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The present invention re [ﬁtlmcrtpmra kaypd-.pas o weﬁaéi!__ acoust i c vvave
(SAW filter including a gldmialshty: p;},,,é;% o pa ged A®sonators and, nore

particularly, to a SAWf} Lt u "'1'UraI|ty of SAW
resonators arranged in a #“33%?&%) p@'@& """" t°?ﬂ33€ 2.

Description of the Rel at g4 Akplyact ~:paged ...... @P@W‘\“}J fer having a plurality

of SAWTresonators l—ataged—se—as—to—define.a.dadder circuit is

di scl osed, for exX SHRIFACE AcoBBanes Rave dIQan Pat ent Publication
Nos. 56- 19765 an - 183380. A SAW filt of this type is
now described by referring to Fig. 1. The SAWfilter
general | ysz'tcmt‘nmmﬂ d® THE crerENT TONTET Al 1in Fig. 1 includes

vari ous ei eqlrodes arran d ana rectangul ar piezoel ectric

substrat SAW r esonat or s. In particular,

seri es resonatthes Presensg inventi@raclreﬂ@rtmj b6 @ ohengepasSAurtarat or
are connegl &Ly ), oyave (%ﬁfﬂ' eSfPf’f:]‘-é‘Penl ter?lﬂ%&'i@gangfa”s&#t put
arms ate etween the

term nal ara
i nput resonatqQyg n%lflldan’ﬂoéerEﬁ@FéﬁééaEéYenﬂipala A peklern el wdipat

term nal @ng;ﬂu&%mrtgundfposmt 'L@son%Q%&%Cthfﬁbﬁg\?éndlrparam hghder type

resonators and 6 éach including a one-port SAWresonat or are
| ocat ed |‘T’1”'E‘Héltp'aral |l el arns. The resonators 3, 4, 5 and 6
conprise interdigital transducers (I DTs) 3a, 4a, 5a and 6a and
gratl Ng tyP& . scri tlgnefclfcé Oé%e%_b Aé) 4c, 5b, 5c, 6b and 6c¢ | ocated

SAW propagating direction.
Each of the | s B« t £iddemchaddésga pai plofrality ofjnBaWdi resenators

el ectrodeseranddlf st g0y tl6GeL! £C15808r Ok ircuit is! MEidddbs | Stor

el ectrically connected with the 1nput term nal. I'N, while the other
i nt er di gi PEARRLYM edbr o@é’%e%%el'ﬂ-ﬂ"%aeps Patent Publication Nos. 56-
19765 and 5-183380. A SAW filter of this type 1is now

described by referring to Fig. 1.

The SAW filter generally indicated by reference numeral
1 in Fig. 1 includes various electrodes arranged on a
rectangular piezoelectric substrate 2 to form a plurality of
SAW resonators. In particular, series resonators 3 and 4
each formed of a one-port SAW resonator are connected in
series between an input terminal IN and an output terminal
ouT. Two parallel arms are located between the input
terminal and a reference potential and between the output
terminal and the ground potential, respectively, and parallel
resonators 5 and 6 each including a one-port SAW resonator
are located in the parallel arms.

The resonators 3, 4, 5 and 6 comprise interdigital
transducers (IDTs) 3a, 4a, 5a and 6a and grating type
reflectors 3b, 3¢, 4b, 4c, 5b, 5c, 6b and 6c located on
respective opposite sides of a SAW propagating direction.

Each of the 1IDTs 3a to 6a includes a pair of
interdigitated electrodes. ©One interdigitated electrode of
the IDT 3a is electrically connected with the input terminal
IN, while the other interdigitated electrode of the IDT 3a is
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2 connected with one interdigitated el ectrode of the IDT 5a and with one
interdigitated electrode of the IDT 4a by a connecting electrode 7.
The other interdigitated electrode of the IDT 4a is electrically connected
with the output termnal OUT and with one interdigitated el ectrode of the

| DT 6a by a connecting el ectrode 8. One interdigitated el ectrode of
each of the IDTs 5a and 6a is coupled to a ground potenti al. Accordingly,

in the SUE:B%%%C%%QU%ﬁ'tﬁ w\ée ihitekaigltatBy %%b%oaése@att%s 1PTARA 4nd €
connected i.n_series the input termnal IN and the output term nal

OUT to folhthe°8&ri éé‘tﬁlrﬁﬂ-g?ﬁét?ﬂo 6&P5Itlr8fiearﬁ§ arr8ef ofREd B8t wo¥n he
series arnbanécthaggmﬂuminﬂH&HWLaITh@1dﬁﬁérOintBESQgimatéar@HeatﬁﬂM$,

the paral | el d are co ected s [for g | adder
circuit. ot In%}I"Io %a gl6ae61a A T HE Yrat | H&“tefi%&dr e‘f’%@t oﬁée 319,‘1%?&1,1: 4b,
4c, 5b, 5¢er6\bpa60 Oélﬂ‘eahdr wedhobngl umiteodhigditetledr efet&lrode bDifiethe IDT

plezoelec Li uSyUbsh LR h the connecting el ectrodes 7 and 8.
In the S%ﬁVfPVtgr ?ﬂggt%n s%ggntQ??gggency of the SAWresonators 3 and 4

is set to be e§0&l %eﬁﬁégéﬁﬁﬁlﬁés@imtlﬁd@ql%‘nc%ﬂﬁf hetBAW PB8oRAt @ngl 5
and 6. Asea rgsubbuplBg wﬂpls %%A/ufdd tﬁétén@ﬁé‘l exhlAlacfoﬂa%@i@asslﬁl i@

characterlstlcs mhlch Wil g cri bed MAt reference to Figs. 2 and 3.
Fig. 2 isS4%% ﬁF&naSPBﬁF§8h8ﬁ3F| AT s howtRE Fﬁ€1§Fe6F§86ét§FPuét9P€ &t
each one- paet cBAMeresdndhosesibs| bettveehhaheusaguto tbeminkhe INeanaatdes 3- 6

[ [ T 10 | udi
:EtZLglgngFggtele?¥y ioB?@a angobetB; Fgggggd%ﬁ#pg @&ﬁ?F&PI%SFF}&ﬁlOf
t he resonarms. a¥he &brwedodestwd@a arhe 1Giemies arammgend othe ground

i nterdigi bét@ﬂt‘ma&h e@ﬁhe%‘ﬂe £ (PRI LY aé&lfé‘f’ \M%Em%r ethQC?ta?g 19%1

opposite Sides o ropagatlon dlre lon In ace acoustlc

wave propé&ﬁ?@é‘tor%éré‘f‘l‘gc@or%rﬁl et ebompthye afprmingita) dpdder

el ect rodecfiragees extendi ng perpendi cular to the SAW propagati on direction.
eI ectrode fingers of the reflectors 11, 12

Egtngegtnceiz \?\;tﬁ%ﬁﬁe(}éﬁt& S Bt he? aPecttue Fidigdls BYPE hepflectors 3B,”

3c, 4b, 4c, 5b, 5c, 6b, 6c are formed of aluminum or other
metal on the piezoelectric substrate 2, together with the
connecting electrodes 7 and 8. In the SAwWw filter 1, the
resonant frequency of the SAW resonators 3 and 4 is set to be
equal to the antiresonant frequency of the SAW resonators 5
and 6. As a result, the whole SAW filter 1 can exhibit
band-pass filter characteristics, which will be described
with reference to Figs. 2 and 3.

Fig. 2 1is a plan view schematically showing the
electrode structure of each one-port SAW resonator similar to
that used to form the resonators 3-6 in Fig. 1. 1In a SAW
resonator 9, an IDT 10 including of a pair of interdigitated
electrodes 10a and 10b is located at a central portion of the
resonator. The electrodes 10a and 10b are arranged to be
interdigitated with each other. Reflectors 11 and 12 are
located on opposite sides of the SAW propagation direction in
which a surface acoustic wave propagates. The reflectors 11
and 12 comprise a plurality of electrode fingers extending
perpendicular to the SAW propagation direction. Both ends of
each of the electrode fingers of the reflectors 11, 12 are
connected with the ends of other electrode fingers at their
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3 respective ends. Wien a voltage is applied between the
interdigitated el ectrodes 10a and 10b of the IDT 10, a surface acoustic
wave i s excited. The excited wave is confined between the
reflectors 11 and 12. Hence, a resonator having a high Q can be achieved.
The SAWresonator 9 described above is indicated by a circuit synmbol shown
in Fig. 3A and has an inpedance- frequency characteristic shown in Fig. 3B.
As shown o Fb&:ivd eddi®. | NPedance is | ow near a resonant frequency flerr],
and is very high at an antiresonant fregueq&g f%%%r i Therefgre, when t he
SAW r esonat or WheMd 3si KPLERISAWS c8BRALEHs RFtW n%@teedlpﬁe FaytRted
circuit sgnéderodédsthea SV resonat othe 3IdP 0 foansatedcasasboyvic nwiveg. 1,
if the resonant frequency, of the.%eries resonators_i.s sgt go be equal to
the anti ré%on%’ﬁ‘f”f‘?‘gwen@eof exRd TS aMPYE r 280nSPBFENCENe Fﬁﬁﬁ??ouﬁbﬁt

| npedancerefihedeonst theand 012 he Herecterretoratopaikanieg ia hbgh vp ccamty of
this frqu;ngg ievggus, a passband can be forned. Figs. 3C and 3D
respectivery " show a circuit diagram and an inpedance-frequency
characteristicTot SAY Imsondtogr 9. dReteibedg ahwve gis 3¢ndwkesed diynal is

i nput to & f*‘cﬁi‘@“ts#xﬁ}%é‘i nalnd Uihe Fignal 3gog§§ainha§t hAe iRpeashte-

frequency flerr] O he series_ resonators can be transmtted to

t he out pufreanensyl corrackebighit hEhQWR| 48 FdSonatlor s 25 SHMPWR 1k Fhat

case, the3sjgopk cfpepansst ak e MR&ANaAtrésesaebCcTrégeentyi 8 naid is
transmtted to th round since the rallel resonators_ 5 and 6 have a high
i mpedanceV&tYt ﬁéggnt tre%’bnaﬂglfrf"‘ﬁaﬂéﬁgy NSYhi ot i ?”é%‘fe FGe BRERI to
t he resonané SAwquesopatper B] amkd tdimidend AW esesmiators8 anel donfactéd

ot her han he, si I ent. ad e,antj.res nt [ery].of
t he seri egnrteaso%lga %%% 533%9'2 {gsug*loiﬁeagbyél{{egggriregsgoﬁ%oésg’\? a?\d 4.
The si gnatornépbe@nasatshawn risoRage flnegukenthef r@scnagt tfrequandy epf

resonat or ghe k8rieansBsbhedoke EBesQ%0@$iH¥“§§Fdf“t@e€ﬁ§5§n9iréB§néﬂw
| npedance_at the resonant fre uenC)‘(L flerr]. nsequently, . the signal

conponent THBEECRGY r8ichthRe SRSl Sler KGRAnadPEs, the” input/output

impedance can be matched to the characteristic impedance in
the vicinity of this frequency. Thus, a passband can be
formed.

Figs. 3C and 3D respectively show a circuit diagram and
an impedance-frequency characteristic of the SAW filter 1.
Referring to Fig. 3C, when a signal is input to the input
terminal IN, the signal component at the resonant frequency
f,. of the series resonators 3 and 4 can be transmitted to the
output terminal OUT through the series resonators 3 and 4.
In that case, the signal component at the resonant frequency
£
resonators 5 and 6 have a high impedance at the antiresonant

is not transmitted to the ground since the parallel

frequency £, which is set to be equal to the resonant
frequency f., of the series resonators 3 and 4. On the other
hand, the signal component at the antiresonant frequency f,,
of the series resonators 3 and 4 is blocked by the series
resonators 3 and 4. The signal component at the resonant
frequency f,, of the parallel resonators 5 is transmitted to
the ground potential because of the low impedance at the
resonant frequency f£,,. Consequently, the signal component

does not reach the output terminal OUT.
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4 Accordi ngly, the inpedance-frequency characteristics showmn in
Fig 3D are obtained. As shown in Fig. 3D attenuation poles are
formed at the vicinity of the antiresonant frequency f[err] of the series
resonators and the resonant frequency f[err] of the parallel resonators.
It is noted that a passbhand PB is defined-as a frequency range at which
attenuation is within 3 dB (or 6 dB) with respect to the center frequency

of the filter mi rti 5 !ﬁg%ﬁﬂﬂ ed as
a frequencx rangeégglﬁgf%h a??gnu5§§%% 'S %J%ﬁ? 0 dBS?hh§3g£§%}g€iéﬁ
respect tehews cént efigr etRerisie ofohtfeingd t er 8F aShPWRnuidi nBE&9ti oAP} oss.

Accor di ngaggeﬁﬁgtgg,greggmggon%q-edesgm‘gd ongof the cenvamtitgnaloglevige,
such a SAWfilter is arranged toé?ave a hand-pass filter characteristic

whi ch pr o?PB&EEFBNRRhs EFEABRTEYs L-anB | SEY LPRaf ESRNAROESs i hahbeat

tﬂe vi ci nkbyoﬁénthefﬂhiﬁiﬁ?wh 3df f,, offhehe bpﬂiapnés reéddattﬂfr;. fIft is
characteris e .a ntio ter. 1 may be sufficient to
provi de tH8I°?fCiI F@P%Cﬁarpe?cﬁsgr né{egg +or Sgbg %Vfﬂ'gssa fq]ﬁ%‘} R cHE Y e a€
required wbwehabtyeaustagn isHomiestein 3i dBr elcent 6 ydans witthe resgpaatal to
between thg, ”c%'?r?t@zssfP %eggy A Eﬁ%té‘f’ce&t'? rr? rﬁ%ﬁrﬂ ?n?é? bgfome

| ul'ar nobi

very closé i na commnica evi ce suc a ce et ef ephone
to enhancé&ogfe eAfSEPEhéydoﬁBuﬂﬁlﬁiépl@#ﬁﬁnaﬂ(ﬁﬁrinﬁﬁﬁﬁﬁ¢QCWWm@%ge at

Ther ef or eyt BR §é\¥\é£hh£%nllgoe,§tﬁ% @Iovv%s (IQJ:OVIIOjE‘dB?}Jeri@hef‘és%é‘éﬁci:bw ty.
Thus the inventors have determ ned here is a need and- pass

filter hatPRg CEnSt&IepbFeeReY | RS ctﬂéﬁ aét’-éFFEt QT cBr VT eﬁﬂﬁﬁﬂ?l n
response hegween a passhband and a stopband as conpared to presently
avai | abl e devi

t he frequency Sgﬁﬁﬂégg(ag? g§ %f %@?g?égglc?g%gnesghgéhzéggggﬁéﬁdOf
and stopbandyentlosabodeemceonauby ahsayhﬁnmtgrziqyanrangeﬁntnxmawemhich

the nunbeg,ph. %QéQ“i‘&?ééB' %hia‘}g"c%%:%ﬁgtﬁg quc‘?xasﬁréxffdéé)tf&w”&!ﬂgéhﬁ?&nt he

resonat or _st agés shodu e use Aresonat or stage conprises a pair
series anéoﬁérépﬂeﬂagﬂwr%%iﬁﬂﬂQi%9n Hohed e FtoRRaRdt 9& ﬂﬂﬁbéYl%ﬁn%Eﬁgﬁg

the passband.

The band-pass filter characteristic of the
aforementioned SAW filter 1 may be sufficient to provide the
filter characteristics for a band-pass filter which were
required several years ago. However, in recent years, the
interval between the transmission frequency and the reception
frequency has become very close in a communications device
such as a cellular mobile telephone to enhance the efficiency
of utilization of electromagnetic waves. Therefore, the SAW
filter 1 does not always provide sufficient selectivity.
Thus, the inventors have determined that there is a need for
a band-pass filter having a steeper filtering characteristic
curve or frequency response between a passband and a stopband
as compared to presently available devices.

In order to increase the sharpness or steepness of the
frequency response (attenuating characteristic) between the
passband and stopband, it is conventionally thought that a
general method in which the number of resonators is increased
to increase the total number of the resonator stages should
be used. A resonator stage comprises a pair of series and
parallel SAW resonators. However, when the number of stages
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5 is increased, the electrode res is undersirably increased in
proportion to the nunber of resonators. This leads to a deterioration of
the insertion loss for the filter. Furthernore, the process of arranging
the increased nunber of el ectrodes on the piezoelectric substrate becones
much nore conplicated, which in turn renders the manufacturing and

assenbl ing process nore conplex and al so increases the size of the

pi ezoel ect(l ¢ AHRBLERke AN PVCLALLLILALET roshBeblics vl | LALLELLQRT o e

i nposed on thé er des act ur
|ncrea5|ngn¢h@aﬁ@®bén(ﬁrQﬂQ£ﬁ¥9n tOF@hetmﬁmb¢©r@§mﬁﬁf0nﬁ§ﬁﬁﬁs Thiae

i nvent or s; o hay er dlef et dethtdefod NOF s BnslerBivh fds LAVER tﬂw@f ch

achi eves a steeper frequency response at an Interface pbetween a pass band

and a st opDHANSHRIHA FRer 8XSCESSt IRE nakb_RISNIt Fdest EREe3 4 hBUBRRF

filter. oﬁUwfé@é:‘aaeEHthN\@\éﬂ Philezoelet@ier coabs t hetr Qdreglenaehbed
above, the referr |nen s of éhe pres vent i on£SCEV|de a_suyrface

acoust i ¢ MABFeSC €+%% i WRICH &0 LRER; FFR ﬁff; thﬂ?BV PE&ABafPBn in
a stopbangdseoémbhendi precess mdﬁaﬂdumPlemeandeh&soednmﬁnxka&wmheoﬁibbe

present i pyegtion,praude 3 SIS A6E AGUSLLG WOKERL Len ol oh B oYl des
i ncreased”ht CERUATITST and an 1 nproved TFequency- resp Ction,
the pref evaed ehb@dt@@n@@sofarhe preesed i onenthen §1bveue desighacend

acoust i ¢ yagrdit ﬁ{n{hﬂnééhbacgﬂ%ﬁ 3nSAdRs MERAMOMANhE RakBbLebs

r esonat or and arrange Uce a spurious conponent at_a
specific $?%@%%ncy Wigirc h the Ié@éﬁé&lﬁstwééﬁspﬁéfre§8ﬁanﬂnVP§&8§ﬁcyhéVethe

paral | el decenained arthat |’@M\éﬁéld ief & reshandret thesawr B acowntich wave
filter or_at.a frequenc ocated between an antiyesonant frequepcy of t
eri 66 1 cAUNHPETS dhcEERPEh EHETRPOTh et PBCBARI bl ShnonEaF FACE REVHSERc
wave filtar passbahdcatridona asdoatiaadt agathoutusagereasihgs theurnunisex opfionent
produces @hélg@éééga{ﬁlyhéqg&ﬁaéﬁpkéfeepness of the frequency response and
I ncr eases

SUMMARY OF THE INVENTION

To overcome the problems described above, the preferred
embodiments of the present invention provide a surface
acoustic wave device which has significantly improved
attenuation in a stopband of the filter.

Further, the preferred embodiments of the present
invention provide a surface acoustic wave filter which
provides increased attenuation and an improved frequency-
response.

