoustic wave filters have a bal anced output. 4. The dupl exer as
claimed in claim1l1, wherein the | adder type surface acoustic wave filter
is provided for transm ssion, while the plurality of dual-nbde type surface
acoustic wave filters are provided for reception. 5. The dupl exer as

cl ai medSin Ehaﬂmlmxermcn:}a@nﬁfwémmL?ra\rhefeynof dual - node type surface

acoustic DOHR ¢ <§thl,~rt Sl \Aﬂf‘ﬁl"em%“%&ﬁtcé a%%%%ﬁ% ﬁﬁ&gthlagrtwo@ 2 E?%a&%l@écﬁxer as

clained in e ot her one of two sur acousti c wave
filtersadhas wmbli thsltﬁe pluagg oﬁdmﬂaﬁt&rd:,surafmh mu&tlma\terfﬁtamlandpl e stages has

the plurality of dual-nbde type surface acou tic wave rs. . 7. The
dupl exer as2@PUFTRER" MRKIEB A %FP‘.‘LndeG\WiE‘F’QP chrend ‘?IB’I’O %esogf’n'f’?fgc"ﬂ \‘?&Ba@ﬁrface

acoust g ‘éﬁuﬁthﬁﬁ&i‘i?ﬁ &%ETSI LAgRIORRkAded, and each of the two stages

has thep rality etype surface acoustic wave filters. 54 21
June, 2006 8. The duplexer as clainmed in claim1, wherein each of the

pIuraI| y O node rfa coustic wave filters has three

i nt er di 61 tatr Hﬂlgﬁ?f@élﬁgﬁ@d “1‘;1 I"@'i?é Mas claimed in claim1, wherein
the two sur{RCANBCOMSbI qlew@atesdrrch%§usn@r@aJeOﬁnaﬁl 128 (o GRIRIPRagHBEL I at e.
10. The duplexer as clained in claim1l, wherein the | adder type surface

acoust eachmfiehicl hastthe phla%iltaOéémﬂléso@rﬁwfﬂ%maﬁt&‘ga‘@oﬂiﬁé%t ed to the single
common ter mtlge algfna%#;p%lé l of agrlis \]V}re b-cl;rq 1ng ad?%%&étl%? h?{! ?!ﬁpé? aﬁg (?!18" m1,

wherein a ri one O surtace a OUS I C wave

filter seqhdpa@ssrmiarthérabn, y&h@ﬁﬁlt b@(psela% tamlecrll tb herpasisofhafidt ofie dhide ot her
one of the two surface acoustic wave filters. 12. A dupl exer conpri sing:

t wo suﬂwa@@g@scl@wurﬁ@owéme g1id) the pecopfl ged heiweconmretadda a Found BRABFOPEr mi nal
and h flfhettﬁ{)%ﬂ% ;)@p\q, P%?%‘%Fu gquenm es; and a phase matching circuit

t hat ma WO “surface acoustic wave filters to each

ot her, thEthd\ﬁrﬁuﬁd send padisfunctiospaseinfiédenders ganchds e thhase boatdingipad circui t

bei ng housed in a |lam nated package, and one of the two surface acoustic

wave fil3%€ers being a | adder type surface acoustic wave filter, while the

ot her one of the two surface acoustic wave filters including a plurality

of dual -npode type surface acoustic wave filters equal to three or nore and
17.  The duplexer as claimed in claim 12, wherein:

the other one of the two surface acoustic wave filters has two stages cascaded,
each of which has the plurality of dual-mode surface acoustic wave filters; and
grounds of the first and second stages are made common by a first layer that forms

a upper surface of the laminated package and a second layer that forms a common ground.

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

the other one of the two surface acoustic wave filters has two stages cascaded,
each of which has the plurality of dual-mode, surface acoustic wave filters; and

a first pad and a second pad are both connected to external connection terminals
formed on outer surfaces of the laminated package, the first pad being connected to a
ground of a first one of the two stages by wire bonding, and the second pad being

connected to a ground of a second one of the two stages by wire bonding.

