;e3des, " | ""#4SFUR6&T, ' DOB 1 DESCRI PTI ON SURFACE ACOQUSTI C WAVE DEVI CE 5
Technical Fi.eld This invention relates to a surface acoustic i

i ncludi ng surface acoustic wave el enents connected in paraller@mmmﬂﬂmm@mmm
Background Art As is known, generally, a low |loss and a steep o=
cutoff characteristic are required in a surface acoustic wave fil t*PB¥f a
surface acoustic wave device used for nobile conmunication. 15 For exanple,
a mul tistage cascade-connected resonant filker is used as a surface
acoustic wave elenment for a systemthat requires a steep filter
characteristic since a lowloss is considered to be inportant anMWWHWHHW"MWMI
channel s are close to each ot her 2& théudh I &5 T dequéhcy band is ;

a GSM (d obal System for Mbile Conmunication) - IF (Internediate  *Goooo2*
Frequency) filter. In the nultistage cascade-connected resonant filter,
however, the nunber of stages_needs to increase 25 to secure steepness and
thus a | oss becones | arge. | nSURER Et%CBB§3F9 QA%FOBEVFFEquency band,
tuning i s needed between the stages of the respective resonant 2 filters.
The resonant filter is therefore difficult to nmount. Another structure of

t he surfage acoustic wave filter is.discl.osed . or exanple, Jpn. Pat.
Appl n. 5 KOKAI Publications Nos. 62F%§§%22%ﬁdﬁbggf£284. In the surface
acoustic wave filters of these publications, the frequency band can be

br oadened by frequency intervals of a nultiplex node of a resonator in each
stage. 10 However, tReHG isivanitii®nt red avedend e sRegskand Rfusitie e
filters since nultiple resonance frequency intervals chiefly depend upon
the el ectronechaei¢ak cauphifggceakkheecatons@per whdedelenéagkectric
substrate. Unless the phase of an unnecessary 15 hi gher-order nbde outside
t he frequency bandnetteHeinogeradleét opposite to that of a resonant filter
on the other party, the unnecessary higher-order node cannot be suppressed.
For thisl@eason, the in-band charactBackgroundnhot be designed virtually
under the 20 control. of the out-of-band characteristic. The filters are
therefore limted toRAshdsr koown,| gepeged lvo pr deddogisr eodi v SreRint h t he
propagation characteristi¢c of a _surface acouystic wave, a surface acoustic
wave filter usiR§tacioPpBbecyt0fEotiarechayesticntne ReEREEEAaAD) SPUDT
(Single Phase Uni-Directional Transducer.) ,has rgcentl¥Fbeen used, w

g M del
since it is higﬁ PﬂrfﬁgﬁiBFPPF§leW8¥§i§%}tFSMP 3 PH Sgg,aﬁﬁﬂséégyetg

mniaturi ze. '”WBOS 885&889used for mobile communication.

15 For example, a multistage cascade-connected
resonant filter is used as a surface acoustic wave
element for a system that requires a steep filter
characteristic since a low loss is considered to be
important and adjacent channels are close to each other

20 though its frequency band is wide, like a GSM (Global
System for Mobile Communication) - IF (Intermediate
Frequency) filter.

In the multistage cascade-connected resonant
filter, however, the number of stages needs to increase

25 to secure steepness and thus a loss becomes large.

In order to obtain a broad frequency band, tuning is

needed between the stages of the respective resonant



acousti c wave el ement RSPUDT, SPUDTs of conb electrodes fornmed in a
uni di rectional electrode structure are arranged such that the main
propagation directions of 5 excitation waves are opposed to each other. In
this type of surface acoustic wave filter, however, the internal reflection
of an electrode finger is positively used in order to achieve a
uni di rectional property. Both the bandmﬁd&g and skirt characteristic 10 of
the filter depend upon the ratio of a forwdrd unidirectional electrode to a
backward uni directional electrode, the reflection factors thereof, and the
nunber of electrode fingers. Therefore, .there,is a limt to,designing the
bandwi dt h and t helERFFt cﬁaﬁaﬁes?BaPErFégFerlhﬂeBBﬁH@ﬁPF? éﬂf§é€H16t%S I'n
particular, it is difficult to nake a broad bandw dth and a steep skirt
characteristic EBHB tible with each other. The present invention has been

d I d d f the ab ti d_ it hbj ect 20 t
or ovi 46 & Surf ace acOUBERE WA aE0T B EnSle: BHBTAES acp%a%ﬁhi%avss ’

broadband, and g; st gep; skistLoehaLACLET i shLCo Duashosyps obaLnventign A

surface acoustic Wwave device accordlng p{es FAventP

conpri sesgtwo OkogRiepE§§EéQEESB§ ﬁ8E”E@g°@%§09'Sﬁ8ebegﬁﬁb§45“b§5r%58 a”d

|nclud|ng a plurali regions, each regions havin ir

conb e'eCtrOdesswﬁﬁﬁéeSHEB§§€1$BM§er9@@9@&508fdtﬁéﬁé'BHBlQEStQBHQS'te to
each other, wherein at |least two of the transducers are connected in

paral | el to eachhet beequéndhebphaseah bavepbaaentauBg Ebhagukheyfrequency
characteristics of a transducer, especially an interval between resonance
points are var|Edtbyvahsyoﬁgatmeltaplexohodefofmardedoneebromnsewaﬁ regi on
to a backward-direction SPURT region in the transducer (the 10 ratio of the
nunber of el ectsbdgetingers in the former SPURT region to the number of

el ectrode fingers in the [atter SPURT reglon) In other words, the surface
acousti clave el ementiowsvayg,athesasdacer hmvthOanRQPUDmesPﬂ&@b@né of
performs 15 an internedi ate_operation between_a known so-called transversal
filter and a reEBﬂaﬁPOYFI?é?te¥6rﬁ%nﬁer@Béﬁhﬁ@ecﬁ@???aﬂﬁéséréﬁHeBSYtion
corresponds to the boundar ﬁimeﬁn th f orwar d- dliectlon aH ,
backwar ddi r ect i RSP sr%é?% Yi AePfB tPBﬂEdEE%re EﬂBﬁBmﬁﬁ anaGRLi pl ex