In addition, the preferred embodiments of the present
invention provide a surface acoustic wave filter which
includes a series resonator and a parallel resonator and
which 1is arranged to produce a spurious component at a
specific frequency which is located between the resonant
frequency of the parallel resonator and a low end of a
passband of the surface acoustic wave filter or at a
frequency located between an antiresonant frequency of the
series resonator and a high end of the passband of the
surface acoustic wave filter. The location and advantageous
usage of this spurious component produces a significantly
increased steepness of the frequency response and increases
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6 the anmount of attenuation in the passband. According to a preferred
enbodi nent of the present invention, a surface acoustic wave filter

includes a surface acoustic wave substrate, an input ter ke HA BRI
termnal, a ground termnal, a series resonator disposed
acoustic wave substrate and having a resonant frequency aiﬂlwgﬂmﬂ[ﬁﬁﬁ’ﬂant
frequency, the series resonator being electrically dispos

I nput tergh?agméﬁgttgfl§F£8H5a£féﬁiﬂ§!tﬁg gg%ﬁg?io as to define a series

arm and irst para resonat or Spos the surface acoustic wave
substrate haviAGCardéBgnat® fa equraisrrad ambodimergonaft thequpmesenhi ch

i's subst aphi@ht Yohyleat isediface ROURSMaMvd M€ YiRb .]&éy@s Ssrgﬁ§§aggt een

resonator, the first parallel resonator bejng electrica di spose
the seri e@CQPRFARd H2§PouNYPSETRTRal SO aslARMef FREMENA] [ staRar ARERAtAr m
the seriesesmimabd theyddurst tPpermin£l, abMseisls trdddihtod adigposdd CHht

such that e ce acoustic wave filter has a edet erm ne ass band,
wher ei n tFlltéQf isr%sli[gapaera ?%Tlsli’égoﬁvaﬁvoer ﬁ&ésgrggﬁriadﬁg gﬁﬁﬁﬂﬂerﬁ ppsgnant
f requencyfregaerdy bandean ahtiresonant frequency,othehsetiest rpaonhter

resonat or a f : n e f cqQusti.c ve filter
or at a f?ggﬁ n§§2¥%§3$€§1829%5§%§%%3 gﬁ?héﬁ&néﬁ% ﬁﬁgageﬁ% T4 eaggries
r esonat or tRRdOBtRIREh tegaioplt Ha mesirmhdsof ashdos defbdne axossties ware,

filter. andThe denesligdrANGy OGRIdGHAY | A SHINIOUSnC OTRANCRE - L L N
specific desired fre uenqy can be achieved by sétting a distance r befween
a refl ect%?mé%‘al‘énwﬁ%? FIRHEF 45 alRBLNG e SonhEPPNARE hETPEYENEKaRIB 53R 1 ]

or great eantiweséndper firequetcy Avhich iavebkepgtineliadl ¢uridas jagqusthc
wave gen wave substrat I n addition, the

[ f [ e.
st eepnesgag% e%ﬁg P%QS]UZ#%?/‘%%%%%(;%? Lgaebgqrﬂﬁseagﬁﬁoﬁﬁt%ﬂ adi€ngE 2 HF dt h
of the elRa¥ablrl f regenasbrt heeimy erdiegitizicalignsdisposedi tetweesl oskst 0
the reflegdofed 0aka 1£5F hhafd Qrarﬁltiﬁa?er%d nL B9 ﬁ%i e§&£9Q§ f ngf{'sst of
| ector of the p e :

the interdigital transducer or re ar a resonat o

Fur t her niR¥F 23R! f Aquenther expoiR® @M bandnpkkeed st parallel arm

constituting a ladder circuit such that the surface acoustic
wave filter has a predetermined pass band, wherein the first
parallel resonator has a spurious component at a frequency
located between the resonant frequency of the first parallel
resonator and a low end of the passband of the surface
acoustic wave filter or at a frequency located between the
antiresonant frequency of the series resonator and a high end
of the passband of the surface acoustic wave filter.

The generation and location of the spurious component at
the specific desired frequency can be achieved by setting a
distance r between a reflector and an IDT of the parallel
resonator to be less than 0.5\ or greater than 0.5\, where A
is a wavelength of a surface acoustic wave generated in the
surface acoustic wave substrate.

In addition, the steepness of the frequency response can
be increased by arranging a width of the electrode finger of
the interdigital transducer which is closest to the reflector
to be less than that of the remaining electrode fingers of
the interdigital transducer or reflector of the parallel
resonator.

Furthermore, the frequency response can be improved by
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7 arranging a pitch between the electrode fingers of the reflector

to be less than that of the interdigital fls B0 Rd)BEeqt e spurious
conponent is |ocated outside of a stopband 0 of the paralle
resonat or. The surface acoustic wave fil iéFuwi o the preferred
enbodi nents of the present invention may be ackage whi ch

encases the surface acoustic wave substrate. Such a package includes a

PLural i tys plah 564 T 0fle AIPOSRA R NenBaCkager 2Bdea Pig?éfétyofjf Hpadi ng

W res. The gl e electrode fingers of par | el resonator

const i t ut BeBLeREPT cko i he el eFgyi thaRdt kA @ obhR, lféﬁﬂr% df txgpsducer
interdi gigat athate! @@le 0Oparibes etefpoh&Emt | Vi oneested t sugkilieassrong of

the el ectrodes on the package through the bonding wres For the

pur pose oftPPPIRY r%ﬁlﬁge ﬁ%glr?ﬁl"é?ﬁl%fn the,dhar qsleghd?ﬁ*?qnﬁ.tﬂ’r‘e dr awi ngs
several forns T\ﬂi\éChs@fﬁa@éESaE\duhsftﬂf efﬁu@d filtdei ngeaoxtbisg oo hovever,
that the inv | '

ntio t imt t he pr.eci s arr.ange nts
bnd i norr RREECEHS, LEmefifiments TOED £pklrprelEne 1Bt i BPCBE 0
is a pl anpyoeidahoin ng packzoeveni¢chnehcidselicrhe yspu&wufactmmtlc wa\Fe:g 2

| t
Saw 1 Bsor STt EEES TR L RSP SALLRIES d Qb RIT 4 L Sl e fligedor
di agram i 41eResed i Ry BheiPRTKAIR\ARSHIA Lfsléﬁac]d-tdemf-t donddng W@éf(ﬂ‘-ﬁat or.

Fig. 3B igha FrpFalitystdat 'ﬂlﬁa”é@.e‘c'f&@@@m?lﬁ@égﬂenéf ChRé achgFa p1ér of
the prior art SAWresonat or. shown shows. a ci rc It

9,
d|agran1oFeﬁﬁ%a%QNV???§%+t%ﬁ%wﬁ P?F?HE# ﬁpterd1g4gfé%ﬁ) ofdes.
| npedanceohé equncytnéar aﬁiwncﬁlglmzamfedt hee A fodéer ibovvnelébﬁrg::allly

or of o1 r ed SHEBG TonE Col' s kTR ehbrosT the ppfeclffies B, xhe nadkiss o
t he SAW fthtengkholn bending wires.

For the purpose of illustrating the invention, there is
shown in the drawings several forms which are presently
preferred, it being understood, however, that the invention
is not limited to the precise arrangements and
instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a plan view showing the conventional ladder
type SAW filter.

Fig. 2 is a plan view schematically showing an electrode
structure of a one-port SAW resonator used in the SAW filter
shown in Fig. 1.

Fig. 3A is a diagram illustrating a circuit symbol used
to denote a SAW resonator. |

Fig. 3B is a graph illustrating the impedance-frequency
characteristic of the prior art SAW resonator shown in Fig. 2.

Fig. 3C shows a circuit diagram of the SAW filter shown
in Fiqg. 1.

Fig. 3D shows an impedance-frequency characteristic of
the SAW filter shown in Fig. 1.

Fig. 4 1is a schematic plan view of a SAW filter
according to a first preferred embodiment of the invention.

Fig. 5 is a circuit diagram of the SAW filter shown in

7



8 Fig. 4. Fig. 6 is a plan view schematically show ng an el ectrode
structure of a one-port SAWresonator used in the SAWfilter shown in Fig.

4, Fig. 7 is a graph illustrat}ngl.ng.sigenadsnsae- f requency

characteristic of the SAWresonator fllal | el resonator in the SAW
EHE lust rating the relationship
' I s generated and the

filter shown in Fig. 4. Fig. 8

bet ween a frequency at which a spur]

distance§¥?ywﬁylthe | DT and the reflector. Fig. 9 is a graph
illustrating the frequency response of the SAWfilter shown in Fig. 4.

Fig. 10 is a drdph 6 145ust R ke SThERRdHCR lds fheyd ngr amhelsanmads er
accor di NGty A G & | ¥ife S¥D| SAW OFe§ONREHT S@Be801AT eher aw enbadixent s
of the pr?fent.invention. Fig. 11 is a plan view of a SAWfilter

accor di ng™ e fdd Preferred enbodi ment of the invention. Fig. 12 is
a circuit diagrigzn of fibe aSAYdpi t e1lesorating Fitpe limpedandd-frehhidrrya
graph ill stra%?gg_%hg regatiggshgg be}§§$8a@0£req¥qyc¥“§t whi_ch spuri ous
corrponentc asrager‘ia £F ald t i8%el 2eVr of i nger digTance bét wEst &ns1 or
and the nefdagstt@r. in thE §AWl£Lilsexr ghaph iihl Fdgrati.ng t he

i npedance-fre Cyg characteLigti atglkl LES gL e AW
filter shown ?ﬁ%&lés ﬁ.é &Eghﬁgﬁ%ggi{:ggggagapﬂ i ?Jlel}gt ?’aﬁg&]’gbt ﬁ% f redﬁency
r esponse %of L¥Q@UENEY f pkt &fhishovd FRUFiLgus)Ffomponenty i ggppegagedprand
i||UStr?HHHJdﬂ%%%&ﬁ?W@ﬂﬂkehe%m@“SQFOEth$h8A¥§EEEEESIQCC?rdiPgtLO a :
conparative exanpl e f.or conparis, o preferr enbodi nents o e presen
Cventton RIS 15 o i ke i (el P SRS g SHROREE oo
structur e sawdiditleal shesandinoriysed.in a SAWfilter according to a third
Gl ectrode otracdabria padhan +EubrEANidd chhe 2EBheHR P HRAR 4T g
to a fourath phef Avedfédbedi mereording to a comparative example for

' comparison to preferred embodiments of the present invention.

Fig. 11 is a plan view of a SAW filter according to a
second preferred embodiment of the invention.

Fig. 12 is a circuit diagram of the SAW filter shown in
Fig. 11.

Fig. 13 is a graph illustrating the relationship between
a frequency at which a spurious component is generated and
the electrode finger distance between the IDT and the
reflector.

Fig. 14 is a graph illustrating the impedance-frequency
characteristics of the parallel resonator in the SAW filter
shown in Fig. 11.

Fig. 15 is a graph illustrating the frequency response
of the SAW filter shown in Fig. 11. .

Fig. 16 is a graph illustrating the frequency response
of the SAW filter according to a comparative example for
comparison to preferred embodiments of the present invention.

Fig. 17 1is a plan view schematically showing an
electrode structure of a parallel resonator used in a SAW
filter according to a third preferred embodiment.

Fig. 18 1is a plan view schematically showing an
electrode structure of a parallel resonator used in a SAW
filter according to a fourth preferred embodiment.

8



9 Fig. 19 is a plan view schﬁ1 Ill%é 49 an el ectrode
structure of a parallel resonator used i CCOI’dI ng to a fifth
preferred enbodi nent. Fig. 20 is a pI “ +E ically show ng an
el ectrode structure of ‘a parall el resonat Wfilter according
to a sixth preferred enbodi nent. Fi g. 21A Is a graph show ng

i npedance-frequency characteristics of parallel resonat ors accordi ng to the
first to sixthepgefergedignbgdi PRRLS. view F'&hen?a]t@_cdlsl show ng

| npedance-frequency characterisfics of parallel resonat rs accor ng to the
np ‘ﬂr y gA

first to &t @f EFrBgtuRfofheft Parallel gresonatary usesh iRed

SChen'&tICﬁiiﬁ/eﬁl'wm:cbhgdﬂi‘ged@Cé rpﬂpcrstgwﬁé&ﬁed)fe@dzﬁr@dtel resonat or used
in a SAWfiIt%( acco”g@] to 22 venth preferred enmbodi_nment Fig. 22B
tThe

is a plan vie I y sh aﬁg e e AR SY Yur eSlH?WH“-’par%'PI el
r esonat orelesetdroae asSA\d\ttulrEerofacaorpiamg.ltei arssypatbr pnafeey r e anbsmw ment .

PO 223051 for SaciABlhg SIOW N TSANGS1 B gliar acter i stics of

t he paral resonators is a graph
show ng i npeddkte- f 2dduenty char a@I@PIilst ishowdnat hellpaedalh@ feempmency s

shown in dirackZisticd & ﬁ%&dfﬁéﬁ‘fﬁ&éﬁéﬁgkériﬁgb éngggsgce'

frequency characteristic of the paral resonat or shown |n Fi
Fig. 25 i éﬁ%@%‘?ﬁﬁ/ﬁ?ﬁjﬂ ae‘?k?%ﬁw-response of the SAWflIter with the

pﬁra!lel resorlaj(gjg),r slzqg]!yn I 15 Fi g. h 2¢¥aph slﬁbg,m%? Iﬁm g,m‘lf?_tlgggq‘gé h
showi ng a an reguenc racterlstlc of the alle resona or
shown in ‘1‘2}? r’g) fetid Fi p?]‘yaflgle:ail r?gc%PIqugflﬁjetrﬂ:y theshbisk of

t he SmWVfﬁdtswxmhtpreﬂ&rqnﬁwﬁmnﬂdﬂmennsator shomm in Fig. 22B. Flg 28
is a plan vie a Wid | ter r to er enbodj ment
of the |nvent\|¥‘o fbﬁé 1s Zeg ﬁfﬁpa%ig?m%ph &&#i@{? ﬁ ghc?"ﬁ’tt,‘ngfr"‘g&]uency
char act er¢keqtezods ﬁhéuSAWﬁ lafer asipamelibelri gese@ator uBieg. imOa i$AWa

di agram fiilwst raddd¥iiddeo f4 @@RMh preferred embodiment.

Fig. 22B is a plan view schematically showing an

electrode structure of a parallel resonator used in a SAW
filter according to a seventh preferred embodiment.

Fig. 23A is a graph showing impedance-frequency
characteristics of the parallel resonators shown in Fig. 22A.

Fig. 23B is a graph showing impedance-frequency
characteristics of the parallel resonators shown in Fig. 22B.

Fig. 24 is an enlarged graph showing an impedance-
frequency characteristic of the parallel resonator shown in
Fig. 22A.

Fig. 25 is a graph showing a frequency response of the
SAW filter with the parallel resonator shown in Fig. 22A.

Fig. 26 1is an enlarged graph showing an impédance-
frequency characteristic of the parallel resonator shown in
Fig. 22B.

Fig. 27 is a graph showing a frequency response of the
SAW filter with the parallel resonator shown in Fig. 22B.

Fig. 28 is a plan view of an SAW filter according to a
eight preferred embodiment of the invention.

Fig. 29 is a graph illustrating the frequency
Ccharacteristics of the SAW filter shown in Fig. 28.

Fig. 30 is a diagram illustrating the frequency

9



10 characteristics of the SAWfilter according to a conparative exanple
for conparison to preferred enbodi nents ofTﬁh@m-GE§QQLRqueption. Fig.
31 is a plan view of a SAWfilter device ac# ' *“5ﬁparative exanpl e
for conparison to preferred enbodi nents of ¢ wﬁﬂﬂyﬂkention. Fi g.
32 is a plan view of main part of the SAWfilter own in Fig. 31.
Fig. 33 is a plan view of a SAWfilter device according to a ninth

preferr edopabodt R ics ol Sneddaks ﬂrltpe‘i'u!a\@o%irr%’l il d Sa,ggém%ethe

SAWTfilter vi ce according to the conparative exa for conparison to
pr ef er r ede¥aABRHE nefPE ofOMPRr b$@Rentoi npeefenred emipdimagntss gf the
equivalen%régéﬁgiindéggi@ﬂ1of the SAWaccording to the ninth preferred
enbodi nent . Fi

.Fig,.36 is a_graph show ng a frequency. response of {he SAW
filter device Bt%orditngSt8 Pﬁgncgﬁ'&é’r é’[\% e %oﬁ’rq]ﬁé?ﬁ LD NPEFPEIHY 0
pref erredtenbadi rentpmreft ivie peesmple | Nfent | edmparisbng. 37 iprefgraph
show ng a_freque response of the SAWTfilter device according to the
ni nt h pre?%??‘gﬂngﬁ%%d‘?fﬂsﬁ?? pres%r}!%g_lr%er}tslo&.pl an view of a SAWfilter
devi ce accordihggt o32arisata oplaf wiewnlf pragfrerpaxdt eobodiheersAw filtegy. 39
IS an equ&ggl?gtsﬁévggﬁ%ﬁdpﬁg@m of the SAWaccording to the variation of

odi ment .

the ninth preferred ent . Fig. 40 is a graph showi ng a frequency
response of thBi®AW3Ei LEeR ®ddnc¥igicO®idinPAW fhktemrdenion atcoprdimgnt h

preferredegndogi MRt preferféd- edod fmehtc) 0ss sectional view of a SAWfilter
device according to_a tent L\_grrgrefer,red enmbodj nent . DETAI LED DESCRI PTI ON OF

PREFERRED EMBADF9ENPS 18 f AR &Y &RBB iR tof LA BRe It thEveSAW on
are expl afhkteri ndeditai |l acedrdimg ol | ONEé Ngoompd Pt Bpds exdmpl & ef esence

i ew and e 658 SR e ot S ampodiitines’ il el i R i)
filter accordiffgto3a® fisstamprefuivatierhbadlinmritt ofliageam of the SAW
according to the ninth preferred embodiment.
Fig. 36 is a graph showing a frequency response of the
SAW filter device according to the comparative embodiment for
comparison to preferred embodiments of the present invention.
Fig. 37 is a graph showing a frequency response of the
SAW filter device according to the ninth preferred embodiment.
Fig. 38 is a plan view of a SAW filter device according
to variation of a ninth preferred embodiment.
Fig. 39 1is an equivalent circuit diagram of the SAW
according to the variation of the ninth preferred embodiment.
Fig. 40 is a graph showing a frequency response of the
SAW filter device according to the variation of the ninth
preferred embodiment.
Fig. 41 is a cross sectional view of a SAW filter device
according to a tenth preferred embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are
explained in detail in the following paragraphs with
reference to the drawings attached hereto.

