; e3e<j n6JTyg SURFACE ACOUSTI C WAVE FI LTER TECHNI CAL FI ELD The present
invention relate ce acoustic wave filter for use in 5 the high
frequency (HF) cmlﬂlﬁﬂm Mh&ﬂl nt er medi ate frequency(lF) ci i of
. Wi reless communi | H” at us. BACKGROUND ART The tra?lé\%kibgrgé%face
acoustic wave filter*1¢8&Wfilter), wth whi ch the 10 anpl i tude
characteristic and the phase characteristic can be desi gned i ndependently
to each other, is suitable for use as, for exanple, an IF filter in CDVA
nobi | e phone, which requires relatively broad pass band and the fl atness of
phase characteristic withi rSUREAE&ACSﬁﬁ%TICé VEHAERt factor of the
filter. A conventional transversal SAWTfilter using unidirectional
el ectrodes is 15 descri bed below. FIG 30 shows plan view of a conventional
transversal SAWTfilter using uni dmﬁmgt Ellgghrodes. Referring to FIG
30, surface acoustic wave can be generated by providing inter digital
transducer el ect rogieprdskhilimieatibn adtes tr ai supfiice aqrdustidc puiveofiltér for use in
pi ezoel ectric substrate 301. On the piezoelectric substrate 301, an 20
i nput | BT ehechigbdeegeencantHBnh coguiduthe Driteamediato decquesclR) girspsstc-wwfh a
certain speci ff' c distance between each other to forma transversal SAW
filter. In YHE eﬁ%S%%?art%aé’d’a@&W‘fi |ter, the frequency characteristic is
determ ned by neans of weighting, which is conducted by thinning out
- electrode fingers) of IDT electrodes 302, 303. In this way, the
conventional technol ogy 25 i npl enBAICKGROWNDaARANd flat filtering
characteristic within pass band as well as a superior_ attenuation_ .
characteristic atThniapsearsalisprigce ageusic wayg filtereAW. fikter), wgth whiehhihs' s

¢ eauestd 1unRENE) TR SRR B Sinab " sppuR@REi, A, dieCofledlbied °°

W th a steepdapdiieual @Nesdhabfells slitdbl@ifol MBe VAsCifD} eXaRbldass P afer R0
the input and output I DT el ectrodes need to undergo sufficCient weighting;

whi ch 30CDM AbeobikOpRor, ndtich adduireseakdsively rdadpges bamshghd the flatnekbeof DT
el ectrodes. -This_ bl ocks downsjzing of the filter. Furthernpre, if it is not
possi bl e t Phaghghetactasistis wihigihe pgsoHband san igporignt fagter pbtherfikten on

targeted charactegi st| { . . sat 1. i an. P
6 011, 344 i sel osns oneaB B RHFRARCAIER e Wi ekiBhAHeoabhs
transdueer sdaxcabed Belosed on a piezoel ectric substrate with a 1 /2

wavel ength . shift, and electrodes of the two SAWtransducers are connected

in parallel. The Bl .pi®gbews plan vigwiod 4 sonvendioell transvarpaloVAN filtee usingh

i nput / out put .i.npedange .pertjnent, t.o the c ent j onal. DART type transducers.

TS| CelB G Se R airinioty Mt DFash Sepusti averse B o

SAWTfilter | i i SAW
%%n%géttﬁi bgqﬂgggﬁgg hﬂbﬁd@@%ﬁ tﬁﬂgﬂbte]{ %’Pect%ﬁ@@(ﬁﬁ’ bfectiode) PrSRptit

filter havi rst secon anne ormed on a piezoelectric
substrate (andewtpatnoela fibzddlédteic)substhate!3812-Ohahe piezoelecatc sibiseraté 861, an
channel and the second channel have the sane phase characterjistic wthin

pass b2, wept dDT; elestiode 302 andtap gutpuhdDiasteaitods 3@%iase dimmasedugithtahe

band charac i.stic.of the 2-channel SAW(filter is.stee size is
conmpact - et b B digtinde, SRR sadlBlheh 18 Rlom B ST ASAN B

invention ai ns tOOfther aBoe0 urefVE AW t BilteVh 9B ﬂ@t?@en_%Q RARActetisBc0dd
and flat within pass band, and the attenuation property iS steep at the
vi ci ni ty ofddtheninad bybrrwdns bf SEigRiRE WhichHE doNdENEIMY Adooing onf ¢lectvode
aspect of tfbe present _jnvention, there is provided a 25 surface acoustic
wave filterfiBgsey)i ef HgTaglertgadss 30p $03.t dn thindvay. dbg iconxeatipnal fechnology

25 implements the broad and flat filtering characteristic within pass band as well as a
superior attenuation characteristic at the vicinity of the pass band region.

For use in today's compact and lightweight mobile terminals, the IF stage

SAW filters are also requested to be smaller in size. In order to provide a

transversal filter with a steep attenuation characteristic at the vicinity of pass band,

30 the input and output IDT electrodes need to undergo sufficient weighting; which
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- filter of

inter digital transducer (I1DT) electrode for input and an |IDT el ectrode for
“output. The input IDT electrodes of said at |least two filter tracks are
connected in parallel. The output IDT electrodes of said
.filter tracks are connected in parallel. Said at |east tagk%cheot%g?oég\gcks
are substantially same-phased within a 39 pass band, while they are
substantially inverse-phased outside the pass band. Frequency val ues of
said at least two filter tracks substantially coincide at a point |ower by
3 dB than the peak transfer function value of the respective filter tracks.
30 Cct ober n2@@dlpaleads | twast lengdredengtk smthnghealldTi alpetrodes. el Bsr bhhekand

sai d output, |IDT el ectrqode j.s unidirectional,. 5 ,Accordin o anot her aspect
of the predewWnsiziRgemfi the fjleFére |“§t}f?|”6‘\9ir?jebf at éEur‘F(&CBO%-%B{?SW CCQH&F@t ft?lFt er

cl oot r ot P Bheiia b ooRHF SRERCRAAERE, \Hflod, b Ber BTy i bhes)

of said tweedliZetl @6 al fluBlCdasisficEioaonnected in parallel. Qutput |IDT el ectrodes
of said two filter tracks are connected in parallel. Said two filter tracks
10 are subst ant i BISP/69al34dhliseddses amelectrogastrubturd ofiiAW trimesduaer where

substantially inverse-phased outside the pass band., Said twy filter tracks

subst ant | arwt%}Sﬁmié TR REAKISEA AT & RIFERIGHES. S%ﬁ@a&?ayéthbarl& ayaetengthone

filter t ragﬁif{,%n%r a@w&déshéftﬁeh&&o %‘k\ﬁfﬂ?ar?stdﬂ%rsfArktc%ﬁméétgﬁ‘ﬁn. Ji}ggel? $hHL
€’present Inventron 1s snmalTer 1n size, broader in hé pass

band angl ségﬂgmsbm Jthestadel @uafeh@ed abarmpicRingtthe Mighsimjaitohepragfipsiinde
BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 Plan view of a SAWfilter in a
first exenpkdimengbdlie memventiondeDARISéyne iransdudeon. This,Fh@vepex, Aloghinadde

crar o o B i SNy b0 HAEK 45 B S5 GRS o
SAWTilter in a sgconde E?@Bg%?aﬁ'ﬁ?%.%b-ﬁgﬁ?@@oséQ fér RAg3

t he present invention. an view of a ter 1nathird

exenpl ary anfiestiam@dnh setoiidehanpsle Sonmhed noteat pieBoelbtidic Sulthdtae \(h Qvchinidd | DT
el ectrode, magnified in part, of the SAWfilter of FIG 4. FIG 6 Plan view
of a SAW f ffiltes). Im the Roghennelefilinp| the yirshbbenned mnddhetsgeond ebarnelihavertheon.

10 FIG 7 Ch t isti f the.SAWTil f EIG 4.. FIG 8 t isti
D e R PEARNSE kbt figtic FiN gasg, Band L while dt i3 ipbene QubAR! Beupassr
FIG 6. F @an&Q‘eEf@f‘ VA 185 theSHYHd ichhRlctdristRt BEthEXCBRAfeY SAWOd @ty of

the present invention. 15 FIG 11 Plan view of a SAWfilter in other
exenpl ary stdspdindght side it ltonypaet éh¢ charaeteristin. wikhi®. pak? bRhdiis uoeflanf a SAW

filter in other exenplary enbodi nent of the present invention. FIG 13 Plan
view of a SAWfi ilherPiesent invepHoraims! & PHishifoapmpact S VEolittak whrassepass
I NVeNtLQN. band is broad and flat within pass band, and the attenuation property is steep at

the vicinity of the pass band.

DISCLOSURE OF THE INVENTION

According to one aspect of the present invention, there is provided a

25 surface acoustic wave filter comprising at least two filter tracks each having an
inter digital transducer (IDT) electrode for input and an IDT electrode for output.

The input IDT electrodes of said at least two filter tracks are connected in
parallel. The output IDT electrodes of said at least two filter tracks are connected

in parallel. Said at least two filter tracks are substantially same-phased within a

30 pass band, while they are substantially inverse-phased outside the pass band.
Frequency values of said at least two filter tracks substantially coincide at a point

lower by 3dB than the peak transfer function value of the respective filter tracks.