cleri tlc and,has a. of peaks

??SioﬁiiggagéiL%§?Hgﬂﬁ¥h§°?¥§ﬁaéﬁe 'hfapRPna 8 BiBePRREE S POTRS (1 ter
wih the RSPUDT.ShuEkpce. bRELESPRaNGNEEN! LY ﬁ”gﬁﬂ?¥8£b§§y“‘th the

variation of 25 fRe ra To o0 e nu rngers-of the

forward- ﬂsreCt'HEgﬁE&EﬁfaartHSdEVBGEQESQVth@ EP@qQEH@ngQBdeb§C£ﬁQde
fingers of the baCkward-direction SPURT 5 theréin nsequently, the

resonant point @8déhesfEegueppysaxeste6hengesor! & yasohabnbdrinabrt bg
i nterval between the resonance points was expanded if the nunber of

el ectrode fingetkeobthée parwvgy dederenheocasSEHPThbgheg+ondetr modleansducer
havi ng an RSPUDT structure fornmed on a 45 X-Z lithiumtetraborate (Li2B407:
LBO) pi ezoel ectedrngtibber auppvasseder eBoedtliis reasenti thef inhband

forward-direction SPUDT region was increased). Wth respect to the details
of this characteristic cannot be designed virtually under the

20 control of the out-of-band characteristic. The filters
are therefore limited to their use.
In order to provide directivity with the
propagation characteristic of a surface acoustic
wave, a surface acoustic wave filter using a surface
25 acoustic wave element R (Resonant) SPUDT (Single Phase
Uni-Directional Transducer) has recently been used

widely since it is high in flexibility of design, low



10 respect, please see 1999 |IEEE U trasoni cs Synposium Proceeding Vol. 1 pp
351 to 356. Using this phenonenon, two (or nore) RSPUDTS are connected in
paral | el .and opposite phase, the resonance points of both the RSPUDTs are
arranged on the 15 frequency axis preferably at regular intervals to
constitute a filter, and the outputs of the filter are subjected to
i npedance mat ching. A conbi ned broad- passhand characteristic can thus be
obtained fromthe frequency characteristics of the two RSPUDTs. In this 20
time, a desired passband characteristic can be achieved by controlling an
i nterval between resonance points of the RSPUDTs. The interval can be
control | ed onl yiByleRfngPRE EREYr 5Pi BiBLatRELRBmbefRothel SEEEBGE fi ngers
bet ween the forward-direction SPUDT and_t he backward %5 di rection SPURT. It
i s thus possi bl B°PBSEFFaligEet ReCHPRENRBFUPRe pRYSHENATr EPRO; GLPGLEPEESy by

lightly changi ' f.th des, . 6 Lf f th d
onnect od i n par SFRER RACR: BOURARPCFIENBINErEecEPap1 $RRET LRGSR and t he

ouher ranstiucet. bgnLs00RR' DLERI°ke3poboEAZEOR el BUE RS _

resonant frequenciés”are express

< Fu2. Sigce, tagrefg EontagvﬁggﬁﬁgrgégésEBW%Fr@QHE”B¥R8EQSG to the

resonant frequency F11I and ency close to the resonant frequency

Fu2 are kept 10 oppoghtentg %§Fa ekhghrrhbe Badehand RIeaglatist,i cs of
both the transducers are cancéell ed out each other. A steep skirt

characteristic rewelbus bBReaghtevadlasedlebylioff oband ehacaebael tingerThe
phases of the resonant frequencies F11 and F12 15 are opposite to each

ot her, the phasts pbsihévedgonastl inequderi es Echiend Rc@ndtdéreppdsnté to
each other, and the phases of the resonant frequencies Ful and Fu2 are
opposite to eachrophety.A Bothutheybbadwidah ahdsskeérlr chdenetder2etike
respective intervals of at |east four of resonant frequencies Fl11, Fcl,

Ful , F1210Fc2 anf fhe, filtexl dependquapnt sheathtéohef. aAfprwaydncy band can
t hus be broadened, The insertion |osses of at |east four of resonant 25
frequenci es Fllunfgireggionpioeleepradg Fazaabackrasst usadarecsiendd ot her.
A frequency band. can tgus be bro gened irrespectiv t he fregHencies.

f
Both of the traRbEGEEPeSeohhEcF BALPRERGRaF PEFOEFeEREFREE 0A SFRgl & chi p.
The transducers, copagcledeh0-parab! ¢inghss! O PRE 88 JL! f erght ¢RI BS-

limit to designing the bandwidth and the skirt charac-
15 teristic independently of each other. 1In particular,
it is difficult to make a broad bandwidth and a steep
skirt characteristic compatible with each other.
The present invention has been developed in
consideration of the above situation and its object is
20 to provide a surface acoustic wave device that requires
a low loss, a broadband, and a steep skirt
characteristic.
Disclosure of Invention
A surface acoustic wave device according to the
25 present invention comprises two or more transducers
formed on a piezoelectric substrate and including

a plurality of regions, each of the regions having a



- 5 Brief Description of Drawings FIG 1 is a view explaining and show ng one
enbodi nent of a surface acoustic wave device according to the present
invention; FIG 2 is a plan view explaining and showi ng one 10 exanple of a
conb el ectrode structure of an SPUD according to the enbodi nent of the
present invention; FIG 3 is a table explaining and show ng a phase

rel ati onship of resonance frequencies of two surface acoustic wave filters
according to the enmbodi nent of 15 the preséht invention; FIG 4 is a table
expl ai ni ng and show ng anot her phase relationship of resonance frequencies
of the two surface acoustic wave filters according to the enbodi nent of the
present inventi @ailr20fFcembs eilecs rodssh wivgsieaisminggcen o asteo winepag sftriegquency
characteristic of the surface acoustic wave device according to the

