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10 To obtain a desired frequency responséd, a surface acoust 'k lmmr
is widely used anong nobil e comuni cati on apparatuses. The surf aseseacousti c
wave filters used in the RF stage, in particular, include a | adder filter
havi ng resonators connected in a | adder configuration and a | gng i
node filter utilizing a node thr oungEr%@B%PTEgNoupl ing. Si ncelmﬂl:u&mmmnmmm
filter in the RF 15 stage directly affects sensitivity of the nobile "
communi cati on apparatus, |ow | oss perfornmance i s demanded of the % er .
Mor eover, sem conductor device such as an | C has becone adopti ng bal anced
i nput/out put in recent yearsURFAGIHACOVSILCWANE FHeEERequiring the
surface acoustic wave filter used in the RF stage to be bal anced
accordingly. 20 A description is hereinafter provided of a conventi onal
| ongi tudi nal | y coupl ed surface acoustic wave filter having a bal anced
i nput / ol puTEéHi LgtIBED; | | ustrates the conventional |ongitudinal node
surface acoustic wave filter. In Fig. 12, the surface acoustic wave filter
i ncl udes first, 'The@esemtdinventignamlates dpdrpeitudinallyneonnled surface asaustic
(hereinafter referred to as IDT el ectrodes) 1202, 1203, 1204 and first and
second ref | wavefilters epcl delivaring lowdow rerfoymesnsst ectric substrate 1201. 2
First 1DT el ectrode 1202 has upper electrode fingers coupled to first
termnal 1207 of the bal anced port, and | ower electrode fingers coupled to
second ternj 08 0O bal anced port. Second and third |IDT el ectrodes
1203, 1204%@1@%\@@&&9 sane side, 5 electrode fingers coupled to
unbal anced port 208 .and el ectrode fingers on the gther side of these IDT
el ectrobbs 1203, Ta 9 ﬁﬂlﬁr%d@?‘é cfEQﬂueBW ResRanset ASWacgaqeustg Yy Bgr 18
above, the syrface acoustic e filter obtained has the _unbal anced and
bal anced poWt 1y ypedramang yeo EQIPBBHICHID APPAEHUSE-c WaG Suriace gcougtic
di fference between 10 resonance_frequencies of prj r(i/ arld éerhi ary npdes
i s used forwaxedHterg usedaasthe RESt@ER, i partieular, ingludera ladder Rltgr haymngd
characteristics, it is known that spacjng between first |DT el ectrgode
1202 and eat3FOBRtAIEORBeES xmﬁﬁedamcwﬁ%%m&w&a&é@or@ nal magleatiar

substantially.,by a,/4 froma periodic structure,, Fig. 12 illustrat

structure iH%/%{%at’H%é"s X9 AeousEAGi ‘%S’Pgﬁngy %él,l?%?osﬁ)%\ﬁ"? ¢ %ﬁe%
structuye, however, piezoelectric substrate 1201 has a | arge free surface
porti onfiet SVE 1ﬁ%3tfyD?ﬁg?téc’iern§Hé‘§ Gi ti‘% ‘Pﬂ}é‘%‘? ﬁEﬁné%%%‘&aQB’gé’}HPg“rBté{E\né%W'
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Fig. 12 illustrates the conventional longitudinal mode surface acoustic

wave filter.
In Fig. 12, the surface acoustic wave filter includes first, second and third
25 interdigital transducer electrodes (hereinafter referred to as IDT electrodes)
1202, 1203, 1204 and first and second reflector electrodes 1205, 1206 on

piezoelectric substrate 1201.



3 5 electrode fingers of first and third IDT el ectrodes 1202, 1204. In this
structure, the upper electrode fingers of first IDT electrode 1202 are
grounded, while the | ower electrode fingers thereof are coupled to
unbal anced port 1403, so that this surfacg acoustic wave filter has the
ports both unbal anced. However, the bal anced port such as shown in Fig. 12
cannot be inplenented because the second and third |IDT el ectrodes are
connected with the first IDT electrode by parts 1401, 1402) respectively In
each of the abovFEiread®¥l dlévtradet 1202 hddhaipppaclogrsids firwers keupled id first
el ectrodes to an electrode finger pitch of the IDT electrode is 1.5 or 0.5,
and the periggiiaabtl20Gt of ¢hé sbalancahipontjoasd 16wes adedtnodey firfgeks edupled to
characteristics degrades due to) for exanple, bulk radiation of a surface
acousti ¢ wayeron Bt GAIRR08Ff ThE babdAdydIfdkt.A sur f ace acoustic wave filter
i ncludes a piezoelectric substrate, and a 15 20 25 plurality of
interdigital traBSssndeinctiictd IDIRelectrbde« 12038, ilksgachnhiave, phuhel sanye eide,
reflector el ectrodes disposed on the piezoelectric substrate. Each of the
| DT el edd r ogllestrode dingens eouplgd ttalurddadanceddport kA09dand eeqikredeafingyrsosn the
opposed el ectrode fingers, and each of the reflector electrodes is forned
of an arr angeizendidefofatheke TAIT elecofodek 1303 AR04i mae grounded. | By daeig ches
and the reflector electrodes are arranged in close relation along a
pr opagat i onsttucknei descoibed shovieathe asunfisdel acoumtie. wake filtsr ebtaineddeas the
includes a primary excitation region having h/2 el ectrode finger pitches,
wher e (err)unbslancedaaddradafced pdrbe surface acoustic wave. The prinary
excitation region of at |east one of the IDT electrodes is phaseshifted
from t he pri mar ylrethe ahtvedesariiednswifacnatdusticl iives fitter,r  défférenae betweem
amount in accordance with a desired passband frequency response. The |IDT
el ectr ol i resondaee fiequendts ofiprissoyraat teréiacy maddesns negd dor secviring a pass
el ectrode finger pitches different fromthe (err)/2 pitches, and/or at
| east one obandwidthffoethefilter4 dlocdhitainibeoddbandddaradteristiosidt is kpewnghathes
different fromthe a,/2 pitches. The surface acoustic wave filter thus has
a propagat i arsppaing betweeg fiest ¥ eliéctrosiet 1202 andaaethhefhseeondvand shird iIDRr
characteristics. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates a
surf ace acoeletirodesl208, 1204 isi devaatedrsidistantralihby A4 froim exrpldac gtructure.
enbodi nent of the present invention. Fig. 2A is an enlarged view
i |'lustratinBigll@dallustimtés tigpestsucture mgechich the spacipg icledated beddhtiar y
excitation regions when the deviating amount is 10 -(err)/4, and Fig. 2B is
an enl atiged vi ewWith tisisrséuatgres hostever piéiaelpetric anbstrgted1201 has aarge/fies i ng
stepwi se in secondary excitation regi ons when the deviating anmount is
-(err)/ 4. Feerfagn gostian betvegegedhoi ﬁm elegbodas i due dbethe doerdasad espacing
arranged at

J between first IDT electrode 1202 and each of second and third IDT electrodes

1203, 1204, thereby causing propagation loss which results in increased filter

loss. Known measures taken against this problem include a structure such as

20 shown in Fig. 13 in which the area of the free surface portion of piezoelectric
substrate 1201 is reduced by means of metal electrodes 1301, 1302 or the like.

Japanese Patent Unexamined Publication No. H05-267990 discloses a

structure having a A/4 spacing between centers of the respective adjacent

electrode fingers of first and second IDT electrodes 1202, 1203. In other words,

25  this structure has a deviating amount of -A/4 and as shown in Fig. 14, includes

part 1401 connecting the respective adjacent electrode fingers of first and second

IDT electrodes 1202, 1203 and part 1402 connecting the respective adjacent



equal pitches in secondary excitation regions when the deviating amount is
+a,/4, 15 and Fig. 3Bis an enlarged view illustrating electrode fingers
arranged at pitches varying stepwi se in secondary excitation regi ons when
the deviating anount is +(err)/4. Fig. 4 8llustrates a filter in accordance
with the first enbodi nent of the present invention. 20 Fig. 5A shows filter
characteristics when nl=n2=3, Fig. 5B shows filter characteristics mhen
nl=n2=5, and Fig. 5C shows filter characteristics when nl=n2=7. Fig

shows neasueletrofe fagers pifivss angrthard IDT eleakrusies 1129821804 n dlmidds atré\qture,
characteristics of a conventional filter. Fig. 7Aillustrates a surface
acoust i o waths Apbeweleptods dinasan et it FDX dlecterds A4&kpre eyoundsstiivbie tos
the present |nvent|o@£hand Fig. 7B illustrates another_ surface acoustic
wave filterlowersleer ﬁegwsﬂ%remmf are conpledntiootnbadanced partH493, so that this
illustrates a surface acoustic wave filter in accordance with_a third
exenpl ary eswdacermeousiic (wavep fidtesnhas bhenppisa. bathg unbalanced: r laveeversthe ace
acoustic wave filter in accordance with a fourth exenplary enbodi nent of

t he predent balapsed inoxt smckias shown|inuFig.al2 sanne beseplamended begavse the t er
I n accordance with a fifth exenplary enbodi ment. of _the present invention.

Fig. 11 il eeropdiand shird HYE electendesiare gonaeeted: with; theafessr AR edecirade by

sixth exenplary enbodi ment of the present invention. Fig. 12 illustrates a
convent i onaPagi4ide140duespectivelie filter. 10 Fig. 13 illustrates another
conventional surface acoustic wave filter. Fig. 14 illustrates sti]l

anot her convent i Bhgach off thee aheva, sases, \ihgeratia of the ppgringbetwesn @\RFIQT\IG

OUT THE | NVENTI ON FI RST EXEMPLARY EMBODI MENT 15 Fi.g. 1 schemati cal
i |1 ustr at eselecgdes teapelectrode finger piteh of the,IDT elsctrode 18 15 or 0. 5, and the

10 periodic structure is discontinuous. Consequently, filter characteristics

degrades due to, for example, bulk radiation of a surface acoustic wave.

DISCLOSURE OF THE INVENTION
A surface acoustic wave filter includes a piezoelectric substrate, and a
15 plurality of interdigital transducer electrodes (IDT electrodes) and a plurality of
reflector electrodes disposed on the piezoelectric substrate. Each of the IDT
electrodes is an interdigital electrode including a plurality of opposed electrode
fingers, and each of the reflector electrodes is formed of an arrangement of a
plurality of electrode fingers. The IDT electrodes and the reflector electrodes
20 are arranged in close relation along a propagation direction of a surface acoustic
wave. The IDT electrode includes a primary excitation region having A/2
electrode finger pitches, where A is a wavelength of the surface acoustic wave.
The primary excitation region of at least one of the IDT electrodes is phase-
shifted from the primary excitation region of another IDT electrode by a certain
25 amount in accordance with a desired passband frequency response. The IDT
electrode includes at least one secondary excitation region having electrode

finger pitches different from the A/2 pitches, and/or at least one of the reflector



accordance with the first exenplary enbodinment. In Fig. 1, a pattern of
interdigital electrodes each including opposed electrode fingers is forned
on piezoelectric substrate 101, whereby a surface acoustic wave can be
excited. The surface acoustic wave filterd4dformed is a 20 longitudinally
coupled type including first, second and third IDT el ectrodes 102, 103, 104
and first and second reflector el ectrodes 105, 106 on piezoelectric
substrate 101. In the surface acoustic wave filter nentioned above, the
upper el ect eleg@odenipoladest elpetrade fipger piichendifferent from thep/Zpitches.i 'Ere
termnal 114 of a balanced 25 port, while the |lower electrode fingers of
this IDT el wfa@ﬁjeacgmﬁtuar\éa&dgt@d thys shawral Rrepasataen mathothavies Feduerdd
port. The upper electrode fingers of second IDT el ectrode 103 are coupl ed

t 0 unbal ancégcprfinuity @ndihnce lowdosswfilter eharacteyirtics. 6 5 fingers thereof are
grounded. Simlarly, the upper electrode fingers of third IDT el ectrode 104
are coupled to unbal anced port 116, while the | ower el ectrode fingers

t hereof are_grounded. This surface acoustic wave filter thus includes the
unbal anced B%&EEaDEﬁ@é’dPGHD%OEEF&E DBAWINGR r ode 102 is divided into
three regions including first excitation region 107, second excitatiagn

regi on 108 and tHigd %B%@tltaéw arburfageaconstic Wayerfilter in pacoxdanes with a durst
first excitation region 107 is_located between 10 second and third
excitation ¢Xqmplesy eyshodiment gbthmpraspnt mveationde 103 is divided into two
regi ons includinﬁ_first excitation regign 110 and_second excitation region
111. Second exci Figi%h is &gt enlarged oriewe bidrating @legtrodegfingers peranged: at 15
adj acent to first | DT electrode 102. .-Third IDT electrode 104 is divided
into two refdWHPitchesdnisaeprdary exeitation regang sgiesntheidevagiang agypmt is
excitatjon region 3. _Second excitatjon, region 113 of third | DT el ecirode
104 is Ybcad® and ﬁ%n@gﬂ% ap; gnlarg W@lweelhsga%th@zfecﬁqd@tﬁ%&eeﬁtamwd at
regions 107,.110, 112 of first,. second and third IDT .20 el ectrodes 102,

103, 104 arRitPReSVABANE SIERWEE HhSeCQARTY RXCHRtIBgTesans Frhen %Life"%ar?é%%
primary excitation regions, a spacing (hereinafter referred to as an

el ectrode f?ﬁﬁ@ﬁtﬁiﬁzg) bet ween respective centers of the adjacent

el ectrode fingers, is set at 7../2, where (err), is the vel engt h of the
surface acoustichigadA i 45 eplarged viowndlusiraing elertroder dngses faranged at
o T bl iR e R ere Ba esions o7 thOteviih ARibudt b s,

15 and Fig. 3B is an enlarged view illustrating electrode fingers arranged at pitches
varying stepwise in secondary excitation regions when the deviating amount is
+)\/4.