19.  The duplexer as claimed in claim 12, wherein each layer contained in the

laminated package has a ground pattern that is connected to a ground terminal formed on
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connected in parallel. 13. The duplexer as clained in clgm/12 ein the
phase matching circuit is formed by a line pattern. 14. Mr as
claimed in claim12, wherein the plurality of dual-nbde surface acoustic
wave filt . nd or higher. 55 21 June, 2006 15. The
dupl exéuraoﬁée?gﬁgfc@éﬁeﬁa%t%@% erein: the other one of the two surface
acoustic wave filters has two stages cascaded, each of which has the
plurality of dual -node surface acoustic wave filters; and a pattern for
neki ng 28- gr dlisduesHeras chemgd anclame 1 2. WheseiBges fornmed on a | ayer other than
i ntermedi at L.t ' 1 | ai med
in ol ai m 12 SRR 5 ARARER B2 ARG Pt DeBIR pitat
filtershhas downesdédgea gaasndhdathinalefoehedfonwin ohtehaarfhdwe ofithe ddmingtedf

dual - node surface acoustic wave filters; the |am nated package contains a
wire b&ALKSE P4d | ayer that has a first pad and a second pad fornmed

t hereon, th i g ; I af the
two stages ﬁa;ilvér ?Lrlendg%ﬁgﬁgﬁggﬁg@tnﬁg&?gac%%éﬁ%ggéj%gﬁ r?gf 8?5%32?%??%3 ground
of a séimenditernrforméd bhehd lamisitadpackiage wid bohdingipads cemmdeted do fthe signalnd
second 1t%ads function as independent grounds on the wire bonding pad |ayer.
17. ThéPd@pi¥%er as claimed in claim 12, wherein: the other one of the two
surface acoustic wave filters has two stages cascaded, each of which has
the plurality of dual-npde surface acoustic wave filters; and grounds of
the fi2dt arddcsuplone astciyesd ar damdd wloweion by a first layer that forns a
upper surface of the |am nated age. and ;. - a
common” gr oufi s e ARETE R EHHCRTE M B8R Y piBhet BT O e
one of fomedine chiy:f ace acoustic wave filters has two stages cascaded, each

of which has the plurality of dual -node, surface acoustic wave filters; and
a first padthmethg saeghtheip apEaasAcRUEENWaYE BHems agXwver shages <@idedi on

termn : : I AC ] . e he first pad
bei ng. ciireb PR affle Sl d il AR Aypt AErlBRARLEHARETEEm 0 1
bondi ng, and grbendefenth phtheb@idngagesoinneaicechrimon ignthe fniabted pmelkaged one of
the two stages by wire bonding. 19. The duplexer as clained in claim12,
wher ei FXeEEMaARr contained in the |aninated package has a ground pattern
that is connected to a ground term nal fornmed on 56 21 June, 2006

22.  The duplexer as claimed in claim 12, further comprising:

a first chip that forms the one of the two surface acoustic wave filters; and

a second chip that form the other one of the two surface acoustic wave filters,
wherein:

the other one of the two surface acoustic wave filters has two stages cascaded,
each of which has the plurality of dual-mode type surface acoustic wave filters; and

a ground of each of the two stages is made common in the laminated package

except the chips.

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 comnected 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.
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an outer surface of the |am nated package. 20. The dupleéﬁrJas c?gbged in
claim 12, wherein: each internediate |ayer contained in t d
package has a ground pattern that is connected to a ground term nal forned
on an outer surface of the |am nated package; and each ground pattern is

| ocated in such a position as to avoid overlapping a signal |ine pattern
formed on the | am nat ed package and bondi ng pads connected to the signal
line pattern. 21. The duplexer as clainmed in claim12, wherein: the two
surface acoustic wave filters having different band center frequencies are

formed,i,n a~¢hi;n;,.the her . ang. . . surface acoustic wave filters
has tm343tagglgd(83g§%%c?5§¥al %%%‘n&%lg %&%}?}?\2@3 the plurality of dual -node type

surface acoust bthemene of ild 8¢S surfird Rogdtiounavoofilteadias afvot dhaget wasatlaes i s
made comon_in the | am nated package excePt t he chi“p. ﬁﬁ The dupl exer as
acp AequShp M3V flers

cl ai me@§hoicyRiphhasthe plyrali of depppeds tee sWlace pequs : forms the one of
t he t“@heslﬂ%nﬁl?a;fﬁie}?at%ﬁ do?llga‘{‘@sve?ccfrhr%ﬁ%%u\rl\lg\ﬁ/'ﬁ'eﬂ.aﬁﬁcond chip that formthe