Figs. 4 and 5 are a schematic plan view and an
equivalent circuit diagram of a SAW (surface acoustic wave)
filter according to a first preferred embodiment of the

10



present invention, respectively. The SAWTfilter, generally indicated by
reference nuneral 21, includes a substantially rectangular surface

acoustic wave substrate 22. In the present preferred embodi ment, the
SAW substrate 22 is preferably a 36[err]-rotated, Y-cut piezoelectric plate
made of LiTa(err] Series resonators 24 and 26 and parallel resonators

23, 25 and 27 are arranged on the substrate 22. The resonators 23, 24, 25,

23h, 23, P3gh R anVEREioBeC T fbo R, e TR AL VREpEERLTE O

ref | ect or dndagated; by eferancespumeszl 28p, ireduder) %naub%aaf—eaﬂ-byat ed

on the oppeatasgﬁlsl@s Hirtdds Ldvdstid/awaled SAMsPraRagagson dihecthan,
respectiv he SAWflItegogl i s connected with an input termnal IN

and with Bﬁgﬁﬁ%ut PLEFRTRSA OBFPodHmENSer &0 eSitht o'?r%bséhraa‘i’%l 262 ar &S
connect edprafeeabky hetdgfexrothaedd)pu-der nphakoéNeaddiouppatet aiddab s OUT,
t hus defl Rgo2 series arm The parallel resonators 23, 25, and 27 are
connect ed % gmken the series armand a reference potential, thus each
form ng a par afeeiear nesonat&nsh24f ande 26DEnd Jeatal DA rmdmmlasrsl pajr of

i nterdigi ?@‘t QQdaﬁCtaﬁc@e rran bt ‘13:51% Lrdleed ?{ I odgy, Of %3 8? %F%?de

t he paral | resonat or 'S ectr connecte 0 one |n
el ectrode2df £he 125F 2’433: 0?7t hécééﬁﬁegDﬂ‘és&i’ea:orzﬁdr b95a,cdr6raeoand1g27a

el ectrodeaﬂ@ fé\@m@Lty@@n@éﬂé@t&f@%mdQ?@ ei:ﬁ&t rzﬁal '2}’51&0@‘5%“? ye
ot her 5grd| 9 tat I ectrode of the |1DT 4a one inter 1t at ed
el ect rode Bt % ‘?Dzl' cQS%es%‘?ﬁJtl‘f%lY'oné'"l"lentr&féﬁﬁitpé'ﬁea-”bel 88€roddb ., of

the |DT 226a. 25b§ 25t hexrébgonpeet i mgmﬁl alﬁarng%: Sthel ePcSc!Eaf@dl ijnc;)ﬂ?ggt S
th th d ec e te atoo interdigitate
el 20&032 E(t’%%géggll 8 hﬁ"ﬁe oﬁ?e Pnt g?ﬁl ottt ataedg§Wec?’F%%§aB+°‘Phe

| DTs 23a, dP5ect bowml, 2ﬁ$E#Q$xRﬂ&Kxned with the ground potential. Therefore,
the SAWTilterrRd & desi@bedh ] 01 HausnRed AUHGH: O T4H In GO L SHEALL PR NOWN

'n kg and with an output terminal OUT. The series resonators 24
and 26 are connected in series between the input terminal IN
and output terminal OUT, thus defining a series arm. The
parallel resonators 23, 25, and 27 are connected between the
series arm and a reference potential, thus each forming a
parallel arm.

Each of the 1IDTs 23a to 27a includes a pair of
interdigitated electrodes. One interdigitated electrode of
the IDT 23a of the parallel resonator 23 is electrically
connected to one interdigitated electrode of the IDT 24a of
the series resonator 24 by a connecting electrode 28.
Another connecting electrode 29 electrically connects the
other interdigitated electrode of the IDT 24a to one
interdigitated electrode of the IDT 25a and to one
interdigitated electrode of +the IDT 26a. A further
connecting electrode 30 electrically connects the other
interdigitated electrode of the IDT 26a to one interdigitated
electrode of the IDT 27a.

The other interdigitated electrodes of the IDTs 23a, 25a,
and 27a are connected with the ground potential. Therefore,
the SAW filter 21 is designed to have a ladder circuit

configuration shown in Fig. 5.
This Sheet Has Been Replaced
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12 The SAWresonators 23 to 27 and the el ectrdes including the
connecting electrodes 28 to 30 can be forned of a netal material such as

al um num on the substrate 22 by an appropriate nethod. For instance,

al umi num may be deposited over the substrate 22, and the al um num | ayer may
be patterned by a photolithography technology so as to formthe el ectrode
structure shown in Fig. 4. Alternatively, a conductive nateri al

S s 2 A iy OFeSEROLE ) STl o7 SHRR! (AL Saf8erH3H0Y InlPRAipY

evapor ation, sputtering, or of od to orm -t
The el ect?%@iecﬁﬂﬁ%'ﬁaflé Sﬂeﬁﬁtﬁoﬁ@,ﬁoﬁ&tdms 3 @@nzkbe |foem,edt hzf rmrrbetabf t he

nter di gihatepl Lt oaes and tBeunihGRO! B, 38 Oob pn in

Fig. 4. ractjce, the SAWresonators 23-27 _are prefera I deS|%ne usi ng
paraneter%P ORPT L3tk PRthog: e EOBePBﬁﬁanc?abPéuEHQ&RNﬂﬁKHbe feppaited

Number ~ yest apthe |l Bubstrate 2DJ- and the glegir@fde 1apér! ayW gEh
wavel engt h refl S in

airs
di stance P E%ﬁ?%‘fC?ySQMPhOtOlliaﬂgrgpLy §6°h%°186Y so af & form the
0. 46[ errlelestomader dxuct e SAWown inlOFig. 4.50 Alt5ﬁnat1ve£yl42a

0.5 ANAt aF :

0. 4%?2;1] ?%sonator%@%tegﬁhfmgﬁ%haﬁ |?§§§%§HP F%QQUem%%R? ﬁ?ﬁdcﬁntﬁge
paral | el FHaHERlR s223, WHNP7a| gagkef drabeyaperatdons tspuisesuibsg.anoral |y
equal t0 dtifer G dY {d o8N hd [ﬂédtfzfdé fyac@fa e S esonators 24, 26.

Therefore, the SAMVflIter 21 operates as ass filter,
electrode stéﬁcture of the resonators 23 to 27, i.e.,

the number of the interdigital electrodes and their lengths,
are only schematically shown in Fig. 4. 1In practice, the SAW
resonators 23-27 are preferably designed using parameters as
listed in Table 1 below.

Table 1

Resonator Number of Number Overlap IDT IDT~
electrode of IDT width wavelength reflector
fingers in pairs distance
Reflector

SAW 100 50 60 4.303 0.46A

resonator

23, 27

SAW 100 50 50 4.142 0.5

resonator

24, 26

Saw 50 120 120 4.327 0.43A

resonator

25

The antiresonant frequency f,, of the parallel resonators
23, 25, 27 is preferably set so as to be substantially equal
to the resonant frequency f,, of the series resonators 24, 26.
Therefore, the SAW filter 21 operates as a band-pass filter,
since the filter has the ladder circuit configuration shown

This Sheet Has Been Repla
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since the filter has the | adder circuit configuration shown

13 in Fig. 5. In each of the resonators 23 to 27, the dista C8. o

bet ween each I DT and the adjacent reflector is preferdJBs h, a8 PR *dance
with the characteristics contained in Table 1. Mre spe L | I

di stance between each I DT and the adjacent reflector isl t so

as to be less than about 0.5[err] in the parallel resonators 23, 25 and 27
while the distange between each IDT and the adjacent reflector is
pr ef erablﬂ? év°t 8 *be about 0.5[err] in the series resonators 24 and 26.
Thi s arrangemdm egcddwdeshe smaconai®rsordForient27.n thee JiStANCE heds®emn or s

23, 25, 0 t at &84 eRel@chk8sONEd!t pried@sandy Odet hg
r esonat or%s%cgl& f%% %ngpalﬁﬁgt hagﬁak(}%e%@er%g?gf cpassbandﬂ(c)f the S Wf?l tern 21.

As a resd@ccogdanges Whthi dihe cEhpEACHEriEtAES| ReRtLned A8 shrkigid-

frequencydrecatpenigdesalihed ahoveaisithace cHEEREYn I RIRINSEDTS dmde the
sufficient]y steep betweeh the Iow%r end of the passband andlthe end of the
st opband 24TeFRNd \F§t 1Rt Yesdfi BEFTSTARYY (3R 8t 2P WeIRky. 1eSS éﬁinfiis

a pl an viadbwuzclierfdt iicalthe Pareliglonresotmtpres of3,t 26 AW Rgsomdiler $hesed as
a parall¢f; at ' hi ef e I_menk . S or;,

gener al | ? J‘lsr}t%?l%%t eggg{yaﬁéf e%%cgfée ]ﬁéjfm?aé}%g%gehag&%ggﬁﬁ' élegjflg%a ed at a
central poeficgeblyhaietofto be abpug O0.53T irg2thénspudes resonpsors @i

i nterdi gift ©¢ el ectrodes 33 and 34 having a plurality of electrode fingers
33a and 34a, respectively. The electrode fingers 33a and 34a are

i nt erdi gi t at edNASt PERPIGIERY . PIPAUCRS | DTSPRIIPHE FWMBARED hethedh he

centers @farthdedl ecdsaxtecdrgeBs 333 am 84aapitichbef 1bbatelietatat®n _
et 13, kel BeBRSCEEORY 10k WAL Sy T AAT) gy e ) s
Ref | ect orlowehr aamll 36f apassbandedfortheneSApphslter sktles b$ aheesDIt32fand
B R L N ALy Lt
and 35c. fZiaguendyy laseth oandessr ihed ahesta odds ifrgauengys rasponse is
made sufficiently steep between the lower end of the passband
and the end of the stopband. This will be described in
further detail below.
Fig. 6 is a plan view schematically showing one example
of the SAW resonators used as a parallel resonator in this
preferred embodiment. The SAW resonator, generally indicated
by reference numeral 31, has an IDT 32 located at a central
portion thereof. The IDT 32 includes a pair of
interdigitated electrodes 33 and 34 having a plurality of
electrode fingers 33a and 34a, respectively. The electrode
fingers 33a and 34a are interdigitated with each other. 1In
the IDT 32, the distance between the centers of the electrode
fingers 33a and 34a (pitch of the electrode fingers 33a and
34a) is preferably set to be about 0.5A, where A is the
wavelength of the surface wave excited in the SAW resonator.
Reflectors 35 and 36 are mounted on the opposite sides
of the IDT 32 and include electrode fingers 35a and 36a,
respectively. Both ends of the electrode fingers 35a are
connected to each other by common electrodes 35b and 35c.
Similarly, both ends of the electrode fingers 36a are
connected to each other by common electrodes 36b and 36c.

13



connected to each other by common el ectrodes 36b and 36c.
14 Also, inthe-reflectors 35 and 36, the di stanagaisbBpkveRRednrepieRNt €rS Of

- the electrode fingers 35a and 36a (pitch of the eI s 35a and
36a) is preferably set-to be about 0.5[err]. & Hl!r 31, used
as a parallel resonator in the SAWfilter 21, exh|b| |y strong

- spurious conponent X having a frequency f[err] between the r esonant

frequency f[s%”l ,@tngnéhfembwfgnéat a rde%en%é[&]t{,i%eéesﬂewgég Eng 7.

The i rrportanc tron Spuri ous co onent W descri In nore
detai | belasnters OfCoTFﬂ%nﬁﬂ-GﬁEFP?e £hogarst ddce anchel Gbon( B LR ePFeliisr 35

or 36 and dihedrldhie3% iRfetieess Seind 03bf) apOUbrOrbL 861y HEEavsebel About

conventi onal_.devi ces, prevention of any spurious conponent X was thought to
be reqU|réU r proper functioning of the filter 21. It was previously

consi der ed thatTHeheSWUEéQUﬁa@@ﬁp@ﬂentuséﬁ asulad mMenezeeaﬁetorhan
perfornancg and char cterl tics Therefore,

the prior geli cksltehe 2dir stﬁﬁgéb?“éﬁ/asa aF\%iV\élggﬁyt SRR SF?PF]
prevent t leonpenemt i on dhvingh a s;ﬁmequaacyonﬁpn@dt@éenThlt@edl MWmt in

the prior V. n g fq%gﬁf or S n;
0.5[err] 6§£§HI§K£ eﬁhmgﬁd Qhethat%gﬁ%%ngﬁghan E@Zﬂhé o%gréaggﬁdln
produce aﬁ“&hde%rredmypuimpg§tébﬁ90ﬁéhtthls SUH$WQN%P%EQQ¢$|éﬁ@@@@enﬁhe

di stance r,{08t WReRABHeRCL mdre aethPI beidelined as a center to center
di stance between the el ectrode finger of the reflector and the el ectrode

finger of theIQSPWﬂﬂPﬂ?W%¥§ﬁﬂM§ﬂ%Nﬂ1§§?QQ&WFoPﬁEVee?ntB?hEFf&6F8§r e

di stance fod S& &hétengeidbronnt hascHderr e tbe Béeabbedeof BROBecalusidhe
refl ector WhICh |s c.I 1qﬁ@s&to the I DT to.t.he center of the electrode finger
e

of the | DETWY SYI5EHe PESVERGIER. O o ATy SRR CUR; FOMBONEAKs
t hat the ddsWamcéhoughtd¢b|n&d bgguidedt doce thetpesenfulet enirey of itihe

el ectrode ¢ o]T & ?m of th'?asre%ggg_gﬁsﬁ %%%s?%ﬁegnt atof ¢ %Qen%lu yuede

finger 34m nventors o referre nents of
t he preserMOMBARSIY onxdl youter e bt ARET8ABENt §3"tﬁ aPeEfeERaRee and

characteristics of such a SAW filter. Therefore, in the
prior art devices, the distance r was always set to be 0.5A
to prevent the generation of such a spurious component X.
This distance r in the prior art devices was not varied to be
greater than or less than 0.5A because it was known that such
a change in value of r would produce an undesired spurious
component.

In this specification, the distance r between a
reflector and an IDT is defined as a center to center
distance between the electrode finger of the reflector and
the electrode finger of the IDT which are adjacent to each
other. In other words, the distance r is a distance from the
center of the electrode finger of the reflector which is
closest to the IDT to the center of the electrode finger of
the IDT which is closest to the reflector. For example, Fig.
5 shows that the distance r is defined by a distance between
the center of the electrode finger 35m of the reflector 35
and the center of the electrode finger 34m of the IDT 32.

The inventors of the preferred embodiments of the
present invention discovered that the amounts of attenuation
in the stopband are increased by advantageously utilizing the
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in the stopband are increased by advantageously utilizing the
15 spurious conponent X instead of trying to ellnﬂmam&aohss&ﬁpé ﬁ&jthe

spurious conmponent X as in the prior art devices.
i nventors' discovery and anal ysi s pursuant thereto nf| r med
as shown in Fig. 8 that the frequency f[err] of

conponent can be controlled and that tEe f;equency f[err] decreases
he dj he, | d t t econes snal | er
fhan 0. sy ey Lo ARG U | thetoalloln k- inGoc Bhentt HFERTES 2D
desired fsuppress niyeammcvuﬁg adrpafigntarktas iandheesipur iaots deonporsant X
can be useq efd ectdyply 19r ! ROV dlienidider gIAORLAYT SLhds Qﬁai{?‘f ieAW

filter. In order to use the spurlous conponent gni f1can
i ncr easi RPEFHAHouRReER A t dfudtasonbeen P@%ééé‘?@ar%ﬁ t%h%’@d&ée Fie 'y

spurious geonRgE Ot u@nwemff | of degid e@pfurrﬁ‘&»‘&%ncléom§8ﬁéhf:' cahhy,péf the
frequency f4 9£ qé}the sp |ous conpgnent i's toqQ high, ripples are
pr oduced SR ]t p%\%%b CohtRE WOGPAURRSYI t Ii n IRAXBITHS i D oFDEhe

i nserti omdisssnceCony dieteleen Itfhé henffr equemw ther rkfiectee 13V bédemes

spuri ous one bu tesonant characteristics of
tﬁg SAW rse“gagfr?; %rgginand%us &'bﬁg a tgpgfl?a‘tlferﬁﬂﬁod’r?ng:r X n&2% BF oved.
The SAW fg¢neratad aatoany ngesorede fpegeentyphgf adjexttantg)mhmrm.s‘sanmeended
to achi e ala! UHeLaSEut fodl CRRAGRREAL [HCChRCHNGYCE CURMNE DR (PEp,  he

| ow end o e passbanhd an opban he “inventors have

di scover edRIRME tthe fiiddhfih Shates @S s mf- ithe Saded idit@pness bet ween

the low end ofrg hﬁ:dasstbﬁﬂdsél%é F@p@f&b@é ddiRpori apbars | $i §elt svese Py
setting the frequenc f[errh t1E)url ous conpanent, hlgher t han t he

r esonant %ﬁﬁ?ézﬂsggﬂ % r FOBR th‘e TEIAT I oddt oS, NeCeRFRFKertor e,

t he invqmcniu;:edl thevespdribat td!mmpmemt:con Iaossacaﬁpbelﬁieyﬁrﬂl@ﬁtfé?)m
being in e r. than the | ow
ond 71 er ARl PRSI g ca e LRl oF, teind P Sl

f r equencycamranEgntof lﬁnetmrhegbrcomppéﬁs |erpre1bemdlb¢§d setthimt vielem t he

resonant pdJBARNCY whi&h' ] wehigt heregzylacl ! einreaeee£95§aes19nt hef OVEfe end

flerr] of t he _passband of the SAWTII
insertion loss. Conversely, lf the frequency f, is too low,

the spurious component X is buried in the resonant
characteristics of the SAW resonator 31 and thus, the amounts
of attenuation are not improved.

The SAW filter 21 according to the present preferred
embodiment is intended to achieve an increase in steepness of
the frequency response between the low end of the passband
and the end of the stopband. The inventors have discovered
that the frequency response having increased steepness
between the low end of the passband and the end of the
stopband is achieved by setting the frequency £, of the
spurious component higher than the resonant frequency f,, of
the parallel resonators. Furthermore, the inventors
discovered that the insertion loss can be prevented from
being increased by setting the frequency f, to be lower than
the low end £, of the passband. Consequently, as shown in
Fig. 7, the frequency £, of the spurious component is
preferably set between the resonant frequency f,, of the
parallel resonators and the lower end t,, of the passband of
the sAW filter 21.
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16 In view of the foregoing, in the SAWfilter 21 according to the
present preferred enbodi nent, the distance r between eHﬁhﬂmﬂtMHMm Répéaked
transducer of the parallel resonators 23, 25, 27 and th nator
is preferably set as given in Table 1. Specifically, i f _
ector

resonators 23 and 27, the distance r between the IDT anI!mLEe re
is preferably set to about 0.46[err]. In the parallel resonator t he

et 1o be preorlh abror it o0 B0oHe | B Isan P ega P ﬁ%én‘apvla%#? e
di st ance %o i ther presgpity qurcmsbo%mb@dam?retr]thﬁ dhstsareey rkeowesmrs 24

and 26 C%Htﬁ?tﬁﬂtéf‘d§8it8§ transdl®@rf idt eﬁhagpﬁk}ame&erfe%fdn%%oqfs ti@ SAW
filter 21 constructed as described thus far aré shown in Fi

conpari schP+ o2 509 Eher aQdeceshs fesonadorhiich Rias efiahilyasat atehegsm
filter 21lrexpw1ethat Sbécdfit&ﬂ@?,thW@ﬁ@ td&&all@'élalldastdiﬁtm‘fs' €t ofnd\vas

t to O. t he. SAW reson ors The I lLterin .
iﬁaragter S{?rgL $£§ﬁ?§ce A FEVEER b ﬁﬁi EBﬁp&?ﬁ%o gﬁﬁctﬁgmnl§n
Fig. 10. prefeﬁbﬂgarse;tont@fabdmetf0eq6|kncy1mhaiaqbaarahlte]csreeﬁoﬁtgsr P and 10

reveals Ul Giegusaey o eaponseralahie SAWII talodd d1gBs on s | oper

side of t pass € abruptTy and has™"a s r¥hcline
t han t hatbasth t ieluesparst iset Spev bel trreferaiilys, lese thapbakbudt t @ndkt i on

at the fr&ﬂt@@yofﬁgwﬂaﬁdlsthgpa%%qnézé fi-bqt fABaragmaied 4 Oarfa?e of

the conpar atlve SAW f Fi gs. are a Schematic an view

and a ci r&A® di’h@?’%%ﬁrle?%m% zéccﬁféjc |2(§ waraectied: dn é@é’éﬁél ‘ng to

a second pr ef eryeed ﬁmmiu tcﬂ)far'fahﬂ;érﬁ.‘éQﬂ.Usonofr egpect sxw! yeiillver SAY
filter, enerall di cat.e nce nuneral 41, inc

f des
subst ant i aﬁqsy e e gif af® BFgBége fc TaHhsITat 8hA%n i %lgubi’r atfPm2 is
pref er ablqonmrascﬁn 2 BEAW of Bl ek %s:mormmue&@i:twhmlplvaie siimilalGerr ]

Series rec?@aéﬁsfi§t§%5 ﬁ“deélg dtﬂgrtaléheé f&%}?’% ‘é’egﬂ ﬁ%n?‘% are

i ncl udi ng a one-port resona r an onnec I'ng e
arranged 2w tihe sipfshectar 4e8s meh W@ Qntbrkoparkl s:ckw r%mm&@ﬂ?

conprisepsan.DT ank a Maiterdhg ebhashotaribt ¢hsi ¥er RESE t88w! Hi1 68
built for comparison are shown in Fig. 10.