Fig. 4 illustrates a filter in accordance with the first embodiment of the
present invention.

20 Fig. 5A shows filter characteristics when n1=n2=3, Fig. 5B shows filter
characteristics when nl=n2=5, and Fig. 5C shows filter characteristics when
nl=n2=7.

Fig. 6 shows measured characteristics of a filter when nl=n2=5 and
measured characteristics of a conventional filter.

25 Fig. 7A illustrates a surface acoustic wave filter in accordance with a
second exemplary embodiment of the present invention, and Fig. 7B illustrates

another surface acoustic wave filter in accordance with the second embodiment.



A spaci ng between an excitation center of first excitation region 107 of 25
first IDT electrode 102 and an excitation center of first excitation region
110 of second IDT electrode 103 is deviated by anobunt a fromthe (err)/2
periodic structure. Simlarly, a spacing Hetween the excitation center of
first excitation 7 region 107 of first IDT electrode 102 and an
excitation center of first excitation region 112 of third IDT el ectrode 104
is deviated by anpunt_a fromthe a,/2 periodic structure. In other words,
the periodic arr Bigydmdlwstestes pesusfasetacoustie waye fiterminpqcpedancesitha third
region 110 of second IDT electrode 103 is phase s shifted by a fromthe
peri odi c ar exemyplasendpodimensof the present hgeardidm prinary excitation region
107 of first IDT _electrode 102. Simlarly, the periodic arrangement of the
el ectrode fi nger Fig.® ibustrates @ gurfage aconstiegiaye Emgrmagmdmca withe fsetlyde
103 is phase-shifted by a fromthe periodic arrangenent of the el ectrode
fingers in px¢mplaryeunehadiment of the preseoy inverttionst | DT el ectrode 102. 10
Second and third_excitation regions 108, 109 of first |IDT electrode 102,
second dxcit ati oKig-d§iillustratesna syskage acowsticware filf¢s inegcendanse gathya fifth
excitation region 113 of third IDT el ectrode 104 each have el ectrode finger
pi t ches di f exemanlaryespbadiment of phe present ypventiae structure descri bed above,
the IDT el ectrode converts an electric signal, input fromthe unbal anced or
bal anced port, tBig Hd illgstratesar surfaeriaequstigavave filierin aecordanceisithiesiztlen
the reflector electrodes, so that a standing wave is generated on the

pi ezoel ect r pxemplaryembkodiment b Heprrsent jnventinur al i ty of resonance modes
is formed. Value_a is optimzed so as to_couple the primary and tertiary
resonance nodes FigydZilustrates @sonvradionsd sriace pcewsdicavase filtercs i s
obtained. 20 Referring.to the acconpanyi n%,dr awi ngs, a description is

provi deld next of Fiedgalluptratesianetber copyantimnal sprface acoustic wave §ltepr

el ectrodes 102, 104. Fig. 2 includes enlarged views each illustrating the
respective adj acEH lddtlupatessstiil ppetherranyentionalsnriaceacoygias waye filtey
when devi ating amount (err)=-(err)/4. In each of these cases, third
excitation region 109 of first IDT electrode 102 and second 25 excitation

region 113 of third IDI electrode 104 each have three el ectrode fingers. In
cach of 't he BESEMADE FoRf ARG AV FHEINEENgON e °r espect i ve- 5

fingers near t ach other in fir xcitation regions 107, 112 of the
first and tﬁfﬁéTﬁ%ﬁM%E&Ré’dEME@Di N [2-(err)/4. Fig. 2Aillustrates the
el ectrode fingers, arranged at, equal_pitches in excitation_ regions_109, 113
of firstdand thiFig-| Br schewatisally dustrates. a5 syrface @genetiar wageyfilfer in

finger-to-finger spacings for the six el ectrode fingers, every electrode
finger pi tcﬂCQ%d?W%JVzltglti‘fl .St?ﬁ%‘PE:lWé?m‘(’ menti o of the el ectrode finger
pitch of first excit.ation regjon 107 to.the.el.ectrode finger. pi.tch of third
exci tation regi off 55 dr ' RUOTROT aptee el ‘I6Sades,enih Jochilng fopgsct

e ger ot oRegirodd st G5 dBEmel i perdglstvis fubgrtaf DY iRrePE @ PEHECS 0g
T nger o t cReiegte v oo fie (GH@den THeoSIRCS tT G Tifge Aljer JuShed S
L SR v
oanceti ve L8 afang fiaf ARDsechid PPadtior MedfiRs 12 108 i Biggaeletfic

allows the s rftace ﬁg\cl)ustic wave filter to have as a whole a substantially
peri odic st? [7e vi ng reduced discontinuity along a propagation
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I1ustrat Edsé)c\énaéell'zxin%azlpl'w of the balanced port. The upper electrode fingers of second

IDT electrode 103 are coupled to unbalanced port 116, while the lower electrode



I f L1=L2(err)L3=L4 in Fig. 2B, excitation regions 109, 113 include two
different kinds of electrode finger pitches. Even in this case, the

di scontinuity 9 can be less than that of a conventional case, whereby

bul k radi ation | oss can be reduced, and tée filter can have reduced | oss as
a whole. A description is provided next of cases where deviating anount
a=+a, /4. Fig. 3 includes enlarged views each illustrating the respective
adj acent portions 5 of first and third | DT el ectrodes 102, 104 when .
a=+a, / 4. | nfingers therepbere grewnded.hiSinitandy,ttdhei vpperglestrode Aingers ofsthirdT
el ectrode 102 and second excitation region 113 of third I DT el ectrode 104
each have t hPdelestrede Rrbate pepnled to marbalancad poxihd t6,pehile she devereleciypde he
respective fingers nearest to each other in first excitation regions 107,
112 of the fingers thereeharel gravindsde c (Phig surfase meenstic maver filten thug inglydega
illustrates the el ectrode fingers arranged at equal pitches in excitation
regi ons 109thelugbalanced ahdbadanged narts.d | DT el ectrodes102, 104. Since there
are seven finger-to-finger spacings for the six electrode fingers, every

el ectrode finger Fpist JDT electaode 402 49 /dividedeingpothseet rrgiong iinclufling, dirst

el ectrode finger pitch of first excitation region 10? to the el ectrode
finger pitcexatation regios e iseeanidexcitajianragion 08 and thirdexditasionorrgiam 2
as well as the ratio of the electrode finger pitch of first excitation
region 112 489t he el ectrode finger pitch of second excitation region 113 of
third IDT electrode 104 is 1.071. Accordingly , the difference between the
respective el ect Indisst [RTalegtirodsd02ofirst; excitasion region 18% ds degated bebyeemns
10?7, 109 as well as_between the respective electrode finger 20 pitches  of
first and séecond andithird excitalionyegions 1483109, aﬁ@@qndﬂﬁ’l‘rﬁb@troaer&%u%i ng
structure has reduced discontinuity. The application of the sanme structure
to the ¥spdivided inty deenregionsi méuémgf first exadatipn regior HQ@ndEesond?,
104 allows the surface acoustic wave filter to have as a whole a

subst ant i al f¥cifatiopereaordilict ure havi ng reduced 25 di scontinuity al ong the
propagation direction. ;‘lng 3B illustrates the el e(;l%r(i)de fingers, arranged
at pitches varyi necondeguriation xegign Aililopl seeanshdDilpelectnagde,l0B; jssdo

third I DT el ectrodes_102, 104. 10 In the case of Fig. 3B, the _.

di scont i nui afiacant tnefirstdldzelestrode AR zil‘hgdelfé’E@f%a@dﬁ Kiis diyideddntq two | o
L3, L4. For exanple, setting (err)/2<Ll<L2<L3<L4,  can reduce the |

di scont i nui ¥§819R% Hdnding.fixst; excitation ragen 11Prand secondzexatatiprrregiondl3; i s
is simlar to the structure illustrated ig.3A _1f L1=L2%13=L4 in Fig.
3B, excld at éemdegmml%geglmsﬂi%eﬂa thied 33@35 afep?r@fgienw%%@aw& afiacenbie
finger pitcges.gﬁgefn in this case, the discontinuity can be | ess than that
of the convBAtS plegtrode 10er eby the bul k radiation |oss can be reduced.
Consequently, thg.filter can have reduced | oss a whol e. ;10 Next.,
description is pfB9t FEGUBHORLEREORE, é’ sﬂgorf:&aﬂg tfrﬁp’r secoRdi ?E@i@ﬂrq Z[Q%ns

108, 109 of first |1DJ_ el ro 102 each have nl el ectrode fj ers, while
especti ve SecbRBe I aiditn Wy it TERIOR1® G JULBAD ety TegPns
Chat Torey Thsougtmtibate DO MRLCPiagion reaiony dcimeicine (ietpinagiar sotimed B ©
second d third,l DT 15.el ect.r s 103, 104 each have total of, N2

oot A, bl sh e tide ket ik i tgon pampeghes ane s of thibhdaciitectspds e

respective Ii'n

Egresri% set at A/2, where A is the wavelength of the surface acoustic wave to be
excited. The second and third excitation regions in first, second and third IDT
electrodes 102, 103, 104 are referred to as secondary excitation regions.

A spacing between an excitation center of first excitation region 107 of

25  first IDT electrode 102 and an excitation center of first excitation region 110 of
second IDT electrode 103 is deviated by amount a from the A/2 periodic

structure. Similarly, a spacing between the excitation center of first excitation



nearest to each other in first excitation regions 107, 110 of first and
second | DT el ectrodes 102, 103 as well as between centers of the respective
fingers nearest to each other in first excitation regions 107, 112 of first
and third IDT el ectrodes 20 102, 104 is (hi1+n2+1)(err)/2(err)(err)/4. It is
to be noted here that deviating ambunt a is equal to +(err)/4 when there is
"+" in front of a,/4 and -(err)/4 when there is "-" in front of (err)/4.
When the el ectrode fingers are arran%ed at_ equal . piitches in excitation

regi ons 108regian 187 afifirst IRAeleeirodel 10BN ar exeigaidon gonterod tyst pEeifatien i n
25 excitation,re%?ons 109, 113 of first and third _|IDT el ectrodes 102, 104,
there existregipnnd2iof thinddDT eleqtraster 1948 ideyiated bk ameunton frew the Mg,

111 as well as in excitation regions 109, 113, so that every el ectrode
finger pitcheyiedic strugtuge.+nbn-other/wayds; the perradic aprengementroft theeelegtyade
ratio of the electrode finger pitch of each of first _excitation regions
107, 110, 1fipeews Woprimarytexsatationoregian 310 of second AP Teeleetrpde d 0B isgetasst t ch
of each of excitation regions 108, 111, 109, 113 is  1t1/{2(nl+n2+1)}. 5
Wth thi%s sehifledupeo from thesperiedicarrgngemenkohiths plegtrgde fingess in primany y
selecting nl and n2. The selection of _nl and n2 is determ ne

d b
trade-of f bexeadipn Hegions &t ohufixsy ERd elestrodet épzchﬁi&ﬂfgﬂy,sﬁﬁl%g?eriqdic

ot her words, the incregse in nl and n2 results in reduced discontinuity
but resul t SRFERNGAMSRS é’? ithe &&Weffgmg%'ﬁ IRGATVRALY ﬁﬁméatd‘é% F?%ﬂnﬂégs({fﬁﬂond
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e L G Mo " S A o e B SR

accordingly. This is because the,. nunbgr of el ectyode,fingers in each of
first excitSRNVEKtS %@iegefirlmg,n 1 DU e thabalanced or AR sedopRIEs ¢ Ehs he

Case. (i TRIGRGY BoUSHETPYBe RS &6 sanbatbebtoan Ehdehetdar PloibiodeS. s’
th d third DT el ectrod h.h total of 19 el.ectrod
fingers. O tife & AR SRR 1 Se BBCEFUAL PPngBP s PURORRED SHRE SBe e and
third 12 IDT el ectrod . mb f_el,ectrode f,i in th d
excl tat i on PEBEBHOSEEGRR L Ef of i3PRRpE FReEE I BEBell | Yale2ds bPAmIGET Bh
2)/ N2=5/19=Q. 263 i;n th f Hg. 5B d 2) I N257/ 19=0,368_ihn t.h
Case of Fi gio e SypIE (e gEaRant mnd %peidly PRGBS | Rgars 16RelRE MHRRERY or
el ectrode, ahe eg#gﬁer lgf egectrode E f.i n&;rs in the second and third
excitation Peyf EF COARACLETIHICS AR PREPRn =(3+3) / 31=0. 194 in the case of
Fig. 5 1+nl =(.,5+5)/31=0.323 in th f . Fig. .5B,. and .
(N = 7+7) PRPEGREY O apsumpatni R gitn  dorelhgn o joridgd neshobe
th tt ti I t | t 1=n2="7. | i hug..
e 2 ol e MBS brRub E RS A AT o2 04 2
itati [ f . - | <
o L SRR M Bl s DAL bt e
and third IDT electrodes 102, 104 when deviating amount o=-AM4. In each of
these cases, third excitation region 109 of first IDT electrode 102 and second
25  excitation region 113 of third IDT electrode 104 each have three electrode

fingers.