ot her one surtface acoustfic filters, wherein: the other one
of the two shedoamaomgousd layenbase first ¢ccanmoh geundpatitradied foascaded, each of

whi ch has the plurality of dual-rmjgll twe surface acoustic wave fil.ters;
and a ground"® deﬁé'%‘i‘c%_ortﬁéiritvﬁiles? g’és 105 SIS oftBIF P HE} SFAURdt ed
paCkagE)gtt%Qﬁ:ﬁtfoﬂlﬁea gtehﬂ?sur?a%e faNEscdbi S3eadf tRStved ﬁh%’@d inclaiml12,

wher ei the | am nated package contains a |layer that forns a conmon ground;
and the common ground is connected to external connection term nals forned

on outer. suyrfaces of the | am nated,package through connection paths forned
on si dgssurE{S‘Sggp](sﬁ(ertaﬁé:lpanﬂjﬁﬁfrhgf“ga?%é@%%g' and vias forned in the |aninated
package. 57 gl ladtiRfted PREGgE 4onthiiR £GR: axwh tAg tekaviteBohding lpadsnfditiedwher ei n:
the other one of the two surface acoustic wave filters has two stages
cascaddlereors abth agkcaus leverrhat is Hernpsidugver theylingt layarmmdikaser fipgraike grquate
acoustic vvavec{i |ters; the | am nated package contains a conmon ground

| ayer; PRt 7' cormon ground |l ayer has a first conmon ground pattern that

forms a groyads susdraces faunds hinbag tieneirefbohbiiagtpads ahdgesriagdike gsemdnd
common ground pattern that forns. a ground 3urface for a second one of the
two st Agiem are connected with vias formed in the laminated package.

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

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

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.

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.
28. The duplexer as claimed in claim 26, wherein:

the phase matching circuit formed on the first layer has a line pattern; and

the via is formed in the line pattern.
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25. The dupl exer as clainmed in claim12, wherein: the Iag!ngted ggggage

contains a first |layer that has wire bondi ng pads forned nd a
second layer that is formed over the first layer and has a ring-Ilike ground
patter nong the wire bonding pads and the

ring-| Ia.%e ?ggﬁ%ﬁe’ﬁ%tf&ﬂﬁn% &g c@%ﬁﬁféﬁd hgre\}\?t h vias forned in the |aninated

package. 26theThairdtial RxRigeadn ikl @6t laferCdrewhich 2he piee @iatchinderduiini nat ed
package contains a first |ayer that has wire bonding pads formed thereon,

and a swaGAdandpesecomnl YET R tHich Hacanmar SEeyY 15i fogipd; and ther GRIOR he fir st
layer glo%ﬂd E‘?Err H%?Eu tﬁ@kg%fa%'d;%ﬂ dr thOLMRY shilgiER e?H&etﬂﬁc}ﬂhgse

mat chi Ag CIrCUI orne I'rst ayer i's connected to th
natchingmnirCU|t formed on the second layer through a via forned in the
| am nat %ﬁcka e. 27. The duqlexer s ¢clainmed in claim26, wherein the
phase tchl ) depleEeios clypabl Clgm 1h e/ iereiay | ayer is connected to and

|t er posed el e HAKIRO chREAL HirsDfaykh fuat P WAXSEoRAE DA forRcsur face

acoustic wave ters. dupl exer "as clained in claim26, wherein:

t he phésecombichi n@ond ﬂamr bn fadichealplomse nfecHing Boe patican fordfermingitheplpat t er n:
and the S in the line pattern. 58 21 June, 2006 29. The

dupl exg}ﬂt%gﬂgﬁlg‘uﬁéa edialidm 12, wherein: the |aninated package contains a

first layer tHéan‘@ b&mlﬁggawﬁmdmlmdmu@ pdedithatiage cdrdienmed o 88t endsecond
| ayer on which a cormon ground is formed; and the common ground is

ar r angefitherphsseohatahipgding ipeitcra shrouglevae formid ietheilaminsipdpagkagst t he phase
matching circuit. 30. The duplexer as clainmed in claim12, wherein: the
| am nat ed package contains a first layer that has wire bondi ng pads forned

t her eon]. andha deple@dtths chir@ed Biclaii £1) vehephiase natching line pattern for
form ng the phase nmmtching circuit is formed; and wre bondlng pads
i ncl ude wir theplgminate! packase pentaigs e lwﬁr?@cw@@htﬂodlﬁﬁitﬁdbwaé Is frmeghethBnase