FIG 14 Magnified view of a key portion of FIG 13. FIG 15A Characteristic
"showi ng the el ectro-nmechani cal conversion in 30 Cctober’ 2002 4 the
direction of stronger propagation in the SAWfilter of egf Eogz FIG 1

. SB Characteristic showi ng the el ectro-nechani cal conversi on Int

direction of weaker propagation in the SﬂNfllter of enbodiment 5. FIG 16A

Characteristic show ng the el ectro-nmechanical conversion in 5 the direction

of stronger propagation in a conparative exanple of the SAWfilter. FIG

16B Characteristic showi ng the el ectro-mechanical conversion in the

di recti on dft lsestkethegrropagaongraidninput dParlattrade exdsgideowput HET SMbtfadet er .

FIG 17 Relationship between the ratio of line width and the a+~i in

exenpl ary dpyBilirastiosal.( 10 FIG 18 Plan view of a SAWfilter in a sixth

exenpl ary enbodi nt sent tion. FIG 1 n| fi.ed vi.ew,of a

ey por Bl on of . Frestorginer3amiBE RnchLF 3¢ Bfssht fyphRghy Hrt i€ provifita &

el ectro- MeGRARLE alcoReiY & OMilleh éd?ﬁ ﬁ'.hh Cvh @ 16t ﬁkéﬂqgﬁéh Wa@ﬂ?%%' Ped N @

SAWTfilter of enbodinent 6. 15 FIG OB aracteristic show ng t

el ectro- rrecchglmalctadxnsdunmeﬂﬁ”[()relearcbduefailmput arhan Dlled ketrogs fpagapuoinput t he

SAWTfilter of embodi nent 6. FIG A Characteristic show ng the

el ectro- neépgnlelféFroééﬁ\ﬁtfr 83d tWan ﬁthé tangksc fico ROReCEd %Q@Fal&loﬁgﬁﬁ Tin a

el oot ror mocH RIS Da3ai Po N thaehE e S e G PRGTEL S4B Al o
in thejponpas astdbg@nﬁmzpéaen@ hhd SAMiAI A éﬁﬁs Hah wBae%bgtax@namsaa&ﬁuween

the ratio of line wdt he a in enbodinent 6. FIG Rel ati onshi p
bet ween t henvatseqahtaﬁed pueide thehpassdantieSaid two Ghteodiacknsultstattal 5t Gin2édePl an
vi ew of afll er tra |naseventh ex mpl.ary.e %ﬁilrrent FIG 25 I\/agnified
view of a klw HEFRTS eapemse 1124pasmb@ d%haf qpe &lltes track 45 erenter thendhat

track of FlI I aracteristic of filter track in a conparative
exanpl e. gthgéﬂﬁa@%ﬁg‘%@f a SAWfilter in an eighth exenplary

enmbodi rrent. 30 FIthus2® A AWDliité oL tkd pradehe idventiondt sadtier $AWIZd, | Brehddr BCK
in FIG 28. 30 October 2002 5 FIG ~ 29B Phase characteristic of each SAW
filter 16r adhkeipassband 28] stekmin i Fitenuationvehafacieistic evisiderthe p8ayband.t er
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 5 Exenpl ary enbodi nents of the
present invention are described in the followng with reference to the

dr awi ngs. ]?faﬁEﬁsrCR AON Ot DREWS g;.sct ure of filter track,
respective ter tracks are shown surrounded by dotted lines in the plan
vi ews of SAWf i | tRIG. It Plhkh vidw bfloSANE fillteklifsa firss kRemphirarmbolitneht af SAW
filter in accordance with a first exenplary enbodi nent of the present

i nvention. PxesyHARyVentipnFl G 1, a first filter track 12 and a second filter

L1238, 2, O s 2 PR ghigHe SeR 5P S SRS S BRI e 2 2,
i nput | DT el ectroge, bR MS@'&h%b’Eéﬁst1|cQ-E‘ QRBAWIRItdOiradk #EMIG e, the second

filter track 13 conprises an input |IDT electrode 16 and an output |DT
el ectrode 17. FIG. 3 Plan view of a SAW filter in a second exemplary embodiment of

25

30



The input IDT electrode 14 of first filter track 12 is connected in
"parallel with the input IDT electrode 16 of second filter track 13.

Li kewi se, the output ( ~ 20 IDT electrode 15 of first fil 21is
. connected in parallel with the output IDT el ectrode 17 ongﬁecé%Hneg%bP%t er
track 13. Operation of the above-configured SAWTfilter is described bel ow
Anplitude characteristic 21 of the first filter track 12 and anplitude
characteristic 22 of the second filter track 13 of FIG 1 are shown in FIG
2A. 25 Phase characteristic 23 of the first filter track 12 and phase
char act er i sh¢ presgnbinventiosecond filter track 13 of FIG 1 are shown in FIG

2B. As shown in E 2 differen i he, phase. between the fjrst filter
track 12 and the Fls}gcén?'?‘? Vs OfPﬁwf(ﬁtF%"‘aﬁ 154 exeplary gmugdiment of the
subst anti al Te- $ed, within pass band. 30 A situation substantially
sam-phgsefrg%%?&egﬁg t hat the phase difference 30 Cct ober 2002 6 is
within a range -3G. 5+ Blin piesf ofatl YDT-dbctrode, 2daghifiednimvpait) oflthe AW t he
anplitude characteristic 21 of first filter track 12 has two peaks and
broad pass fiéerchf FlGt. 4.t at the sane tinme provides a large insertion loss in

t he nei ghborhood of t center frequepc On t ot her hand, 5 the

anpl i tude char acthpi's&i apg Vigy %%Wfﬁ‘t?rel'n ?Pfgb‘?ill%x ark Emﬁégﬂn?‘h‘ e
nei ghbor ho : .er frequency and the insertion loss is small, but
its pass bgﬁgghs%ﬁgﬁ%@vﬁ% ince in the present enbodinent the first filter
track 18 and the HecandHakAdtéxistid afthelSAW filtst!bSFEG! 4al | y same- phased

w thin the pass band, a flat and broad |0 pass band can be obtai ned by
connecti ng t hese HIG. 8eCharasttristinobacanyestiongh SWYE fdtdter hand, the first
filter track 12 he,,second filter 13 ifference in the phase
by appr oxi nat el yﬁg;obogthff%f’gert‘ﬁéc ng’f %%E}tgbpgﬁfwv Zz. they are

i nver se- phased. e, AR Parfl {P bEASAWS FiRBPIPHIHERERE AR

range 130 - 230, preferab?y 1e60 - 200. 11§ As seen ?n%Ef%Qe , ﬁ@gg{ﬁg@et he
spurious oyrssahe ihventjpmss band is not quite suppressed in the anplitude
characteristic 21 of first filter track and the anplitude characteristic 22
of secdRd filter KlGadd Blen vipw efheSAW Jilter ini gther exemplany embodimgatcef the
peak spuri Qus freq‘lljenlcoél;\| In the present enbodi nent, however, phase of the
first filtd i‘?né&’l}eﬁ d the second filter track 13 is inverse to each |
20 ot her outside fioe 12293t 80d SAW SREF iPbhet 8¥Ehplaty AniBAimedEst tied!
therefore, the spurious of first filter track 12 and that of second filter
track 13 cagresdinttiovediom.ot her. As a result, a substantial anmount of
attenuation is o i ned outside the pass _band. | rder to provide flat_ and
broad pass band ?Ptel o i Plapnrdep; éré)AWSﬁﬂﬁ\'/é‘htai ﬂﬁﬁ ¢xemplary gmdpdpentnek

t he respect.j a‘gg haracteristic 21 and 22 of the first filter track
12 andatehe ‘?é?én #lhf‘{ég‘rﬁo rack 13 neet at a frequency val ue 3dB | ower than

the peak transferFiGunat Me(rjgn\iﬁbwe'i@ﬁ of hkeyasptiohiof F1G. l1Ber tracks, as
indicated wwth point A and point Bin FIG 2A
FIG. 15A Characteristic showing the electro-mechanical conversion in



- If attenuation is greater or smaller by nore than 3dB at the frequency 30

“where the attenuation said two filter tracks coincide, attenuation becones
t oo 7 30 Cctober 2002 nuch in pass band at both ends, dcfobéﬁggtff ripple

- leading to deteriorated flatness within jhe pass band. Thus a SAWTtilter
that offers flat and broad pass band and“exhi bits excellent attenuation
out si de the pass band can be inplenented, by making the 5 first filter
track 12 and the second filter track 13 to take substantially the sane
phase wit hj : [ idpabstid e ' as5e d, and
maki ng thet}ifarcggﬁzlr??iadg?ﬁgﬁg\%\ﬁ {:Oﬁ)agité%lgctl v?%tﬁggﬁﬁé{}?}zg asslﬁ?qé a value 3

dB | ower than th@FIgedsB r @intfiterigthe shwingathe eclestbs-ntsthagiday cenvdisionein | n
SAWTfilters structured in accordance with the present enbodinent, |10 | ength

of the i npthe/ditaotion afTeakies propagation am theeS AN filteh of embodimentnpar ed with
t hose of identi CE* filter %gar acteristics nufactured,thyro %h conyvenii onal
technol ogy. Ther Ef@r d0A; hEharagteristic shopipg; Peerleqtrpﬂf‘@hawéﬁ PNYEIIOR: on i s

st 1 or teaifdRBionlr et BRaBaigh R E pirbaRliys GARRIEH nd AW IR <1 2
attenuati on 15 CRRGAGER! | Ehafachilstichdwifichie T1edRmeRaR1 CORAISIERN FI G
3 shows plan view of a SAWTIlter iIn accog ance vmtﬁna second exenpl ary

enbodi ment the dirédtidnsewedlivn pedpapation ik Ao tivelexd@mplerafithé SIAW rfilter~ 20
track 32 and a second filter track 33, having input/output |IDT el ectrodes