enbodi ment of t RArSFEIORE BHGeRPPOSitE to @ach ptdiesyr shexedimiati dgamtd
show ng surface 25 acoustic wave devices as conparative exanples of the
surface acousti &¥Ra®d &z§i5§a§@@HF&FﬁgaF@ CREPEFFES MdhPagelilitd Fesent

i nvention; 8 FI 7. is a graph expl ai ning and showi ng a frequency
characteristic §f8alkPEF ‘the surface acoustic wave devices of the

conpar ati ye exanpl es;..Fl .S a.qr ai_nj nd ,shaw ng anqt her 5

f requencygchar acteri s,Tthlecggfegggc 1&91e?ﬁ%r§sﬁ&|f0é1cng %gloa&s?clhce %ﬁ?@q’fé\ﬁyces of
the Conparat'Vecﬁé?ﬁ@k%%ﬁs?&@% 3f § 2, 9n300 P! s %%ga%%& %E?Md%%f%al
frequency characteristic of one of thé surface ‘acoustic ve'filTters of the

surface aCOUStiBeW@%%nd?%EBﬁaﬁgeaPBQBQEnQrEOv%&%e%”?@ﬁ%%?@%&%%t%@ﬁ present

invention; FIG 10 is a graph explaining and show ng cy

characteristic ehttibeost Bekoswalrace idee4sonC stave Hddieh @b tthe surface
acoustic wave device according to the enbodi rent of the present invention;

15 FIG 11 is abgraphréxgizieeitionase@usiioweddon damvheattiramsduceite (fuhequency
characteristics of the two surface acoustic wave filters of the surface
acousticlO ratio of the number of electrode fingers in the former
SPUDT region to the number of electrode fingers in the
latter SPUDT region).
In other words, the surface acoustic wave element
using a transducer having an RSPUDT structure performs
15 an intermediate operation between a known so-called
transversal filter and a resonant filter, forms a
resonant cavity whose end portion corresponds to the
boundary between the forward-direction and backward-
direction SPUDT regions in the transducer, shows
20 a multiplex mode resonant frequency characteristic,
and has a plurality of peaks (resonance points) on
the frequency-amplitude characteristic.
In the filter with the RSPUDT structure, the
resonant cavity length varies with the variation of
25 the ratio of.the number of electrode fingers of the

forward-direction SPUDT in the transducer to the number

of electrode fingers of the backward-direction SPUDT



wave. devi ce according to the enbodi nent of the present invention; 20 FIG
12 is a bl ock diagram expl ai ni ng and showi ng the surface acoustic wave
devi ce according to the enbodi mrent of the present invention, to which an
external circuit is connected; FIG 13 is a graph explaining and show ng 25
a sinul ated frequency characteristic of the surface acoustic wave device
according to the enbodi nent of the present invention, to which the external
device is 9 connected; and FIG 14 is a graph explaining and show ng the
actual frequency characteristic of the surface acoustic wave device
according to the enbodi ment of the present 5 invention, to which the
ext er nal deV|ceth§r@éﬁnec€@§SeBé?Pt&Udeth@rreépﬁﬁpﬁgpeﬁﬂtopntﬁ@elnvention

One enbodi ment of this invention will now be described in detail wth
reference to t hETBARRPRYsaXLE Fhanges.refér UAce IRUREs Ahat thei datesval
surface 10 acoustic v The surface acoustic ve deglce 1is so

devi )
Constituted thaPeEVERRT SPE AECRRAPESWBONER| Ve RXBRRGSR nd tog, PaBper
ti | d.a f fi,l.t B of d
S Tace acouet i 8E1B1EcREoR FihaBEE BEORRL FohfEtardiBeriof sEBECO S
o P2 e 88gR6auak! & LRURSILELS afiARCAR AEBUBACRCEARRLLY ©F O 1O

of RSPUDTSs arrange ropagation |rect|on of a

surface acoust i gozleyeng aA§§””1fEhth%h£@ﬁ Eé9P£b6£§¥§'{ﬂ92§46?Ct'0“ of a

surface acoustic wave n FIG 1 1s forward direction and fhe left

traveling directpg me&se&ebéracbaﬁbgakatélwsgthaerkagehh?l%a%ﬁeof
conveni ence, the RSPUDTs include forward SPUDTs 3, 8, 11 and 15 for 25

transnitting thea®SA¥ bl the Eerwared-direetion gpdpbagkyacd {BYDTs 4, 7, 12
and 14 for transmtting the SAWin the backward direction. 10 FIG 2

shows an exanpl énoteane8pPURTWekRCtesgecst koctheedeRhapdisr off this bars is
formed on a piezoelectric substrate 10. An el ectrode finger 3a with a width
of ~/8 (¥0is a wespkehgt hlehseheesulP8feIBBEecy1lEraspnécsedymposiamof the
bus bars, and an el ectrode

Proceeding Vol. 1 pp 351 to 356.

Using this phenomenon, two (or more) RSPUDTs are
connected in parallel and opposite phase, the resonance
points of both the RSPUDTs are arranged on the

15 frequency axis preferably at regular intervals to
constitute a filter, and the outputs of the filter are
subjected to impedance matching. A combined broad-
passband characteristic can thus be obtained from the
frequency characteristics of the two RSPUDTs. In this

20 time, a desired passband characteristic can be achieved
by controlling an interval between resonance points of
the RSPUDTs. The interval can be controlled only by
changing the ratio of the number of electrode fingers
between the forward-direction SPUDT and the backward-

25 direction SPUDT. It is thus possiblé to arrange the
width of the passband relatively freely by slightly

changing a design of the electrodes.