Rt chi 0, g DR LA DI AR LIBd it b afioBled package. 31 The

dupl exer ~as cf erern package contains a
| ayer on \muwrmaadmrmtmra larbetaréasthfuo thae df attlbsst ohswchip uhdt foensthensdi ¢ wave
fllterswgel ng nount ed ?n the die-attach unit; and the die-attach unit has a
| ar ge AVE¥CrERAMICHEAYEdHCE: | east one chip that forms the two surface
acoustic wave filters.

32.  The duplexer as claimed in claim 31, 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 or greater.

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

the laminated package contains a first layer that 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-attach unit;

the die-attach unit is connected to wire bonding pads serving as grounds among
the wire bonding pads, through vias formed in the laminated package and connection

paths formed on side surfaces of the laminated package.

34, The duplexer as claimed in claim 12, wherein:
the laminated package contains a first layer on which a die-attach unit is formed,

with the two surface acoustic wave filters being mounted on the die-attach unit, and a
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32. The duplexer as clainmed in claim31, wherein: the digigttacggggit has

| eadi ng patterns; and the | eading patterns are connected n
pat hs forned on side surfaces of the | am nated package, each of the

| eadi n atterns hav wi dt h 2 greater. 33. The dupl exer as
cl ai rregW%H‘tiiyﬁfﬂ?Y %C&PBP?P g]ingé %1”’&%1”4 é‘Hdpackage contains a first |ayer
that has w g da@-adadmguﬁta@s:oﬁmcmdo thdiesaeon ganthdahfmgbrihsl fayeed dithehi ch a
die-attach unit is formed, the two surface acoustic wave filters being

mount edngAateheagkezcaprd CNDGTHon pates derencdt pmchdqsiiages fotheelmaigated wire
bondlng a%gi serving as grounds anong the wire bonding pads, through vias
f or med e | am nat ed package and connection paths formed on side
surfaces of the | am nated package. 34. The duplexer as clainmed in claim12,
wherein: the | am nated package contains a first |ayer on which a die-attach
unit is formed, wth the two surface acoustic wave filters being nounted
on thedi e- géﬁﬁﬂ 3k 1aﬁﬂ9dﬁ1ﬁ§m121lz Wiftfoin ARAG SREBNMhe! A¥RLI-ABNNI Ch 2
comon ground IS rgormaa and the die-attach unit Is connected to the comon
gr ound typersotfgte adoastid waveefiltérn iri the otheawnnaf 8¢ tpacksiges avdsttowaexfiiten pat hs
formed, on |de urfaces of the | am nated package. 35. The dupl exer as

cl ai med3% 4 fi’:‘f‘%‘ieﬁnoi“f Ulyherein the last one of the dual -nmode type surface
acoustic wave filters in the other one of the two surface acoustic wave
filters has a balanced output. 36. An el ectronic device conprising: an
ant enndb. a dpklsrieenic Heice eornimiesst ed to the antenna; and a transm ssion
system and a reception systemthat are connected to the duplexer, the

dupl exer i n&T 8 Pilga’two surface acoustic wave filters that is comonl y
connect ed tgdhpgxgnhgnganaﬁewba§ﬂﬁum&ﬁﬁgwmdband center frequencies, and a
phase matching circuit for matching the phases of the two urface acoustic
wave filt er 8 trBSTBEsAN GYHER and AdecsALOLSYstane thahre sappested 19 A Al ehav e
filters beipg %uh%g&egncth}(ﬂ 2 ST %?ac@cgcl[‘ﬂ)%tsﬁéz w:}%vﬁ Ier'sl &ﬁf lS V@Jnll oﬁlge ot her
one of the two 'S Ace acoustTC wave filters 1ncl u | ura

dual - medendciedao shy iraataandbat differar dahd béniérsfrmmuahes, cantﬂ Iarprheseanetchmge

connected in parallel. 60
circuit for matching the phases of the two surface acoustic wave filters to each other, and
one of the two surface acoustic wave filters being a ladder type surface acoustic
wave filter, while the other one of the two surface acoustic wave filters including a
plurality of dual-mode type surface acoustic wave filters equal to three ore more

connected in parallel.
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