Comparison of the frequency characteristics of Figs. 9
and 10 reveals that frequency response of the SAW filter 21
drops on the lower side of the passband (denoted as A) more
abruptly and has a steeper incline than that of the
comparative SAW filter. Thus, the stopband attenuation at
the frequency region B is improved by about 10 dB, compared
to that of the comparative SAW filter.

Figs. 11 and 12 are a schematic plan view and a circuit
diagram of a SAW (surface acoustic wave) filter according to
a second preferred embodiment of the invention, respecfively.
The SAW filter, generally indicated by reference numeral 41,
includes a substantially rectangular piezoelectric substrate
42. This substrate 42 is preferably made of a
36°~-rotated, Y-cut piezoelectric plate of LiTaoO,.

Series resonators 43, 45 and 47 and parallel resonators
44 and 46 each including a one-port SAW resonator and
connecting electrodes 48 and 49 are arranged on the substrate
42. Each of the one-port SAW resonators 43-47 comprises an
IDT and a pair of reflectors which interpose the IDT, as
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17 explained in detail in the first preferred enbodi nent with reference to
Figs. 4 and 5. In the present preferred Thns@rr&oldasrﬁemRep‘aceﬁlhe ser
resonators 43, 45, and 47 are connected in serle |nput

termnal IN and the output terminal OUT. The par rs 44 and 46
are connected in parallel between the series armo e resonators 43, 45,
47 and the reference potential. Thus, as shown in Flg 12, a 2.5

st age-1| ad i.rcuit. s r te | ydes, thre ries resonators
andgtwo p%%(réﬁ% %:éesjbr#la %rggﬁ % an%l géggﬁ r?feer(q{?fceetf ‘gﬂl?ng &f

par al | el mefersenees to4 Figs .48 eodnéet ed in parallel is preferably set to be
equal to the r%%‘)naﬂﬁefr%‘i‘é%{é%é g&%éf?f’fe& he @bt eh@sonaélﬁées Ldrida 47

connected in series he ter 41 accor resent
pr ef er r ed LEASERLOERt 4 3trhd SsARPEeddnaxsr Sonnecsedy iay éeééﬁ§t b@@ﬂ@en the

pref er abl i gt G d¥aivaat ens &sd gtr{@nouﬂp&abterﬁlhshowr T@Blaep%rBQ§‘é'1at or
Nunber of Nunber Querl a el ectrode of I1DT

wi dt h R s 4%e??§c#érare connecF?ggéPsqua%kﬁ%sbetwee“ the

di st ance [Refdiest cir®SAYE the ﬁ@@bnatorSIZG 45,1097 an&léﬁé referén2@[ err]

resonat or 4 47 . SAW err|
resonat or FX. éq5§%§MN Thus’lgg shownlba Flg?OEQ 4 % 3stage—6aggF%r”
resonat or cdfcuit isTheoms$traeited r ahdomncladesntehres stries ecesodatbinsger

of the refy %ct{wo V\?éfﬂliélck-wﬁ ht&?st heTIhBT’ar{ﬁxL e Orcﬁué&ﬁ# eF?r ably

el ectrode f1 nger I'sS closest tot
set to ab®ft e5p@¢pplﬁérr§ﬁ@n§§prgs44 and 46 connected in parallel is

preferably set to be equal to the resonant frequency £,, of

the series resonators 43, 45, 47 connected in series.

In the SAW filter 41 according to the present preferred
embodiment, the SAW resonators 43 to 47 are constructed
preferably using parameters as given in Table 2 below.

Table 2

Resonator Number of Number Overlap IDT IDT-
electrode of IDT width wavelength reflector
fingers in pairs distance
Reflector

saw 100 120 100 4.422 0.50A

resonator

43, 47

SAW 80 80 120 4.591 0.60A4

resonator

44, 46

SAW 100 100 70 4.403 0.50A

resonator

45

The distance r from the center of the electrode finger
of the reflector which is closest to the IDT, to the center
of the electrode finger of the IDT which is closest to the
reflector is preferably set to about 0.5A for the series
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18 resonators 43, 45, 47. For the parallel resonators 44 and 46, the
distance r is preferably set to about 0.6[e{r] which is greater than
0.5[err]. Therefore, the anmobunts of attenuat{ Qs 3 @ihi gher end of

t he pass band and the end of stopband can be I s is described in
further detail by referring to Figs. 13 and 13 shows the

rel ati onship between a frequency at which a spurious conponent is generated
and the distancg r b&éme;g tgf | DT and the reflector. As shown in Fig. 13,
when the GPEPRALBTP F3rgfdatéf than about 0.5[err], a spurious conponent is
produced at a Foequbeacpathkiel heghratohan4dhendnsbyesbaadistanqeemcys
flerr] of LDgePANyCSARAI O arldud SoabR0 SAQWA that gaadereaunlity ofbarr] of

t he spurigus conpohent” varies If the diStance r anged. Accordi'nglly, it
i s under sTbedefane,t hhespmousls ednpdit@nuatdieheetvirent the zB4gherngke a

more abrugk g steePehahleRNCYhé eeRANSSE bsL¥BBAnGN R dbe eRAPOLVERE
passband and the ‘end of stopband. Fi g.. 15 shows i npedance-1irequency
char act er F8&pcdSofesR& 158 a it L yrddGTatdsita idy Bihgraber g et nE18Feqdency
response hahween the hi gher end of the passband and the end of stopband
relates to a aptiresqgnant frequency flerr Oof 1he series pesonator ee,
Fig. 3D), the Phgents%r s&b%‘f%r gf‘ﬁedy“at]‘r%ttm[r#emfpr eéﬁgﬂsﬁnf ﬁerf’]-e%"fe?% 5

spuri ous whiphnentspisiong dcbmperéento ilse Jeneratddinantie the i destaeee r
frequency t serlesnke FuLt r .he LhRpve s
deterninegggﬁ%%higﬁgrggF ?égpigée%%??EEE?ﬁéer#%o%ﬁ%ggsggrg%grng?éag%%g, t he
frequencythper distaneed be % glareatem tH@rmi gibaard -&d,] aof spHgious

passband. cofspBagAEEM d ¥ prddiRdd eduensy ficdudndf e BigHdOUTHERIPRRNt is
set between The antiresonant frequency f errLg of the series resona&ors and

the hi ghePPEATSPPRRRT JFCANENFEsShaRd JFl§ heRBARFFOPALPT21. It 18| glFPaw of
the foregehbgn ithathehsAWrddddeatcyd1f acorihengsporides peompohent efatiies

enbodi ment, e di. ce r_between each 1DT of .1 ar gl | r.eso rs, 44,

26 and' ¢ Nl B ST RN 5 ofF "FENGREY  Ardrallf LR fh RRARIERRER *4)

More specthatalthg spumriamis ofompengat achel beesahso onsid4zedd 6, make a
more abrupt and steeper frequency response between the high

end of the passband and the end of stopband.

Fig. 15 shows impedance-frequency characteristics-of the
parallel resonators 44 and 46. Since the frequency response
between the higher end of the passband and the end of
stopband relates to a antiresonant frequency f,, of the series
resonator (See, Fig. 3D), the inventors determined that the
frequency f, of the spurious component Y should be set to be
lower than the antiresonant frequency £,, of the series
resonators. Furthermore, the inventors determined that in
order to prevent the insertion loss from increasing, the
frequency £, should be higher than the high end £, of the
passband. Consequently, the frequency £, of the spurious
component is set between the antiresonant frequency £f,, of the
series resonators and the higher end f, of the passband of
the SAW filter 41.

In view of the foregoing, in the SAW filter 41 according
to the present preferred embodiment, the distance r between
each IDT of the parallel resonators 44, 46 and the adjacent
resonator is preferably set as given in Table 2.  More
specifically, in each of the parallel resonators 44 and 46,
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19 the distance between the IDT and the adjacent reflector is preferably
set to-about 0.6[err]. The filtering characterlgmbﬂsaohsB&eR dilter

41 according to the second preferred enbodi nent of t e shomn
in Fig. 15. For conparison, a SAWfilter was con
simlar in structure with the surface- wave filter 41 escrl ove
except that the distance between the interdigital transducer and t he
adj acent refl egt | S S rr c f on 44 and 46
connect ed %n e&l ﬁdeﬁse. ﬁ%té&%eﬁqt g%‘%n o a&rlggt Erh%st%{fa Ehstt %955%\ et tl%r
used for @é‘ﬁﬁ&lria!‘?éﬁ &€& Spodhonh Pi .-16 Conpari son of the frequency

charact eri st | cane! FigeeriRqarhdfaceuppbesbbalof | amenty exuaiss Oft he

SAWfilter 41 gro ps . on de assband enoted as A) nore
abrupt |y 3RGORELNY &PetpEr SFHEF’ﬂnB‘-’Fﬁ&ﬁ r@ﬁa@“@f’dﬂﬁ‘@n@oﬁ?ﬁaﬁé‘ﬁ \}éWSRWlPlnl ter.

Thus, theasbopmaswh atlhennﬁilgrlsl?.t th@rfr@amgiaﬁysas%%vcafﬂ §Aws fm&/ed;aléy
at o all ve I

about 10 dB the co

filter accopa gE?SS H@lfh P& Spr% éﬂﬁﬁfﬁﬂqgnb%BFﬁ%ﬁ?r%fW%EB tH@eﬁPFéﬁcﬁas t he
sane struveuee Hsltée AW fddsiceribaeiconbong t extbptfitisdt prigfer Bddtance
enbodi nmen t ot I res haye .a dlffere el ectrode
structurebfﬁgﬁgghat tﬁeggigiéggéﬁator §H$é$§§ﬁn éﬁ& %st@gé a5fh ki ng
t he di staﬁ@élﬁéf—ﬁéenst et BP dhdk He rezacrtmbrthefareeonahansaMuana Bferr] .
In the SAM%BhéEQédaQﬁOEQkEglEQ th@héhEiQtBEQBSrEﬁgrﬁgﬁgghgggEs oth%hlf

parall el _resanators an electrode stricture as_shown In
The SAMVrééHngﬁz eI BRE a§?§ CSRBREYSAR ALRePRPWR1INCBiGri kbs an IDT 51a

and refl ect or scoparasdn EICthe'ErkqddﬁEy58&hrdéteﬁi§¥&&§h§ﬂ rFbgkyeqn the
reflectorg glﬁ andvééﬁ_ q§IQg $ [ |nterd|g|tat electrodés 54 and
57. Tha"% AferdiGiors 5‘5? %%CYSEeFRSPﬁﬁeg tg]%r%ﬁ‘?’t 15keE| &dt rode
fingers 5drapd anbMer@ng5@ICGnnEnKHﬁ'ﬁhetﬁmssb&mdrodenéte@eas A%, mame the
i nt erdi gi ec deny3§ | C|lg¥§% iy of ct f gers 55
and a bussggﬁgggbcoéﬁgcteagto%the (?%rc;gﬁg#ﬂé%rét mﬁgggby ? the

i nt er di gi FANBATRF &¥er 68 BUlteE. 57 TAUS /i ntke disgorbead attenuatlon at

the frequency region C is improved by about 10 dB, compared

to that of the comparative SAW filter.

A SAW filter according to the third preferred embodiment
of the invention has the same structure as the SAW filter
according to the first preferred embodiment except that three
parallel resonators have a different electrode structure from
that of the SAW resonators shown in Fig. 6 instead of making
the distance between the IDT and the reflector smaller than
about 0.5A.

In the SAW filter according to the third preferred
embodiment, the parallel resonators have an electrode
structure as shown in Fig. 17. The SAW resonator, generally
denoted as numeral 51, comprises an IDT 5la and reflectors

51b and 5lc. The IDT 5la 1is sandwiched between the
reflectors 51b and 5lc and has a pair of interdigitated
electrodes 54 and 57. The interdigitated electrode 54

includes a plurality of electrode fingers 52 and a bus bar 53
connected to the electrode fingers 52, and the interdigitated
electrode 57 includes a plurality of electrode fingers 55 and
a bus bar 56 connected to the electrode fingers 52, whereby
the interdigitated electrodes 54 and 57 are interdigitated
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20 with each other. Although the bus bar 56 is conrne o the reflectors

51b and 51c, the bus bar 56 may be isol ated from t hé e ‘Bdand
51c. In the SAWresonator 51, the outernpst eIe 55e
whi ch are adjacent to the reflectors 51c and 51b, re e a wdth

w2 smaller than a width Wl of the other electrode fingers 52 a_nd 55 while
the distance between the | DI 5la and the reflector 51b or 51c is preferably

set to beaRoularSltiide. INkfiofoA! LALr BLECBaP" gﬁquscagg 8ERAPLR kg of

t he frequency response b ass &P&nd of
t he st opb&®dlerhiogswialb b@cex%l%u nelej hugr@mreﬁ&jenaay | beelisplated Throm

spuri ous Q@@p@@gg@cgg@grQQQdaha ghe.frequency response of the SAWresonat or
is generally c g by t he dlscontan|t¥ between the I DT and the reflector.
Nor el Iy, an | BF ZRE SAVFESORGFORavd sa tORmPUAFTBOR £HPE TFAIRNTSRIETS

pl urali ty56fe ebva(tt:hoderél \rll\ﬁ@ﬁscame FE@VIﬂgﬁ ]Er:eﬂlﬁdtﬁ;q;ts swlf@cgnaqc?;ggtrb;ﬁt
tro n s a diffe
WM\(;??] i's %r%gé)legezét}%%gai‘%vﬁ%r ?%Jzeié#lgﬂ? cﬂ“ﬁﬁISF gﬁ‘@“sm?rf"é’c‘g c%bs??ct\ﬂéve by
t he el ect otdterf iedgertroidst Uribgerise JPhaaed 055 thkeiber ftAeedasauatieC b\ﬁﬁ\kéen
t he
Lnereny JRhE 3bhng 18 ARY LAUS ERTRARED! 5un or M3 4o pMedLlaBly! BEe ro

out ernost el ectrode resonat or
than the Wedtabart t(heS)o{ heFhis ecpnfdguratiens ovddesss sheephasofile

di f f erencesof thae feédesi@y ‘&%é‘i)&?l%@”%%t&@%lnl thBer fve PG 3G t@ﬁesa”e

effects as that in t ase where the distance between the DT and t
refIectoer§sg@BFe3§gdtheTﬁ§9 P§,tpﬁes§ﬁ@PP@Gs cBhpsn¥atlche sxPladaedd
bet ween t ha lgeealnalﬂt déteﬁlmebeyoand the ?nti resonan]'E Lrequen_cy of the t
aral l el resong d|t|on re uen I he uri Qus conponen
(F:)an be shi fted cﬁgngl nggt he o\mp&nﬁ %‘f q?oslrnelgﬁ?rogeeﬂflﬁﬁ ¥s.
Accor di nglryspcnﬁhe ofsplihieoSAW ccmponertmr cis gmxemaéJltyl ooeulzéet\h}enthbe
t t [ r n r n
resonant 65 gaURREHOLy %et@%e% qﬁr]fﬁﬁ bl A toedoubend gh gy,

passband of the SAWf e W dt er nos
fingers ofnt H®T mn%nel Feﬁleﬁ‘aﬁrt ﬁ’@t"eofatﬁemei-ﬁm s@lreettnasee ifn ngeich a

whereby plurality of electrode fingers are provided to reflect
surface acoustic waves. Thus, in the case where an electrode
finger which has a different width is provided in an IDT, the
reflection of the surface acoustic wave by the electrode
finger disturbs the phase of the surface acoustic wave,
thereby generating a spurious component.

When the width of the outermost electrode fingers 55e in
the SAW resonator 51 is made smaller than the width of the
other electrode fingers 52 and 55, the phase difference of
the reflected wave becomes small, thereby obtaining the same
effects as that in the case where the distance between the
IDT and the reflector is decreased. That is, the spurious
component can be located between the resonant frequency and
the antiresonant frequency of the parallel resonator. In
addition, the frequency of the spurious component can be
shifted by changing the width of the outermost electrode
fingers. Accordingly, the spurious component can be
positioned between the resonant frequency of the parallel
resonator and the low end of the passband of the SAW filter
by making the width of the outermost electrode fingers of the
IDT smaller than that of the other electrode fingers, whereby
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the frequency response between the | ow end of the Rgsqtggaigageamdepuah@ end of
t he stopband can be nade significantly steeper as r|or art
devi ces. A SAW filter according to the M

enbodi ment of the invention has the sane structure ter
according to the third preferred enbodi nent except that width of t he

out er nost electrode fingers is greater than the other electrode fingers.

Mo h I o] f qur preferre
enbod ment-e, iz sanary Feioe bELBEROTHI ST, FBG. B Hhe DRESEE B e
in Fig. 18nd tﬁ@ SAﬂ/pés&hétéﬁoeba@dnsﬁnsbg aadeDs ighd fandntéy| eteeper6lb

and 61c. agncbm9a§é&/ﬁggﬁngggnggrttgnggégrnDst el ectrode fingers 65e
whi ch are adjacent_to the_ reflectors 61c and 61b, resggctlvely have a wi dth

w3 which is gr@at A hahil herwi AAFARIIPT t hkO ot e e ERUFHe Preadersed? and

65. A&mb&dﬂmdﬁtsbﬁodhérQﬁbéheleﬁphaﬁath@nsbﬁetBthBtﬁeréngHEEQAW
enbodi nent w dt h. w3 of the outer.nbst eI ctroge fingers 65e i s made

gr eat er tﬁér]rwéﬁe ‘W%ﬁ%dlcﬂgtﬁg’ other WiES r BUEIPFRGEr SRPPLIMLTYS, SXREPShase
change of thht wefitbcbédthaveubermoss gleatrotibefehyesbt dsngpgatbe shan

effects a%hEhGEHEP E'ﬂgcﬁﬁéﬁeﬁ%&%%e di stance between the IDT and the
'S

refl ector € spurious conponent can be | ocated on
t he hi gher sid¥ose ﬁm@qmﬁmqa&hwﬁnun theqEAtyfibtert accogdiall eto the

resonatorfourtEhﬁréfégﬁgaf¥m96diﬂ§n§Pufh eg? g@@PGPESSEQt gsahggesghgted

by changi he outernost e I ngers ccor

spuri ous Egﬁﬁﬁﬁgﬂ? XK UGLULEc ASe SRt FRE-adiBr es‘ﬂ}%rﬁﬁ‘f’rﬁqﬁénéyoﬁf t he

series resmn&bmprasésthalmuﬁlenﬁ @ﬁdthéfméﬁﬁbiﬁdaﬂbtéﬁafﬁ@ﬂfl|iﬁrt9¥
maki ng th g o%f t he auternost el ectrode fingers of, the | DI reat,er t han

that of t 8t8¢t Pode YHhgBPECIMREF ey SCH °1dPe sre§ n¥B16Bt ween
t he hlghearenddoacehe pastbandeﬂhdctbeseﬁﬂco&nﬂhelbtopbapdctaﬁeby nace

si gni fi cagt I‘,,xig%e%edwﬂ@}? Pé' Fre%‘i;%rf Iéfher 5 é\tﬂh%g@f{ -tgfneg;f t he

af orenent 1 on t hi urt h ment's
out er nost e&pekre@@efingers 62 aﬂd 65

As is understood from the explanation in the third
preferred embodiment, when width w3 of the outermost
electrode fingers 65e is made greater than the width ‘of the
other electrode fingers 62 and 65, the phase change of the
reflected wave becomes great, thereby obtaining the same
effects as that in the case where the distance between the
IDT and the reflector is made greater. Thus, the spurious
component can be located on the higher side of the
antiresonant frequency of the parallel resonator. The
frequency of the spurious component can be also shifted by
changing the width of the outermost electrode fingers.
Accordingly, the spurious component can be located between
the antiresonant frequency of the series resonator and the
high end of the passband of the SAW filter by making the
width of the outermost electrode fingers of the IDT greater
than that of the other electrode fingers, whereby the
frequency response between the higher end of the passband and
the end of the stopband can be made significantly steeper
than prior art filters.