finger 3b with a wwdth of 3~/8 and an electrode finger 3c wwth a w dth of
~/ 8 both are connected to the other bus bar are conbined with each ot her
into a conb el ectrode structure. 10 In the conb el ectrode structure, the
phase rel ationshi p between an excitati on wave and an internal reflection
wave generated froman end portion of the electrode varies fromthe right
direction to the left direction in FIG 2. Wth the phase relationship, the
15 excited surface acoustic wave is strengthhened in one direction and
weakened in the backward direction, with the result that a unidirectional
property can be obtained. In the present enbodi nent, two conb el ectrode 20
structures into whi chft leaealpdvaheo ity agisdacesse connestt@de ins plegladd@l
symetrically are arranged to constitute a single transducer. The RSPUDT
structure i s obPaPn&gsqBeptdixgairenthest efwErtd  SBORT 286d Fule 2B8dc kKR& d SPURT
shown in 25 FIG are constituted as one transducer havin% Cﬁﬁg el ectrodes

sy

connected to a E5ARBNtEARSHEFSTTREScFESPPERES FEPEUSPFARGD t FCéal |y
with regard to Hél t2§ ?gundaré bet e? t he forward_and_backwar.d SPUDTs.
In the present BRBoBPfent SPReTSFINBEFI EXGHPERGARENETFs SHBE C5EFFEE. For
exanpl e, ghe nuggfi 8%,electrode fingers of the forward SPUDT and that of 5
el ectrode™fingers oP"Phe backward SPUDT do not al ways correspond to each
other. As will be deggnri Redqhat ek, -t ratiogaf th unmber of el ectrode
fingers between the ?g}mgrglgngegggkagFgﬁséu é %a%u%é varied with a

demanded characterisg&ﬁce;ptgggegggggd%ggrg@g%gsngg %ﬁlﬁﬁﬁ%%%%?%ﬁ%y

constituted of a single pair of forward and backward SPUDT r ons.” Sone
forward and backwasd &BUPher e8keRantaRreguahtgnged bRdoBRentigansducer. In
constituting a filter in actuality, a desired 15 filter characteristic is
achi eved by wei ghtgngnthecivsbate a&heugtsbnwatefekguency EFsRngra kept
directional property. In many cases, the arrangenent of forward and
backwar d1&PUDTsopposbte tonpkcbabetierTheéhef presbihd phesemternsentison is
not limted to the RSPUDT 20 structure shown in FIG 1 but can be applied
to such a conpl PEabethREPEDYrensducers. a¥rechncediedAoundeBchnothés -a
resonant cavity whose end coincides with the boundary between the forward
and backward SPBD¥5e8RdSpértoFhPAACLREAFHEEI 688 2BuspbeafrbicNedndsn a
transversal filter and resognant filter. If, in this structure, the ratio
of el ectrode fiﬁBePEtEB%§PPPHtFHQrPHEGFéﬁﬁéFd SPUDT in the 12 transducer

h [ [ he, back d,SPURT th in_ i.ed, I f
he rosonant cavity FRSRPERRS RE &NPoSGRPIoRY FAESPYNC G0t fddn PEedtant

modes of 4 fhese Bk%t%ﬁgob%t%h@BQSQch5oIHSrabQKS' ﬁ%%%bbﬁg %HéfégéoﬁgﬂHsF'C
wave filters A an ac ave a triple-mdde reSonant frequency. sum ng
that the resonaptchf18A8€BE! #E10hnkhec2UREBCEBPREAHSEI EoWBKBNS bithBE , Aadke
F11, Fcl and Ful and those of the surface acoustic wave filter B are F12,
Fc2 and 10 Fu2, thbephesepabt thequesehaatateeqyphesesdras badl ewa: akél <
F12 < Fc2 < Fcl < Ful < Fu2 As shown in FIGS. 3 and 4, the phase of the
resonant frequeoppokitei 8ooppohi behew.t hat fobquibacyebandntahr efjusnbg F12,

t he phase of the resonant 15 frequency Fcl is opposite to that of the
resonant frequebrpaBie@edand t he phase of the resonant frequency Ful is
opposite to that of the resonant frequency Fu2. Furthernore, the resonant
frequenct@s F11, Fcl Theufrespegtipe? iangrradsard &4t legssudlud @dnner that
20 the respective interval s between at | east four resgnant frequencies are

al most equal t o*88CRABENEF SIRANERES] Addrt FEA /| BYdesFof rafCPedB FHdr
esonant moaes RORCALEPRG BHGEH: 56 98chogkRRR: nbasceBrenRE baPfagan
acoustic wave fj r A resonant nodes of the surface acoustic
wave filter B a?55§088|§3gP§§é?§ér. One | arge frequency 13 band can thus

be created as L11ustifbednd FliGn JosSedcos! B 1R23ES Byl b2 SUsbAch:
acoustic wave filters an are opposed to each other outside but
25 frequencies Fll, Fcl, Ful, Fl2, Fc2 and Fu2 are almost
equal to each other. A frequency band can thus be

broadened irrespective of the frequencies.



near-the frequency band, the anpbunts of attenuation are 5 cancel ed out each
ot her, and the steepness of a skirt characteristic increases nore than that
in the surface acoustic wave filter A or B alone. If, in this state, the
insertion loss levels of the filters A and B are equal to each other, the
amounts of attenuation becone 10 infinite in the vicinity of the frequency
band. FIG 6 illustrates a surface acoustig wave device 21 including
resonant filters connected in parallel and’opposite phase, as a conparative
exanpl e of the surface acoustic wave device 1 shown in FIG 1. 15 Mre
specifically, the surface acoustic wave device 21 includes a surface
acoustic wave filterBREhioh $he strangduRer 3ictRREGEEGRAVEN cPRFRAtehndr e
surface acoustigc wave filter, B of second surface acoustic wave el enent.
These filters A%MF %ﬂe?cﬁﬁﬂﬂ%ﬁe§¥¥HW 20 parallel to each other on the

hi p. Th f ' £l i ncl ud
Brortal Transducer) 5 COMBRYEeETY aantfted b reREe LT S RebothS

pi ezoel ectric %.}pséir@gegﬁ%& ra'“f}gi%bl DT 29 connected to an output term nal 26