In each of these cases, the distance between centers of the respective



Fig. 6 shows neasured characteristics (a) of a filter when nl=n2=5 and
nmeasured characteristics (b) of a conventional filter. As can be seen from
Fig. 6, there is an inprovenent of 0.5 dB or nore in |loss. 15 As descri bed
above, deviating the first excitation regBons of the first, second and
third IDT el ectrodes by the certain anount affords the characteristics of

t he I ongi tudi nal node surface acoustic wave filter using the primary and
tertiary nodes. Further, optim.zing the eLectrode,finqgr Eitches of the
secondary efingers nearesicty) erch oetherra finst excitaiaen segigny 106 L2 phihefisst audies
20 reduces the discontinuity, so that all the electrode fingers formthe
subst anti al tlyrééﬂt'ﬂ @i@@@@dﬁﬁeksi@d?'é/%t ructure, thus reducing the | oss caused
by the bulk radiation resulting fromdiscontinuity of acoustic _inpedance.
In the above desFig. ptddHustrases sthe ¢lectsede dmeers drraaged iatgrauali pitehasdin n
t he secondary excitation regi on of each _of the first, second and third |IDT
25 el ect r odexcitatianeragions H9,\gmdfirst and third IDT plectrodead8Adtd4s excitati on
regi on may be optim zed according to the total nunber of fingers of each of
t he 1 DT &l ect r odSince thexs arersayen yl,geaﬁmﬁmgemna@mmf@tﬂ@rﬁl&@l%@tmﬂ@rﬁrtg@ﬁs,be
obt ai ned by 13 making _nl differ fromn2. The first excitation region_of
the first |every alestredefipgerpiteh ietiMI-MPEL r Y Thergforeqtherrationd thecelectrode
respective first excitation regi.ons of the second _ and third IDJ el ectrodes.
However, t hEngex prchf Bnsh excitationgeglan P dot etfﬂe%témi%ﬁaggl: mfwg of tHird
deviating anmount .is one of parapeters determ ning a passband of the f{ilter
and is theremaraél%btre@paeaﬂﬁg iplalrst HaR celegirode d@% Asdgvell |asothe ratio of the
characteristjcs. [In the present enbodi pent, .the surface acoystic wave
filter is celgeirgde gﬁbpﬁab@f&ﬁét exmiatincegiomdld o ﬂr&%‘a%e&e éngerqpxtﬁh@f
structure, balancing characteristics of the balanced port beconmes an
essent | Hl psgcandiexcitatige rfelq;hih%ef Hyrd BT eleetrode 104 18 9% | Agrosdinglyy
for exanple, sljghtly jncreasing distance, L4 bhetween first |DI el ectraqd
102 coupl edthedifferengn heimeenythe regpgcidye ﬁleGFrOﬂB%\%eé'd{'lF‘é‘tfés"fl@??F andythird
coupl ed to the unbal anced rt §uch t hat ,/2>L1:ﬁ2:L3<L4 in Fig. 25.

Al t hough t heXGitatiamsegipns (107, d0H|asswel 3%, betyegihthegesrestive lectiede Snger

<. MBEE B BEDE o i ot T LS i SEAE R, P
Con e TP USROS A b, ISR b A S ATEE
U G TN T RO M T
P LT 1 1B GRS B AR k2 SRR SELELAE bl 4
Pl anc . CELAShELLF: LR, BRSSO Bt BT 41
be e 00 B S GRR"  TPL0YS, D chenai o fhe Parasil
g pitches. e TS0 SOERTE RO AR Sk RS, SRR
(L1, 40O, gl SR LRl fud RPN R0 4,

1 nger i toh of B s ek thEaligortingiy, fo® B Featied RThRiAnEUb0M e e
L ALY i o i
wdih o nﬁﬁﬁn&?yléﬁ@. lﬁéﬁaygne tes ohsi.‘ %woﬂe% Tine Erect rode Tinger pitch

di scontinuity, tﬁéﬂ%%%%%%é#?é%?g& hﬁ%?s[ ﬁgﬁ.&&% tf&lse Jttéﬁ‘gﬂgg ?I?'ﬁsetr%ﬁegclf}f ode

fingerégtc?§ 2& the surface acoustic wave filter are set to define the
periodi'C stri®ture of the present invention, the simlar advantages can be

obt ai ned even whghy {beoLapat p phecti.on.is r LS e ;
enbodi ment has ref%?rgg t'o t%gq%arl'gg% g%%ﬁﬁ% aﬁgg%ﬁﬁ g%%téﬁ?#g§§§§p%wghe
ports may b I Th i.m . . . be
0ot ai ned cvaitii L AHicdy8ls BRLAERRthes (T Blis ba:A A BARIUAAR,
el ectrode finger pitches of the surface acoustic wave filter are set to
define the periodic structure of the present invention. The application of
the present invention to a filter using a | eaky surface acoustic wave can
enhance the effect of reducing the bulk radiation |loss. Wth 20 the | eaky
surface acoustic wave, the proportion of the bulk radiation |oss



generally increases in wave node conversion due to the presence of
discontinuity, so that the filter is likely to have increased |oss as a
whol e. However, the application of the present invention can reduce the

bul k radiation | oss. 25 SECOND EXEMPLARY &VBODI MENT Fig. 7A schematically
illustrates a surface acoustic wave filter in 15 accordance with the
second exenpl ary enbodi nent of the present invention. In Fig. 7A a pattern
of interdigital electrodes each constructed of opposed el ectrode fingers is
formed on ptasxbellesstthan thatf aganveptiongheasepywherelyy buberadiationilessgancbe s
excited. 5 The surface acoustic wave filter fornmed is a longitudinally
coupl ed typéﬁhh@duﬂﬁ®§h¢ﬁh@FFaQéE%MGedH@“1h$$GSPDWhékectrodes 702, 703, 704
and first, second, third and fourth reflector electrodes 7?07, 708, 705, 706
on pi ezoel ect ri cAglgseription 19@rovided BextcHrasas dharerdeviatingiamountenttdid.
differs fromthe first 1Q enbodinent jn_that first reflector_electrode 707
i s di sposedFiginshdasienlarged ewseach thustrating dhe yespeefivegaljagentmestions
second reflector electrode 708 is_disposed between first and third |IDT

el ect rodes ¢hfBrstzoul third $DTelactyedamiOs did4rehen e~diMdbonkn eaoh of these cases,
periodic structure defined by el ectrode finger pitches and can hence reduce
| oss of t hethind rexcitationyragion W of ifirskADTrielaciraded 192 anslseepnde preitation

el ectrodes 705, 706 of the present enbodinent are simlar jn_ structure to
respective regiprdidof shirdilIkelectrode Ideeash hawe threg elackrdei fingars, and the
above-nentL&Ped surface acoustic, wave filter, the upper el ectrode tiqggrs
of first | DHsERRGS beteenceenters of the regreciivie fingensanearast torerrhoether in first e d

port, while the | ower electrode fjingers of _thi el ectrode_ 702 are

coupl ed to %ﬂlg""é%hﬁﬁﬁi‘é?ﬁﬁ@%lllﬂlﬁtgﬁ %trﬁfeaB@f‘gﬁaébgg%]reﬁm‘l%l%wgﬂ& ectrode
fingers, of secong,IDT electrode 703 are coypled to unbaJ anced port 711,
while tHE | over Eigac3Addustrates the alecteede dingegs sirnameed at gqual| pitchagein

upper electrode fingers of the third | DT electr e cqQupled_to
unbal anced p¥ftation regipny éOQ,Hewﬁgwéﬁ feptan mdﬁgﬁbgegtrp es 105 194

grounded. This sgrfaCﬁ acoustic ve filfer thus ingludes . 25 the unpal anced
and bal anced por PHICetRPFIFoiRven dingerdedinggs spaengs he7ais electnode dingers.o e

) 9E | B ol e ol T TR R SR e
Chitooll PR T A N R
o o BB SPaE I e eSS S 0 Y el
Finger o of ' BIZEHOBS TNREY PICLST SRR QUL BiL 1LY LA PONBLS FaERy PItgher -
Fi st and SHEORY FoReEeBopein o146 PRrg T clpaftpas RASRTE0 Ll o Afpgalel "
G L O T TS e

ar anged at SRtonFoRe 107, 35 wefl 45 Rrordh G rRRRR P Hedtot Rhger o
(e 1) HF nobbhes o st ko seehh Dhratin Sseteteo to. BRI BB B i, o7,
708. 15 Therefﬁﬁe hhe r%gig q; t he €l ec rode finger pitch of each of IDT
el ectrodes 702, 963 ufb'ﬁrt}b Stlﬁéiué’fag % i fger pitch of each of reflector

&rgguny
riéfﬁﬁteéggfﬁg? our 107 %'%Péalééri%ﬁ%%éégﬁex%%ﬁ%f RIEHe %?Si@l??ﬁ&éé’a%ﬁ%é %bﬁ?%%aﬁf
e 1 ted Poou AR B IS leliRodkec RO 00 RN Ml AUERR Y itef
702, 703, 78 B4 ' ch oMBeRcE T RS DARE, oBoBR Rerfthls Phabl deBRbGGCS
(S e RS 1, L T
limted to mﬁthiﬁggo%g %%éﬁﬁée%H@fe%@cgﬁggdéﬁéﬁé,aﬂkgﬁgﬁe%€3%ééegﬁﬁagﬁggof

first and S&%@Q@sé ﬁéﬁ?&a?{on%eﬁéﬂsoﬁﬁf 118 6¢ £ 48a 24 EniR8 THIUALcAbd&IHR, 104.
pi tches. However, ose



17 electrode fingers may be arranged at pitches varying stepw se such as
noted in the first enbodi nent, or the reflector electrode may have two or
nore different kinds of electrode finger pitches. The el ectrode finger
pitches of first and second reflector el détrodes 707, 5 708 differ from
those of first, second and third IDT el ectrodes 702, 703, 704. However) |DT
el ectrodes 702) 703, 704 may each be divided into a plurality of regions to
change the el ectrode finger pitches of each region adjacent to reflector

el ectrode 7bvthe cassof Rig. Skhthe idisconginurty, can be reduredeby eptistisingoeectsode
divided intg three regions_including first excitation region_721, second
exci tation fegenmpitcheydol,ahd, L83 det. exdfon exawnle, eyitbne W 2<LilrL2rlsclApman

el ectrode 702, first _excitation region 721 is | ocated between second and
third excit tadusa thegiisnentimmty betweendhe fdiagent &ingers.ode 703 i s divided into
two regions including first excitation region 724 and second excitation
region 725. Sec &f&b‘%e?ﬁlalif‘f% ip &ig.oFB, 7thas b siseilamtp thomstaneisre dlastrated by

| ocated close to first IDT electrode 702. Third IDT 15 electrode 704 is

di vi ded & nt Big- W@\ r egions including first excitation region 726 and second
excitation region 727, Second excitation region 727 of third | DT el ectrode
704 is located cHobd=Lg#k3sh4 |inTFig. 3By gueitataon regiongghdut 113 inelude two
excitation regions_721, 724, 726 _of |IDI electrodes 702, 703, 704, a_ spacing
(el ectrode Hiffeyent kindsof eleetyeda fingenpitehese dhvancimsthis cape the diggontinmity

el ectrode fingers is set at (err)/2, where (err), is the wavelength of the
surface acotAfl be logs thanthat efidie;comventiopakcafe, mehexely the balle radiation lesst er
of first excitBtio r gigﬂ)?Zl of first |1DT electroﬂe égf and an_excitation
center of f¢ampezeduged; onsegnently she fltex caghpveredured 1088 @e argholes
deviated by a certain anount fromthe (err)/2 periodic 25 struycture. .
Simlarld, a spa@rzﬁ@ aydespEwtion s providedof sasesswhere sgeond,and @ueﬁ exgitagion

e O T2 B T o O o S e e
e i e
7 ot oM T bl B ol sl il
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i gs. AR antloomones 106 Wieadiiavem talio N eitonta Bodtinve 111 ter of the
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L e i ks,
devi a | ng_ alfouns qibeR o B EEIAMo e 107 108 o HRE 4R i TDYEsBhrplg
optim A0+ Tkl G InTennt PARAAG BRA bPindtaR here ks EMfatife sMOPChE

Phe Tir st coATtaAVE WHer BB s ;5 Fingt BF A PE0 M ARhed theB R ™ Y Bond

metal | izati ratio of the electrode finger can be changed, too. The
present enbodiftent has referred to the bal anced and unbal anced ports.

, th d | 1
el ot rode 11 nger "hercrt SisPudfle 1HRRANGRCa B hndBl A Gla Tpdis Bl
define the peri,dhfest¥CLUEE 0L NG BRESADD JURI 02! 183 SAING ao in
advant ge;lp ie 0 fiéﬁ; even h en an !nput ou F?h; |rec.hon i's rﬁvgrse :
sur no e otbftatith i1 & ST AL 844 it @rﬁ?éaﬁu&ﬁ{ﬁ%lfg?’ o4 sheRHise
. THI | Fig.: ' i :
sﬁ?fs ace acons%%ﬁiﬁc%& \Fkg\ﬁe\ﬁg@/? 'grnléggrg_gg%lglggéﬁgeéé i\fcmgﬁﬁﬁtﬂﬁgﬂr{qsﬁr@,el)%;l% a?? 4 in
embodi ment é)yzciga@ﬁnprleesg%ﬁs : TM@,ntiﬁQ' so that every electrode finger pitch is