34, 35 and 36, 3FIGrd3peRelatiehghipabetwieon rthd ratioaofpling omldtk tandctheutid Pr it e
31. The anplitude an& the phase characteristics in the first and the second
filter tra%empRrgsmbedinentsne same as in enbodi ment 1. Point of difference

rom epbodi ment KS.bh he 26 T( El ect.r pd / dt h trol |l ed
{Si ngl e[r(ghas_e Uni ﬁm:'l?é%l (331%113{1 ﬁ?%noﬁvgér%}fﬁge&%eas%g@aﬁe an gg{r%é’g?élgﬁta?f
el ectrode, (HeSpidsaft ih@énitdie | DT el ectrodes 34, 35, 36, 37. Nanely, when each
of the IDT el ectrodes 34, 35, 36, 37 are split into areas corresponding to

wavel engt h of suFl@¢&9 addaghifiedwde® of a keyngoreioaatfkIde 181 nger of ~, /4 width
and two el ectrode fingers of ~, /8 width, totaling three electrode 30 |
fingers are in ekl 204a. Ohargtgist®, shaveingnibet cleCito-menhaniab sosyersgm y e

ri ghtward 8.30 Oct ober 2002 direcgtional Ll e the output |DT el ectrodes
35, 37 arethedirGatian of stEAngepREPASHHEN 17 a§A\yﬁrfélt? uBoimant Br er 1 1 acks 32,

35 il Hher ! " trach

aspecttve of oot A Ukt nanraprighe s RSt ad ACPRY eBGbersion in,
dfil ' j ety band, 5

i 1 1 o O B L e Lo RES PSAW 11 ter s

of the above- desFIGbad Ac ohagavterdistionsleoveingr thei electroviméchahidal odversoadipass
bandw dt h and significant attenuation outside the pass band. |nserfion |oss
can be redthediredfianeof strongst propagation éirg commarativn exseple ofthaSAN filtar. 1 or

iting th i . and cent f reflecti in.an. 10

asymmet T cal 1ol StCoRah p URAdiENTs Siovg PrecloetSe R Rl SERYERIS 3
AU : . | > ooy

fota 20 A BERCAER we e nifphGRGH mubBRpHRC RaRANEE o SAY FREF = ©

reduced and the HEPI2® WRAAHoMRARS HeaReerr ahe hatio of line width and the o in

embodiment 6.

-

FIG. 23 Relationship between the ratio of line width and the P in
embodiment 6.
25 FIG. 24 Plan view of a filter track in a seventh exemplary embodiment.
FIG. 25 Magnified view of a key portion of FIG. 24.
FIG. 26 Characteristic of the filter track of FIG. 24.
FIG. 27 Characteristic of filter track in a comparative example.
FIG. 28 Plan view of a SAW filter in an eighth exemplary embodiment.
30 FIG.29A Amplitude characteristic of each SAW filter track in FIG. 28.



. suppressed effectively by establishing the netallization ratio (total sum
“of width 15 of the electrode fingers existing wwthin ~, area / ~ ) to be O.
45 - 0. 65, preferably 0. S - 0. 6. The netallization rago ﬁﬁg o than 0
» 45 results in a reduced line width of el ﬁctrode fingers, I C |nvrtes an

i ncreased resistance loss. On the other Hand, the ratio great er than 0. 65
results in reduced space between the el ectrode fingers, which causes a
difficulty in formng the fingers. 20 Furthernore, when netal containing
al um num as the MPpR&Rte of WP ect rodes,
the insertion Iogch%%Bbe regucl:lg%c th@erarhg(gl‘qe W ttétlﬁgédgéalglslj:@r@' may be
made snal | er by $3Gaddi Mafgidwef hidonvedticialSaWrfiltéro (h/ ~,) between the
el ectrode fil mthickness h and the wavel ength of surface acoustic wave -,
to be 0. 005 - 0. 035. 25 Third Enbodinent FIG 4 shows plan view of a SAW

bresent  enbodi ment  BESCIIRTION SR TREPEEEERHREMBOLBIENTSS? 30 of a
first filt t kK 42 d fi t 43 h t t | | ed
0 30 afober 2005 ETEMTE %?Qﬁﬁﬁélnss#u rPff'rLS?ﬁ G TR T %ﬁbﬁﬁ%aﬁh
of the |DTgg ll(?\%r[ réfereﬁlé tothe cﬁth‘?ﬁgﬁ Sqgfdr eas{¥r Pl oﬁ%rfrtﬁé 99?9&1969

wavel ength ~ ace acousti c wave,” one el ectrode er o

and two el ef&ntwlerafckng@pect@te filteBtratled tir,e shoiwai Stﬁﬂoﬁﬁ'ﬂe@leo}e B@ﬁéd oihes fin fger S
are in each area. The anplitude 5 characteristic and the phase

char act er i plarcvigimsiofiSAW fitet and the second filter tracks 42,43 remain the
sane as in enbodinent 1. Referring to FIG 5, the arrow marks indicate

di rectional property of respective areas A, B and C surrounded by dotted

| i nes. _The £ A and are provided with unidirectional property towards
t he riéﬁ-{ i ﬁgnthpg\tﬁlﬁéi while the i to area Bis provided with an

t di I o | T I d
36 a5 o whol o 19 S o PEorRORER VMR, SN M e poRlee RN RS\ o

el ect r odes e4émpttry éﬁb@dlm@itsdf thel presestt inveationNd@ls §HRvis AAEFES.r UCAUfigt | N
each of the filter tracks 42, 43, the directional property of I DT 15

el ectrode 4iltenprackdg and a seconef filteretradhT] 2 hes: forowd iagparalhel omha pmzroeletchmtal
property of ‘Iar%);l' el ectrode 46 to that of .the |IDT el ectrode 47. odr ment
2, each of S %@ ddamage gha 28T - develyang ¥ grsrydal whas, ltsrteﬁlgf‘errtﬁa

di rect i pnal

directi naIco f'flé IP}%W‘I hﬁ’g egeﬁc%rgge 485%);% |0§ﬁ?u§ﬁf%el§lcﬁ8§¥&$ga§m<%ﬁ@ a
resonance Vi %}‘ o9

| engt h of %%Tg‘gélﬂg?tfrl%%eﬁ%wg esessta ? lh@hlgrtpgét haﬁ ﬁ%@d ? ﬁ elrt}‘solgd%nt
2, and a SaAWcktiddedr7.can be downsi zed furthernore. FIG 7 shows
characteristics of the SAWTfilter of FIG 4. Al so characteristics of a

C(ﬁnvent1 i onal SAwHhhel inpnt HOE decsvade Pf@rStSﬁlwroi]rcra(Tlh& é&l@@nﬁic’f@é i parsdlel son.
T W i

enbod nent SRD s TR elecirotf 46 PRt Bltehach Jaxc keIt RO RE on
ghar achgri § 4 eFie@EréBf 14 §f @frgtyﬁﬁér {6 A3SR &)qfﬁg,ct qeﬁfhaﬁ}]lhf Wit fife 512%\1?9(1

y appr oxi m area as conpare e conventl

ones. The IIDqEéIEth@dé W@f@@&,ﬁi ﬁﬁemadkepyced Resul ts of measurenent show
that the 30 insertion loss is 11. 0dB with the present enbodinent, while it
is 15. 0dB wi th tOyperatid® o theQitoveesonipired BAVE fiil ieo imdesenibed de]ova 4dB
reduction in the insertion |oss. The -SdB bandwidth is 1. 35MHz in the
present enbodi rrerﬁmphmdf;hc‘«bvﬁpt@néect%l pf @@Nﬁzstoﬁlt@héra@knt%n@ncbr@mplﬁnd¢ 5

exonpl ary. GABGUHSHSC, 2baf e opond Tl itstal? of Rl ok off shovRan BiG 24
embodi ggnt p} ks cflgt%t:t];erfsﬂctﬁ ﬂ;-t@sfﬁgtt ﬁﬁ%gdmﬁnd&)ﬂﬁs@bﬁg}%teﬁgh@ hadfRde

finger counts are
second filter track 13 of FIG. 1 are shown in FIG. 2B.

As shown in FIG. 2B, difference in the phase between the first filter track

12 and the second filter track 13 is approximately 0°, or substantially same-phased,
within pass band.