formed on 25 the piezo strate 20. The IDT 25 is constituted of

conb el egfrodes 23 and 24 crgssiAOpEECHi Pt 6 - of NSrafIng® s constituted
14 of conb el ectrodes 27 and 28 crossing each other. Thé surface acoustic

wave filter B includesgan | ¥ 33 Lonreepeaidnd Nend nPbwiggndnal 22 formed
on the piezoelectric substrate 20 and an I DT 36 connected to 5 the output

terminal 26 forgsbdimdlte ¢f ex calfddd Gacallist iatwavd. ddicd ecsrd $n

constituted of conb el ectrodes 31 and 32 crossing each other. The IDT 36 is
constituted of womhelmdgadesi Blerailicbr35 crossi ng each other. 10 Each of
the surface acoustic wave filters A and H has a reflector 37 on either side
t hereof . Each of theFBur facks axgpban cvieweeiplaning amdl ghimebng one
doubl e- node resonant frequency characteristic. Even though the resonant
frequendifes of a¥mmke fofced 10PRR RARGE R S UQtren &f AF1SPEhd Ful and

t hose of the surface acoustic wave fjilter B are F12 and Fu2, the frequency
charact eri sti c AFERHHLDAY TP LRERAIRRH iy K REFREHh V@ Q%ince of

the substrate. Unli he, surf ace oustic wave device 1 shown in FIG 1
the 20 device cannobﬁgéhi%v%saﬁyt%ﬁﬁ% FHIQ NG SRYGRI i 4 BEEC 7 or 8.

relationship of resonance frequencies of two surface
acoustic wave filters according to the embodiment of
15 the present invention;

FIG. 4 is a table explaining and showing another
phase relationship of resonance frequencies of the two
surface acoustic wave filters according to the
embodiment of the present invention;

20 FIG. 5 is a graph explaining and showing
a frequency characteristic of the surface acoustic
wave device according to the embodiment of the present
invention;

FIG. 6 is a diagram explaining and showing surface

25 acoustic wave devices as comparative examples of
the surface acoustic wave device according to the

embodiment of the present invention;



In the foregoing enbodi nent, the surface acoustic wave filters A and B are
formed on the sanme chip. If, however, these filters are forned on their 25
di fferent chips, the same advantage can be obtained. Since the RSPUDT
structure is adopted, the out-of-band characteristic can freely be designed
by 15 controlling the excitation of the IDT or the reflection
distribution by a weight function. The flexibility of the design can be

i nproved nore greatly than that in the surfface acoustic wave device 21
including resonant 5 filters connected in parallel and opposite phase. In
ot her words, the device including two acoustic surface wave filters can
achi eve a broader baBdCGthdnis @egrePhi RXPdailAGny SndgSBONEddstic surface
wave filter, and gbtain a steep skirt characteristic. The band 10
characteristic &ndr8EueBFYhaRaraRsrEistirsPfceash PEekhe BBTd8SEgned, and
the size of the device can be decreased. The follomnn are experinmental

resul ts of surfaﬁﬁuﬁEbﬁsWPgemaeglFPFtQ tﬂeaﬁﬂmgaéééﬁ RafrAGPt-®S F RSPUDTs 15
that are forned of a nun1 Al . pi.ezael ectr.i

Lobst pare oo on Lo BaBer Puid s\ Srketh eXed fonias” 3RS s

Co i I h
frggﬂghgyggggfa§¥aé?§%c¥ LF gékkﬁélgg%kgégeggggsgkc%&gvgw?f?fer A, and FI G
10 shows a 50- gzcbf HE@“QXYQhéééiESE'EE'Eh@fcBH§a§HE‘@%ee§%@F;%§C vave

filter B. FIG 11 shows a frequency characteristic of a co wavef or m

of the surface acous¥irg., m@vgsfhlb@@p%Seﬁprghtheahaegggqqxgcgaracter|stlc
shown in FIG 9 and the surface acoustic wave filter B wth™the frequency

characteristic shegiendyFtRardBteristbcFbé ohd bE! UBkr ahesatBeasbubace
acoustic wave device 1 whose input side is connected to an external circuit

including a reswatver fRlteascapfathtosu€faasdaasusndocivareLdeatidewhose out put
side is connected to 5 an external circuit including a resistor R2, a
10 according to the embodiment of the present invention;
FIG. 10 is a graph explaining and showing a
frequency characteristic of the other surface acoustic
wave filter of the surface acoustic wave device
according to the embodiment of the present invention;
15 - FIG. 11 is a graph explaining and showing a
combination of the frequency characteristics of the two
surface acoustic wave filters of the surface acoustic
wave device according to the embodiment of the present
invention;
20 FIG. 12 is a block diagram explaining and
showing the surface acoustic wave device according
to the embodiment of the present invention, to which
an external circuit is connected;
FIG. 13 is a graph explaining and showing
25 a simulated frequency characteristic of the surface

acoustic wave device according to the embodiment of

the present invention, to which the external device is



capacitor C2 and an inductor L2 to performmatching. If matching is
performed as shown in FIG 12, the sinulation of the surface acoustic wave
device 1 is given as showmn in FIG 13 and the sanme frequency 10
characteristic as that showmn in FIG 11 can be obtained. The actual results
correspond to the frequency characteristic as shown in FIG 14. The sane
results as the sinmulation showmn in FIG 13 can be produced. 15 In the above
enbodi nent, LBO is used for the piezoel ectPic substrate. However, the sane
advant age can be obtai ned even if another piezoelectric substrate is used.
In the foregoi ng enbodi ment, an experinent was 20 carried out on an IF
filter that recgonrRectedt ngRdn an external circuit. However, the sane
advant age can be produced froma pure-50- ~ driving RF (Radi o Frequency)
filter. The present TRGenifohSid #62PH| A¥PLALRGNThBNELBYEWRBIekBSdi nent .