In Fig. 8 a pattern of interdigital electrodes each constructed of opposed
el ectrode fingers is fornmed on piezoelectric substrate 801, whereby a
surface acoustic wave can be excited. The surface acoustic wave filter
formed is a 10 | ongitudi nal node type indlluding first and second |IDT

el ectrodes 802, 803 and first and second reflector el ectrodes 804, 805 on
pi ezoel ectric substrate 801. The third enbodi nent of this invention differs
fromthe first enbodinent in that the surface acoustic wave filter has the
two | DT el efipddadsDMIrN4amehlde Therefere; the ratioef theplestoedafingenpiteh e
defined by electrode finger pitches, 15 and can hence reduce | oss of the
surface acookedch afdfirst exeitation regione 18holAd AdAof SR pledtrodasel @ d0St 164 dave
filter, the upper electrode fingers of first IDT electrode 802 are coupl ed
t o unbal ancti glactrodeofingen pitchhef easkeof exeibationeregiongedd8,0111,h169, B8 is

el ectrode 802 are grounded. The upper el ectrode fingers of second |DT

el ectrode 8b8l/&2@ltvdplld to unbal anced port 811, 20 while the |ower

el ectrode fingers thereof are grounded. Simlarly, the upper electrode
fingers ®f a thi With tisstwatnrgidhe dascontionity cancbe mipintredoby aparepriaiglpor t
811, while the [ower electrode finqer$ t hereof are grounded. This surface
acoust i ¢ watele¢ting emlt d n2nc Theeselectionef nt and: »2 is Betezmined byia sraderyif

el ectrode 802 is divided into tw regions including first 25 excitation
regi on $06 b?ﬁ!"@@cﬂmjd@@@n‘élamtanan@éﬁérﬁlmﬁ(?h%@étﬁ%ﬁt&%ci datotbar meqpdsntisn7
of this IDT, electrode 802 s |ocated adjacent. to second I DT el ectrode 803.
20 Si il ar | ipcreaseony nband i reseltyon redwged; digontingityndutctgsydts in an
including first excitation region 808 and second citation region 809.
Second exci Fﬁ@ﬂféﬁfé?@@’ cﬁltegawtgvamg@ qdesired lé%"csgéﬁé engy TOSRANSS RAgRUSR Nt
to first IDIT el ectrode, 802. 5 Throughouyt, first excitation regions_ 806, 808
of firstO anthes sgsrher efrelactiode ofilagerso whigh letermingsea gt parh 9éthei filter i s
set at (err)/2. A spacing hetween an, excitation center ?f first excitation
regi on 806 ¢hargcteristiosy ig| the ﬁa@ exgdatipn regiax @ft %ﬂq%oﬁ dhat BPToeleptrodes
excitation region 808 of second |IDT ?Ie trode 803 is deyiated by . amount a
from the a, Aecrpasqsqicerdipglyet (ramversely,ithe deryspse ipatl dad nZgregplts in gehilter

el ectrode anger pitch Qf first excitation region 806 differs frqm each

el ectrode fhAGEE lﬁicfwegfd@%ﬁﬁau@kéngdwwsp dresheaiasedshy ragiation Py
bet ween theagegggctrode finger pitches ranges fromO0.9 to 1.2. In second

| DT el ectrothe 8 , the electrode finger pitch of first excitation region

808 differs from.,each el ectrode fipnger ,pitch of. second excitatjon regiqn 15

809 so Ythat the Figi g%é@w@@ﬁtqaﬁ%ﬂg@ @'&rae%mcﬁgféﬁerbiqlc% ARy dm

0.9 to 1.2._1In other rds, all the el ectrode.finger pitches of the surface
of %@ﬁs re]hﬁ,o{:ba

acoustic wale 48 e 8t3 vestical paxds, shOWs, Nasping, characteristics

subst anti al eriodiq structure. A desctiption.is now provided of a case
where secon Eeg’d'lattﬁﬂ rP@?ﬁrb“z’@)B@’iFW% "o‘gnﬁﬁa]@ﬁectrodes 802, 803 have nl

el ectrode 1 nger s, a0d 1% The HA A1%:A0e! IS Sunk SRRESLLNSHY Wi R 098! 1O

Fig. 5B illustrates the passing characteristics when nl=n2=5, and Fig. 5C

20 illustrates the passing characteristics when nl=n2=7. As can be seen from
these drawings, as nl and n2 increase, the attenuation increases accordingly.
This is because the number of electrode fingers in each of first excitation regions
107, 110, 112 becomes smaller with respect to the number of electrode fingers in
the secondary excitation region(s). In this case, the first IDT electrode has a

25  total of 31 electrode fingers, and the second and third IDT electrodes each have a
total of 19 electrode fingers.

Of the total number of electrode fingers of each of the second and third



centers of the respective fingers nearest to each other in first excitation
regi ons 806, 808 of first and second |IDT el ectrodes 802, 803 is

{(nl +n2+1)i,/2-(err),/4(err). In cases where the el ectrode fingers of
second excitation regions 807, 809 of |Dl2l ectrodes 802, 803 are arranged
at equal pitches, there exist (nl+n2+1) finger 25 to-finger spacings in

t hese regions 807, 809, so that every electrode finger pitch of these
regions 807, 809 is {(nl+n2+1)i,/2+(err)/4}/(nl +n2+1). Therefore, the ratio
of the el eciPErlectrodpss the mmbsr of ¢lectrode fingeromn theyresendosxdtationeregion

el ectrode finger 21 pitch of second excitation region 807 of first IDT

el ectrode sacconntsvion (ndy/N2Z=3/19F0.358fint the edsecafr Bige 54, {58V NZ-HEID6K263 int
excitation region 808 to the_electrode finger pitch of second excitation
regi on 809 the easesd igDTBennd (nDIN2589/390.368 imtheicase of Flig. FC.w Ok theréotalim
(nl +n2) of electrode fingers in second _excitation regions 807) 809 of |DT
el ect rodes Bombez®f elegtreder Bngensy ofnihectirsd\ i)Y elactradeo e mumalar ¢f eleetrode

t hese regions 807, 809 is 0.9a,/2 or, nore, and the discontinuity can be
limted & o fingersn 1wostheneseeand dendat thigdanexmtation +xegiopss, aedeuntsyt ifer of
the electrode finger pitch 10 of each of first, second and third IDT

el ect rodes @i*nly ,=(§¢3)/8b=9-|184em she eanecoffliggad, (mltad)/di1=ath)/31=0.823 in and
fourth reflector el ectrodes 707, 708_is 1+1/i26n1+02+1)}. Wth the sum

(nl +n2) of theeasewdd'igi PBeand (Mo -Etd)/BETV-4A2 18 fhe gaseof'igg66. of | DT
el ectrodes 802, 803 _being four or nore, every electrode finger_pitch of 15
these regions 80A&S shown dy1FiEsy pAEC) dbe athermation dnereasrs huia Jargarextent

limted to within 10%_1n the present_ enhodi pent, the e|lectrode fingers of
second exci W ndhl%%ngt m@zusm?%abh% tggausr&%ﬂf eiqstrqqeeféngecxaé%thm
803 are arrangeq at equal, pitches. However, those el ecfrode_fingers_nay be
arr angek at Semozlgﬁ@é exeitation irgglon(Yppgeeunts for A3 andess élﬁ- gﬂlz+l‘11)9§t1<1/3 or
enbodi ment, or second citation regiopns 807) 80 each include two or
nore differ @%)/li%ﬂdé*) 6‘%’@“@&4%‘8&8{’?# ﬁé@?g?ﬁst@ﬁhg?gﬁ?%%té efromthe a,/?2
pitches. The first excjitation region of the,firét | DT. el ectrode i s deviated
by -(err)/4 or +i& 0 shows smeaspeed characieusties ( rpfr%gali@ﬁ wher AAFNZFO
second and third Qlig 25 el ectrodes, However, {he devjatin am)ugt i S. not
linited to Measwreshgharacterisdicyfh) ofia sapvenbonal filten,Assarphe sepn fpm Fig. 6,

determ ning .a passband of the fjlter and is therefore optimzed in
accor dance W9rR 13aBipdoyement 0&5%‘%9@%4%1@ 08S.

15 As described above, deviating the first excitation regions of the first,
second and third IDT electrodes by the certain amount affords the
characteristics of the longitudinal mode surface acoustic wave filter using the
primary and tertiary modes. Further, optimizing the electrode finger pitches of
the secondary excitation regions of the first, second and third IDT electrodes

20 reduces the discontinuity, so that all the electrode fingers form the substantially
continuous periodic structure, thus reducing the loss caused by the bulk
radiation resulting from discontinuity of acoustic impedance.

In the above description, the same number of electrode fingers is used in
the secondary excitation region of each of the first, second and third IDT

25 electrodes. However, the number of fingers in the secondary excitation region
may be optimized according to the total number of fingers of each of the IDT

electrodes. In other words, an optimum excitation condition can be obtained by



22 The present enbodi nent has referred to the electrode finger pitch only
As in the first enbodinent, in addition to the electrode finger pitch, a
netallization ratio of the el ectrode finger can be changed, too. The
present enbodi nent has referred to the pdts both unbal anced. 5 However,
the ports may not necessarily be unbal anced. As |long as the el ectrode
finger pitches of the surface acoustic wave filter are set to define the
periodic structure of the present invention, the sim|ar advantages can be
obt ai ned eveylingnlaiffenfiom vdt put direction is reversed. The application
of the present invention to a filter using a | eaky surface 10 acoustic wave
can enhance the The dust excitaticregiomof khe SustalDBelectende isdeomiatedbmvidy/hmy
EMBODI MENT Fig. 9 schematically illustrates a surface acoustic wave filter
in accor dam':é/g‘iv\ﬁpm the reepectivechirgiptxsitationbregionn of the segomd @ndothizd JAT er n
of interdigital electrodes each constructed of opposed el ectrode fingers is
formed on pelegedest rilewever thadevigbing amevebis notdimitad do shesesvalvesvavEbe an
be excited. The surface acoustic wave filter formed is a | ongitudinal npde
type i nd uddevatingamawnt isconsef payamgters defesmining a passhand qf; thetfiltersandd
and third reflector el ectrodes 904, 905, 906 on piezoelectric 20 substrate
901. The f olfrthereforpaptiaizediin aecordancewithelesied filtennhwragioristiest hat third
reflector electrode 906 is disposed between first and second |IDT el ectrodes
902, 903. This chntheprrsenyeshodimant ithegfurfaggeaacoyatie wavefilten is eoafigueed by
el ectrode finger pitches and can hence reduce |oss of the surface acoustic

wave filterto Jmventheamhsadanrcede andohalansed f petds.ac busthie staveture, balancing

upper el ectrode fingers of first IDI el ectrode 902 are coupled to
unbal anced fRATActRYISticthef ¢he Healppord rorkdiecemest angrasental mgrametar.  The
ol cct 1 oHe obalagrine ChRGIPTIIGH s BRJEPTILY oter VHITELS: REEPOHCRCEI RS ode
ol ades ¢ hiisgRRees LA emaRB dirshdDIL. SlpRatBHG: crumied tarthe dalinted pAr end
bet veen an 8391 OhOLER slerirelesot0s: 104 (el ot Prpyambeiangit BeFtckadh Hhon
per odi o st MaoLIrLa-karidoi B 8B | AlHuwa i laetenge 18 LArssuiRanahepbeht
Chird rof | cRREPa BLeqche clectigde RRGTEUIBTdel ek o Wi et e Feduction
E ?SNPES .%sr %é)‘}sffidagf {})Se, $§§5§q?1§,uft§ cgg%g Igjl:teggﬂtédrj alngl:ch%lbeaﬁgﬁgggschgggéte?igac; S
can be improved as long as the ratio between the adjacent electrode finger
pitches of the IDT electrode ranges from 0.8 to 1.2. An ideal balancing
characteristics can be obtained when a signal input from unbalanced port 116
and output to first terminal 114 of the balanced port and a signal input from
20 unbalanced port 116 and output to second terminal 115 of the balanced port are
of the same amplitude and oppositely phased. The balancing characteristics
practically deviates from an ideal value due to, for example, a parasitic
component between the IDT electrodes. However, the balancing characteristics
can be improved by changing the parasitic component between the IDT
25  electrodes through adjustment of the electrode finger pitches.

The present embodiment has referred to the electrode finger pitch only.

In addition to the electrode finger pitch, a metallization ratio (the ratio of an



cases where the electrode fingers of third reflector electrode 906 are
arranged at equal pitches, there exist (Nr+1) finger-to-finger spacings in
this reflector electrode 906, so that every electrode finger pitch of this
reflector electrode 906 is {(Nr+1l)a,/2+~144}/ (Nr+1). 15 Therefore) the
ratio of the electrode finger pitch of each of IDT el ectrodes 902, 903 to
the electrode finger pitch of third reflector el ectrode 906 is
11/{2(Nr+1)}. Wth third reflector electrode 906 having four or nore

el ectrode feélegande fimger widtleco thelngerngefinget spacihg) tars be ehhpgedyrtoel eFor ode
906 is 0.97V/2 or nore, and the discontinuity can be limted to within 10%
20 | n casesexdmple, sheedheiebddtrogledimgertpitch of-setendaryexcitationakbgione 169et13 ode
finger pitch of each of IDT electrodes 902, 903 to the el ectrode finger

pi tch of thigsnalét detmtheblectrodddines pikchlof primalky exdifativi régions 1631 b2

el ectrode 906 having four or nore electrode fingers, every electrode finger
pi tch of t hirs Rigf2Acsaiting et medalliz@tionsratio2df séc@ndary escitataond regiens 109,
discontinuity can be limted to 25 within 10% In the present enbodi nent,
the el ed r odit3 flargpar thaxi thht raf pmEinasyt excitdtiort regien80B03r #12ircaanbeishgathe
equal pitches. However, those el ectrode fingers 24 may be arranged at

pi t ches var gleotrode dmges avidtk lof #he metmdlary exhiation yegmmsaldosestot theTdlectrode

el ectrode finger pitches of third reflector el ectrode 906 differ fromthose
of first anfingecondth &ffthel pdnraogesxcitafion 3egiondowdVish the Blecttalet finghaspitdly, 5
903 may each be divided into a plurality of regions to change the el ectrode
finger pitched the metdllizatjowratidj thesntakien g6 laecount frexeduced ddg@ntinmity her
words, optim zing the electrode finger pitches of this reflector el ectrode
and t he el ethe bde canhgaedpeadfimther the regi ons adjacent to this reflector
el ectrode as a whole affords the simlar advantages. 10 The first IDT

el ectrod® i s devAatleng by the electrotlecfingqrepityhies ofrthe) suréacecacomgtic mave filter

el ectrode. However, the deviating anount is not limted to these val ues.
The devi at i ate asbtotdefineothe péripdicastrnetuge it thenprésent dnyestioanthe similar
filter and is therefore optim zed in accordance with desired filter

char act er i sadvantaghe can bs obtainet etenovherhthe inpusiontput dire¢téoreisareversed.
finger pitch onl¥ 15 As in the first enbodinment, in addition to the

el ectrode fingerThetmhsent enmbatlihent haa nefarred ¢p thecbalnaced and wnbajancedin
be changed, too. The present enbodi nent has referred to the ports both
unbal anced. pexigevBloweven thernartsrmaybethhbe awbalanogdins halparethc ebhe similar
application of the present invention to a filter usi n%; a | eaky surface 20
acoust | b wagedvantages hambe obkaineflfeven when thriinpmiyg/awprt dirertden ahrevessed as
Further, as_long as the el ectrode finger pitches of the surface acoustic
wave filterlongasthe elecirede Angerpitshes efithe surfaee apeustic wake plies ae set to

i nvention, the simlar advantages can be obtai ned even when an i nput/ out put
direction idefingtheperiodis structure of the present invention.