30 A situation substantially same-phased represents that the phase difference



. the one-wavel ength areas in the respective input/output |IDT el ectrodes 64,
65, 66, 10 67 of first and second filter tracks 62, 63 having a directional
property Another point of difference is that an el ectrod i ple is
- formed of two el ectrode fingers having different w dth, g%?#ﬂ?%?@étrode
finger couples are disposed to oppose each other (for exanple, 64a and 64b
in FIG 6). In contrast, the nunber of electrode fingers wthin an area of
one-wavel engt h of surface acoustic 15 wave travelling on piezoelectric
substrate Gl WRh SrdnreCRPdi I8N Bef; wning thepbine width of finer

el ectrode ﬁi nger as dI_gl, t hat o? ’tlﬁe el?‘?%g’der el ectrode finger as L2, and the

rati o between thamshown eFIGARA, tié amplitddd charhceristibe 1Laf firdt filtepadid
take a value 1 or greater, Breferably within arange 1. 4 - 3. 6. By so

doi ng, thelBAasitima peakisnaral braad passsbansl, bwe ihatithe same tihe gsovideshmolagge () ~
20 optim zation of L2 / L1, ,the directional property of surface_acqustic
wave can bESEHHY srséa,tharrtplglﬂaorﬁpg&og fﬁptqwﬁprpﬁegu ol Kb tieother hand,
insuffigcie i . ORhe j i i | .p ri{y. c be
suppr essedtieraAfio i SRR R0 2c0t Rt ARt BEE £ Bas PEE Rk B, ¢
of fered. Theighb6fHoodlof tHe dentd fiEquétiehRRIE Msdtihl BSs bd Bhalll Biits phsof
the finer 25 el ectrode finger. If"L 1°is nade too small, 1t turns out
difficult baend wmareswel ectrode finger at high precision, and the resistance
| oss at the electrode finger will increase. Therefore, the greatest
practical L2 / LSinogainuthesprsa¢nt gmbodinadnt ythe dirat tilked thckel2 8nddhe tsheond
optimum L2 L 1 val.ue depends .on nunber of the electrqde .30 fin s anpd
Che 111'm ¢ fliok agk 1arare sapeABGRILY sHYEP gL i BissIRGad, 8 At 680 baed 30
Oct ober , 20 | | . Shiif§ ] / | ye. | ase where the
i_nbut/ (l),lt pggsﬁ]%f‘%gfaa&qee;%@élsn%gfg}}dﬁ}glgﬁgﬁﬁg hésgﬁﬂea}f%gﬂggrébgrsaggf Use of the

i nput/out put | DTOR] el 6RER haRll, tHRCfiRt THRP trRKDPE B he IsBE6 8P FRG tARk 13

ef ficiency of exciting surface acoustic waves. O, inpedance of the 5

i nput / out pshow(diffetenct indles phase e approxirmadtely 1862 outsidthe! pass lbaad regioa, SAW
filter of lowinsertion loss. SAWfilter characteristics in the present
enbodi nment viz ethey etmvinvémsedphased. ZAbecphaser differente t ofe approxinmatelyt 186bwn

in FIG 7, the i i . 5 f f is | b

T o oS Rt b g SOeney (1) 1 Lover by
b ff i i i : | T - i dt h

provessgo, be of Lo6L LU fORIGoN Aot P O SSHRASDRLERR: ol Far ST GO

pl an vi ew qfijthiduppleskédGli the @nplifulde eheeaRbAstc QDO s Filtes Irabli Snd the
corresponds to one of the filter tracks in enbodinents 1 - 4. FIG 14 is

magni fi ed aimplitede ehdragtepistit i2@nofosecbh.filled . trabk Ehoamd therd-isGho d#fference mput
| DT el ectrode 136 and an_output |IDT electrode 137 are forned on a
pi ezoel ect the respsstiyameal spuripys frequeaey vin ithy pressnt srabodymeat.chowews

1334 12335%?18%%8@ R R L R SR A Y o
354 135 ! | cal & e ;

oot r 2o PREZARHIEINE FA3E pafis AMOMHD SRGHONG JEFCILS et HomgfeRl thENeRoR? e

fingers of il §haicntof fire fidedthack H2cdhdothat 6 sécmdefiltérveack E3 canst? tb iengler

couples is positioned in an area of 1/2 ~,. 25 The electrodes 136, 137 are
formed usi otheal udisnaresult,am sabstantialnambunt of attenuation is obtained outside the

pass band.
In order to provide flat and broad pass band region in the present
25  invention, it is preferred that the respective amplitude characteristic 21 and 22 of
the first filter track 12 and the second filter track 13 meet at a frequency value 3dB
lower than the peak transfer function value of the respective filter tracks, as
indicated with point A and point B in FIG. 2A.
If attenuation is greater or smaller by more than 3dB at the frequency

30 where the attenuation said two filter tracks coincide, attenuation becomes too



. lines 138 and 139 is referred to 30 as area A. 12 30 C¢

. The Iine width ratio of the electrodes 136, 137 should be not smaller than
1. 0, preferably 1. 4 - 3. 6. In FIG 14, the dotted lines are border |ines
138, 139 splitting the electrode 136 at ~, /2. An area be p@g t rder

2 0 gbrbeggg@)l n the
area A, a distance value between the finer electrode finger and the broader
el ectrode finger of electrode finger couple 132b nornalized with i,/16 is
defined as y, a distance value between the finer el ectrode finger of
el ectrode {hjdgeih Ry Pagd ke BBtREAUS, b8 ibeiles riphhelchdthey ddblidtedlhtheks / 16
as a, and a distance 5 val ue between the broader el ectrode finger of
el ectrode Withdethepagsiband32b and t he border line 139 nornalized with i,/ 16
as Vii; the configuration is _arranged to satisfy y>a+~3. Qther el ectrode
finger couple 137husfa SAW ddtes theb offme flateand dead i pagerbanslipndsextgbiss
133b of electrpde 137 have als een structureq in the like nmanner. t 10
The di r ect FRSRIICTS eBEBRATQR ogisidy 85 Pasio birsh Cap pecaplemsae G & iR 8% ed

char acttri So7t:Ai febRazched fhe SEESE D of-BL R PR RiIO RIS
in FIG 15Qhaé’81i>v'imiﬁ gﬁés VAR WHIR {t6ekRferst B%Ideoﬂﬁ'spd%.% YABH! ¥nd 'i‘naﬁéix_q% the B-
Each of the electrodes 136 and 137 15 has 100 pairs of electrode finger

coupl e for fiedueficies @¢twhidle réspegens filterdirddkar asstimel a&aied88B Toberfthhmnthe
thickness ratio is 0. 015, the line width ratiois 3, a =~ = 0. 41, y=2.
For the sakpealptransiepsunciion valuesubstantiadly aoiegilehavi ng t he same structure
except that a = par ed. , The el ectro-nechani

=3 F = 2 was e al..
conversion i® ~ 2B %@r éﬁﬁe& iSQPP@rgﬁEth 3csoFiance Withy, esP’feéﬁ'@teF’mg’PFiBE?lFtonal

Phe et or lepatiBE ARbGiblt B5T diitodeS BANE aldtel oreeh 36 cobfimsk S Sigh' "
with FIGs. tH§e Idf heSRIRS SNeYNch{iBbtelifgesS L HAGFACRILED Hﬁ%ugﬁe%ﬁ{'entional

enbodi ment 1's superior wth respect to the synmetry. 25 Thérefore, the
ripple in tédohnphsgy. baliserefore peheraile ofid ISAWalfilter, inade tpheseat tianewtionris
outside the pass band still greater. Accordingly, by formng the filter
tracks havisigpifieantlst smallen thapfthay of cqmvmoaabte@goellosm r Furthgnsore tasS AN

ti n i | I el d i hed i di ts 1.th 4 t hat
Chel r 1 el AtTHFE I fesbiesnu b edimishh Gos, ot apd hrosd FosmBana a4 ARPEHUBASE
band gl s\RlARlksRbloutdiBY BiepaRiaRgd outside the pass 13

Second Embodiment
FIG. 3 shows plan view of a SAW filter in accordance with a second
exemplary embodiment. In the same manner as in embodiment 1, a first filter

20 track 32 and a second filter track 33, having input/output IDT electrodes 34, 35

-~

and 36, 37, respectively, are formed on a piezoelectric substrate 31. The

amplitude and the phase characteristics in the first and the second filter tracks
32,33 remain the same as in embodiment 1.

Point of difference from embodiment 1 is that the

25 EWC-SPUDT(Electrode Width Controlled Single Phase Unidirectional

Transducer), or a so-called unidirectional electrode, is used for the IDT electrodes

34, 35, 36, 37. Namely, when each of the IDT electrodes 34, 35, 36, 37 are split

into areas corresponding to wavelength of surface acoustic wave A, one electrode

finger of A/4 width and two electrode fingers of A/8 width, totaling three electrode

30 fingers are in each area. In FIG. 3, the input IDT electrodes 34, 36 are rightward



. 30 Cctober 2002 band, a SAWfilter can reduce the ripple in the pass band

~and increase the attenuation outside the pass band. The anplitude
characteristics of the two filter tracks are made to be in

- enbodiment 1. FIG 17 shows optinmum valugs of a + ~i at ?83"’3@3?%6‘?%

exanples of filmb5 thickness ratio 0. 005, 0. 010, 0. 015, 0. 020 and O.

030; where, a 28 - 42 revolving Y cut crystal is used for the piezoelectric

substrate 131, center frequency is 110MHz, nunber of the el ectrode finger

coupl es ar @irbBRondlt w}ﬁlel@ﬁelvuwﬁt]gm)ta‘;g@m%aeg 99}37‘13?@1ém€a1‘d: cln?edﬁo%h r*ﬁhé 01is

greater than 1, optimm value o a+ ~ Is always snmaller than the y.