Vari ous changes and i fications, can be pade w thout departing fromthe
saope_of Ctho e bia I Eearetey [ eesErarer it iy oot 1o SRRt HhaneTie

Ui cabili A di na. he f . : . . :
Goral | n band THE L€ A eCotOLERCEATERE FERRO HEET cof oris SBEe8R: "
charact erd sti c gl BSPUL, S, 1ok uh 80 £ 0841 0o SRLDTE {0810 8L £00
arranged that thelt propagation diréctions be opposite to 2ach ot her. The

SPUDTs have a uni diregkLkpn I r : [ LC enk0 OV} : RRopagat i on
characteristic with aﬁ%F?egéggngﬁyp?gggﬁéég ?gETﬁE Bgﬁdangﬂeégﬁ freely be

control I ed by varyingnbhgmbalifeRt 8zCeRRseiRGEALIENOfiaD SHYDEehaving a
propagation characteristic in the forward direction to a conb el ectrode of

an SPUDT havi ngdées @F Dped@aih 0fle €421 afi €l | BéE&réficé heo bewkvar gvdhgect i on, or
by varying 15 the resonant cavity if the bandwi dth falls within a trap

defined by the twgraxé¢t hin ofeféreseainehecil olesndLcsteepa skurface
characteristic can be obtained with a low loss and within a broad band.
18 CLWI MSadougtiaurvace dewoilscei c wave device characterized by
conprising two or nore transducers fornmed on a

The surface acoustic wave device 1 is so
constituted that a surface acoustic wave filter A of
a first surface acoustic wave element and a surface
acoustic wave filter B of a second surface acoustic

15 wave element are connected in parallel on the same
chip.

The surface acoustic wave filters A and B are each
constituted of two of RSPUDTs 5, 9, 13 and 16 arranged
in the main propagation direction of a surface acoustic

20 wave. Assuming that the right traveling direction of
a surface acoustic wave (SAW) in FIG. 1 is a forward
direction and the left traveling direction thereof is
a backward direction for the sake of convenience, the
RSPUDTs include forward SPUDTs 3, 8, 11 and 15 for

25 transmitting the SAW in the forward direction and

backward SPUDTs 4, 7, 12 and 14 for transmitting the

SAW in the backward direction.



pi ezoel ectric substrate and including a pair of 5 regions, each of the
regi ons having a pair of conb el ectrodes whose surface wave propagation
directions are opposite to each other, wherein at |east two of the
transducers are connected in parallel to each other. 10 2. The surface
acoustic wave device according to claim1, characterized in that each of
the transducers has a triple-nbde resonant frequency characteristic. 3. The
surface acoustic wave device according to tPaim 2, characterized in that if
one of the 15 transducers connected in parallel has resonant frequencies of
F11, Fcl and Ful and another transducer has resonant frequencies of F12,
Fc2 and Fu2, the res8&&nt 2f shguenene &xamplex ofe 89 §PHDT @leehgrodrll < F12 <
Fc2 < Fcl < Ful < Fu2. 20 4. The surface acoustic wave device according to
claim 2, characBEFRSEHTEN t RaPailF Bfebbf PRESt AaneyBedsoBoANBELER-i n
paral |l el has resgnant frequencies of F11, Fc¢cl and Ful and anot her
transducer has ?i@ﬁﬁéhF Fﬁ@&ﬁéﬁé?e%oof gpoelpesrodg fapgey gRavetds of the

bhage of the r cBoNARERs PRadertyl Relid & ARISang o That s BRI -

19 f F f _th t f Ful i ite t

that of the® resoRaRRCFRdqHanEy8La5, Ehe BE Bhrpace Sobl PLEc kT tevi co
di t | @i [ ' hat, |

Connect o4 i1 paralPST RBorsRoRaNtoFPontonc A0 SME A P lddTEpNEEL S

anot her transduggryhags EeaeBRA! ok’ QareNGHES e FdennéCrednth Rike SEREECTI VE

intervals of at |east four resonant frequencies are al nost equal to each

other. 10 6. ThpugUbhacgracesmblifedayettevhes aeaerdifdot @ ebabm 2,
characterized in that if one of the transducers connected in parallel has

resonant frequesteesroBeFitrubelrand Ful and anot her transducer has
resonant frequencies of F12, Fc2 and Fu2, insertion 15 | osses of at |east
four of ihe resonant Ifr éqeenombs edeetabdesstequaureq e¢hehpatber. 7. The
surface acoustic wave device according to claim1, characterized in that
one of the transelationabhpnebetwepn pareaktétashdnawsvheantr ansdnoternaile

formed 20 on a single chip. 8. The surface acoustic wave device according
to claim1, chaF8ELteFkien vavendenexatef £remt pRnSAHcRPEtéBRANEEL BB n
paral | el and ano&her transducer are fokned,oR di.fferent chips

CA_. Ah_. Ahr . AGABLRRREOAB Y AAL SRR OBhENRGRIIAE AR I AREEARE. AP, BRAr 1RAEAA?. Ar .
A U >p* 70K

(*}xsnid_Z]ca]cgfﬁgfgﬁfgafgafégIcﬁ]carég?cgfgafggfgafgéfEéfﬁﬁr%8]c&PSa]ca]c
a]Ca]Ca]f§]Ca]Cékgﬂlga]gE@kQ@LCQL85§¥§L*w§ve is strengthened in one

direction and weakened in the backward direction, with
the result that a unidirectional property can be
obtained.
In the present embodiment, two comb electrode
20 structures into which the above comb electrode
structure is folded symmetrically are arranged to
constitute a single transducer. The RSPUDT structure
is obtained accordingly.
The forward SPUDT and the backward SPUDT shown in
25 FIG. 1 are constituted as one transducer having comb
electrodes connected to a common bus bar. The