Although in the aforementioned third and fourth
preferred embodiments, the width of the outermost electrode
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22 fingers of the IDT in the parallel resonators is nade different from
the wdth of the other electrode fingers, the el ectrode @ﬁﬁ@@ﬂ&ﬁ@a@ﬂthed
reflectors nmay be changed. A SAWTfilter according to

preferred enbodi nent of the invention has the sanme struct

filter according to the first preferred enbodi nent except t at ree
paral l el resonators have a different electrode structure fron1that of the
SAW r esonat or s sho in F| 6 i.nstead of _nma t he _di stance between the
DT and LRARIRS odtor "Dl HBE 1A EBGu: PATALAPY, | PEsOhILRRET PERRIIT
accor di ngdifferdrte ffomthhgr'eiéthedferth@diammr aélertpadd | Eingespnathe s

have t he g SAW
resonatoreei%%%%rl sé&s&au;yﬁelﬁllfa%fg;}%glr edft{bect é‘%sy }J;IL% dlg?&é The I DT 71a
is sandwi chedd 3 vieiektenr mccoxrdingtten sth€1f)lf‘ahdpr¢i%rr3d Tembe@imert or s

71b incl L@Pstﬁepllq{v%ld&)brpfhﬂ, e%reodéeaxﬁé ng%&aczar@nohéowanéa@w73fﬁn@eﬂ
whi ch are connected at both ends of the electrode fingers 72, respectively.

The refl| RIREAING LR he nbiitle REPISFERT  SRPA HRRRE  SEESPT nbRRs ¥BTSRd bus
bars 76 agsaira?l?llefmlﬁéb&{&ccmm@% adlbpéi;nellgﬂdélaf;tf@@eeéeﬁﬁwﬁi@egfﬁ?ers

respectiyve sgnat or s e electrode. fingers
72e and 7 %htlé?esﬁé hEERRA Br?hégf’tﬁ‘ ?{‘a ellg W%’ﬁﬁ‘%m \varff‘%’ﬁ
snallerttﬁaldlmxdmhemﬁeDWeehetmbh@mmﬂamdrmde friefjerctor? sl Ik tﬂhms
confi gur (%)& o%/)hdes the abrupt and steep profile of the frequency

response e low end of the passband and the end of the stopband
since the refl¥btt dhennRaY t hidl phscactrrdingf the thef | §€68 wavefenned to

obt ai n t NgnissHEn&t £CtEnds %Qﬁafiéfﬁ $e30ha@¥ed | hdie case Weeetidge

di stance between the IDI and the reflector is reduced, Accordingly, the
spuri ous TOHOHEIR @t MBS tifondd bet iden t hEResSANt TEFRRRAEREY bF the
paral | el ¢smsrndey andmfm1@vxamdr@f1é@eop§8$mndnef 71be SEvéfipvrevidy

maki ng t he mndth of t h ctrode, fing the reflecto ichis

adj acent 1% D Iﬁ? WERRN f’h B?E}ﬁ‘ét%ﬁer?{e?ecﬂ%d% ‘nger §1€

wher eby tzrreflecsmmmci/lbespohséebeta/\aaturalbltpv\ef @lgctrode fingers 72
and bus bars 73 and 74 which are connected at both ends of

the electrode fingers 72, respectively. The reflectors 71c
also include a plurality of electrode fingers 75 and bus bars
76 and 77 which are connected at both ends of the electrode
fingers 75, respectively.

In the resonators 71b and 71c, the electrode fingers 72e
and 75e which are adjacent to the IDT 7la have a width w4
which is smaller than a width w5 of the other electrode
fingers 72 and 74. This configuration provides the abrupt
and steep profile of the frequency response between the low
end of the passband and the end of the stopband since the
reflector makes the phase change of the reflected wave small
to obtain the same effects as the effects achieved in the
case where the distance between the IDT and the reflector is
reduced.

Accordingly, the spurious component can be positioned
between the resonant frequency of the parallel resonator and
the low end of the passband of the SAW filter by making the
width of the electrode fingers of the reflector which is
adjacent to the IDT smaller than that of the other electrode
fingers, whereby the frequency response between the lower end
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23 of the passband and the end of the stopband canfubenbmiesshgaidcecant |y

steeper than prior art filters. A SAWTfilter ac i sixth
preferred enbodi nent of the present invention has t re as the
SAWTfilter according to the fifth preferred enbodi a wdth

of the electrode finger of the reflectors which is adjacent to the IDT is
greater than the other electrode fingers. In the SAWTfilter according

to the si f odj t p I r S % h
el ectr ode%;f{]rgfé%u?earsesg)saq{gs)hg\hngerglhne Elﬁg acggo&_%le- %@% X gsgtr)l%t glrade78
conpri ses sagnificargs 1an ¢ teeblegctdag pERoANArE8&EL1TRESLIDT 78a is sandwi ched

between the mefdafCtQnter’3cding’8@ thel 8t |RERITrédP dniddidRnta
plurality of electrode fingers 79 and bus bars 73 and 74 which a

e
connect edoF BRR hPERRENL! NETEHOn MAf FRqSAler S LIUSHiEg |48| fhe W
refl ector fi8aedl sactoelhifgs o phteal fiftiof prlefetrrede émbo@iseBd andtdpts

bars 76 and _77 which .are, connected, at .both_ends aqf e _electrode fingers
76, respe&?’ia\'fela&/.Wl&h cInF'l ?ﬂ% F%E%ﬁﬁ?%?s%?ggegn8%7§ég tr%geiglcé:&r%o&@%ﬁhgers
79e and 8(s vadidrent &dj adentIDD fbhegrBateda tere thei dthewnt edvatirade
greater ttﬁ@ltt}% width ws of the other electrode fingers 79 and 80. This

confi gur ati or?epro'vi des the abrupt and steep profile of the frequency
response betwedm t hbehi §AWentiibfer haqrershiaygd &ed the ehikYi tHrefargsshnd,

since the Jifd Bt | NARASESa 4101 FRINLEEGRa OO rs NEnRVESE tHANGA it i
refl ected wave to obtain the sanme effects_as the effects achieved in _the

case wher EWNEIHEE aRe BOOWBen iPheFLBT ahf-t he ThE | sRYDr G&SANALUasIP
Accor di nglopmpgrieespém Qusr R RN trfiedi SIS airdl 18 weaned T 78a
antiresonant fre uenﬁ\é of tEe seriﬁ reso#t o, and ;rgg)e hi %h gﬁd of e
passband df t REPSKAFARA: ePehYeRBki %eth%e WP e 0f8%r 'Phe el &1 ode
fingers ofreffiectel etdlr inkilodess aadpaerality woife ¢éX¥ctygrade efinbanst W& of
t he ot her gl L Ng]r S,ndvhe . Lhe e r S t t
hi'gh end G e cBats 1997 and Bl Sol1ERe ark® HURhR o DA B0 LR ohaR U1
significamﬂ%,@%Qgﬁg@d@hgﬂngﬁrgr2§¢ respectively. The reflector 78c

also includes a plurality of electrode fingers 80 and bus
bars 76 and 77 which are connected at both ends of the
electrode fingers 76, respectively.

In the resonators 78b and 78c, the electrode fingers 79%e
and 80e which are adjacent to the IDT 78a have a width w6
which is greater than the width w5 of the other electrode
fingers 79 and 80. This configuration provides the abrupt
and steep profile of the frequency response between the high
end of the passband and the end of the stopband, since the
reflector increases the magnitude of the phase change of the
reflected wave to obtain the same effects as the effects
achieved in the case where the distance between the IDT and
the reflector is increased.

Accordingly, the spurious component can be positioned
between the antiresonant frequency of the series resonator
and the high end of the passband of the SAW filter by making
the width of the one of the electrode fingers of the
reflector which is adjacent to the IDT greater than that of
the other electrode fingers, whereby the frequency response
between the high end of the passband and the end of the
stopband can be made significantly steeper than prior art
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24 filters. In the aforenentioned first si xth preferred
enbodi ments, the spurious conponent of the This reaHaIseHeerﬂ&sma

which forma SAWfilter with series resonators hav |rcurt S
preferably | ocated between the resonance frequency par al I el
resonator and the low end f[err] of the passband of the er as shown
in Fig. 21A, or between the antiresonant frequency of the serr es resonator
and the highegpd flerr] of the passband of the SAWfilter as shown in

Fig. 21B. though these configurations can successfully inprove the
st eepness of tFkB fr"eftﬁrenéﬁorr@@&éiﬁéén&fi t helg$ ki nity ofikkB | cERL®Fred gher

end of thempagskents,t hagre corbugibaki OnSomBynsmtise dgfar akhel rgspapnse at
t he vi ci nrtf\‘/@of S urlglus copponent gue ta.t e co | ex i npedance of the

spurious FBRABBAERES B ofantd at'y ’I‘elserré?éna{%‘?oﬂ\ﬁﬁ%ﬁs
produces hahind ianpkskdee pmrotuﬂ orisB pSeﬁémmly nlEcgﬁede%tﬁn’daﬁlﬁae As

| t t A d I I & I n
Che spi kerShaBanEE, FPRANRRCE, Brolr b ahy el s a0l i PRod | oy
degr ade teedaffenfiathenpassbénd hefstbpbam filter Tie shagenin Fisf er2lA,
enbod ”e”&rdSéE&éQEdtﬂérﬁh{?ﬂ%?éngﬁ@‘égﬁ@&u Sy [UF I URE L0 PUOPEESSN ALy

ri ppl e which appears an be co ned w

filter aceBRdithg tBighyesde i Phe tferr spaggpand pleftdre eﬁA‘érrthd-rtm}’nt%S

Fig. 22A shews aipl apiyiewzoh.a pamtrh&h K ESORSd 1 d:@nﬂl £idd#r can
according_to the_seventh referg] nbodr ment Tg par resonator 81
has a strﬁ‘&?ﬁ?ﬁswﬁfiﬁ r"’ﬂegﬁﬁﬁst fieS FQPFE?eOe;c Tberl‘ﬁ'e FesRense

pref err edaenbhdi mactindng afStthet Lowet cosuhpyhes telnd rdﬁopitm vﬂsasdrbmdr

d. h F th t
85 ol udkbeds NP IR ond mAVCrEabPe catin e, ReRReReeT at TG Y
i ncl udes @ipanityf oif ntspudiigivsateumpsinsrtt odies havrtrln@ meg:ﬂem almpsdande

el ectrodeosf L RECESur8dusandm Bﬁeag laAle il glbt ;h éf) auJIge | DT
8la i s sandw ched bet ween thg | ectors an 81c T reflectors

and 81c F?r%‘l’%%ora“’hﬁpﬁraﬂlicﬂpce%fa hdigbct iepRAangs ngaigt Ag3or B as
shown in Figs. 21A and 21B. As a result, the high impedance

point A or B may adversely cause a ripple in the spike shape
within the stopband of the frequency response. This might
degrade the attenuation in of the stopband.

The present preferred embodiment described hereinafter
provides a structure to suppress the ripple which appears
within the stopband and can be combined with a SAW filter
according to any one of the first to six preferred
embodiments.

Fig. 22A shows a plan view of a parallel resonator in a
SAW filter according to the seventh preferred embodiment.
The parallel resonator 81 has a structure which includes the
structure according to the first preferred embodiment and a
structure to suppress the ripple which may appear within the
stopband. As shown in Fig. 22A, the parallel resonator 81
includes an IDT 8la and a pair of reflectors 81b and 8lc.

The IDT 8la includes a pair of interdigitated electrodes
having a plurality of electrode fingers 82 and being
interdigitated with each other. The IDT 8la is sandwiched
between the reflectors 8lb and 8lc. The reflectors 81b and
8lc include a plurality of electrodes fingers 83,
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25 respectively. In the parallel resonator 81, the distance r fromthe
center- of the electrode finger 83e of the reflector 81b or 81c which is

closest to the IDT 8la, to the center of the el ectrode frhingieet H39BeenRenlaged
| DT which is closest to the reflector 81lb or 81c is pref H e
| ess than about O0.5[err], where [err] is a wavel ength of _ _
acoustic wave to be excited in the parallel resonator 81, as explained in
det ai | inrégge%£i§él referred embodi nent. Further, the pitch p2 between

the el ectrod Ingers 83 in the reflectors 8lb and 8lc is preferably |ess
t han the pitchIpl thet vearallrl ereeonaterf Bdgertheg2diatanee| DT Bdem khet hi s

specific pegterr ¢ afodbBRtrodderiabb? MIP%o+ sStRkefRalklNsetst BE
equal to gout 1.02. This configuration_achi eves the 805|t|on|ng of the
spuri ous g AphdRf oS ac?'?%ﬁ%@ng? I¥er IPRaf lfhe YOuERBAd contEere @ opband of

t he refleeledftf?ﬁé?]éh&jpa{)@ I elz]?raipn%m\%rvfgiirr t%&p%lbnnffwdéé‘gﬂ]&% thlel I
attenuati e pband,of .t he il.ter i ch inc)]udes e paralle
resonatorggﬁf?%£%FlgggePrcg}Suﬁﬁ PRELESAPIYLSENIYT e 165 aF el RROHSr e
detail he®ebhafwiere AAisaa(iqueyqanaagbhneoﬁothefd\v&af@e@n?éoﬁsﬁgﬁ gener ably
btain hi I by..c | Ni e surface _agoustic wave
obtain high Q.yaliuy by, Wée Eggﬁmgl el naq:oxftlgét,iv:ﬁyeacrp edicdRat or s

in the resonator via the ors. ere .
i s very |8e%ili imiwhe heissoppestenied tembadienti al total reflection, and

the stopband ofutfiger ef LBE! Yitich WErBéthéedet hBed 1RE+3 o e OELENS apge in
whi ch the. sur alcl:e aéloustic %ves aﬂrhg t ot aleley re?l ect eé’. oHc?wever‘,é/]ﬁegg

reflectivity*P€ VAT Tut 81 Be 380  BEC sdSpREREe AR leh 1es8l ttham heow
confi nenepitett fpTibatyeedcehe deDgtyrodé fSn@ﬁﬁ§i@?ﬁ%éggg?ﬁ@b?ﬁgngge%?iOn
| 05s by SHERL | TRETHEL ST BRSSPSR s o tHat FHELY mpeldpde BBak
caused bypxétexyly osst compbaeequal tocabedtoltsde @ﬁiﬁheoﬁfﬁﬁbggﬂigﬁd SO
hochey SILEgEP Tl LRRAIRIENIED 1L 0 LAY poppenlF 58
fingers i FreEeREY | dOWSLs. tharhghe low end of the stopband of the
reflector of the parallel resonator 81, thereby improving the
attenuation of the stopband of the SAW filter which includes
the parallel resonator 81 in a' ladder circuit thereof: This
will be explained in more detail hereinafter.

A cavity-type one port SAW resonator can generally
obtain high Q value by confining the energy of the surface
acoustic wave in the resonator via the reflectors. The
reflectivity of the resonators is very large within the
stopband due to substantial total reflection, and the
stopband of the reflector is therefore defined by a frequency
range 1in which the surface acoustic waves are totally
reflected. However, the reflectivity is very low outside of
the stopband, which results in a low confinement efficiency.
Accordingly, it is possible to suppress the impedance peak
of the spurious component without increasing the insertion
loss by adjusting the aforementioned stopband so that the
impedance peak caused by the spurious component 1is located
outside of the stopband and so that the antiresonant
frequency is within the stopband.

The center frequency of the stopband is determined by
the pitch of the electrode fingers in the reflectors. The
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26 band width of the stopband is determ ned by the mn I
fingers and the reflectivity in the reflector. The red
the anti-resonant frequency are determ ned by the pltc
fingers in the IDT. Thus, the resonant frequency, the
frequency and the inpedance peak caused by the spurious conponent of t he
paral l el resonator can be set at any desired position with respect to the

st opband génahﬁlﬁeﬁlsgt%meo stlpd a@r%lfaeﬂé¥ﬂyﬁgéﬂb}n&&guw§atwgo£hehéatIo

between the pitch of the el ect fingers in the réflectors and the pitch
of the el etepbERde| ﬁgeggrsnapﬁethmref eCLEVALY23A {thea TGSt tokowi RfSan

I Wpedanceréé@ﬂal@BCYfQEgﬁéﬁb ri %tnldCS tife t ramtpfxleéécﬁiaﬂteSOﬂlaéqmeﬁd shawa in

Fig. 22A. |As shown i nd .of the. reflector S ted
such t hat ?F%r’f‘ﬁ%%ﬁaHXetggalPlﬂcgaﬁ’ ec}"hd'if/) Efa]rfé:tsrﬁ#‘? o‘illsn%%‘?ﬁ)oh’én{:ﬁ?s%&‘Cat ed
out si de ofThiee, stivpbrsdonaher Ebygseppy esshagahhérespraancEérpgakndy and

Fig. 24 is _a gra showi ng. .in det ail, an C nc
character?g?iggp%ﬁﬂﬁ%?\ﬁ |%i?§8%§d gﬂﬁ?loénggﬁ%ogﬁﬁﬁgﬁggherdgeghln t he
paral | el pasahbébr résonatwrFigan 2de tsle@ Al veng slmeain position with

| mpedanceg NGy, C ac n GG My e t ween
the I DT an%éggé#?ecctt)bo Ielﬁ% gﬁ?% %CF%:sfet{)% about §§ é? tf:i‘laéndgaﬁgll?'EEL
ratio i s B@8eRatopn? bYacé@B'eﬁhgng t & he@ﬁ’e‘%eﬁ’?tﬂﬁéﬂer?@ Péﬁﬁbdl%h he The
curve D Iélécﬁiaa@ér ertmgeéza%aﬁal and reeleassrsheindt hdedi piesRe Jet waen the
| DT and re Iector set at err and the pitch ratio 1s 1.00. The curve
Eis conp&t&fFyed %x ﬁBﬂ@r§anhE €at®Twhere the distance between the I DT and
reflector is seigat D38[ efs] &uubﬂdph pistholw inaf | ani51mp66aﬁbeefreqoespyrious

conponent _j c | 2 gur t he
[ npedancecbéﬁggg§ gggg% fe é%%r gi%gg‘pone |tg’rsu§%:e§21 ul;l‘ rgu%‘g"?essed
wi t hout d2ghadihg shewueglnr &d.gst é@p\neﬁla)fsmwoanﬁae@lﬁntbef reﬁﬂ;eqtgprcwve
bet ween t%ﬁé €é@“§&&hf£ﬁgﬂeﬂﬁ¥ %ﬂée&ﬁﬁcé” éaﬁsgnéaﬁséaegyeesx sPurlghg 25

is agra oW n uency response accord lng to th ter which
ConprlsesC%mP%HEE Cpﬁcu|pcated out51de of the stopband thereby

,Jode

n

ode

suppressing the impedance peak A.