10 Si xt h Efirstdandrthe SeCond Silter wheks 32,83 odreacdrnectsd i akk shmeawaiyxddin
exenpl ary enbodinment. FIG 19 is magnified viewin a key part of FIG 18.
SAW f i | t er eatbadimept & shanough theidirespectivo alectrodes, amdi nelatitve  relntionskipraydeng 46,

an out put [ DT_.electrpode 147, .15 el ect.rode finger couples 142a, 142b. an
143a, 143bf‘heaﬁ56tlaé‘gc}ﬁ%§%‘iﬂnrdoﬁé§rti Is s angia]lvisarpe- Bhess fm?hlecmﬁ%bamﬂg

t hese, for on . i i . i jdth ratio of the IDT
cl'cototle 1AL RIEBrBAREIShEGEe R figickthe pi S by £ % 175 6
Anong the el ect r gaenf f r ; : : 20
fi nger coupl es consi s{mgﬁ ?ﬁombg%@%gﬁ%npﬁﬁé%rngjgg?ﬁﬁ%?g%Bﬁfﬁﬁi&%\g‘tl\t}\} Etﬁﬁ

whi | e ot heanfli bgad passpbesdwithhi @id sigdificars! ag¢medieont bogides thé pake trmde
line width. Each of the respective electrode finger couples 142a, 142b,

143a, 143bInseriiesilosoran Henreducad s welll/ The effattestems &bucargowuredthat | 47

are forned bz{‘?us' ng al.um num or, an al unmi num al Iay. 25 I afii onship in the
line widt h CRishJor kcking: theosirfagenaequstig Bpvs and xenterjoh reficption arg3 am an

b ’ £ . Do . 7 9 G h
ot t oa 1Pi me@pEiceTE ttarh bl o R Ao st 61 ety Pn P crnd e
146 by a umpildirectidnalliBss Redudef ween the border lines 148 and 149 is

referred to as area A, and the area between the border |ines 149 and 150 as

area B. 30 The r &¥hes uhidireetional eldetrédesgre used forethe I ckeottodds? 4,85 3i6pr med
to be existing 14 in the areas B and A 30 Cctober 2002 In the area B, a
di st ance va7udhednsestiant less faanebe aeducedoard fthe gipplanwithive ppssobdnd aanebe r ode

"% 5 SR 5Bk ML RSt i o R
di ot andB vt Tne Blechids MR pibhls WIMBR AR 1T o B G5 45 udrerdtif
coupl e 1423 apde.t MThEH&ENizhtiBR rdRDsMalEPIHaA®H 451 febults 1n 4 fedtiRed Mae width
configuration is arranged to satisfy y>a+~i and a<~3. O her el ectrode

finger couplfededtt@de dingetw whitheinvites aieinks€asad siesistanice lobs.| | ©a tier ottienir e,
and the IDT electrode 147 is_structured the sane as the | DT el ectrode 146.

And the | Dhaafethe pdio greatafhan Ko 65presultedn reducedsspage debyprss thayclestrede n

other int rheng%irsr,ewcﬁiicﬁ rcl:%llls sraogl%fictzlﬁty in forming the fingers.

{ 20 Furthermore, when metal containing aluminum as the main component is
used for the input/output IDT electrodes, the insertion loss can be reduced and the
ripple within pass band may be made smaller by establishing the film thickness
ratio (h/A) between the electrode film thickness h and the wavelength of surface
acoustic wave A to be 0. 005 - 0. 035.

25
Third Embodiment
FIG. 4 shows plan view of a SAW filter in a third exemplary embodiment
of the present invention.
In the present embodiment 3, input/output IDT electrodes 44, 45, 46, 47
30 of a first filter track 42 and a second filter track 43 have a structure called



. Wth the filter track, the el ectro-nmechani cal conversion characteristic
"With respect to the stronger directional property is shown in FIG 20A
while that with 15 the weaker directional property in Fl bggy of the
- el ectrodes 146 and 147 has 50 pairs of ehectrode finger %tﬁﬁ?@e{or med of
el ectrode fingers of different line width and 40 pairs of el ectrode finger
couple fornmed of electrode fingers of the sane line wwdth, the film
t hi ckness ratio is 0. 015, the line width ratiois 3, a = 0. 15, ~3 = 0.
67, y = 2. R-SPBDT®esbAentSSRETIF). CAniRarinS@mbodirhéit 2] Wiheh &4chckf RRy T t he
sanme structure except that a = ~I = 0. 41, y = 2 was prepared. The
el ectro- neelegtroded 4dpdSers, Al adeasplittiato atéas curtdspordipgeto taveleagit Aoofer
directional property of thus prepared filter track is shown in FIG 21 A

and that wsetfaechaconstivayavs, oae elesirade fingseof W4 wigthand e ekwtpdefingess. 20
ith.FIGS. 21, jt b t hat i h

o orPome B iRl e STERER SRR b ABES R

the-cont ¢ LaifaCiepisfio il ife PRAY Qfacblific WHHRHE firkeard fHeIREon R Y Bl E1°"

pass band gam3benimiathSsihe 86 in emBodiserittlt enuati on outsi de the pass band
greater. 30 FIG 22 and FIG 23 show optimum val ues of the a and the ~3 at

y =2, in 15 3Refatimgeto FIG2 3,htheeamopl asarké ifddatd Kirectidwal propeftyl of
t hi ckness ratios 0. 005, 0. 010, 0. 015, 0. 020, 0. 030, where a 28 - 42
revol vi ng Yespaetive preasiAj B anded susrounded byedoftadelines. ¢ Bamareaatd and C afg | t er

cons st | ng PEViged By UnEtechiBReL Brapery g BAras el BEE PoPRlrobAie| WEle 46
For o 10 s fRbviip Sl &) Bpplite dlapBtaculbrfodth) QARG ORI TTH ©

pi ezoel ect ihwutSHYF! El8tRodd 146 8s kN WblE Mgt umbiRBctidial! iovardé dhe rightl th ithe
greater than 1, there exists a relationship that y>a+~i and a<~I. 10
Sevent h Enfdeaivimgnt FI G 24 shows plan view of filter track in a seventh

exenpl ary enbodi nent . is magnified viewin_a key portion_of FIG

FIG. 25
24. As shown in Ether J2T elgciroden 44045 oféare gdwo pailirastional vudgruthe ssma s

| ectrode 247 f ' teri t ai ni.ng..al uyi i
Cbmoonon:. SueBie: LOLERh QHbOSGRe AR B O UBh AR A R, ol ™
ompon: | ! .

£ o0t hg", SlecHUH LRSI IBNEL Bougli 3508KA SO JHEEAS BTy

el ectrode fofIDAT cledtddes6 ¢ fint o2 fEPIPMN @letdrdde 4243b, and | ead el ectrodes
244a, 244b and 245a, 245b. Each of ( 20 the el ectrode finger couples 242a,

242b and 243a, 248kmimdirent 2ptachhof teeatens de ahi IR electioddiis peowaded Iwitke

wi dth. The IDT ele¢trqde 246 and the .| DT el ectrode 247 are di spqQsed.

opposi ng i #he Wﬁ@@&i‘?@l&roﬁ?%erm{%@ tgﬁ&ﬂ%PXﬂD’h@ argg 18 P%Vlg%‘iﬁ’é@t? ve
areas A and.B f e splittin 25_|.DF el ec 6 iL 1/ 2
A eont a n tesEhAICFbpRirnl if YRk, 67 siBliof 16 hSE Bretl il & iirnPl

Q/i d'lt_r11 ob t havity ieforfile@Gh R VD Rlechiods! ectrode finger couples 242a, 242b
S )

that of” the broader electrode finger as L2; then, the line width

ratio (L2 / L1) iss dessuiltyithelbnigth b IDGtelssteddecsant bexmatle spilleshertebltlyanlthat -
3. 6. Inthe IDT electrode 246, the area A and the area B are existing
al t er nat el yin egtbodomert 2, andeas SARY filtes pan be donarsized furberneres A and B. A

val ue of distanc 1 0 Octgber 2Q02 between finer el rode fji.nger
of el ectrode fi ng:ép‘- cgu QWs ﬁ%?CtQQ%EFSaﬁé\AﬁWe Stdlg\%deéltqri R sﬁ%i,f%fdsg
nornmal i zed w 16 i [ i : I
di st ance bé’%éagﬁéq#%gfq%aeg&g‘}eg@tgpggggfw r@gerr %ﬁ%ﬁgﬁé ]é‘ra%%%e?; %O?éié?rs g%%()f
finger opor maieRol t MhroudiP 4 SoflPhlisssl #Sisyknowd: tHa@SBRECSAVE! filterdiry dhsie Of
di stance 5 between the broader el éctrode finger and the border |ines 252,
253 nor nal ipresnt embodiment provides broad and flat pass band and an excellent
attenuation characteristic in the vicinity of the pass band, despite its size reduced
by approximately 30% in terms of area as compared with the conventional ones.