electrodes are arranged symmetrically with regard to



2=sBm . f hH} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! G krs| Ds} xsni d_Z] ca] ca] ca] ca] ca]
ca] ca] ca)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]calwl# 6 h
PISENETEEE"O"a" """ 1#f ####35<3} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢a] ca] ca] ca] ca] ca! <$h$$$$%D% %886
@@6&;&&&&"X""$(Z(((.)9)f))))*cr}xsnid_Z%ia]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calCT*****G
+mr+++2, e, ~ [1/011" 3} xsnhcAg]cagc gc &c calca ca]ca]ca
]ca]ca]ca]ca]caf@&]P&PBQFEX]g&FHSFBafég]éSFEQF apt ]g Fg PEq] 85PPdPca] cal " 3
P3444445H7y78 : .
fl f>krn9;°@?@m@EE%N&RA&E@KBFﬁff@ﬁIEWEPF&§F8§TC&P@afggT@§f3§]ca]ca]ca]ca]ca
ca] ca] ca]ca] ca al: a ca
SDODOEDC. e PO ERREBERRE £ ATGr PETCArd 2] 104 CARNGTE4 ChPe AR MEFraPEa) ca
ca] ca] ca] ca] ca C ca! 1 JJJKN
stz L NERERRIORRNROSET S B s %%%@%?Q] SPpER) eapcEned) 8 02 cajea
cal] ca] ca] ga] ca] ]c ] 6@l C C cahC a ] ca] cal
PP B OO B RaRS! Saasear 211 FhE) e Qi‘hxélﬁ?ﬁb A B R
gg} gg} \cNe/l\]/ caj ca] 661:%@1—396}1@31:6319%@}106]:@1@]1:(23] aal ¢akcabeakeakeabeal cakesl,cal cal
XUXXXXX+YDYYYY' £88ZZBLEYK\ bY\ theghuhbefrwotthkiepitdodk] €ahgakeabetjeehcal cal ca
] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]lca]calc
a, >pi K-  yl09%&the- £610EE andy pbokwé&r(d) SPUDTs can be varied with a
109%& ()-109%& ()- 10%& ()-$10%& ()-*_i K-& 10%& ()- 3"10%& ()- S
S109%%& ()- 1098emanpdediERafpcl&ediBR&iCr- 910%& ()- 70i K-6 10%& ()-
410@6&T(1 310%& () - 1109%& ()- S/ 10%& g) s-110%& ()- 9409k g) Ki H6
1096& ()10 10% >& PRe ‘tregssiyceyr- Sesshaot) fOQfG?f@@rl Yogpastytute
8@OY%& ()-}[<iH6 10&],:!'10%&R ()-}!&: llO%&.é
EL096& () - &F" 109588( FiPO&E" Pé%: P)f ferweTdoang) backyard SENPE 168ioPE0 1055

1055 1055! 1Y"1Q0%%5& A& 19 "B5&., 1 o6 109&
dEVH6 10S109%6&' ?me §%%yg§d ?nd 6&%£d(§ﬁ%$%oagga%§s can be agkangeh

10%&' () -s10%& ¥ X 10&$! 1096& 109%& 1 &Z" 109%05&' () -
10%5&;5%_5 10%5&3 fne tra%sﬁﬁNHQ ()- ()-s ()

In constituting a filter in actuality, a desired
15 filter characteristic is achieved by weighting the
surface acoustic wave elements using a directional
property. In many cases, the arrangement of forward
and backward SPUDTs is more complicated. Therefore,
the present invention is not limited to the RSPUDT
20 structure shown in FIG. 1 but can be applied to such
a complicated RSPUDT structure.

The filters A and B include a resonant cavity
whose end coincides with the boundary between the
forward and backward SPUDTs and perform an intermediate

25 operation between a transversal filter and a resonant
filter. 1If, in this structure, the ratio of electrode

fingers constituting the forward SPUDT in the
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20

25

f the resonant cavity is
varied. As a result, an interval between resonant
modes of these filters is changed.

The above-described surface acoustic wave filters
A and B each have a triple-mode resonant frequency.
Assuming that the resonant frequencies of the surface
acoustic wave filter A are Fll, Fcl and Ful and those
of the surface acoustic wave filter B are Fl2, Fc2 and
Fu2, the resonant frequencies are expressed as follows:

Fll < Fl2 < Fc2 < Fcl < Ful < Fu2

As shown in FIGS. 3 and 4, the phase of the
resonant frequency Fll is opposite to that of the
resonant frequency Fl2, the phase of the resonant
frequency Fcl is opposite to that of the resonant
frequency Fc2, and the phase of the resonant frequency
Ful is opposite to that of the resonant frequency Fu2.

Furthermore, the resonant frequencies Fll, Fcl,
Ful, Fl2, Fc2 and Fu2 are set in such a manner that
the respective intervals between at least four resonant
frequencies are almost equal to each other and the
insertion losses of at least four resonant frequencies
are almost equal to each other.

A total of six resonant modes consisting of three
resonant modes of the surface acoustic wave filter A
and three resonant modes of the surface acoustic wave

filter B are coupled together. One large frequency

105wWUG/
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Since the phases of the surface acoustic wave
filters A and B are opposed to each other outside but
near the frequency band, the amounts of attenuation are
5 canceled out each other, and the steepness of a skirt
characteristic increases more than that in the surface
acoustic wave filter A or B alone. If, in this state,
the insertion loss levels of the filters A and B are
equal to each other, the amounts of attenuation become
10 infinite in the vicinity of the frequency band.
FIG. 6 illustrates a surface acoustic wave device
21 including resonant filters connected in parallel and
opposite phase, as a comparative example of the surface
acoustic wave device 1 shown in FIG. 1.
15 More specifically, the surface acoustic wave
device 21 includes a surface acoustic wave filter A of
a first surface acoustic wave element and a surface
acoustic wave filter B of a second surface acoustic
wave element. These filters A and B are connected in
20 parallel to each other on the same chip.
The surface acoustic wave filter A includes an IDT
(Inter Digital Transducer) 25 connected to an input
terminal 22 formed on a piezoelectric substrate 20 and
an IDT 29 connected to an output terminal 26 formed on
25 the piezoelectric substrate 20.

The IDT 25 is constituted of comb electrodes 23

and 24 crossing each other. The IDT 29 is constituted
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The surface acoustic wave filter B includes an IDT
33 connected to the input terminal 22 formed on the
piezoelectric substrate 20 and an IDT 36 connected to

5 the output terminal 26 formed on the piezoelectric
substrate 20.