The application of the present invention to a filter using a leaky surface
acoustic wave can enhance the effect of reducing the bulk radiation loss. With
20 the leaky surface acoustic wave, the proportion of the bulk radiation loss
generally increases in wave mode conversion due to the presence of
discontinuity, so that the filter is likely to have increased loss as a whole.
However, the application of the present invention can reduce the bulk radiation
loss.
25
SECOND EXEMPLARY EMBODIMENT

Fig. 7TA schematically illustrates a surface acoustic wave filter in



FI FTH EXEMPLARY EMBODI MENT Fig. 10 schematically illustrates a surface
acoustic wave filter in 25 accordance with the fifth exenplary
enbodiment. In Fig. 10, a pattern of interdigital el ectrodes each
constructed of opposed el ectrode fingersiss fornmed on piezoelectric
substrate 1001, whereby a surface acoustic wave can be excited. The surface
acoustic wave filter fornmed is a 6 longitudinally coupled type including
first, second, third, fourth and fifth IDT el ectrodes 1002, 1003, 1004,
1005, 1006 acmrdamctwithdhseeoomd exdhplaryrenelhatmend of the 07eseno idvenrtion.

pi ezoel ectric substrate 1001. In the above-nentioned surface acoustic wave
filter, the uppeln FigdA, adettenpelintafdigitalslectiodes dachronstrfucted efopposed

el ectrodes 1002, 1005, 1006 are coupled to 10 unbal anced port 1009, while
the | ower etlectrodddingergds Sonhed has pidZdeleetic subdiratd 02, wit@eby k086rface
grounded. The | ower el ectrode fingers of second and third I DT el ectrodes
1003, 1004 acmustwuwphedistexcitalal anced port 1010, while the upper el ectrode
fingers thereof are grounded. The surface acoustic wave filter thus

i ncl udes five | DThelssefacedwousatid wawe filler formaed isiabahgitodihallyscipled typr
el ectrode 1002 is divided into three regions including first excitation
regi on 1011linchedingdirstcsecand amdr ghyirdhDT0dectaodes 702, 0703k Ji0daridfirste gécond,
1013. In this IDT el ectrode 1002, first excitation region 10l1 is | ocated
bet ween sectindd and fohrthdrefhecior @lé¢asrodes§i05n§08,0005, 70613 pisecdectricBnibstrate

el ectrode 1003 is divided into three regions including first 20 excitation
regi on 101470%econd excitation region 1015 and third excitation region
1016. In this IDT electrode 1003, first excitation region 1014 is |ocated
bet ween second aRbet lsecandexernbedinuants exfi ¢his limyentioneliffansi rfdfompDtthel dbst ode
1004 is divided into three regions including first excitation region 1017,
second Hkci embodimeriyim thap figstareflackon eleetrede #07oks disppead betwepnofirgtrandi s
| DT el ectrode 1004, first excitation region 1017 is |ocated between second

and third esesondt IO elegirodes 11023, 703 rmd fthat tsecomsi refleetor oelectrods 708 is

di vided into two regions including_first )
disposed between first and third IDT electrodes 702, 704. This arrangement

can reduce discontinuity of a periodic structure defined by electrode finger

pitches and can hence reduce loss of the surface acoustic wave filter. Third and
15  fourth reflector electrodes 705, 706 of the present embodiment are similar in

structure to respective reflector electrodes 105, 106 of the first embodiment.

In the above-mentioned surface acoustic wave filter, the upper electrode
fingers of first IDT electrode 702 are coupled to first terminal 709 of a balanced
port, while the lower electrode fingers of this IDT electrode 702 are coupled to

20 second terminal 710 of the balanced port. The upper electrode fingers of second
IDT electrode 703 are coupled to unbalanced port 711, while the lower electrode
fingers thereof are grounded. Similarly, the upper electrode fingers of the third
IDT electrode are coupled to unbalanced port 711, while the lower electrode
fingers thereof are grounded. This surface acoustic wave filter thus includes

25  the unbalanced and balanced ports.

Throughout IDT electrodes 702, 703, 704 , the electrode finger pitch is set

at 2. A spacing between an excitation center of first IDT electrode 702 and an



26 excitation region 1020 and second excitation region 1021. Second
excitation region 1021 of this IDT electrode 1005 is |ocated adjacent to
second I DT el ectrode 1003. Fifth IDT el ectrode 1006 is divided into two
regions including first 5 excitation regilgn 1022 and second excitation
region 1023. Second excitation region 1023 of this IDT electrode 1006 is

| ocated adjacent to third I DT el ectrode 1004. Throughout first excitation
regi ons 1011) 1014, 1017, 1020, 1022 of first through fifth IDT el ectrodes
1002, 1003, exdittion coBer oHesond HYE electrodeni0fisedesdateddey amogat opfroohyhe

bet ween res&%ﬁtive centers of the adjacent electrode fingers is set at 7J2,
where ~, i shMnhpeniadigl stngetires Similavlyf acpaging betwearnvbe texcitation cienser: of\
spaci ng between an excitation center of first excitation region 1011 of
first 1DT efiestt H¥Delddorleaitd2 amdeaniaxaitationcenter obthirdrldIT elestralei 'd0d is
region 1014 15 of second IDT el ectrode 1003 is deviated by anount a from

t he (err)/ 2dpaatesthy astoumt toufrem GiedRaeriodiastypetsirag bet ween t he excitation
center of first excitation region 1011 of first IDT el ectrode 1002 and an
exci t atifon cent ef descriptien isnew tpavvidedoé gi case vdiere dhe deviadingsameist is ode
1004 is deviated by anbunt a fromthe a,/2 periodic structure. 20 A spaci ng
bet ween t he-M4ci Waenothe evwmaben pf flectrodexBngensi o eadyiof theofirstoind seeontl | DT
el ectrode 1003 and an excitation center of first excitation region 1020 of
fourth | DT weflestoroelectrodss issNodheadistansy betiween centers ofithesespectiye fingers
periodic structure. Simlarly, a spacing between the excitation center of
first excitnearsat tegiach ather inffixstiand serpnd BOT eldetrodes: 7830783 asxwellaas on
center of first 25 excitation region 1022 of fifth | DT el ectrode 1006 is
devi at ed bycentermeof the respactive fragersanearestc ta eack tother imdinsbaad third HDT
above-described configuration, deviating the first 27 excitation regions
of the ¥J rs@leﬁﬁpdeﬁg'ﬁogimisl{@'bl)é@-ﬂéhes by the certain amount affords
characteristics representative of the |ongitudinal node surface acoustic
wave filter usinkp gagesuvhere theelegrads fingiers Bé eacly of ifirp pRY sepend refleqterie
finger pitches of the regions (secondary excitation re ion&i ot her than_the
first 5 excelegirrdes 7§ Wikarsranrpaged at eanal pitehess pyeny qlestredafingeypitch of
reduces discontinuity, so that all the electrode fingers forma )
subst ant i al these gatleetap glechrades 407, 408 a%t{@é‘,l)%/ﬁm“y%%aﬂhbeqa@@g thexgsexishy
bul k radiation resulting fromdiscontinuity of acoustic ippedance, The

devi ati ng athbid) ﬁﬂgecrrregﬁnge;t spacangsait 8ach ofitbase selieaton elegtigdes 3071 y08.
However, the deviating arr_ogqr%t is_opt i(gdzled i n,accqordance wth desired

filter Khardberafors; the rafind theledvods hngenprisghiofieachd IHT plectrodeer92,
navi ng ¢ ho  BbCRIIGDEISlersFodR RBREPilsh PEPas Sl edepton Sl ode 107 JORAY Ihe.
el ect rode. aHIERE Wec o yeleot ReRotEni 0s I BRER bavioEclauroREanoR
ot or 1o t o FEON BgeRb TeRn S O HAE BB of MILILEISCHET6T Do  Por <
T ustr ar ocO Sk RoBe Ak CHs QogRReR Y 6ap bphmited to wiehis 100 o
20 In cases where the deviating amount is +A\/4, the ratio of the electrode
finger pitch of each of IDT electrodes 702, 703, 704 to the electrode finger pitch
of each of reflector electrodes 707, 708 is 1+1/{2(Nr+1)}. With reflector
electrodes 707, 708 each having four or more electrode fingers, every electrode
finger pitch of reflector electrodes 707, 708 is 1.2M2 or less, and the
25  discontinuity can be limited to within 10%.

In the present embodiment, the electrode fingers of first and second

reflector electrodes 707, 708 are arranged at equal pitches. However, those



accordance with the sixth exenplary enbodinment. In Fig. 11, a pattern of
interdigital electrodes each constructed of opposed el ectrode fingers is
formed on piezoelectric substrate 1101, whereby a surface 25 acoustic wave
can be excited. The surface acoustic wavg7filter formed is a longitudinally
coupled type including first) second and third IDT el ectrodes 1102, 1103,
1104 and first and second reflector electrodes 1105, 1106 on piezoelectric
28 substrate 1101. In the above-nentioned surface acoustic wave filter, the
upper el ect elecirodle figrgess vfayf be arrangedeltqutcleseralr vyl stepwisruphaltas aofed Bt
termnal 1116 of a bal anced port, while the | ower el ectrode fingers of this
| DT el ect r othe filddZzrabadifnensupt e refletaneldctrodeinnay hatd twofortherdrdifferent
port. The upper electrode fingers of second IDT el ectrode 1103 are coupl ed
t o unbal anckmdsafelectisfle fikgdrepitdhes! ower el ectrode fingers thereof are
grounded. Simlarly, the upper electrode fingers of third IDT el ectrode
1104 are coupl edThe eledveddenfingempitthds 68 firsthahéd setend veflectet electrodes fT0fAger s
t hereof are grounded. This surface acoustic wave 10 filter thus includes

t he unbdl an?e8l differ Bmiathesk pbfirst, second ambrthirddDD dlectrbdas i )2iA0B8d§d4i nt o
three regions including first excitation region 1107, second excitation
regi on 1108Ham@vehiLDT electrodes 5i02; §§801M04 108y eheh i divided inte et putalitiyl 0P,
first excitation region 1107 is | ocated between second and third excitation
regi ons 1108:gidnO®. clitmgsdberedeatBilechingannitches v 8ack region deljiademt do réflentor
regi ons including first excitation region 1110, second excitation region
1111 and t heledtrede705tar0708.e ghsshowh2in Fig.t B, sfirsti ¥l ebactrode 10285 divided
excitation region 1110 is | ocated between second and third excitation

regi ons 111lintothiek regionssiebadingfoist axcidation gegian 171211 secondorseitagiondregiamt
to first reflector electrode 1105. 20 Third I DT el ectrode 1104 is divided
into thiee Y22nodghindcexcitatipnf region 23i t In fivst H2Tieleetnotde370% dgshexcitation
excitation region 1114 and third excitation region 1115. In this |DT

el ectrode 1na@ion f721sis ocatedhbetweergecond pnd third wxgitesioperemens 982o7@3and
third excitation rqgions 1114, 1115, and third excitation region 1115 is

| ocat ed adj Seewnd 3T wletnetle €03 de divided dnta e regioss insluding Hysloexcitation
excitation regions 1107, 1110, 1113 of I DT el ectrodes 1102, 1103, 1104, a
spaci ng (anregier{72ddnd iseepnd pxaitationredier 726 s Hecend exeitation gegipnt T2 of

adj acent electrode fingers is set at éerr).lz, where (err), is the

wavel engt h secenddDT slectrode 708 iadenased elogeve first HaT@leqtrade 702.s pBirdd DT

bet ween an excitation center_ of first excitation region 1107 of first 1DT
el ectr ode 1alectrade 784 ivdivided inda tweresionsfineluding Sxatiexgitatian regiony 261000 of
second I DT el ectrode 1103 is, deviated by amount a fromthe %err)lcheriodic
5 struct ur esecapd exgitation, region & 'petIfcendt pRCIEBLON egim dait ef third [Dk
excitation region 1110 ff fiyst 1DT elﬁ Hfode 1102 and an excitation center
of first exelecpdedOsaylasatedialase,fo firatdD] elecepdePBde 1104 i s deviat od by
anount a fromthe a,/2 perjodic structure. The reflector el ecirodes have

el ectrode fi nger Thraughout first exeitation sagions @ly 24+ 786 of d xele@'atoﬁsﬁ 702,
regions 1107, 1110, 1113 of | DT e] eg¢trodes ﬁl 2, 1103, 1104. The excjt.ation
center of f79%t7Q%ca SRAFBSE (elrstrrde) inger,pitch) bebkesn) respechive qenbers oisthe
devi at ed by certain agoynt froma refleciion center of first _reflector

el ect r db 1adgceny; %ﬁ?wg@%nﬁﬁ%ﬁ Bt P40y 5T Beia bis e vavelengla pf Hiq Brtpessi on
1113 of the third IDT electrode is deviated by a certain amunt froma
reflection %%%FQF“Y§@&OQﬁ£%ﬁﬁ§heflector el ectrode 1106. The devi ating