The insertion loss can also be reduced. Results of measurement show that the

30 insertion loss is 11. 0dB with the present embodiment, while it is 15. 0dB with the



.wWthi,/16 is defined as ~i 1, (32, respectively. Furthernore, the film

“thickness ratio (h/~,; where, h represents filmthickness of input |DT
el ectrode 246, ~, represents wavel ength of surface acoust,} V. i
. determined to be 0. 015, the line wdth yatio 2, al = Qetfb@%&e%o@f« a2 =

@B2 =1. 5 y2 =1; nanely, yl > 10 al +~1; y2< a2+~i 2. The |IDT el ectrode
247 has the sane structure as the IDT el ectrode 246. El ectro-nechani cal
conversion characteristic of the above filter track is shown in FIG 26.

For the sakgn@ntfnaPBhé; S a 4dBeredehibh 9n HRCHABHIH 1039NVEHE -BAB bandwidth
characteristic of other filter track is shown in FIG 27, which filter 15
track havi ig 1t BéMHpeinstheuptesert embegdimérntawlith To@@dares 3@ F IPMHz of thd, vyl
=Y2 =25, nanely yl > al + al, y2 > a2 + ~i2 (a filter track

cor r espondicagvemsianahené.n enbodi ment 5). As conpared with enbodinent 5 (FIG
27), difference in the el ectro-nmechani cal conversion characteristic between
the stronger directional ( 20 property and the weaker directional property

(hereinafte . s "directional property") is averaged through the
pass baﬁd |§°{'ﬁé% i@g%l%?engn‘podi ment (FIG 26). So the variation in the
group delay tinep[g, Sgashowd té}%ﬂ VRey Pass baadr AREE!iH, at li'@uﬂ’chp@ié?ngﬁ?ybe
made snmaller. Thus in a case ere the i1 nput/output IDT electrodes are€

formed of 2mwidéeenndePdintgfdiffarendess Soiipared4ith (RA3L crd¥Sdinwmt Si istthaty of
el ectrode fingers of different |line width, the flatness within a pass band
can be i npinhaiptegentambodimenk, thg nunber of eldchwdg|fingesicountsawe 4yfor eackhof + ~2

e e bl 2R b L °
Pt 1 9700 By S bty ) Dl BT S o

in a pass : i bCd i i r ive
?@E}R SgiffRerde isnglg{ bh @1&dthodd ﬁﬁgéﬂt ﬁ%\ﬁ%‘lf g% g'ggfsléd’ of"twdelelfr6de! \

di rectional property provid thereto. Thu In a pass band is

further i miingeedhavingt diffesertewidill, pridtheliehgtande! fifger emipledarevdispotdd tar ea
A and the area 5 B for_ approximately the sanme nunbers, the unidirectional
property ofopphse $ach sethendarsexampley S4tagnddBoin rBiG.c6).wel In cantrasthdhe

i ppl e due t ' fficignt directi | t [ .
di rect | onaUFRSBALSJestiede Rgers yulin R Aica of e whedanelief suikace 2owsts i n
| aer : 4 247 h b
2t uct B od 1B VAR ob FREAKREmdBstitle Bl b S a2 e

ratio is shared. Ddfirfing I8S1NO it BEfihEY eleb@6ds Gitger 491.ANthak E th&broader

el ectrode 247 are structured different, the unidirectional property of the
surface acelsitiodeviingernasyl Beamd ther mitiocbletweleh thymopd line avidgh ratso (B2 gdct), ve
line wdth ratio, Thus the ripple due to an insufficient directional
property oftheh2eikbsboyld @ke acyales d) orgrepier.igrefarablypuibina sengeal. be 3%

;25 Dt ho FPhES ot PR G P SrBRion. REmah B ade' 1o Salighk: o eoneh ™"
ess t o 1 3 4i- Bt j ] |
£ B h 2o SRUBZAEOR B2 LY, thpdinchtichl phGstety B srBfc Afstip a8 be

accor dance cehtrbllad, zﬁicﬂﬂieh‘i%%l@ R¥itleihYpassband deetto aft ihbiifficidrt] behn ekagdsived2
and a second filter track 283 are provided in parallel on a piezoelectric

substrate 28entatbn of dir&gionaliproparty \cangbey suppressgdt alhusithe AW ifilteEs G
28. The first filter trac 82 is, provided with an input IDT el ectrode 284
and an out rk@fnnﬂiafepaéétb@aééﬁgmter@ﬁﬁme sreﬁf.e second

The great L2 / L1 value represents a smaller line width L1 of the finer

25 electrode finger. If L1 is made too small, it turns out difficult to form an
electrode finger at high precision, and the resistance loss at the electrode finger
will increase. Therefore, the greatest practical L2 / L1 value should preferably
be around 3. 6.

Since the optimum L2 / L1 value depends on number of the electrode

30 fingers and the film thickness of electrode finger, the insertion loss can be made



. 25 filter track 283 is provided with an input |DT el ectrode 286 and an
“output IDT electrode 287. The IDT electrode 284 of first filter track 282
is connected in parallel with the IDT el ectrode 286 of s%%ﬂ)bfe}bé track
. 283, and the IDT electrode 285 of first fiilter track 282 Is connected in
parallel with the IDT el ectrode 287 of s]&cond filter 30 track 283. 18 30
Cct ober 2002 Operation of the above-configured SAWfilter is described

bel ow. FIG 29A shows anplitude characteristic 291 of the first filter
track 283 i r{ gty 92 qf e fil 83
of FI G 26 MG By HHARE 1RE A T LT VNG i & AOUIRED U dnphObubf IDTE
track 282 gledtrpiesef diffehaitatiehires hfe wiedve 294 of the second filter track
283 of FIG 28. As seen in FIG 29B, difference in the phase between the
first filter trabike26f thadinpw/outmdniDTi klestrodesiced 2B8 presentp embiadementy O,
or substantially sane:phased,.in,a pass band. Substantially sape-phased
means t hat lmﬁ@ssﬁmeﬁf%qwmca%an G¢ apousHg avaves - %¥5@P$4T3§P%P s - 20

- +20. J O Quts) ,Lh i n ' Senl S aRpr.oxi |y
180 bet%/vee T ur?gq?ﬁétrsﬁ) ’f?qﬁ?cetf&&ga%% gggoyﬁg&fhgm%%oﬁgggﬁapy elreaﬁr Qck , or
it is substgt baldw inday¥gss fssehased. Substantially inverse-phased neans that
the phase difference is wthin a range 130 - 230, preferably 160 - 200. As
shown in FIG 298AW filtexrchhirdctesticban ded pressit emBOdin®nt hird 8¢ sHowh & FIGack
15 282 has a broad pass band, although there are nuch attenuation. On the
ot her hand9. t e compared deith Har eatndetipatti shopaindfl (& et dhel isertion lass 42k5SABB has

a narrow pass band, althoygh there are snmall atte tion. The first filter
T ack 282 BheETiPITeaeesy (oNedower hx@pnwlwﬁxdbgﬁmrpgm lassrRf PnddBy in

pass, bang: , =el eeiricall nnectd-ng: the filter tyracks i.n_parallgl
Febun t 107 nih, FRG 75 il $EhroYeS 8BSk opitbiyofibe b inSeriBp B4 The,qe
charact er i s5iB AdvARM "1 BSMilth # cith@dnPSpathdie anpl it ude
characteri st?c 29%“@? slecond&gll%te(r3 track 283, the spurious | evel outside a
pass band is not quite suppressed. And there is no difference in the peak
frequency of the spurious, or they are alnost identical. However, since the
25 first fiFiféh Embodimes? and the second filter track 283 are substantially

i - phased ot h id h .b h i fi

fiiver ok 2620Ha 18rata BlatsHed e o bR B8 e i Sbadinaither
' | Phitd Blars¥is _ S SRR ERbaEGHn
saw 11 Fer ThiG PRFEHthAE Yo; g BF Phe R 3n; ABRRIAEN: 4 34 o °

attenuati omagHQﬁé@eieW§f9g§§pBﬁml bEFiGpiEmented by bringing relative 19
30 Cctober 2002 relationship'in the phase between first filter track 282

and second filteAst sleokn A83FIGv 1 Bgan dapercIDTecleotrbde Udé ahdiraacbetpus iDds 291
and 292 as shown in FIG 29A into substantially the sane phase within a

pass band, elestrodabs3 antteafosmedh e s -pirzeslectsat splrirait el bhs I hsarespedtivg so
inth t, embadi the el de st i.bed i
oo e SRR Y e B 1o e B B R on,
87 fop,th f eat §12.Thexhi i |t 8 A
énpl i 1(:) %%e g%%?’ac ggr iaglt8 i gs%aﬁgl? 3Iblhre 0 %fgﬁugj'[ F%énlﬁsagh %’r ég{i!,qsﬁiteiﬁe pgsl?qgénd

i's broad; wBibeandha5actdssl cbhhéctingtthasdk 283 shewesmignifieddn FIGAA| eadilef
characteristic that the 10 attenuation is small, buf the pass band is

narrow. Futhehelestrode firngerfdouplesahiila, H82beddd4d, 1331 és formaedk of 282, elgdBodeed
to have fl%t cha&g ,tfeeristlc W, t hin_the ;%als)s band., Now in the foll ow ng,

poi nts of tIRECHy renpling wisthy Hachofdherespesane eilgf}wdﬁ BIEGECOURICR S or a
SAWTfilter t%ﬁtp h@s a flat é\ﬂg broad pass band and superior in the

att enuat i oR® P én?ﬂér??a% thd interrelationship in the 15 anplitude

characheri stic betgeRiubies {361y (biReSoRRbIAIAGH GRARAgH oy,

preferably assunme a shape as sShown in ,

filter traQhediwt Widthsefiondf thd tRctrodes k36287 tshotlkel bélot antdllet Ithan 1. 0,
i nverse- phased to each other in a frequency next to the pass band where the

at t enuat i opreferabdyfledi-St6c is required. However, in a frequency region ( i
20 away fromthe_p band, . it  does _not necessarily n tq be j.nverse. A
sufficient att en&%ﬁfﬁp 3Harthﬁ_t@9¢%‘f ilﬁleﬁa%rebgoﬁg’t‘ailﬁ%ﬁﬁgger@q sphtige dhe
anpl i tude %Pe%%r%%%el@é&t'k%f) f AIr{ ieh b%Rgeesneﬁl%%dorfdérl fids 138 grlfcf 139 is referred to

30 asareaA.