The IDT 33 is constituted of comb electrodes 31
and 32 crossing each other. The IDT 36 is constituted
of comb electrodes 34 and 35 crossing each other.

10 Each of the surface acoustic wave filters A and B
has a reflector 37 on either side thereof.

Each of the surface acoustic wave filters A and B
has a double-mode resonant frequency characteristic.
Even though the resonant frequencies of the surface

15 acoustic wave filter A are Fll and Ful and those of the
surface acoustic wave filter B are Fl2 and Fu2, the
frequency characteristic depends only upon the coupling
constant and reflectance of the substrate. Unlike the
surface acoustic wave device 1 shown in FIG. 1, the

20 device cannot achieve any broadband filters as shown in
FIG. 7 or 8.

In the foregoing embodiment, the surface acoustic
wave filters A and B are formed on the same chip.
If, however, these filters are formed on their

25 different chips, the same advantage can be obtained.

Since the RSPUDT structure is adopted, the

out-of-band characteristic can freely be designed by
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the design can be improved more greatly than that in
the surface acoustic wave device 21 including resonant
5 filters connected in parallel and opposite phase.
In other words, the device including two acoustic
surface wave filters can achieve a broader band than a
device including a single acoustic surface wave filter,
and obtain a steep skirt characteristic. The band
10 characteristic and out-of-band characteristic can
freely be designed, and the size of the device can be
decreased.
The following are experimental results of surface
acoustic wave filters A and B each having two RSPUDTs
15 that are formed of an aluminum (Al) film on the same
piezoelectric substrate as an LBO substrate on which
a 210-MHz PCS (Personal Communications System) - IF
filter is formed.
FIG. 9 shows a 50-( frequency characteristic of
20 the surface acoustic wave filter A, and FIG. 10 shows
a 50-Q frequency characteristic of the surface
acoustic wave filter B.
FIG. 11 shows a frequency characteristic of
a combined waveform of the surface acoustic wave filter
25 A with the frequency characteristic shown in FIG. 9 and

the surface acoustic wave filter B with the frequency

characteristic shown in FIG. 10.
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circuit including a resistor R1, a capacitor Cl and

an inductor L1 and whose output side is connected to
5 an external circuit including a resistor R2, a

capacitor C2 and an inductor L2 to perform matching.

If matching is performed as shown in FIG. 12,
the simulation of the surface acoustic wave device 1
is given as shown in FIG. 13 and the same frequency

10 characteristic as that shown in FIG. 11 can be
obtained.

The actual results correspond to the frequency
characteristic as shown in FIG. 14. The same results
as the simulation shown in FIG. 13 can be produced.

15 ' In the above embodiment, LBO is used for the
piezoelectric substrate. However, the same advantage
can be obtained even if another piezoelectric substrate
is used.

In the foregoing embodiment, an experiment was

20 carried out on an IF filter that requires tuning in an
external circuit. However, the same advantage can be
produced from a pure-50-Q driving RF (Radio Frequency)
filter.

The present invention is not limited to the above

25 embodiment. Various changes and modifications can be
made without departing from the scope of the subject

matter of the claimed invention.
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Industrial Applicability
According to the foregoing present invention
described in detail, a band characteristic is generated
from the frequency characteristic of an RSPUDT
5 including a pair of SPUDTs that are so arranged that
their propagation directions be opposite to each other.
The SPUDTs have a unidirectional electrode structure to
provide a propagation characteristic with a directional
property.
10 The bandwidth can freely be controlled by varying
the ratio of a comb electrode of an SPUDT having a
propagation characteristic in the forward direction to
a comb electrode of an SPUDT having a propagation
characteristic in the backward direction, or by varying
15 the resonant cavity if the bandwidth falls within a
trap defined by the logarithm of the comb electrodes.

A steep skirt characteristic can be obtained with a low

loss and within a broad band.
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(i) A surface acoustic wave device characterized
by comprising two or more transducers formed on a
piezoelectric substrate and including a pair of
5 regions, each of the regions having a pair of comb
electrodes whose surface wave propagation directions
are opposite to each other,
wherein at least two of the transducers are
connected in parallel to each other.

10 2. The surface acoustic wave device according to
claim 1, characterized in that each of the transducers
has a triple-mode resonant frequency characteristic.

3. The surface acoustic wave device according
to claim 2, characterized in that if one of the

15 transducers connected in parallel has resonant
frequencies of Fl1l1l, Fcl and Ful and another transducer
has resonant frequencies of Fl2, Fc2 and Fu2, the
resonant frequencies are expressed as follows:

Fll < F1l2 < Fc2 < Fcl < Ful < Fu2,.

20 4. The surface acoustic wave device according
to claim 2, characterized in that if one of the
transducers connected in parallel has resonant
frequencies of Fl1l, Fcl and Ful and another transducer
has resonant frequencies of Fl2, Fc2 and Fu2, a phase

25 of the resonant frequency Fll is opposite to that of

the resonant frequency Fl2, a phase of the resonant

frequency Fcl is opposite to that of the resonant
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5 transducers connected in parallel has resonant
frequencies of Fll, Fcl and Ful and another transducer
has resonant frequencies of Fl2, Fc2 and Fu2,
respective intervals of at least four resonant
frequencies are almost equal to each other.

10 6. The surface acoustic wave device according
to claim 2, characterized in that if one of the
transducers connected in parallel has resonant
frequencies of Fll, Fcl and Ful and another transducer
has resonant frequencies of Fl2, Fc2 and Fu2, insertion

15 losses of at least four of the resonant frequencies are
almost equal to each other.

7. The surface acoustic wave device according to
claim 1, characterized in that one of the transducers
connected in parallel and another transducer are formed

20 on a single chip.

8. The surface acoustic wave device according to
claim 1, characterized in that one of the transducers
connected in parallel and another transducer are formed

on different chips.