Fere.  the i of arSPBGIERETIAE. GREreRTION SeBITLRt SFSt PROFURL FRaPRaIh 86i on
rof oot or ot EGeleptiogs A RS aRccitarion tsatokeh i eEREroR BT LM 8f of
]; Ie][ Fg c'? ixgint %éiﬁg rIf)glf (re]ggtrgaa J’7]0;.l33isOtfevtwﬂ??;dtbrgri g%exl't%l)}-n glmeo%tr{torgmat%% )E/E%eriodic
25  structure. Similarly, a spacing between the excitation center of first excitation
region 721 of first IDT electrode 702 and an excitation center of first excitation

region 726 of third IDT electrode 704 is deviated by the certain amount from the



reflector electrode 1106 are optim zed by setting el ectrode finger pitches
different fromthe a,/2 pitches throughout second and third excitation
regions 1111, 1115 of second and third IDT el ectrodes 1103, 1104. This can
reduce discontinuity and al so reduce disggntinuity that results when the
el ectrode 25 f"anger pitches of the reflector electrodes differ fromthose
of first excitation regions 1107) 1110, 1113 of IDT el ectrodes 1102, 1103,
1104. As noted in the above-described configuration, deviating the first
30 excit ati b2 paipdicstoictote flnrather serdsdopmoizingrtiel ddctedde fingee pitbhies he
certain anmount affords characteristics representative of the |ongitudinal
nmode sur f acef first wesid second aeflettor elactradgs MOTnEO§ aanddthecelectaode finges pitches
Further, optim zing the electrode finger pitches of the regions other than
the first eofegiiisoi2%, §§80%725,0125oft the IDT slectrodesn ad aambioleraffottds e similar
el ectrodes reduces the discontinuity, so that all the electrode fingers
form a subsadwerntakgés: conti nuous periodic structure, thus reducing |oss
caused by bul k radiation resulting fromdiscontinuity of acoustic
i npedande. The dEbenumbearrofledectradecfingatstof théeefledtar electddennditheanuetier
ports. 10 However, the ports nmay both be unbal anced. In the present
enbodi ment , offihgerk afitbe DI elatrpde are mat lionited gpecifically and arpopsineized ddes
and the refl ector electrodes have the el ectrode finger pitches different
fromthe a,desipid Gites chevaeteeistics.heAlsbether reflectomelectrpiles ishowof iy Figse ctdor
el ectrodes 1105, 1106 and the regions of the IDT el ectrodes that are
adj acent t oand 7Bempydiei groundédlect or el ectrodes 1105, 1106 may be the only
finger pitches different fromthe 7J2 pitches. The present enbodi nent nay
be applied to noThesuyfaceacoustiewave diltesi ofghenreséntcembpdines ngcisroonfigubed
also filters including those, such as described in the third, fourth and
fifth ebodioarbave, thenbalanted lamde unbalantad qozts, rasdthataifd similerlyota the first
el ectrodes, respectively and a filter having | DT el ectrodes to the nunber
ot her than embodimente thetatio betwesn thesadiaceart alevtredecingerdutchesyangesirons o,
by optim zing el ectrode finger pitches to reduce discontinuity of the,
pr opagat i onogatth 1.2 b conpidenation) i mm gdeantagenebtoined hedmpneving halgncing
f oregoi ng enbodi ments, sonme of the electrode finger pitches 25 of the IDT
el ectrode oehametesissicsy loge redugiion ¢gused by the dipeontisruibcean be psevented, and
set different fromthe a.12 pitches for reduced discontinuity However, both
t he refl ect the balapeinghaanaeteristics cam bedmmroved-may i ncl ude the el ectrode
finger

J 15 The first IDT electrode is deviated by -A/4 or +A/4 from the second and

third IDT electrodes. However, the deviating amount is not limited to these
values. The deviating amount is one of parameters determining a passband of
the filter and is therefore optimized in accordance with the desired filter
characteristics.

20 The present embodiment has referred to the electrode finger pitch only.
As in the first embodiment, in addition to the electrode finger pitch, a
metallization ratio of the electrode finger can be changed, too.

The present embodiment has referred to the balanced and unbalanced
ports. However, the ports may both be unbalanced or balanced.

25 As long as the electrode finger pitches of the surface acoustic wave filter
are set to define the periodic structure of the present invention, the similar

advantages can be obtained even when an input/output direction is reversed.



31 pitches different fromthe (err)/2 pitches for reduced discontinuity.
| NDUSTRI AL APPLI CABI LI TY The present invention proposes a structure for
m nim zing discontinuity 5 between IDT el ectrodes in a surface acoustic
wave filter in which a region having (errnp/ 2 el ectrode finger pitches of at
| east one I DT electrode is phaseshifted fromthat of other |IDT el ectrode by
a certain anount in accordance with a desired passband frequency response)
and as a result realizes a low |l oss surface acoustic wave filter. By
adopting thi s suThaapphlcatien iof thepeedarttiavgntiod @o sefiket usirtgya déaley surface
hi gh-frequency apparatus such as a nobil e conmuni cati on apparatus can be
i nproved. aGfisCicAYae dan énhamygi thediffeat bfrecoepiebiuburddiatomdassst i ¢ wave
filter conprising: a piezoelectric substrate; and 5 a plurality of
interdigital transducer electrodes (IDT electrodes) and a plurality of
reflector electrodes di sposed on the piezoelectric substrate, wherein each
of the | DT THARD BEXEMPLARY EMBODIMENT el ectrode including a plurality of
opposed el ectrode fingers, wherein the IDT el ectrodes and the refl ector
el ectrodes are aFigan§edchémiaticallpsdlusttateson aurfagea apougtigawhen filteecin on
of a surface acoustic wave, wherein the IDT el ectrode includes a primary
excitati on aegrdandeawithghedhind exepp@ary enhboflimget ofiltechresentimyentiparr), is
a wavel ength of the surface acoustic wave, wherein the prinmary excitation
regi on of at | eabt Fige8,af pattern offinksrdigital eledtrodes eptlnsenstniétied bffopposedhe
primary excitation region of another IDT electrode by a certain anount in
accor dance elettrode dingersds fasnedrh piezgelentryc subptrate 8030 svherebeiansutface
filter has a secondary excitation region using at |east the |IDT el ectrode
and the refaeostic whee toandbe rexeitad. ellbet surfacer aogustipimayheBlteo foimédnerd
fromthe 7J2 pitches between one of other |DT electrode and the

10 longitudinal mode type including first and second IDT electrodes 802, 803 and

first and second reflector electrodes 804, 805 on piezoelectric substrate 801.

The third embodiment of this invention differs from the first embodiment
in that the surface acoustic wave filter has the two IDT electrodes. This can
reduce discontinuity of a periodic structure defined by electrode finger pitches,

15 and can hence reduce loss of the surface acoustic wave filter.

In the above-mentioned surface acoustic wave filter, the upper electrode
fingers of first IDT electrode 802 are coupled to unbalanced port 810, while the
lower electrode fingers of this IDT electrode 802 are grounded. The upper
electrode fingers of second IDT electrode 803 are coupled to unbalanced port 811,

20 while the lower electrode fingers thereof are grounded. Similarly, the upper
electrode fingers of a third IDT electrode (not shown) are coupled to unbalanced
port 811, while the lower electrode fingers thereof are grounded. This surface
acoustic wave filter thus includes the ports both unbalanced.

First IDT electrode 802 is divided into two regions including first

25 excitation region 806 and second excitation region 807. Second excitation
region 807 of this IDT electrode 802 is located adjacent to second IDT electrode

803.



reflector electrode in the primary excitation region at a side next to the
| DT el ectrode. 2. The surface acoustic wave filter according to claim1,
wherein all of the electrode finger pitches of the surface acoustic wave
filter fall within a range of 25 0.8>L/29p0 1.2)J2. 3. The surface acoustic
wave filter actor ding to claim1, wherein the surface acoustic wave is a

| eaky surface acoustic wave. 33 4. The surface acoustic wave filter
according to claim1l, wherein the IDT el ectrode adjacent to an outernost
refl ector el ectrSioeilaflytdeeondIDdtelectretie 80Badebvided|intieswo aragians iideludieg eof
adj acent to the outernost reflector electrode, a secondary excitation

regi on havi firptedxeitatioderegiong808 pintdcecondiekditatéont régiom808e Set@nd eptitativas .
5. The surface acoustic wave filter according to claim1, wherein: the IDT
el ect rode i regionl 8090fsthie ADE gleekrode £0301s loegtednadjavemtytee fiestt IO Teeléctmode
pitches different fromthe a,/2 pitches, and at |east one of the reflector
el ectrodes 8@2 el ectrode finger pitches 10 different fromthe 7J2 pitches.
6. The surface acoustic wave filter according to claiml1, wherein: the

pluralits of | DIThteaghontlefrstnetcitaémnarégions §06] &0& of rfose antl secaet dBT | DT
el ectrode adjacent to the first IDT el ectrode, the reflector electrodes
i ncl ude a felestrodes 862t 803, dhe eecbrhd cafingexepitch s 46 athe/2f i Ksspddifig betweernde
and a second reflector electrode adjacent to the second IDT el ectrode, the
respective pniemeitgtion centeri difinst gkaibatiad regienf8§06sef st IDA eledtrodd 802 and
el ectrodes are phase-shifted fromeach other by the certain anount in
accor dance s iefcitatdon eenterdffirst bacithtioreregion B08af secony] IRNkle@rode803 ist
and second | DT el ectrodes include, on the respective adjacent sides of the
first and séexiated by amheunt odizem theeMZperodicvairaetawerdakny first IDT electrode
10 802, the electrode finger pitch of first excitation region 806 differs from each
electrode finger pitch of second excitation region 807 so that the ratio between
these electrode finger pitches ranges from 0.9 to 1.2.
In second IDT electrode 803, the electrode finger pitch of first excitation
region 808 differs from each electrode finger pitch of second excitation region
15 809 so that the ratio between these electrode finger pitches ranges from 0.9 to
1.2. In other words, all the electrode finger pitches of the surface acoustic wave
filter range from 0.9M\/2 to 1.20/2 to define a substantially periodic structure.
A description is now provided of a case where second excitation regions
807, 809 of IDT electrodes 802, 803 have nl electrode fingers and n2 electrode
20 fingers, respectively. When deviating amount a=-A/4, the distance between
centers of the respective fingers nearest to each other in first excitation regions
806, 808 of first and second IDT electrodes 802, 803 is {(n1+n2+1)A/2-\/4}. In
cases where the electrode fingers of second excitation regions 807, 809 of IDT
electrodes 802, 803 are arranged at equal pitches, there exist (n1+n2+1) finger-
25  to-finger spacings in these regions 807, 809, so that every electrode finger pitch
of these regions 807, 809 is {(n1+n2+1)A/2+A\/4}/(n1+n2+1). Therefore, the ratio

of the electrode finger pitch of first excitation region 806 to the electrode finger



excitation regions each having the el ectrode finger pitches different from
the 7L/ 2 pitches. 7. The surface acoustic wave filter according to claim®,
wherein the 25 el ectrode finger pitches of at |east one of the secondary
excitation regions of the IDT el ectrode ignclude two or nore different kinds
of electrode finger pitches. 8. The surface acoustic wave filter according
to claim6, wherein the 34 el ectrode finger pitches of at |east one of
the secondary excitation regions of the IDT el ectrode vary stepwi se. 9. The
surface acopisth of wasend eké¢itatiac cegidnrRP? of firsti TP, eledteods 802 s weHcds thie
finger pitches of at |east one of the secondary excitation regions of the 5
| DT el ect r octetialof tleer efectrode rfmgerqiitedr offislsti exvitadion sigtmWi8e8.tolthe elbetrode
surface acoustic wave filter according to claim®6, wherein the el ectrode
finger pitcfirgeropitah dfeseedndreacibhtivhaegimnoB0arof serand dDMbelectigder803iselall
equal . 11. The surface acoustic wave filter according to claim®6, wherein

t he 10 nunb®¥2(@fl+aRed)}r ode fingers of the secondary excitation regions of
at |l east one of the IDT electrodes accounts for 113 or |less of the total
nunber & el ect rWith fhengan{ndin2hef dlédfr@lecingardan sééhndiéreitatichaegias@OR, i ¢
wave filter according to claim1l1l, wherein: the plurality of |IDT el ectrodes
i ncl udes a 809 of ID'DeElextrutes @2, 803 bairikSfosie 0o mioren dvdnyi electrdile fheert pivcle sf
adj acent to the respective sides of the first IDT electrode, the plurality
of refl ect othesk eegiond &7, 809 usl0ON2 dbr msdreaand $he distontihugiyt am bé Hatited ts

di sposed on respective outer sides of the three IDT el ectrodes, 20 the
primary excwithindf%.egi on of the first IDT el ectrode is phase shifted from
the respective primary excitation regions of the second and third |IDT

el ectrodes by t Wheerthai devasting amourdds diiddrthe rativhofithe eleetrodedipgergiiteid

10 of each of first, second and third IDT electrodes 702, 703, 704 to the electrode

finger pitch of each of third and fourth reflector electrodes 707, 708 is
1+1/{2(m1+n2+1)}.

With the sum (n1+n2) of electrode fingers in second excitation regions 807,
809 of IDT electrodes 802, 803 being four or more, every electrode finger pitch of

15 these regions 807, 809 is 1.2M2 or less, and the discontinuity can be limited to
within 10%.

In the present embodiment, the electrode fingers of second excitation
regions 807, 809 of first and second IDT electrodes 802, 803 are arranged at
equal pitches. However, those electrode fingers may be arranged at pitches

20 varying stepwise such as noted in the first embodiment, or second excitation
regions 807, 809 may each include two or more different kinds of electrode finger
pitches different from the A/2 pitches.