. (3) Length of the input/output IDT electrodes in the present SAWfilters is
*shorter as conpared to that in conventional filters, so a significant 25
downsi zing is possible with SAWfilters. The SAWfI I terSSBTOcHB% Ewbsent
- invention can make a significant contri gi.%l on to the downsizing efforts

bei ng exerted in the portable tel ephone nd ot her tel econmuni cation gear
i'ndustry. (4) The present SAWfilters exhibit the sane perfornmance, even if
a sound absorbing material or other staff is enployed by sonme needs. 30 (5)
Al though bal anceg, TtlY@@re'a”RUIl/d‘i’éiﬁlﬁ’éét valge 'Eeﬁ%e?l BRVAnECORH88E finger and (RY
Oct ober 2002 the present ehbodi nent, use of the inbalance type termnals as

shown in Fbfaadt elevtrodiexfinigarsef elbctidde Hagencewple id@bansinidlzed nwih dite is ype
as shown in FIG 11 does not affect the performance. In a case where

uni di rect i dafined BYYed dtstmmde@lucsbetn/ean the finer elecpade rt'mgesoaebctrodd éngens,
105, 106, 107 shg 10, and_ | npput/output |DT electrode 4, 115,
116, 117 sKewplei [3%h @d 1116 bgrderilmg ﬂ%%.mymaﬂ &yith L%@g et ta stapce

Fingor & asaub ekt 1 BT URERol iRGR e BRI hDRGs e a o GR0 e

acoustic HheC | LAY o
supgr eISSI xgbﬁﬁéé I%eo%%%*%%%ggiv?g%ggg Oi@ Jn!?l ﬁ:c%ng n?&{tﬁﬁlelgla(gltsagggﬁgé gﬁ al ni ng

t he hi gh attenuat In each of the above- descrl bed enbodi nents, the

first filter trac 12 and the second filter track 13 have been connected in
paral l el using | &bertlectrodeléingensouplovid Zarofrl@trade Hytveand ¢lectreds dimger

cl cotrodo SOUDISH 18RsLI3Y PF eleckipde it Tduigaleh bek stethredis e lihe pmer

ot 11 20, ThE flechBR Husperiof SBFFade Fi6 B siftireRl i adeiprtis B8 16 8 +2°

second fil {gqert rack 123 on the piezoelectric substrate 121. In the
above-descri ed configuration, length in the direction of crossing width

can be reduced f dVith tlflelﬁhhﬁtradlowhs ietdct®-micchariédl donvetsion Aharacteriddcwigls due
to resistance i 20 of |ead eI_ect_rode can be reduced to a smaller insertion
| oss. (7) Wmct:tw&xeastmngeuslwcﬂonaltmepp‘nﬁzs)eln@m in &l S, avhile thas with

&iggt‘fﬁ‘?r#é ﬁe@ e fieitiony arqrgtyﬂa:élvne 38 ofedtip the lecifedsactinuatit |57
{emper 10 r £E 00Gpify, A SesudBe @ Sellq ed R Blirpa iflerd 4F $8

operating fiﬁ%nefdﬁs Uhe ﬁlﬁmmfmfési FRPRTEN18! tHel 1id (idth rhil6 i9pehat B&go 41,
tenperature can b€ nade snall er I'NDUSTRI Al. APPLI CABI LI TY The present

invention gff2rs a SAWfilter that has a broad and flat pass 30 band and
superior in the attenuation available at the vicinity of the pass band.
21 30 Cctober 2odprdbg;ﬂake of Rompegisene @thssr mrnﬁm,le hiavmr ther same sEUSWS

filter is i nted i IIe di nensi on th onventlonal
f1ters S TRRBeRIBALRT IS 1 bk op WHOPHPSSEh: The Slerargr pAreAl CVEISeR use

as FI1567S chiraaiBsticShith ésﬁ@ét%ofﬂéu&k&?éérodlr&qféhaﬁ%peﬁy of thus prepared
filter track is shown in FIG. 16A, and that with the weaker directional property in
FIG. 16B.
When FIGs. 15 are compared with FIGs. 16, it becomes known that the
structure in the present embodiment is superior with respect to the symmetry.
25  Therefore, the ripple in the pass band can be made still smaller, and the
attenuation outside the pass band still greater.
Accordingly, by forming the filter tracks having the structure of FIG. 13
on a piezoelectric substrate and connecting them in parallel as described in
embodiments 1 through 4 so that their relative relationship is substantially

30 same-phased within pass band and substantially inverse-phased outside the pass



. 30 Cctober 2002 22 CLAIMS 1. A surface acoustic wave filter conprising at
"least two filter tracks each having an inter digital transducer (I DT)

el ectrode for input and an IDT el ectrode for 5 output,

: electrodes of said at least two filter tyacks are connecte |n para I
output IDT electrodes of said at least two filter tracks are connect ed in
parallel, 10 said at least two filter tracks are substantially sane-phased
wi thin a pass band, while they are substantially inverse-phased outside the
pass band, bﬁﬁ@quesmw valtee caRfredabdl thé rigsletint YR fpiabd ®anllr Ak Sncrease the
substantral |y coincide at a poi nt | ower by 3dB than the peak transfer
functi on vattesuationt tnetsidesthe glasy barid.| t The anpditsde elatradteristicd efilte wvd filter one
anong said in | DT el ectrode and said output |IDT electrode is

uni di recti @Wﬁﬁs are made te badhe saragias incephodingentider conprising two filter

t k h h t di,gi t al IDT trod t
e T G D e LR 2
filt I , T t t

[11LET b SHRCS ARSI 0 G 21 s, 24 R AR0FDSS RS Sfpsrih o

subst ant i alévyolvaige \Uh@t&e@rWtélhhs" Wwelass bﬁ@%x\é@éél@cmem@s&m@ um ageht | Y

i nver se-phased outside the pass band, 25 said two | ter tracks

subst ant i alftequenéyds dd OMHEzh auatetr ref flrec gleetrogde ﬁnrgbrt bouples arddfd. wildtih of
one filter track is greater than that of the other filter track. 3. The
surface acdnewinc frgay &F16G: |1t7ethabrw1¢qnathﬁ line wiidtleiratiatis |gseaser thanhés opimuatong

30 said inpui%]I[%T el ect and s utput 1DT electrode is
uni di rect i Jalye of thgex I’Vaﬁ)@)‘? gr anpieY-surface acoustic wave filter of
I:l ai or 3, wherein sai d uni directional electrode contains a portion

wher e t%e direction of propagation is contradictory to the rest. 5 S. The

surface acoQsith@Emby&iniddtt er of claim 1l or 2, wherein the netallization
ratio of said IDT electrode falls within a range 0.45 - 0.65. where; the
met al | i zati on rathlG.il8 deplianadewsof 4 tfdtexl trackniné sexthcexemaslafy eobodiment.

FIG. 19 is magnified view in a key part of FIG. 18. SAW filter of the present
embodiment comprises an input IDT electrode 146, an output IDT electrode 147,
15 electrode finger couples 142a, 142b and 143a, 143b, and lead electrodes 144a,
144b and 145a, 145b for connecting these, formed on a piezoelectric substrate 141.
Line width ratio of the IDT electrode 146, 147 should be not smaller than 1. 0,
preferably 1. 4 - 3. 6.
Among the electrode finger couples 142a, 142b, 143a, 143b, some of the
{1 20 finger couples consist of two electrode fingers of different line width, while other
finger couples consist of two electrode fingers of the same line width. Each of
the respective electrode finger couples 142a, 142b, 143a, 143b is positioned in an
area of 1/2 A. The IDT electrodes 146, 147 are formed by using aluminum or an
aluminum alloy.
25 Relationship in the line width among the electrode finger couples 142a,
142b, 143a, 143b in an above-configured SAW filter is shown in detail in FIG. 19.
In FIG. 19, the dotted lines represent border lines 148, 149, 150 splitting
the electrode 146 by a unit A/2. The area between the border lines 148 and 149 is
referred to as area A, and the area between the border lines 149 and 150 as area B.