Fig. 24 is a graph showing in more detail an impedance-
frequency characteristics in the vicinity of the spurious
components generated in the parallel resonator 8l1. In Fig.
24, the curve C shows an impedance-frequency characteristics
in the case where the distance between the IDT and reflector
is preferably set at about 0.331 and the pitch ratio is about
1.02 according to the present preferred embodiment. The
curve D 1is a comparative example in the case where the
distance between the IDT and reflector is set at 0.4A and the
pitch ratio is 1.00. The curve E is comparative example in
the case where the distance between the IDT and reflector is
set at 0.5A and the pitch ratio is 1.00 (i.e., no spurious
component is generated).

As can be seen in Fig. 24, in the curve C, the impedance
peak «caused by the spurious component is successfully
suppressed without degrading the desired steepness of the
impedance-frequency curve between the resonant frequency and
the antiresonant frequency.

Fig. 25 1is a graph showing a frequency response
according to the SAW filter which comprises a ladder circuit
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27 including the parallel resonator 81 according to the present preferred
enbodi nent . Fig. 25 also shows a frequency resposaea QbbahRedhLYy the
SAWTfilter according to the first preferred enbodi nent.

understood fromthe Fig. 25, the ripple H which appear g’Hiopband
of the frequency response according to SAWfilter of t red
enbodi ment is suppressed in the SAWfilter of the present preferred o
enbodi nment I tte ' t t y
about 3 d ndéﬁlﬁ gﬁ'talobtal Tg[ﬁg %&Wﬁ I%tlerar%(??z)r 3%2@? oé?%ng%ﬁg%% t
preferr edPéﬁﬁ@HFﬁ@nt embodimgnt s exrﬁJeQ nedabovksot hehwet ud esfoéquancy

resonat or ge3g6REE bHthankhe Yy Rt sRiET IR eabosiaERG lsgy é@?e first
|ncorporated with the ééructure according to_ the other preferred

enbodi nenPEeferreg; gmbodmentys A5 ffah t?ﬁe‘%‘%?rsat?%ﬁ af’F‘B!I‘ ¥R ofkFor 281 in
whi ch t hethéer ucipisee aat ot ith t aggearsecandhgnef eheedsesbpdhAENbfi Sthe

' 't th t ture to suppress ripple i.ch pears within
the. st opbBRAI R LN diaP AN g “CosRaiRe. Bar 440 +EMsTt 6 oERPRCFUBEE an

| DT 9l1a apdeﬁepaed ofmbyaef it tor 55 %@m&bs&i& ln Thiee | AW 184 1 thext uﬂﬁstﬁepal r

d d I I f.ele trod S
Wm l:ﬂt :; eblg%%%trlgl ?Fggggg %hn{%g)\gc thp %éh %5%11&% ch Sah Eﬁf%ﬁ%é B%t ween
t he reeréFoF399§5°§héngldS INR?QWﬂdehxoabo@ub3ad@,Qmepanadk£QIphmtallty
of el ectrgodesnéi S@er i Pler I &SRS i1 |6b the £ G RA AL d P&?ﬁg'fgﬁIector

the distance r_fromthe center of t | ectrode fi'nger 93e o
91b or 91c whi®h F§(ﬁ*ﬁ%ﬁ&“%@)?h%V?DTtQEaf%%ﬁ%#ﬁ?c@ﬁtémQﬁr@$@ﬁ@F@€¥rode

finger 92scodrdiwg | DEowhittle i %)ﬁéSS[ErﬁSt p@efeeré@fleﬁrbealﬁéhtolr u&lyt:hlg? he
f bl t er ve eng
ELrGf 222 a%l%%és Fété‘g t%la’%gue%?te%l F'#tt pa?é‘f‘?%‘l”?%so t Y91 other

explalnedPr¢iQEw%dIembpdimemmmond preferred enbodi nent . FuLther a
pitch p3 betwee 3 t 91 91c is
| arger than a I% et‘?’r\ﬁggrl éjh ‘?r%%lehf nr‘{e]‘reiségZéé)gc§ gl]‘PQ In

this spec‘I”H‘éh pr%‘P%rr‘éHrBﬁﬁBélﬁrreﬁFCOFﬁengat ite pltll’xfs i sequTet erabﬂeifeab@tﬂlt

embodiment is incorporated with the structure to suppress the
ripple which appears within the stopband. As shown in Fig.
22B, the parallel resonator 91 includes an IDT 9la and-a pair
of reflectors 91b and 9l1c. The IDT 9l1a includes a pair of
interdigitated electrodes having a plurality of electrode
fingers 92 which are interdigitated with each other. The IDT
9la is sandwiched between the reflectors 91b and 91c. The
reflectors 91b and 91c include a plurality of electrodes
fingers 93, respectively.

In the parallel resonator 91, the distance r from the
center of the electrode finger 93e of the reflector 91b or
91c which is closest to the IDT 91a, to the center of the
electrode finger 92e of the IDT which is closest to the
reflector 91b or 9lc is preferably greater than about 0.5},
where A is a wavelength of the surface acoustic wave to be
excited in the parallel resonator 91, as explained in detail
in the second preferred embodiment.

Further, a pitch p3 between the electrode fingers 93 in
the reflectors 91b and 91c is larger than a pitch pl between
the electrode fingers 92 in the IDT 91a. In this specific
preferred embodiment, the ratio pl/p3 1is preferably about
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28 0.98. This configuration achieveé positioning of the spurious
conponent at a frequency higher than the high end of thg.stoppand. of. t.he
reflector of the parallel resonator 91, thereby inprovin ' I on
of the stopband of the SAWTfilter which includes the parﬁw ﬂlmyﬂ:m r 91
in a ladder circuit thereof. Fig. 23B'is a graph sho i
| npedance-frequency characteristics of the parallel resonator 91 shown in
Fig. 22B. shown _j.n Fi g, B, the stopband is shifted, such that th
inpedanceogégk B cAUeEd %f%%ig%ﬁ%h%QRw Weht P bEtOB$19 heSt o d
t her eby ssppréesisngompenenpedanae fregkeBey higheg. tAGni $he dhighheskdowifng i n
nor e det aih, an4 q ragt enj stic | e_ VLGl 0oLt f. the
SpUr i ous. COSoNOIEaTel e tRECRERTHCEDE 8 THe bEralLblCrsBhRtbE Y1
the curvethesRbYs 1ARIONpadaide fatdprardyioshafacthe i stopband ofietbesSAmher e
the di stargethet waarH hghdRhende kel bsfs?ielsr@’s%%;t@@tmsgin ah @Ll&%teg 08
o] . 98.

60[err] and the plhch ratio pl/p3 is preferably se e about
The curvElr@Ultstheregfparative exanple in the case where the distance

between the | DFignd p8Bl ecdorai syrsfifh ats HOWBIELT faln achplelda nRiel ¢ clen@yl S

1. 00. The urvetH .S conpa&gt{ve exanghe In the case where the di'stancCe

bet ween tﬁg’afﬁf ShaSHaFFedlorthe Baraiied eiMatiid Phe SHO™h Bt Fag-s
1.00 (i.e22Bno Bpushows tonPbgen23Bs Yheesabpband is Ahi€aedbeusdemhat Fig.
26, inth ur; e jl.1pe ed_b he_ spurious copponent is
successfuﬁ];gl sﬂtﬁI Srﬁggégdpﬁg?h%ﬁ{&% gééfégt}?yﬁﬁ es%%gi?‘é%l g#’&%‘ﬁﬂﬁgg oF ORE

i npedance®fr E§8eft9pPbande bhevekby suppressimattiecipedyneadpedic B.

antiresonant fgeguengy; i i oML 94 e sponse
according_to thegSAWf illst gr d\/:f{ha%&h%}oérr%@sggﬁﬁ?g%dﬁ%egf?c%?t %ﬁ%ﬁé&%ﬁg t he
paral | el IFEGBRAEHr CRAraciRoishiiy o thRe pieiritrd @hbdderefPyrapushe

present i owmpbhentsFiggene2étetdsashene paecaueaty reseparee ot ai nggd by4the
SmNVfiItegGac%%rdin [

rding fteothce%‘osecoarlld_ re grrrled_gnte)odl mant.c As can Qe

under st 008°fromt fie Frg.” 27%he ?.Sﬁ?@ IDGRT EREIPBREY s CHAFRFRer A& tdCEpband

of the fréguéheycrsspomereadder distanced tetSA%n the IDT and reflector
is preferably set at about 60A and the pitch ratio pl/p3 is
preferably set to be about 0.98. The curve G 1is a
comparative example in the case where the distance between
the IDT and reflector is set at 0.65A and the pitch ratio is
1.00. The curve H is comparative example in the case where
the distance between the IDT and reflector is set at 0.5A and
the pitch ratio is 1.00 (i.e., no spurious component is
generated). '

As can be seen in Fig. 26, in the curve F, the impedance
peak caused by the spurious component is successfully
suppressed without degrading the desired steepness of the
impedance-frequency curve between the resonant frequency and
the antiresonant frequency.

Fig. 27 1is a graph showing a frequency response
according to the SAW filter which comprises a ladder circuit
including the parallel resonator 91 according to the
preferred embodiments of the present invention. Fig. 27 also
shows frequency response obtained by the SAW filter according
to the second preferred embodiment. As can be understood
from the Fig. 27, the ripple J which appears within the
stopband of the frequency response according to the SAW
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29 filter of the second preferred enbodinent S suppressed in the SAMV

at the stopband is inproved by about 3 dB conpared to k

filter according to the second preferred enbodi nent.

filter accordlng to the other preferred enbodi nents descri bed hereln Nbre

specifica e f fi t r be
ifxebndf| LR Yok $LEILAES T LRBBAInER ! 1% FELPBELOLEa TR ¢

fifth pretber ghvenbdlitaentof ahbet rpe?q@em;h prefﬁereqie@mb@demmger sh$n a he

reflectorgg gﬁ%tbetﬂﬁd%ﬂyéﬁﬁ?'i&ﬁ“yitéﬁﬁ §%o¢$ﬁh& ﬁggsveérﬁ&lgbout

filter of the present preferred enbodi men As §b$§mmMﬁ@Bam VV
Jﬂ;?

above, the present preferred enbodi nent may be |ncorporated mnth a

| ess than't resonator used

resonator used in the fou sixth preferted e

is a plan3vidhy oFOBPEIPEHS itiot eﬁfhaa‘%:cefdltﬂ'tf t AW félléﬁtrh Pt ’éﬁbé’gﬁ%nt

iglt he prgsebhdi prefkieed eﬁBbalgéW:fl I tﬁ(raz gen\%al Ihy Ind: fa|t ed by n;Jrreral
corrprl ses_a surtace- g&ivg SuUps ate n 1 C al | e resgnat or s
8¥Enath red,

105, 107 and 18§ §%Blalpe ¥6naltBFfs PT6# kd PI&ES ERRGRE L MaYs AW
filter 10beprﬁimmﬁr/amnrbmie$1 t e Srant fldseof abcmdnrdmgst tandtisecauher
referred_emodi nents I he A n fic , ries
Fr)esonat or grg?ﬁﬁlre C?mwj%lmeé}’ %%%Eé Iﬂ'gégl tr?e?e%rlinés be?gvélanl %lf'y cal.ll'[ﬁ
term nal ktNeampdtiche afut e ekeqtnadeo:ﬁtnge‘rbe Jparfathdz erefbsohfarsrmams:e 105,
and 107 a&%sgoryﬁ%ﬁt GG dt] &f‘ré‘hée&fﬁetg hﬁ? éf i‘égbﬁétgg u%%&o%t ors
nnectl ng e

104, 106 the ground potentia ectrodes and

110 are pﬁb@l&éérﬁoprcéﬁﬁéétPﬁ&fﬁﬁéeﬂe§@#§@éﬂ§nIG45P@7the piteh pd Shesent

pref err ed cggbedbiBNY inhle s’ a50RHONSe il tdEY maP Besmaaed greateralinanusi ng

r r i.ven in_Tabl | ow.
paranet e S as %f %he IDfﬂléaéigepgrallel resonator used in the fourth

or sixth preferred embodiment.

Fig. 28 is a plan view of a SAW filter according to an
eighth preferred embodiment of the present invention.. This
SAW filter, generally indicated by numeral 101, comprises a
surface-wave substrate 102 on which parallel resonators 105,
107 and 109 and series resonators 104 and 106 are arranged.
This SAW filter 101 preferably combines the features of both
first and second preferred embodiments of the present
invention.

Specifically, series resonators 104 and 106 are
connected in series between the input terminal IN and the
output terminal OUT. The parallel resonators 103, 105, and
107 are connected in parallel between the series arm of the
resonators 104, 106 and the ground potential. Connecting
electrodes 108, 109, and 110 are provided for connecting the
resonators 104-107.

In the present preferred embodiment, the resonators 103-
107 are designed preferably using parameters as given in
Table 3 below.

29



30 Tabl e 3 Resonat or Nunber of Number Overl ap | DT

| DT- el ectrode of IDT wdth wavel engt h refl ector

fingers in pairs di stance thidGEd ggstgggn u;
100 50 60 4. 303 0.62[err] resonat [ SAW
100 95 50 4.142 0.50[err] resonat§ﬂmn Im

50 120 120 4. 327 0.43[err] resonat

be seen from Table 3, for the series resonators 104 and 106, the dlstance r
fromthe center of the electrode finger of the reflector which is closest
to the | DT,__toTahéecénter of the el ectrode finger of the IDT which is

cl osest 1 fle [ |s se 0 5 On_t he other hand, for |the
par al | el ?Zés%ﬁgélgrs g‘%% c(’jf 1071,m e dis ea:]r%(a: r| P pref erab V%et to |0. 62A.

For the parallel reselrtoedel05]of HOTdI fvidtbe r | saymlefwmabl yredectear 0. 43A.

More spegifically, hgdegsonat pf,;1Q5 of the respnators 103,| 103, and 1107
connected in parall gl correspopds to the second| resonator of the flirst

pref erreg—enbodi mehReflectivr phrallel fesonators 103 and 107 correspand to

the secohga esonat of spof the spegnd prbggrred efpogdpgent . 0.d9g filftering
charactefistics of the SAWfilter 101 according{to the presgnt preferjred

enmbodi menf*&Pa8t*Showh in Fig. po. Fof conpar|son, the distance |
bet ween |eexhionterfdigital trapsducer and the agjacent reflector was

Bnd the [B80Tting SAPi ier chaPacter| 80ice arkishben in F0:58b. |
resonator
104, 106

SAW 50 120 120 4.327 0.43A
resonator

105

As can be seen from Table 3, for the series resonators
104 and 106, the distance r from the center of the electrode
finger of the reflector which is closest to the IDT, to the
center of the electrode finger of the IDT which is closest to
the reflector is set to 0.5A. On the other hand, for the
parallel resonators 103 and 107, the distance r is preferably
set to 0.62A. For the parallel resonator 105, the distance r
is preferably set to 0.43A.

More specifically, the resonator 105 of the resonators
103, 105, and 107 connected in parallel corresponds to the
second resonator of the first preferred embodiment. The
parallel resonators 103 and 107 correspond to the second
resonators of the second preferred embodiment.

The filtering characteristics of the SAW filter 101
according to the present preferred embodiment are shown in
Fig. 29. For comparison, the distance r between each
interdigital transducer and the adjacent reflector was
preferably set to about 0.52 for all of the SAW resonators
103-107, and the resulting SAW filter characteristics are
shown in Fig. 30.
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31 It can be seen by conparing Fig. 29 with Fig. 30 that t he
frequency response in Fig. 29 and in accordance wt mp&ﬁ&qﬁgggnaammdinents

h

of the present invention is greatly inproved to hav é

i nclination and abrupt profile between the stopband a@m f d. As
e

a result, the amounts of attenuation at the regions
st opband are i nproved by about 5 dB. Therefore, the steepness of the

freduency T esPPRSeLN ool 987 BhnklS RASIAN 45 GUER! bt d IPIPVEflac

In consequenc ass havi e%carfent I VITY is
achi eved. the frEguenioyn hrpspcbleseedirenﬁ@ql-ne?ﬂ @fndt hién prass@rdaneeenwibh is

directed g?gﬁeﬁﬁﬁrﬁf | s d&%\rl%“se bR WHEN §e§é\’\\(:f'iﬂ@én@g@ﬁr%”gg%a’cgf

first to eferr odinents Is encased I n a(g
is a pl anlmpéwgq%oﬁpngaaesm/\mnn Grtafp i e hinatbiQran gal%umt c@ﬁ@&th@. ve

exanpl e npdewéen G;Qi@aétéﬁﬁaﬁ@ R peebergabirrdi magt sa ¢esulife pegsent
i nvention. The ge device 121 has.a structure in a SA

filter 133MQRBHA ?ﬁ ?$ n%?t+%neﬁEaE 8 Fﬁgépﬁﬁcﬁa@%d19215nﬁﬁﬁnﬁﬁ?aﬁa8ﬂ a
bot t om suaftacémpPBacaf byhabpackageclmzz THer dfitar epackag es tlekhnedpo Potheons

122b d e e bottom surface 122a.

EIect?gdegg%gggﬁg% %égﬁg n% %g f%ﬂ% Eagg %ﬁ nﬁﬁfé% d te gg?gﬁfy

portions imppopvednd 12Z2c, qanqﬁgnenﬁﬂy aThbaadepassdest ill23x t chd28ngand

124a to 1&%&3%‘1&@' éég?‘;i% ﬁfé’vé outer electrodes (not shown for
e

clarity) on the outsi One of a pair of
i nt er di gi t at edTle¢ eE%FB@e?réfeﬁﬁeﬁD’F“‘%@Q&mﬁﬁ%Wﬁoé}hﬁ]gﬁrQ%E!at phrgeneion

Lesgnat0r1§-3%:&fecﬁ:léa SAW & :smtr i%itb% Qiéaf:idé cahl émﬁltaggest @Aw‘(-: Qﬁgggtéfng
onding wire el ectrode ru
el ect rgdea‘i%%r‘%%n%l &6t r\t}é%l (B TESnnERt 5&93’&5% hBr% BET £ dEmMPOSEMERSFg 1S

bondi ng wenead@dbin Gnepadtkageai r of interdigitated el ectrodes belonglng to

bondi ng vi re’ TohE" {511 B8 & Satheni43,EhEaLaa g, Shf AIEE el Ul

connect i NICePREIRGdO 1al0comparative cexanpennade efior occomparisen rtrdethe4b

through a,porg A8 WdnfbolidRiénts of the present invention. The SAW
filter device 121 has a structure in which a SAW filter 131
shown in Fig. 32 is encased in & package 122 and mounted on a
bottom surface 122a of the package 122. 1In the package 122,
step portions 122b and 122c are formed on the both sides of
the bottom surface 122a. Electrodes 123a to 123c and 124a to
124c are formed on the step portions 122b and 122c,
respectively. The electrodes 123a to 123c and 124a to 124c
are electrically connected to outer electrodes (not shown for
clarity) on the outside of the package 122.