The first excitation region of the first IDT electrode is deviated by -A/4 or
+M4 from the first excitation region of each of the second and third IDT

25  electrodes. However, the deviating amount is not limited to these values. The
deviating amount is one of parameters determining a passband of the filter and

is therefore optimized in accordance with desired filter characteristics.



frequency response, and the |IDT el ectrode includes, on the side thereof
adj acent to another 25 IDT el ectrode, the secondary excitation region
having the el ectrode finger pitches different fromthe 712 pitches. 13. The
surface acoustic wave filter according tgoclaim12, wherein the 35
el ectrode finger pitches of at |east one of the secondary excitation
regions of the IDT electrode include two or nore different kinds of
el ectrode finger pitches. 14. The surface acoustic wave filter according to
clai m 12, wher ei'fh¢ peesHntcambatbinfentdeas peferdedstootheatlettrade fonrper gfitdbhenly.
secondary excitation regions of the 5 IDT el ectrode vary stepw se. 15. The
surface acofistirc thavérst lenghodament,diingadditomaitm iy eMwreden fidgerepichy ade
finger pitches of at |east one of the secondary excitation regions of the
| DT el ect r ostetallization fratimof blee eleotriode fingdr can beahangedabse. 16. The
surface acoustic wave filter according to claim 12, wherein the 10
el ectrode fingerThe treesntoemitodimant hase refertedte te ahengarty kothi umbatanced.
regions of each of the IDT electrodes are all equal. 17. The surface
acoust i & wadewewer, ¢he portsrday got necdsaarilyl Be unbhalaaicedt he nunber of el ectrode
fingers of the secondary excitation regions of at |east one of the IDT
el ectrodes accouks dorfgoas the electiods findertpitchestodtha wuinface cicoabiic wavadiltér
fingers of the IDT electrode. 18. The surface acoustic wave filter
accordi ng tarecheti tn definhethei periodie stBictare of rthdeprasant oreeritiong tHeTsimilar
el ectrodes arranged in close relation, the prinmary excitation region of the
| DT el ect r ctldvardagémean bépbtaided pverd wihiem arempmitiowpuotidirectiomdicrevdasesk Wit h
the desired passband frequency response) and the |IDT el ectrode includes, on
the side thereofThelppplcation obible presenbinvention tole, filter usingom deaky surface
excitation region having the el ectrode finger

10 acoustic wave can enhance the effect of reducing bulk radiation loss.

FOURTH EXEMPLARY EMBODIMENT
Fig. 9 schematically illustrates a surface acoustic wave filter in
accordance with the fourth exemplary embodiment.

15 In Fig. 9, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piezoelectric substrate 901, whereby a surface
acoustic wave can be excited. The surface acoustic wave filter formed is a
longitudinal mode type including first and second IDT electrodes 902, 903 and
first, second and third reflector electrodes 904, 905, 906 on piezoelectric

20 substrate 901.

The fourth embodiment differs from the third embodiment in that third
reflector electrode 906 is disposed between first and second IDT electrodes 902,
903. 'This can reduce discontinuity of a periodic structure defined by electrode
finger pitches and can hence reduce loss of the surface acoustic wave filter.

25 In the above-mentioned surface acoustic wave filter, the upper electrode
fingers of first IDT electrode 902 are coupled to unbalanced port 907, while the

lower electrode fingers of this IDT electrode 902 are grounded. The upper



pitches different fromthe (err)/2 pitches. 25 19. The surface acoustic
wave filter according to claim 18, wherein the el ectrode finger pitches of
at | east one of the secondary excitation regions of the IDT el ectrode
include two or nore different kinds of elkgctrode finger pitches. 36 20.
The surface acoustic wave filter according to claim 18, wherein the

el ectrode finger pitches of at | east one of the secondary excitation
regions of the IDT electrode vary stepw se. 21. The surface acoustic wave
"filter accdedirode fingersifised@d HDEedéatraded(B atestoupletbto wmbpdanpéd pdrsH08f  at
| east one of the secondary excitation regions of the IDT electrode differ
from one anwhilertharidwien®lecivasdesfingeisstheredf arehgrosundedc e This sutface waoestic
filter according to claim 18, wherein the electrode finger pitches of at

| east one oWth%IM@uqulué&&:thQamntﬂbo@ghnbalmed;ach of the I1DT el ectrodes
are all equal. 10 23. The surface acoustic wave filter according to claim
18, wherein t he Foreywghout fiasteand seonid HYE edectfoden @02 803.dderelestrodeafinger
regions of at |east one of the IDT el ectrodes accounts for 1/3 or |ess of
the totd@ rpittleis st a2t radpatingdetween antexcitbionlcenterafdirst ADTrlectsode ace
acoustic wave filter according to claim1, wherein: 15 the plurality of 1DT
el ect rodes 90 anden excitation centersifsenend I TelentrodedQ3 isadeviatadtbyomeensaiint he
reflector electrodes is disposed between the first and second | DT

el ect r odes, amhunt deqya dhieveeriediestsuctirs. t adideacriptjporis now previded wif anase
second I DT 20 el ectrodes are phase-shifted fromeach other by the certain
anount i n avberelthe deviating amountiis e4pa¥¥emthe naguksrcof ¢lestyode fingarsiof he
reflector el ectrode has el ectrode finger pitches different fromthe (err)/2
pi t ches. 2sthetthirdraflecter elecfade is Navtherdistamce hetween pepterss of Hiewezpective

wherein the .
10 fingers nearest to each other in IDT electrodes 902, 903 is {(Nr+1)A/2-A/4}. In

cases where the electrode fingers of third reflector electrode 906 are arranged at
equal pitches, there exist (Nr+1) finger-to-finger spacings in this reflector
electrode 906, so that every electrode finger pitch of this reflector electrode 906
is {(Nr+1)A/2+A/4}/(Nr+1).

15 Therefore, the ratio of the electrode finger pitch of each of IDT electrodes
902, 903 to the electrode finger pitch of third reflector electrode 906 is 1-
1/{2(Nr+1)}. With third reflector electrode 906 having four or more electrode
fingers, every electrode finger pitch of this reflector electrode 906 is 0.9M/2 or
more, and the discontinuity can be limited to within 10%.

20 In cases where the deviating amount is +A\/4, the ratio of the electrode
finger pitch of each of IDT electrodes 902, 903 to the electrode finger pitch of
third reflector electrode 906 is 1+1/{2(Nr+1)}. With reflector electrode 906
having four or more electrode fingers, every electrode finger pitch of this
reflector electrode 906 is 1.2A/2 or less, and the discontinuity can be limited to

25  within 10%.

In the present embodiment, the electrode fingers of third reflector

electrode 906 are arranged at equal pitches. However, those electrode fingers



25 el ectrode finger pitches of the reflector electrode include two or nore
different kinds of electrode finger pitches. 26. The surface acoustic wave
filter according to claim?24, wherein the 37 el ectrode finger pitches of
the reflector electrode differ fromone @ot her and increase stepw se. 27.
The surface acoustic wave filter according to claim1, wherein: the
plurality of IDT electrodes includes a first, second and third IDT 5

el ectrodes, the plurality of reflector electrodes includes a first and
second ref | mayobeehexangedest pibchesevaryngDstepvase roowh ias hoteat éol the dirkt r st
side of the first IDT electrode across the first reflector electrode, 10
the third |&nbetlasentode is | ocated on a second side of the first IDT

el ectrode across the second reflector electrode, the prinmary excitation
regi on of the fiThe el@fraleefinger piticheplfighishréflention elmetitode 906 deffar from
primary excitation regions of the second and third I DT el ectrodes by the
cert ai n anvothuseiof fizstcandi sercadiiDPelehtrodes 02,00 s JhewmeverSIDT edpotrales 902,
response, and each of the first and second refl ector el ectrodes has

el ectrode f903eraypéachHesdividddimdan Hnvalityof regionpte changhtlw elegtrodéfinger
surface acoustic wave filter according to claim 27, wherein the el ectrode
finger pitcpiéechest ofiteachassgiomeadjdcemtietof refectenlentrasted 9061 | & tather|waotdspdes
20 include two or nore different kinds of electrode finger pitches. 29. The
surface acoopiiinizingy the idlectrode: drgérnpitches |ofi thig 7refleetoreielectiodechudt thale
finger pitches of at |east one of the first and second refl ector el ectrodes
di ffer fronelepodedinger nitcheismfrtheskegionspadiaeent3to thisereflectarcdectrods bisa
wave filter according to claim1, wherein: 25 the plurality of IDT

el ectrodes wholesafferdaithe similar adwantges! ect r odes,

10 The first IDT electrode is deviated by -A/4 or +\/4 from the second IDT
electrode. However, the deviating amount is not limited to these values. The
deviating amount is one of parameters determining a passband of the filter and
is therefore optimized in accordance with desired filter characteristics.

The present embodiment has referred to the electrode finger pitch only.

15 As in the first embodiment, in addition to the electrode finger pitch, a
metallization ratio of the electrode finger can be changed, too.

The present embodiment has referred to the ports both unbalanced.
However, the ports may not necessarily be unbalanced.

The application of the present invention to a filter using a leaky surface

20  acoustic wave can enhance the effect of reducing bulk radiation loss.

Further, as long as the electrode finger pitches of the surface acoustic
wave filter are set to define the periodic structure of the present invention, the
similar advantages can be obtained even when an input/output direction is
reversed.

25
FIFTH EXEMPLARY EMBODIMENT

Fig. 10 schematically illustrates a surface acoustic wave filter in



the plurality of reflector electrodes includes at |east four reflector
el ectrodes each di sposed between the |IDT el ectrodes, 38 the primary
excitation region of the IDT electrode is phase-shifted fromthe primary
excitation region of another IDT electrogg by the certain anmount in
accordance wth the desired passband frequency response, and at |east one
of the reflector electrodes has electrode finger pitches 5 different from
the a,/2 pitches. 31. The surface acoustic wave filter according to claim
30, wher ei nadcchedaicecvitbdbe ffiftlyexempplarfesnlodditents ef | ect or el ectrode i ncl ude
two or nore different kinds of electrode finger pitches. 32. The surface
acoustic wave filnt Eig.d0¢camdittegntaof intexdigid eledtimdes racheonstruttedtofopposédger
pitches of the reflector electrode differ from one another and increase
st epwi se. .dlgcthgde/ filgers A fotntgd 8nAyipaoelgdtric/tbstyabe ANO1AWhesbby aAsurface
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a] ca] ca] ca] l?ea{rlv%ae Cs% gr? ggb%ﬁlr%ae]x%ﬁ!ati%;n regions 1018, 1019.

Fourth IDT electrode 1005 is divided into two regions including first



Jn?P  2a6nq
}xsnid_Z]]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]ca]ca]lca]lca]lcalcalcalcalcalcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca+=f H* MLO%&' ()-910%&' ()- Z109%& () -
109&' ()-10%& ()- YIL0%&' ()- s10%@@& ()-L; e MLOY&' ()/ 10%& ()-y- $10% () - F%
"10%& () - SH$10%&' ()-53"109%&' ()-$109%& ()-; OydE:/ 10 10: &10%& ()-8
"10%& ()-y6$10%&' ()- 4Z109& ()-310% ()- 0Z10%&' ()- X
JoM / $109& ()-'f$109& ()-! 1$10%& ()-!6$10%& ()-!a$109%& ()- YLO%& () -
10w [ M $10%&didatickOrdgion 1020 and second excitation region 1021. Second excitation
10! yyU$10%& () - ! ~yu$10%& () -! ~yu%$10%&' () -!yyu$10%& ()-{dEM $10% " 10%& () -
109 () - Z1t9gRor ) 10211 0¥@thiy -IDM0ddedtredel QURS( Js- dotakdd 10PReckIVE8) (spedritdl AR () -
s! MLO%& () - F10%&' () - MLOY%& ()- "10%& ()-()*+-bC$10% "109& () -
"109&' () - 108kéctrpde 10030 10f #F" 1098 () - sy7 10%&' () - $q2dELC$10% 10%& () -
7109 ()-10%&' ()- GLOYE ()-S10%& ()- 109%& ()-21dEbC$LO%Y SHSLO0R () - !
"109%&' () - Fifth IDT electrode 1006 is divided into two regions including first
5 excitation region 1022 and second excitation region 1023. Second excitation
region 1023 of this IDT electrode 1006 is located adjacent to third IDT electrode
1004.
Throughout first excitation regions 1011, 1014, 1017, 1020, 1022 of first
through fifth IDT electrodes 1002, 1003, 1004, 1005, 1006, a spacing (an
10 electrode finger pitch) between respective centers of the adjacent electrode
fingers is set at A/2, where A is the wavelength of the surface acoustic wave to be
excited.
A spacing between an excitation center of first excitation region 1011 of
first IDT electrode 1002 and an excitation center of first excitation region 1014
15 of second IDT electrode 1003 is deviated by amount o from the A/2 periodic
structure. Similarly, a spacing between the excitation center of first excitation
region 1011 of first IDT electrode 1002 and an excitation center of first excitation
region 1017 of third IDT electrode 1004 is deviated by amount o from the A/2
periodic structure.
20 A spacing between the excitation center of first excitation region 1014 of
second IDT electrode 1003 and an excitation center of first excitation region
1020 of fourth IDT electrode 1005 is deviated by amount B from the A/2 periodic
structure. Similarly, a spacing between the excitation center of first excitation
region 1017 of third IDT electrode 1004 and an excitation center of first
25  excitation region 1022 of fifth IDT electrode 1006 is deviated by amount 8 from

the A/2 periodic structure.

As noted in the above-described configuration, deviating the first
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wave filter using a plurality of modes. Further, optimizing the electrode finger
pitches of the regions (secondary excitation regions) other than the first
5 excitation regions of the first through fifth IDT electrodes reduces discontinuity,
so that all the electrode fingers form a substantially continuous periodic
structure, thus reducing loss caused by bulk radiation resulting from
discontinuity of acoustic impedance.
The deviating amount of the first excitation region is set at a or f.
10 However, the deviating amount is optimized in accordance with desired filter
characteristics since the deviating amount is one of parameters determining a
passband of the filter.
In the present embodiment, each area having the electrode finger pitches
different from the A/2 pitches may be formed of a reflector electrode or a
15 combination of the reflector electrode and the secondary excitation regions of the
IDT electrodes, as described in the first and second embodiments.