One of a pair of interdigitated electrodes of an IDT
133a which belongs to a parallel resonator 133 of the SAW
filter 131 is electrically connected through a bonding wire’
125a to the electrode 123a to be grounded. A connecting
electrode 138 is electrically connected to the electrode 123b
though a bonding wire 125b. One of a pair of interdigitated
electrodes belonging to an IDT of a parallel resonator 135 is
electrically connected through a bonding wire 125c to the
electrode 124a to be grounded.

Similarly, a connecting electrode 140 is electrically
connected to the electrode 124b through a bonding wire 125d.
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32 One of a pair of interdigitated el ectrodes bel ong| ng to, a '[ ‘Md
paral l el resonator 137 is electrically connected throu ‘“ ““‘
125e to the el ectrode 124c to be grounded. The electro

connected to an input terminal, and the el ectrode 124b ii

to an output termnal. In summary, the SAW filter 131 |s
electrically connected the el ectrodes 123a, 123b and 124a to 124c through
t he bodin irgs 1233;t0 5 : c [ ang Vi ew
show ng aggglwof ?1 ?g %evq]%efnﬁﬁﬁdlé}ﬂ'g%? ?n%ﬁg&ﬁ%de’é qoper%%le%ﬁl pr ef erred
enbodi mendDPT afh ahemRVEe]) t Zesgaates 1437 aé@or%l?@ttbcﬁhby pcesascted
preferredegrBaghMedt bond@ ngAWrikb! el %@Cofﬁlé NGt tihfad | 134cPres eeed

enbodi ment 1s éncased in a package 142. package 142 has the sane
st ruct ur e9ASUPAHSE - of TPﬁe%&EP&éaéelészTH:ft "r% bg geppertedr Facénlé’é’é’“lts
provi ded b@tm@ﬁalst%dmtheoreﬂembd@dlmC ishigh pee durgheitddy téveln t han
t he bottonlﬁ 142a. . El ectrodes 1l43a to_é%3c ggg 1§4ftto 13%3 ar.e
f ormed on®BHBY tegeﬁgﬁpﬁéns 1428 aff™MHY 1 r edBect PVl yE T oné24f d5air
of interdegetaredatligctoadestetl amd [Bleeimmnipngl23aa p2ashl apl 1@danatkor 23
of the SA¥5 ElEﬁEo& S géeggééﬁg gérggnggggego okhe el ectrodes 143a and

é ras E 4 y.

143c by bonding w respective That is, the
i nterdi gitatedOsl édflter cHEI XA RIE, ngBndéé |1§ et epllRrnc atijgy cehvietn@dat IPABLUgh

the two bendipg Wdre‘%r'icje45al4aﬁd &éé@rﬁ@n%het@ e%ﬁ@deﬁréééﬁtamﬁr@k@ﬁrf@@ ch
are to be grounded separately. e ot her hand, the connectin
gr!’@ 143b

el ect rodeeE‘BOﬂémGBﬁnectIéH theoShH LIWHRA ngevice 14dc AGFQTALNG obfr
used as aprebBpHt gtcecfteﬁ.»@éa eﬁwdatlafedml e ds ok eEL106E P abcbehqags tlo an

| DT of Il.el to b ded | ect I

connect edChr UG thARAER 4AY CSTIRIRSRE TaSETEISARe 4 ot POREESEL H42 -and
144c mhicmhargacnage gﬁ@uhdedtheepamatskyuctureAasc¢MB¢cwmngheemec&mgwe 30
o ournneassd  Tndfr o0l Bebonl Barvete 149h 18 ERSVALRH LalGolhtRrted as

an out put ectrode on ne O
i nterdi gi PQF§6°§Fed{4r2<3Ue§n%llél¥cbéﬂé)¥@3 pgeahidhenf ip level than the

bottom surface 142a. Electrodes 143a to 143c and 144a to
144c are formed on the step portions 142b and 142c,

ect ed

respectively.

One of a pair of interdigitated electrodes of an IDT
belonging to a parallel resonator 23 of the SAaw filter 1 is
electrically connected to the electrodes 143a and 143c by
bonding wires 145a and 145b, respectively. That is, the
interdigitated electrode to be grounded is electrically
connected through the two bonding wires 145a and 145b to the
electrodes 143a and 143c which are to be grounded separately.

On the other hand, the connecting electrode 28 is
connected through a bonding wire 145c to the electrode 143b
used as an input electrode. A interdigitated electrode which
belongs to an IDT of a parallel resonator 25 and is to be
grounded is electrically connected through bonding wires 145d
and 145e to the electrodes 144a and 144c which are to be
grounded, separately.

A connecting electrode 30 1is connected through a
bonding wire 145f to the electrode 144b used as an output
electrode on the package 142. Further, one of a pair of the
interdigitated electrodes which belongs to an IDT of a
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33 parallel resonator 27 is connected through a bonding wire 145g to the
el ectrode 144c to be grounded. As is explal nedmmsmehelaﬂs@t{@hﬁeieferred

enbodi ment, the spurious conponent causes the inped e
frequency response. The inpedance peak becones great ivher e
attenuation is small at the frequency of the spurio ent and becones

small in the case where attenuation is great at the frequency of the
spurious co t._ _In order _to sup ress eda ce 2P82 ssoci at ed
Wth the BRERLGEY RRRMEHLE P i S8t RERERSTEa, HRarat oot i d S s BaFEous
conponent 145gl tcathe ellesérbdet hé4cesonbrt gkpegdedcy of the parall el

resonat or &t VRSO S N ALt O heCaTER AT Bikrerrea thBBIReht | Sne

possible to place uri ous ‘conponen requenc 0se to
r esonant fspeqaeneycemppnenpacauses taeoiapedapyel meuku A§ . ftlhe §p§@que@§y

conponentreggbasadvefﬁelxm?aésﬁcéhse§RUBbeHaesoapeaen&nteﬁeleweeow%%&e use
of the spuridus conponent ILmprovi ng the abrudptness or steepness of

t he freq@éﬁ@?uaFégﬁonéé smatder 8tor &he j freayensyes8dry the | SONEAS8Sonl y

the reson@ahphheﬂueeew Hfcdniess rsaxml ein res@Nakoe. wherel Atteh@at$OW ifi | ter
device 141 tance conponents associ at ed th t he

hown
bondi ng wOtEatoAY e FEedientEuntod e ST IN Do aReenERE T e Lhnattie
frequencytofduppqﬁygﬂthé Lepedahoes pgakS awabciatethewitlasthewslpurieus

expl ai ned | det | o g..34 a i yglen | it of
t he conveﬁP Fﬁg @# ?S Mﬁ refof% pé%%ﬁiggg% Qjﬁgﬁe%ﬁk r%g&r&%ﬂ
i ncl udes cempndemtamse Jcmm\cbnclcasso@pattéw wrespnant bbnedweney r efothehe

like. Spe hEbQQEhyreEBﬁaQbECHttthEhuqﬁé ﬁﬁthQHQEQHCSeéémQE %bea@ondlng
W res, esid I nduct.ance L2 of the package 132 and a . resi

|nductance L3 Bﬁtpﬁﬂgél HéUé?%%}Qk?gﬁ%uHHéﬂe #h6s SPERACHSt SOPTPRAGEtance

La contri @t i fRet Erdifudrtial b@bseesopatighes lx%semmsseﬂeq\seﬁ@jzl st the
La=L1+L2+L3 2§§ an e u valent cir % 0t t he
|

SMNfu|tePaf&}1§HoﬁFﬁ4?%ﬁ%f 2% E°%ﬁr%H8 g FPRYERD 1% 15°TRE BRF al

adversely makes the spurious component too low to make use of
the spurious component for improving the abruptness or
steepness of the frequency response. Therefore, it is
necessary to increase only the resonant frequency of the
parallel resonator.

In the SAW filter device 141 shown in Fig. 33,
inductance components associated with the bonding wires or
the like are reduced so as to increase the resonant frequency
of the parallel resonators 3, 5 and 7. The reason will be
explained in more detail below.

Fig. 34 shows an equivalent circuit of the conventional
sAaw filter shown in Fig. 31. The circuit includes a
inductance component associated with the bonding wire or the
like. Specifically, the circuit includes an inductance L1 of
the bonding wires, a residual inductance L2 of the package
132 and a residual inductance L3 of the electrodes to be
grounded. Thus, the total inductance La contributing to the
parallel resonators is expressed as follows.

La=L1+L2+4L3 ceeieecons (1)

Fig. 35 shows an equivalent circuit of the SAW filter
141 shown in Fig. 33. 1In the SAW filter 141, the parallel

33



34 resonators 3 and 5 are grounded separately througﬂ“;§; d|n W res

145a, 145b and 145d, 145e, respectively. Therefore, eplaced

i nduct ance L1 creat ed by the bonding wires and the res ce L2
of the package are inserted in parallel to the eX|st|n L1 and
L2. The total inductance Lb contributing to the paraIIeI resonators 3 and
5 is expressed as follows. Lb=(L1+L2)/2 +L3 ........

As is app ent fro e e Lons_(1) and (2), the ind tan e is reduced in
t he paral%é °P€§8ﬁg}o? 88 ﬁéf|Q¥%ﬂnéﬁé_sﬁﬁRﬂ¥qq? gugh tpey 36

shows thebbmdqmgncwlmeSpoﬁﬂéaof tl4Sbcomwndnt ildi5al, SAmﬁbLItees@emtdee&bown in

9ok BRioed” havs SR eRdteIIKaERARISe of EcSRINT i Ler cfevi co

shown in to the preseén |nent fown
in Fig. BQOH@WQQWW&ﬁﬁﬂu%ﬂdeébenséspdud&ceQdaC$@eep;ﬁ&ﬁwfetheupabkage

arises aprel mﬁﬁﬂﬁﬂﬁﬁi:ﬂ?aﬁargﬁlel £ ﬁ%e'é%%g%ﬁw%afﬁyégééﬂggg'ﬂf Eﬂdtheg

stopband is limted to about as shown

37, the i fgedantRepdtals %%ﬂﬁ%%@n¢% e FPRELEREYLRGS bOnsthay PRALASEI ng

t he r esongeisonteguengy ali thespakpkbskedr 860881 06%s. Thus, the
attenuation in the stopband is inproved by about 6 dB. Fig. 38 is a
pl an view of a SAWfilter device 151 according to a variation of the
present preferred ebbsdLiene)/En+LBe.SAWLLL{2y device 151, the SAWfilter
21 according to the first preferred enbodinent is nmounted on a bottom
surface 142a of a package 142. One of a pair of interdigitated

el ectrodes bel 8fgi k% taPRATEMYT from pthell leguatdsmsat ¢l )23and dl29Gt rtbal |y

connect edlhﬁh@ﬁﬁhcgoq.'sngké/&dcf‘e% 1§§atﬁad %55?1@9 SeROn2dsS Joifecn?é‘oa&é}“a to

be ground% respecti vel X a pa Interdigitated
bel ongi ngTtdteR LHT §hoy péPaFF%P ?%sonator 5is electrically connected

t hrough bondi ngiwi.res &55@5andeliidqh@n@&eﬁbéﬁéﬁée16§CtﬁédcéﬂéénEQoH§1

gLoned sy £ oo aln Sa Bl Ty [ LS g

frequency response of the SAW filter device shown in Fig. 33
according to the present preferred embodiment. As shown in
Fig. 36, the frequency response produces a steep profile, but
there arises an impedance peak Q. As a result, the
attenuation in the stopband is limited to about 16 dB.

On the other hand, as shown in Fig. 37, the impedance
peak is reduced in the frequency response by increasing the
resonant frequency of the parallel resonators. Thus, the
attenuation in the stopband is improved by about 6 dB.

Fig. 38 is a plan view of a SAW filter device 151
according to a variation of the present preferred embodiment.

In the SAW filter device 151, the SAW filter 21 according to
the first preferred embodiment is mounted on.a bottom surface
142a of a package 142. One of a pair of interdigitated
electrodes belonging to an IDT of a parallel resonator 23 is
electrically connected through boding wires 155a and 155b to
electrodes 143a and 144a to be grounded, respectively. One
of a pair of interdigitated electrodes belonging to an IDT of
a parallel resonator 5 is electrically connected through
bonding wires 155c¢ and 155d to electrodes 143c and 1l44a to be
grounded. Further, one of a pair of interdigitated
electrodes belonging to an IDT of a parallel resonator 27 is
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35 electrically connected through bonding wires 155e and 155f to
el ectrodes 143c and 144c to be grounded. In the SwsfShEJtﬁﬁsBieVR@me%l

the interdigitated el ectrodes of the parallel resonator are
separately connected through the bonding wires 155a, 15 155e
and 155f to the electrodes to be grounded Fi g. i UI vaI ent
circuit of the SAWfilter device 151. shomn |n Fig each of

IR RN S e R t%%pﬁ@fs%ﬁd&ﬁ

paths of “series duct ance
Lc contri lﬁlﬁ%oﬁﬁseddﬁcpamdl LéKcr 8sohat groitpdedpr essed by

Lo=(L1+L2+03) [ 4n Atk t heny | nlupi @i eagiiloe he158guUCRle! 0 3R Al t%_f@that
in the SAWfilter device 121 shown_in Fig. shown 1 n t he

i npedance FETELCIEEyr Pherth®dR@&dlilfls hEeW’éﬁ'Eféﬁ%y 3r3ersp8|=’?seab9 i HEr @t ng
t he resonaﬁbdhaﬁ$MWKbbﬂﬁedﬁEdpﬁh@bh@h ERONBOAA $ng ThtiSest Nes 841 enuafy on in

h b 10 dB, compared to the SAWTilter device
EZE Stop 2ggﬁladhgghg%§gﬁV¥Pat SgdeEPthﬁcgE?SFﬁadFﬁ tRePBr 8EeHRdBRef erred
enbodi nent is Pdged 3% tie SAWéqhiealexpl atinerhith bie thestsaw efranned
enmbodi rrenrde‘;ltcel slggders}\godsﬂ&ﬂ} Elﬂe Ef\Wfld; ﬁbSS ordt %ERFO theltlhllrd

fifth, sixth, seventh and h™prefeffe
i ncor por aﬁ@@owattﬁrﬁhe?%).r eQéntarm e?2érrsd genbendedntthroughFi gwo 4 pairsald edr oss

sectionalpgtﬁy Shﬂ@‘”QefléfwvﬁthSEaHE%gc Amﬁ?%ﬂ§ ng toTﬁQfﬁ%ﬁPéh prgferred

enbodi ment, of the present i1nvention ter device Thel udes a

SAW fi | t eANIRCEERGRdI kY (PR HUYIRNg piter eprel epawal Feht resqnatiagye is
subst r at eekp2easeda wp 1ﬁc3¢(E1D-E|L2¥!I§‘3§/°QNfldrfdertﬁé | fn@heegkée | dd1epe

that the SRARFFR 45 ZBTE nBURE clZor Ao HackiBe oS flaqaeQ&%S?b%SS e
down nethsupwpbne Fpgei Bilcal |y, bunps 165a and 165b formed of soigfr grlhhe
e P ot A8 SRoke 8l gbgode Paot T auARad LY MUED X S
el ect r oder8Aufgd Hinkghe frequency response by increasing the resonant
frequency of the parallel resonators. Thus, the attenuation
in the stopband is improved by about 10 dB compared to the
SAW filter device 121. :

Although the SAW filter device according to the present
preferred embodiment is based on the SAW filter explained in
the first preferred embodiment, it is understood that the SAW
filter according to the third, fifth, sixth, seventh and
eighth preferred embodiments may be incorporated with the
present preferred embodiment.

Fig. 41 is a cross sectional view showing a SAW filter
device according to the tenth preferred embodiment of the
present invention. The SAW filter device 161 includes a SAW
filter 21 according to the first preferred embodiment, a
package substrate 162 and a cap 163, and the SAW filter 21 is
encased in the internal space 164 created by the package
substrate 162 and the cap 163 so that the SAW filter 21 is
mounted on the package substrate 162 by a face down method.
More specifically, bumps 165a and 165b formed of solder or
the like are provided on the electrode pads 167a and 167b
which are formed in the SAW filter 21 so as to be
electrically connected to an external electrode or the like.
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3 6 The SAWfilter 21 is electrically connected to the package substrate
162 by form ng sol der bunps 165a and 165b in contact i §.8haedAARhcdHd06a

and 166b in the state that the SAWfilter is placed su S
165a and 165b face dowiward. It is noted that the elecﬂ H@HH and
167b are electrodes to be connected to the external an ' o

Interdigitated el ectrodes or connecting el ectrodes to be grounded. Fig. 25

h th fdld €F: ce.includi ng the Wfilter, 21, but the SAWfilter
3e8}N§e agcg‘rﬁ | nédiv{ OE%ﬂ'ggforgéeﬁts pe(rjje?%rrlecaa o%l‘?%‘ﬁ‘ft?‘éytf’nahﬁdep%fw
filter accaditygtany 16@2e by thermimgd,sdliderh, bsimpish, lﬁé\genghdanﬂsﬁbgmm

f d &Hedi i o] e filt e
Phe S 1 IRty e, olecCebded! 106kl onat 1R 10 EhelBYatl thar S

not by bordithgf W%es bt Plpgethsushintdatesehaneunpshl6aneaded 63p fdcre
down net hebwrivia-d .nduet aneensosd rimakt | fBet 81bRereaBuURd sl dg7af 4 pargl | el

resonator is reduced. Therefaqre, the i dance peak which_otherw se appears
in the st §ffandlStrdeRedOa sGﬁBPEEgg &% ek vENFexRdx AR nBAYi P] he
ni nt h pr efiertead ieyitediedeniel ect rotiest herf i eshntotingt heDeet 6468 to be

enbodi nment r ree r reso ors,and two .or three serie

r esonat or %oél%\lg%éig tf)Engdr n%%: %% i??%rgﬁ‘gvi"'ﬁ&%grl g&aé‘FecilTnfgi“td.sl% r
it is und&Ast obtltemt 23| dutker ther SAW fahtér deviee lcatrdiEmst tonethe
aral |l el DR RRRALOr ﬁqgf erd franat nd. reque I esy can

Ee | mpr oved as%%téxpl al ne H?St héenﬁtlﬁr st to ?I{é%fh ;%;rlgié?%edgenb% rre%?\]tpls en

at | east GREOFSIAR ANY e958atdF t8E idbisbr afdfthn Hispl 4 i Feventbcand ng

to the pr@ﬁgmmadp@@&@d&@anb@b@aimggtgnesentfinvegtiﬁg.d!t if alfsoth
d tood th SAWL.ilter acgcordi referred enbaodi nepnts o e
;Pega?\t Oionven?%\gﬁofgr}lnge ‘?%rﬁﬁa %ﬁg’gnoé’g"'?%ngﬁﬁbcﬁr koS IRES FBE SAW
r esonat or faddemxord tihareleu:)tnicam}eecsnnéesgc:iesonﬁher @a@lldalg@ugiutmﬂm of
' ' ' ' Lt vin 0
the preseiesl Nyt bon dcndmd Yide B RAWGL! Lare Navhng 3 4o0da g 165,

characteristic wt I NCreasi ng nunber of "t he st ‘d _ _ '
circuit. connggited hyefeerfage cd@ori mehhedoef thie iinduetainee hond: tigert ing

to the ground side of the parallel resonator is reduced.
Therefore, the impedance peak which otherwise appears in the
stopband is reduced and suppressed effectively as explained
in the ninth preferred embodiment.

In the first to tenth preferred embodiments, two or
three parallel resonators and two or three series resonator
are used to form a SAW filter having a ladder circuit.
However, it is understood that a ladder circuit can be formed
by at least one parallel resonator and one series resonator
and that frequency response can be improved as explained in
the first to tenth preferred embodiments when at least one
parallel resonator is incorporated in a SAW filter according
to the preferred embodiments of the present invention. It is
also understood that SAW filter according to preferred
embodiments of the present invention can be formed by more
than two or three parallel resonator and more than two or
three series resonators although purpose of the present
invention is to ©provide a SAW filter having a good
characteristic without increasing number of the stages in the
ladder circuit. '

While preferred embodiments of the invention have been
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37 disclosed, various nodes of carrying out the principles disclosed
herein -are contenplated as being within the scope of the foll ow ng cl ai ns.
Therefore, it is understood that the scope of the invention is not to be
limted except as otherwi se set forth in the clains.

38 What is clainmed is: 1. A surface acoustic wave filter conprising:
a surface acoustic wave substrate; an input termnal; an out put
term nal ; ound_term.n

. .a.ar alé) a_series yresonator tg'iﬁzpose,d aon _t he
surface aldfSePEe Ry e atBEPat BOARE Hali MY DAt f tdSue RO NGIPLES
ant i r esonariscllosgderimreirheaser centempbatedr abeibeimg ecithdml tiedissopeed

bet ween t i t ] E the o ermnal i,n serihes so as.to
define a tsa)gfri%géjarf%”;ﬂ%gﬂ% %r]‘g‘ |r'stqu1§¢Jé?#°e1fe’r eéSndtsoruﬁ?Eﬁ%g‘é‘agoﬁthlaﬁe
surface addgstseonmverlsiihst rimeenidmgia metonamt ber doueited aegicapt  as

ant | r eSonahehiAgueney wareR i tHBSLRRLhgl!y [dentical to the resonant
frequency of the series resonator, the first parallel resonator being

el ectrically disposed between the series armand a ground termnal so as to

define a first parallel arm the series armand the f‘m@ihe&%s | el arm
constituting a ladder circuit such that the surface aci‘l R
I 1w

bR epideqder
has a predeterm ned pass band; wherein the first par b’gb ??ﬁmﬁ has a
spurious conmponent at a frequency | ocated between the f jency of
the first parallel resonator and a | ow end of the passband of the surface
acoustic wave filter or at a frequency |ocated between the antiresonant
frequency of the series resonator and a high end of the passband of the
surface acoustic wave filter. 2. A surface acoustic wave filter
according to claim1,
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wherein the first parallel resonator conprises a one-port type surface
acousti c wave resonator. 3. A surface acoustic wave filter according
to claim1, wherein the first parallel resonator
interdigital transducer disposed on the surface ?Hﬂiﬁmmlnﬂmlﬁuﬂstrate and
having a plurality of electrode fingers; and air
reflectors arranged on the surface acoustic maVﬁ substra}e S?Fh :hat t he ]
interdigit r 6 andwi ched between the pair of reflectors, eac
of the ?ef@ect% oifaé; navil ﬁe(ji lefn urality of electrode fingers, and \_/vher ein
one of the interdifgittfaceameoussdis aadet Hd lpair compirtis ingf:l ectors s
arranged so {haf Jdierddd Sooi@dld Haveesnpaioatas a spurious component at a
frequency | ocated between the resonant frequency of the first parall el
resonator and t3e ItR¥ted®WiNade passband of the surface acoustic wave
filter. #h ovhput fragmiagaystic wave filter according to claim3,
wherein a distance fro a center of the electrode finger of the reflector
which is cl osest F&YWe WS @ di tal transducer, to a center of the
el ectrode finger seritdse nersioeraﬂhogn tdaJsptolsmalsdmCEﬂhe/\hsimad:‘e Caitdﬁﬁﬁ?hd %é\f‘%ce

refl ector e I S _a _wave en of a sur

c élﬁ)é et Gl Q}a%[&% n'% he sur grxlgg&?&cyc (Jtingsena

acoustic wave e exci
5 A surffeﬁﬁg%m}'et i thevaseriest mesmmcm ree g cbaectS,lcmezyeldLsEpcweﬁ h of

Hesy | osest. to the
orl ector v idle Mnpdte Cnbis Pt ERETOOERE Perhinal G e en.
i nterdigi 59 a% 3 defdne a series arm; and

a first parallel resonator disposed on the surface

acoustic wave substrate having a resonant frequency and an
antiresonant frequency which is substantially identical to
the resonant frequency of the series resonator, the first
parallel resonator being electrically disposed between the
series arm and a ground terminal so as to define a first
parallel arm, the series arm and the first parallel arm
constituting a ladder circuit such that the surface acoustic
wave filter has a predetermined pass band;

wherein the first parallel resonator has a spurious
component at a frequency located between the resonant
frequency of the first parallel resonator and a low end of
the passband of the surface acoustic wave filter or at a
frequency located between the antiresonant frequency of the
series resonator and a high end of the passband of the
surface acoustic wave filter.

2. A surface acoustic wave filter according to claim 1,
wherein the first parallel resonator comprises a one-port
type surface acoustic wave resonator.

3. A surface acoustic wave filter according to claim 1,
wherein the first parallel resonator comprises:

an interdigital transducer disposed on the surface
acoustic wave substrate and having a plurality of electrode
fingers; and
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6. A surface acoustic wave filter according to claim3, wherein a mﬁdth of

the electrode finger of the reflector which is cl 0§l&$$|1€¢td){3$ E%JFW t al
transducer is snaller tha i ning el of the
refl ector. . E|Il|mwllmlﬂjm |[:|m2ve fil te mu m | ai m 3,
wherein a pitch betmeen thé efectrddesfingers of the reflector is smaller
than that of the interdigital transducer so that the spurious conponent is
5N nee 8 Bad B0 AL LS JAARMAP ol i I facé! abBAIRILOT
8. A surface acbUstic wave ter accor

40 furthwaveonpubstrate sseeid ?ﬁﬁ%ﬂItﬂerwﬁnﬁﬁndﬁgkﬁa§po§é@n§ﬁupﬁ€ sdsf ace
acousti c %Kﬁw?&ﬂé&raﬁétﬁéééml OcRe " PSRN o I SN0 AN ofth of the

antiresonant requenc i's substanti a é |dent|cal to the
r esonant rﬁééaéﬁeysohthEGSérPégrﬁééBKaPSrel?ﬁErg Boh4NBEESY | @1y esonat or

bei ng electrlcaBEYeﬂhsaﬁéerbehéeeatbbalgg&agst@bﬂsaadekﬁeagaouﬁ@ e nal
arm the series ar the firs

so as to define a second parallel- d
second paf Ilé}f ﬁg(i@Sﬁggﬁt ut§ nGrEReIesyg8P otfhat%etﬂ]ﬁddg"rrﬁglpé’a(’f :'l(}&rit
wher ei n tbeseﬁaﬁﬁﬂ peasal helspasionsd ocohgenanspuat oas foegpoamey Adbcated
frequency, | ocated hetween th ti fr e of se

resonatorbgﬁgeéﬁ Q%%1(ﬁﬁ#c§%¢£e %gégggﬁéyof%ﬁﬁquﬁ?fagégggou?Fggkhgl
filter. resonetorAasndrfabe aovusend vef/ethel tpasshkand diodg the clsainface

wherei n the fi5ESE gggglkehtéfsonator conpri ses: an interdigital
transducer arranged on the surface acoustic wave substrate and having a
plurality of electrode fingers; and a pair of reflectors arranged on

the surface acgustig s@feaéébsébaéeléuaavéhailta@ hBterdigyt 6b &1ammduger
5 sandui ched BetICSN ISP L QL LeTLeRlor e SR ol elBfode" keRlEES BV g
the reflector which is closest to the interdigital transducer,
to a center of the electrode finger of the interdigital
transducer which is closest to the reflector is 1less than
0.5A, where A is a wavelength of a surface acoustic wave to
be excited on the surface acoustic wave substrate.

5. A surface acoustic wave filter according to claim 3,
wherein a width of the electrode finger of the interdigital
transducer which is closest to the reflector is smaller than
that of the remaining electrode fingers of the interdigital
transducer.

6. A surface acoustic wave filter according to claim 3,
wherein a width of the electrode finger of the reflector
which is closest to the interdigital transducer is smaller
than that of the remaining electrode fingers of the reflector.

7. A surface acoustic wave filter according to claim 3,
wherein a pitch between the electrode fingers of the
reflector is smaller than that of the interdigital transducer
so that the spurious component is located outside of a
stopband of the reflector of the parallel resonator.

8. A surface acoustic wave filter according to claim 1,
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wherein the one of the interdigital transducer and the pair of the
reflectors is arranged so that the first parall el as a spurlous
conponent at a frequency between the antiresonant liﬂm @ ml series
resonator and the high 'end of the passband of the mave

filter. 10. A surface acoustic wave ‘filter according to cIa|n19,
wherein a distance froma center of the electrode finger of the reflector

uhich 1o ehosst 'l dHerdl o & dind ' BRPGHEET - e RatBY i Hlodd® o

el ectrode tinger of t I nter ucer which is clos
refl ect or the geagtace ha@WQFSS{J@rr]W&%er%utP%trét¢s havibve| edgt resbnant

surface a%%ameacyaveaha be AxCi tosk DReddifarstl f agfe é’ﬁ&?}' c %ﬁYShS“\?\%Erate

41 A surface acoustic.wave filter accord to claam?9 erein
a width oF“PﬁEaQFéE§i¥del@?ﬂbh?a%f‘FhetpﬁteFﬁﬁapﬁﬁF t FERARRRSY Wi chhes

cl osest t@etrlieerfﬂeaQitﬂtdrS, gr€ieé er sebandt hégia&flltéle r eaBo A f@r el selihgde
fingers of th |nt§& It al trag%gfcer urfﬁﬁe acousti c wave

filter aCS&FS h§ce H%H?SQﬂ1 W?%Pw}%?hSSFlFﬁe@QWxﬁq del®j Ag8knds t he
refl ect or temmméhails sol osestot deflimel i esdéghdalpatraadeducaim,i stigs eakeieshan

that of t r flngals f -4 re t 13.. A
et o " gl o 0 £l o6t ot CLBRRS e ) S trmcscytindop
t he eIectiéééerlﬁéeﬁbeoiadﬂ@rréYP@c@brcﬂstgreater than that of the

interdigital tyRasdyugertiso %Q@Bnhhepéf)é’:[lé’i‘s x%%%%%'il hQ&ataeSng\ElBL?ace

stopband of the reflector of the parallel resonator.
acogst i c GABBORENEeratyc@or BFPGUERCYR| doFated ypetueeroiite sARgiresonant

package fe@regueasyn®f hehéuskaiesagsdiato¥®Vend the high end of the
passband of the surface acoustic wave filter.

9. A surface acoustic wave filter according to claim 1,
wherein the first parallel resonator comprises:

an interdigital transducer arranged on the surface
acoustic wave substrate and having a plurality of electrode
fingers; and

a pair of reflectors arranged on the surface acoustic
wave substrate such that the interdigital transducer is
sandwiched between the pair of reflectors, each of the
reflectors having a plurality of electrode fingers, and
wherein the one of the interdigital transducer and the pair
of the reflectors is arranged so that the first parallel
resonator has a spurious component at a frequency between the
antiresonant frequency of the series resonator and the high
end of the passband of the surface acoustic wave filter.

10. A surface acoustic wave filter according to claim 9,
wherein a distance from a center of the electrode finger of
the reflector which is closest to the interdigital transducer,
to a center of the electrode finger of the interdigital
transducer which is closest to the reflector is greater than
0.5A, where A is a wavelength of a surface acoustic wave to
be excited on the surface acoustic wave substrate.
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substrat e; a plurality of electrodes disposed on the package; and a
plurality of bonding wires; wherein the plurality of the electrode
fingers of the first parallel resonator constitute Sgﬂg

el ectrodes, and one of the interdigitated el ectrode L\g‘“ﬁ““\:“‘\t“m\gl tated

connected to at | east one of the electrodes on the ge it htouyh t he

bondi ng wires. 15. A surface acoustic wave filter according to claim
14, wherein thejbondj | n d ¢t L.f .0nes _o 3
Shondl s R RASRV chaed AGEERA0%F AR 0

el ectrodes on the package, ) _ ST \
filter acoBlRHsid td ¥idbh 9f fila Rkextginsia stirger of 3 tpgclagenddgidiadasi ng
B2ty o e o odee e oos ghe, refleptor s greater than

42 a raljty, of el ectrodes di spose nsi de ackage; er.

the first |?%|XP%s&ﬁEF&PlPﬂcﬁiﬁﬁgiQﬁﬁLﬁ%ﬂqqﬁﬁcﬁgbghﬁs%ﬂ@ﬁﬁiﬁgiqﬁithe
I nt erdi gi ttadlantsdaresducer and the surface acoustic wave substrate is encased
I n the package such that the bunps are in contact with the el ectrodes

di sposed i nsi de the package. 17. A surface acoustic wave filter
conpri si ng: 12.a dustadacscagounist imawavsulisitereaccordiagseoi etaimsonat or

di sposed ugf ae O{sti ate. hawi r nant
freguencnglr%ﬂ%gr?.saé\t ?ﬁ?s%ﬁaﬁ? ftfheéé"ﬁ‘é%g?ﬂ?gsﬁé s%irl?%% rg\sfo%%( r%?ﬁr%%r
arranged WRigdrike §198pPés @ nthandnterdigitedsttmansduoen | &6 gereanaor

di sposed Q@ahh&h&&rB&cQhQCQ@&hEﬁiW@Veléeb§baatEihﬁgkggoﬁ ER8OpapiebEgguency
and an antiresonant frequency which is substantially identical to
13. A surface acoustic wave filter according to claim 9,
wherein a pitch between the electrode fingers of the
reflector is greater than that of the interdigital transducer
so that the spurious component locates out of a stopband of
the reflector of the parallel resonator.

14. A surface acoustic wave filter according to claim 3,
further comprising:

a package for encasing the surface acoustic wave
substrate;

a plurality of electrodes disposed on the package; and

a plurality of bonding wires; wherein

the plurality of the electrode fingers of the first
parallel resonator constitute a pair of interdigitated
electrodes, and one of the interdigitated electrodes is
electrically connected to at least one of the electrodes on
the package through the bonding wires.

15. A surface acoustic wave filter according to claim
14, wherein the bonding wires are connected to different ones
of the electrodes on the package, respectively.

16. A surface acoustic wave filter according to claim 3,
further comprising:

a package for encasing the surface acoustic wave
substrate; and
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the resonant frequency of the series resonator, the at |east one parallel
resonator being arranged to define a parallel armplRe..5@4sise& replmednd t he

paral |l el arm definin ngﬂm“mm‘t such t hat th stic wave
filter has a predetef“ﬁ m 38l wherein tﬁuﬂﬁﬂ B e parall el
resonator has a spurioeustcohpcdhert at a frequency | ween the

resonant frequency of the at |east parallel resonator and a | ow end of the

passband of thg 4Llraq @,C%téfee.ﬂ@y d%%l kg5 pBEeR! ihd TRAUEAEY o ae&%gh -

bet ween the an ésonant “f requency o e seFies resonator ~and
of the pawBgzadnof the surface acoustic wave filter. 18. A surface

acoustic wave fhbt 6f; AGCOLAIrAT169 C]'.'@éc‘i?lé—t?or le@{cqlu'aetsheaat%itﬁaﬁlweof
paral | el resonator conprisSes_a one-part e _surface acoustic wave

r esonat or bumps digposgdsgps hhe 5868§9F81&é etrAPsERCEE ARG et SUCtacs 17,

wher ei n tB@oahth@aSth@n%Mﬁldt@ i£senahsedcanpriteespackag@nsuBhekdiag tal
t ransducer |g§osed on t.he surface

acoustic e &B§tﬁ£ﬁa%ﬂu§qﬂﬁﬂ9ﬁ;%ﬂﬁﬂLﬁEﬁl?§e8Fr8?8§tP&ﬁBOFFHgéP§ld§hd

a pair of thef package.arranged on the surface acoustic wave substrate such
that the interdigital transducer is sandw ched between the pair of
reflectors, each of the reflectors having a plurality of electrode fingers,
and mherelh7@ner$urﬁeCBn§@¢ﬂ$gi¢awavﬁaﬁshnéérGompnlshégpalr of the

reflectors iszaghpeged as8ukpat &Q@eagubggfgtgne paral l el resonator has a
spurious conmponent at a frequency | ocated betweén the resonant frequency of

the at | east oﬁessﬁiﬁﬁlEPSPéééﬁﬁtéisaﬁaeéhenlGhﬁeﬁ&réﬁcﬁhécﬁ§§§55nwa8ﬁ t he
surface aggystiratwadfdf hhir@hg a resoBd@ntAfragdenclyyaadf ant @htae@songintg:

frequency, the series resonator being arranged to define a
series arm; and

at least one parallel resonator disposed on the surface
acoustic wave substrate having a resonant frequency and an
antiresonant frequency which is substantially identical to
the resonant frequency of the series resonator, the at least
one parallel resonator being arranged to define a parallel
arm, the series arm and the parallel arm defining a ladder
circuit such that the surface acoustic wave filter has a
predetermined pass band; wherein

the at least one parallel resonator has a spurious
component at a frequency located between the resonant
frequency of the at least parallel resonator and a low end of
the passband of the surface acoustic wave filter or at a
frequency located between the antiresonant frequency of the
series resonator and a high end of the passband of the
surface acoustic wave filter.

18. A surface acoustic wave filter according to claim
17, wherein the at least one parallel resonator comprises a
one~port type surface acoustic wave resonator.

19. A surface acoustic wave filter according to claim
17, wherein the at least one parallel resonator comprises:
an interdigital transducer disposed on the surface
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a surface acoustic wave substrate; a series resonator dispased on the
surface acoustic wave substrate and bei ng arranﬂmmnmnuﬂﬂmmerl es arm
and at | east one parallel resonator dispose acoustic
wave substrate and being arranged to define a pafallel- a"m Stht series arm

and the parallel armdefining a Iadder circuit such that the surface
acoustic wave filter has a predeterm ned pass band; wherein t he at

least one papald;el &&?Q“Q&B%ti’é‘ﬁe a?BUHa Mo O g ?Lli‘{:ya fre?ql Hode

| ocat ed between a resonant frequency of the “at one? paral r'esonat or
and a |OWﬁ%ﬂﬂQﬂsﬁfﬂﬂqwaband of the surface acoustlc wave filter or at a

S e i ek
e surfa .
and a hlg%é%gg %ub%t%a%%?ssggh Othat the interdigital transducer is

sandwiched between the pair of reflectors, each of the
reflectors having a plurality of electrode fingers, and

wherein one of the interdigital transducers and the pair
of the reflectors is arranged so that the at 1least one
parallel resonator has a spurious component at a frequency
located between the resonant frequency of the at least one
parallel resonator and the low end of the passband of the
surface acoustic wave filter.

20. A ladder type filter comprising:

a surface acoustic wave substrate;

a series resonator disposed on the surface acoustic wave
substrate and being arranged to define a series arm; and

at least one parallel resonator disposed on the surface
acoustic wave substrate and ' being arranged to define a
parallel arm, the series arm and the parallel arm defining a
ladder circuit such that the surface acoustic wave filter has
a predetermined pass band; wherein

the at least one parallel resonator has a spurious
component at a frequency located between a resonant frequency
of the at least one parallel resonator and a low end of the
passband of the surface acoustic wave filter or at a
frequency located between an antiresonant frequency of the
series resonator and a high end of the passband of the
surface acoustic wave filter.
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