The present embodiment has referred to the ports both unbalanced.

However, at least one of the ports may be balanced.

20 SIXTH EXEMPLARY EMBODIMENT
Fig. 11 schematically illustrates a surface acoustic wave filter in
accordance with the sixth exemplary embodiment.
In Fig. 11, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piezoelectric substrate 1101, whereby a surface
25 acoustic wave can be excited. The surface acoustic wave filter formed is a
longitudinally coupled type including first, second and third IDT electrodes 1102,
1103, 1104 and first and second reflector electrodes 1105, 1106 on piezoelectric
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fingers of second IDT electrode 1103 are coupled to unbalanced port 1118, while
the lower electrode fingers thereof are grounded. Similarly, the upper electrode
fingers of third IDT electrode 1104 are coupled to unbalanced port 1118, while
the lower electrode fingers thereof are grounded. This surface acoustic wave
10 filter thus includes the unbalanced and balanced ports.
First IDT electrode 1102 is divided into three regions including first
excitation region 1107, second excitation region 1108 and third excitation region
1109. In this IDT electrode 1102, first excitation region 1107 is located between
second and third excitation regions 1108, 1109.
15 Second IDT electrode 1103 is divided into three regions including first
excitation region 1110, second excitation region 1111 and third excitation region
1112. In this IDT electrode 1103, first excitation region 1110 is located between
second and third excitation regions 1111, 1112, and second excitation region 1111
is located adjacent to first reflector electrode 1105.
20 Third IDT electrode 1104 is divided into three regions including first
excitation region 1113, second excitation region 1114 and third excitation region
1115. In this IDT electrode 1104, first excitation region 1113 is located between
second and third excitation regions 1114, 1115, and third excitation region 1115
is located adjacent to second reflector electrode 1106.
25 Throughout first excitation regions 1107, 1110, 1113 of IDT electrodes
1102, 1103, 1104, a spacing (an electrode finger pitch) between respective

centers of the adjacent electrode fingers is set at A/2, where A is the wavelength
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The reflector electrodes have electrode finger pitches different from those
10 of first excitation regions 1107, 1110, 1113 of IDT electrodes 1102, 1103, 1104.
The excitation center of first excitation region 1110 of the second IDT electrode
is deviated by a certain amount from a reflection center of first reflector
electrode 1105. Similarly, the excitation center of first excitation region 1113 of
the third IDT electrode is deviated by a certain amount from a reflection center
15  of second reflector electrode 1106. The deviating amounts are optimized in
accordance with a passband frequency response.
Here, the distance between the excitation center of first excitation region
1110 of the second IDT electrode and the reflection center of first reflector
electrode 1105, and the distance between the excitation center of first excitation
20 region 1113 of the third IDT electrode and the reflection center of second
reflector electrode 1106 are optimized by setting electrode finger pitches
different from the M2 pitches throughout second and third excitation regions
1111, 1115 of second and third IDT electrodes 1103, 1104. This can reduce
discontinuity and also reduce discontinuity that results when the electrode
25 finger pitches of the reflector electrodes differ from those of first excitation
regions 1107, 1110, 1113 of IDT electrodes 1102, 1103, 1104.

As noted in the above-described configuration, deviating the first
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the electrode fingers form a substantially continuous periodic structure, thus
reducing loss caused by bulk radiation resulting from discontinuity of acoustic
impedance.
The description has referred to the unbalanced and balanced ports.
10 However, the ports may both be unbalanced.

In the present embodiment, all of the secondary excitation regions of the
IDT electrodes and the reflector electrodes have the electrode finger pitches
different from the A/2 pitches. However, the electrode finger pitches of reflector
electrodes 1105, 1106 and the regions of the IDT electrodes that are adjacent to

15 respective reflector electrodes 1105, 1106 may be the only finger pitches
different from the A/2 pitches.

The present embodiment may be applied to not only the filter including
the three IDT electrodes but also filters including those, such as described in the
third, fourth and fifth embodiments, which include two IDT electrodes and five

20 IDT electrodes, respectively and a filter having IDT electrodes to the number
other than two, three and five. With such an IDT electrode structure also, by
optimizing electrode finger pitches to reduce discontinuity of the propagation
path, the similar advantages can be obtained.

In each of the foregoing embodiments, some of the electrode finger pitches

25  of the IDT electrode or the electrode finger pitches of the reflector electrode are
set different from the A/2 pitches for reduced discontinuity. However, both the

reflector electrode and the IDT electrode may include the electrode finger



109 ()-10%& ()-"o0 \ dEr S4&$10
L3Y109%& ()-Y1109%&' ()-S/ 4" 109& ()-f - $109%& ()-1+
"109%& ()-y) 4" 10%&' () - WwxnbC&$1  F10%& ()- 10 10 10; 109%& () - &9
"10%& ()-f37$10%& ()- @4" 10%&' ()-\ (" dENb@&$L | 109%& () - GLOY&' () -
Y109%&' ()-, 10%& ()- "10%& ()- Y10%& ()- G dEnbC&$1
Y109%&' ()-109& ()-yZ10%&' ()- Y109 ()- 109& ()-"10%& ()-: KEdEmbC&$131
"109%& ()- ,/YL0%&' ()-fL-z10%&' ()-% "109& ()-yy#s$109& ()- ' 10%& () - 4dYNC&$1
10 10 10; "pibedssdiffererittf@m(theS\/2pi@UeS (Or-redh0é& discotfAinuity.
"109%& () -!2Dz[ 9YNC! pf $10%&' () - y$10%&' () -1\ y$10%& ()-! $10%& () -! $10%& () -"
10%&' ()-D\}[MP1 10 10
10! pS/ $10%& () -!yS/ $10%& () - SYUSL0%&' () - ! ~SYU$10%+& () -f $10%&' () - ; GRAEM?1
10 10$10% IYDUSTRDAL. APPIZCARILITYI 0%, () - 3" 10%&' ()-s3 109%& ()- 6F5dEMPL 10
10 s!Z109& ()-109%& ()- "109& ()- "109& ()-tS$109%& ()- "109%& ()-S_dEMP1

The present invention proposes a structure for minimizing discontinuity

5 between IDT electrodes in a surface acoustic wave filter in which a region
having A2 electrode finger pitches of at least one IDT electrode is phase-
shifted from that of other IDT electrode by a certain amount in accordance
with a desired passband frequency response, and as a result realizes a low loss
surface acoustic wave filter. By adopting this surface acoustic wave filter, a

10 sensitivity of a high-frequency apparatus such as a mobile communication

apparatus can be improved.
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1. A longitudinally coupled surface acoustic wave filter comprising:
a piezoelectric substrate; and
5 a plurality of interdigital transducer electrodes (IDT electrodes) and
a plurality of reflector electrodes disposed on the piezoelectric substrate,
wherein each of the IDT electrodes is an interdigital electrode
including a plurality of opposed electrode fingers,
wherein the IDT electrodes and the reflector electrodes are arranged
10 in close relation along a propagation direction of a surface acoustic wave,
wherein the IDT electrode includes a primary excitation region
having A/2 electrode finger pitches, where A is a wavelength of the surface
acoustic wave,
wherein the primary excitation region of at least one of the IDT
15  electrodes is phase-shifted from the primary excitation region of another IDT
electrode by a certain amount in accordance with a desired passband frequency
response, and
wherein the filter has a secondary excitation region using at least the
IDT electrode and the reflector electrode having electrode finger pitches
20 different from the A/2 pitches between one of other IDT electrode and the
reflector electrode in the primary excitation region at a side next to the IDT
electrode.
2. The surface acoustic wave filter according to claim 1, wherein all of the
electrode finger pitches of the surface acoustic wave filter fall within a range of
25 0.8M2to 1.2M2.
3. The surface acoustic wave filter according to claim 1, wherein the

surface acoustic wave is a leaky surface acoustic wave.
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5. The surface acoustic wave filter according to claim 1, wherein:
the IDT electrode includes a secondary excitation region having
electrode finger pitches different from the A/2 pitches, and
at least one of the reflector electrodes has electrode finger pitches
10  different from the A/2 pitches.
6. The surface acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes a first IDT electrode and a
second IDT electrode adjacent to the first IDT electrode,
the reflector electrodes include a first reflector electrode adjacent to
15  the first IDT electrode and a second reflector electrode adjacent to the second
IDT electrode,
the respective primary excitation regions of the first and second IDT
electrodes are phase-shifted from each other by the certain amount in
accordance with the desired passband frequency response, and
20 the first and second IDT electrodes include, on the respective
adjacent sides of the first and second IDT electrodes, the respective secondary
excitation regions each having the electrode finger pitches different from the A/2
pitches.
7. The surface acoustic wave filter according to claim 6, wherein the
25  electrode finger pitches of at least one of the secondary excitation regions of the

IDT electrode include two or more different kinds of electrode finger pitches.

8. The surface acoustic wave filter according to claim 6, wherein the
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IDT electrode vary stepwise.

9. The surface acoustic wave filter according to claim 6, wherein the
electrode finger pitches of at least one of the secondary excitation regions of the

5 IDT electrode differ from one another and increase stepwise.

10. The surface acoustic wave filter according to claim 6, wherein the
electrode finger pitches of at least one of the secondary excitation regions are all
equal.

11. The surface acoustic wave filter according to claim 6, wherein the

10 number of electrode fingers of the secondary excitation regions of at least one of
the IDT electrodes accounts for 1/3 or less of the total number of electrode
fingers of the IDT electrode.

12. The surface acoustic wave filter according to claim 1, wherein:

the plurality of IDT electrodes includes a first IDT electrode and a
15 second and third IDT electrodes adjacent to the respective sides of the first IDT
electrode,
the plurality of reflector electrodes includes a first and second
reflector electrodes disposed on respective outer sides of the three IDT
electrodes,
20 the primary excitation region of the first IDT electrode is phase-
shifted from the respective primary excitation regions of the second and third
IDT electrodes by the certain amount in accordance with the desired passband
frequency response, and
the IDT electrode includes, on the side thereof adjacent to another
25 IDT electrode, the secondary excitation region having the electrode finger

pitches different from the A2 pitches.

13. The surface acoustic wave filter according to claim 12, wherein the
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IDT electrode include two or more different kinds of electrode finger pitches.

14. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions of the
IDT electrode vary stepwise.

15. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions of the
IDT electrode differ from one another and increase stepwise.

16. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions of each
of the IDT electrodes are all equal.

17. The surface acoustic wave filter according to claim 12, wherein the
number of electrode fingers of the secondary excitation regions of at least one of
the IDT electrodes accounts for 1/3 or less of the total number of electrode
fingers of the IDT electrode.

18. The surface acoustic wave filter according to claim 1, wherein:

the IDT electrodes include five IDT electrodes arranged in close
relation,

the primary excitation region of the IDT electrode is phase-shifted by
the certain amount in accordance with the desired passband frequency response,
and

the IDT electrode includes, on the side thereof adjacent to another
IDT electrode, the secondary excitation region having the electrode finger
pitches different from the A/2 pitches.

19. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions of the

IDT electrode include two or more different kinds of electrode finger pitches.
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21. The surface acoustic wave filter according to claim 18, wherein the
5 electrode finger pitches of at least one of the secondary excitation regions of the
IDT electrode differ from one another and increase stepwise.

22. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions of each
of the IDT electrodes are all equal.

10 23. The surface acoustic wave filter according to claim 18, wherein the
number of electrode fingers of the secondary excitation regions of at least one of
the IDT electrodes accounts for 1/3 or less of the total number of electrode
fingers of the IDT electrode.

24. The surface acoustic wave filter according to claim 1, wherein:

15 the plurality of IDT electrodes includes a first and second IDT
electrodes,

at least one of the reflector electrodes is disposed between the first
and second IDT electrodes,
the respective primary excitation regions of the first and second IDT

20 electrodes are phase-shifted from each other by the certain amount in

accordance with the desired passband frequency response, and
the reflector electrode has electrode finger pitches different from the
M2 pitches.

25. The surface acoustic wave filter according to claim 24, wherein the

25  electrode finger pitches of the reflector electrode include two or more different

kinds of electrode finger pitches.

26. The surface acoustic wave filter according to claim 24, wherein the
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27. The surface acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes a first, second and third IDT
5 electrodes,
the plurality of reflector electrodes includes a first and second
reflector electrodes,
the second IDT electrode is located on a first side of the first IDT
electrode across the first reflector electrode,
10 the third IDT electrode is located on a second side of the first IDT
electrode across the second reflector electrode,
the primary excitation region of the first IDT electrode is phase-
shifted from the respective primary excitation regions of the second and third
IDT electrodes by the certain amount in accordance with the desired passband
15 frequency response, and
each of the first and second reflector electrodes has electrode finger
pitches different from the A/2 pitches.

28. The surface acoustic wave filter according to claim 27, wherein the

electrode finger pitches of at least one of the first and second reflector electrodes
20 include two or more different kinds of electrode finger pitches.

29. The surface acoustic wave filter according to claim 27, wherein the
electrode finger pitches of at least one of the first and second reflector electrodes
differ from one another and increase stepwise.

30. The surface acoustic wave filter according to claim 1, wherein:

25 the plurality of IDT electrodes includes at least five IDT electrodes,

the plurality of reflector electrodes includes at least four reflector

electrodes each disposed between the IDT electrodes,
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amount in accordance with the desired passband frequency response, and

at least one of the reflector electrodes has electrode finger pitches
5 different from the A/2 pitches.

31. The surface acoustic wave filter according to claim 30, wherein the
electrode finger pitches of the reflector electrode include two or more different
kinds of electrode finger pitches.

32. The surface acoustic wave filter according to claim 30, wherein the

10 electrode finger pitches of the reflector electrode differ from one another and

increase stepwise.