30 The respective electrode finger couples 142a and 142b are formed to be existing



. widths within a half wavel ength / half wavel ength of propagating SAW. 10

6. The surface acoustic wave filter of claim1 or 2, wherein at |east one
anong said input IDT el ectrode and said output |IDT el eCt?@Qﬁtdbﬁr?ﬁ&” ded

: wth four electrode fingers within a wawygl ength, at |east sone or said

el ectrode fingers forman el ectrode finger couple 15 consisting of

el ectrode fingers of different line wdths, and the ratio in the wi dth of

the finer electrode finger versus the broader el ectrode finger of said

el ectrode {4 fadSires&OBRING Al ine width ratio) is not smaller than 1. 20 7. The

surface acoustic wave filter of claim6, wherein said line wdth ratio is

different betwee e areariua distihcel exdue betweendtheafinkeroelegnodd fifiget end thede.

8. The surface acoustic wave filter of claim6, wherein the distance

bet ween thbrczﬂd@ttele@@@dﬁ.fnwr@fcﬁle@mdp 6n@@t¢@uéeflﬂagewor@@dngcév@§nﬁéw& t he

foll ow ng

oo 1 ko o SRS Rl VSl >
4o g TGS T ST T i A 4

finer el ecyaREaetivBsiethebroalisr ak@@éd@ﬂﬁ%&i dlgﬂéctﬁéd@ﬁﬁ%eﬂwdﬁé 1424 afd the
I,/16 (3: distance between the other end of an area of |DT el ectrode, as

di vi ded bybardenilinedf50-ndréhalized witteAHr6oasdttheet @diguratior isgeanged tbh;ausfy

el ectrode 5 finger cou normalized with i,/16 9. The surface acoustic
wave filter of cb’a*n@h'FBEprémﬁ ded<® t h at Ieast two pairs of electrode finger
coupl es consi sti of .el ec

10 at |east one gra?lacgpé%?dgalgc? [lgé%e&t]iégh?itql trfl‘g%émﬁ%& AEPUme (aiel "
phile g ! GRels 1%t &l %ee WQ*[O%&C agemﬂq YGRS Hee SarmB' 41/ (BT

bel ow ~Y>a+= ( at+~ tween t ner

el ectrode Ele@ﬁ;@ﬂeamls_t hﬁﬂ@lr@l@éjEID’Iekffé‘dtfd@Iéel%nﬂﬂi thé IE Qeegbd®det7 afger
couple, normalized with ~,/ 16 a: distance between one end of an area of

| DT el ect r ogposiag tdiemtldethebyn ﬁletm'ractmhakpﬁopﬁrty.nd the fi ner eI ectrode finger
of the electrode_fj n%_(lar cou normal i zed with i,/16 20 di st ance
bet ween the ot heWithdhafiltar aelééh@)plqcm @p@hqm@ﬂ@onagrmmph@ec@psac mﬂth of

o) 20, 20 ekl PR el e ol 109, S RS DS R o

wher ei 5t hen Dyahes: @tedtidfal property in FIG. 20B.  Each of the electrodes 146 and 147
has 50 pairs of electrode finger couple formed of electrode fingers of different line
width and 40 pairs of electrode finger couple formed of electrode fingers of the
same line width, the film thickness ratio is 0. 015, the line width ratiois 3, o=
0.15, p=0.67, y=2.

[ 20 For the sake of comparison, other filter track having the same structure
except that o« = p = 0. 41, y = 2 was prepared. The electro-mechanical
conversion characteristic with respect to the stronger directional property of thus
prepared filter track is shown in FIG. 21A, and that with the weaker directional
property in FIG. 21B.

25 When FIGs. 20 are compared with FIGs. 21, it becomes known that in a
case where the electrode finger couple having different line widths and that having
the same line width are mixed together, the symmetry is further improved when
the conditions that y > o + B and o < [} are met. Thus the ripple in a pass band
can be made smaller, and the attenuation outside the pass band greater.

30 FIG. 22 and FIG. 23 show optimum values of the c. and the B aty=2, in



. 25 electrode finger couples satisfying said fornulae (1) and (2) is the
-same. 11. The surface acoustic wave filter of clai m9 wherein one of said
el ectrode finger couples satisfies said fornula (1), I ode
. finger couple |ocated next to it satisfi said formul a ?g)@c?%p%r%%
Oct ober 2002 25 12. The surface acoustic wave filter of claim®6, wherein
said electrode fingers are forned of a netal containing alumniumas the
mai n conponent, and the ratio of filmthickness of the electrode fingers
versus wavgheggitiples offS AW fikeeforahe SlhcthiekR s adtics OV 005,N @ 0190)99.91805 -
0.035. 5 13. The surface acoustic wave filter of claim1 or 2, wherein said
two filter Ot rGXks Gar@30,0mhede an28° pi d28edegolving Yubstt ceystal susdhdosthé ace
acoustic wave fjlter of claim13, wherein a 28 - 42 revolving Y 10 cut
crystal is pwaelqcmc subsirale d4bofilter tra@ksSefa@Qmalt Erequency 110MHz each having
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) - YL10%s&' (IDF&RUrEIE D46 by a unit of 1/2 ). contain the electrode ﬁn&gr co%Lples 242a and
S&10Yx<& () -9$xY7! ~VF "$10% <r <& () -f"$109%& ()-!t\f"$10%<h< l'y$10%x<&

()-!y$10%<2%2b) - Défiditg the (lindHwidth of the inet el.ddtﬁtﬁl%gﬁhge)r of electrode finger
couples 242a, 242b as L1, that of the broader electrode finger as L2; then, the line

width ratio (.2 / L1) is determined to be not smaller than 1, preferably 1. 4 - 3. 6.
In the IDT electrode 246, the area A and the area B are existing alternately.
30 Border lines 251, 252, 253 define the areas A and B. A value of distance



10< 10< 10< <10%<& ()-f"$10%& ()-!~ f"$10% <r <& ()-!f" $10%m<w<&' () -

" 4dEg\ =! ~ 10%g& ()-110%& () - $10%g& ()-

"109g& ()-14"10%& ()-9y10%g& ()-?- s dEg\ =1~ 10%;;& 0)

- "10%& () -, t $10%& () - Y) 109%& ()-3"10%& ) - * NdEg\ = 30 'ofikf 2002
s$10%& ()- 310%g& ()-! "10%& ()-Y "10¢9 & () $10°/«g& () -

"10%& ()-"hdEg\ =! ~ 03" 10%& () - & $10% &

-10%g& () - F+10%g& () - 10%:;& ()- &$10%g& () - XbCl ~Ly10%& ()-!ss10%& ()- 10g

10g between the finer electrode ﬁn%er of electrode ﬁnger cou les 242a, 242b and the

10g: ! 1098’ ()-93"10%g& () -, F/$10%& () -] }1 dEbC & ()-3"10%8& () -
" 10%¢&! () bﬁmmes)zslla%&a@naﬁzmm (A)/l@ i defihe as(a%qaaz )re@adively;)a
109%& () -
0%0& () - valeook distanaeybaigegspathe) fipercglastrode (imgne ad @@rhrqm@lewg@mow

10 bf | 7182//?@ é%r Igolr% &P witn2018% tbfined S y? yyi‘ r%ngégtlvely, 1a03£§fug ot di stanéLe

10902 (3 ) S8R e CRIMMERRAoSIEANELLY tld QR hg)249 1) sPAHRRIAL !

1%: f$i—82;§ ?@)nﬂ&lk/ ﬁ?%f%ﬁigﬁ%l)dsﬁﬂ?&%{%&é%igﬁ#ghﬁ%ﬂhﬁé ! the $fiRftbfckinksd 6MOM
+Cl -& - - 0

& ()- &&10%%1(1 XhA\; swhesay' if )repreldfts film thickness of 1nput IDT electrode 246, A

| WUB+CHL T 10960 () - &1 [ ' 109& ()- &1 1008 ()-&I[1°10% & (). &l f" 10%. c

& ()- & Rf' 1ggsenis &favnlengﬂ#@éﬁerﬁ)a@ 'a¢oustie] BegEe) 5 determpmdsio be 0. 015, the

giggﬁi 81 %ﬁéﬁ’f/ﬁ% (Q’Lfééoog @ f 10(@5 ) Iﬁ\ #ﬂ #A# 6°#<1#ﬁ§81 oK 71150
( 10 al+fB1, y2<a2+p2.
The IDT electrode 247 has the same structure as the IDT electrode 246.
Electro-mechanical conversion characteristic of the above filter track is
shown in FIG. 26. For the sake of comparison, the electro-mechanical
conversion characteristic of other filter track is shown in FIG. 27, which filter
15  track having the same structure exceptthat al=pl=02=p2=0.75, yl=v2
=2. 5, namely y1 > al + p1, y2> a2 + B2 (a filter track corresponding to that in
embodiment 5).
As compared with embodiment 5 (FIG. 27), difference in the
electro-mechanical conversion characteristic between the stronger directional
[ ] 20 property and the weaker directional property (hereinafter referred to as
"directional property") is averaged through the pass band in the present
embodiment (FIG. 26). So the variation in the group delay time is small within
the pass band. Namely, the ripple can be made smaller.
Thus in a case where the input/output IDT electrodes are formed of
25 electrode finger couples 242a, 242b, 243a, 243b consisting of electrode fingers of
different line width, the flatness within a pass band can be improved further by
making the formulae y1 > al +pl, y2<a2+p2 satisfied.
Although it is not essential to have the area A and the area B alternated in
one IDT electrode, the unidirectional property of surface acoustic wave can be

30 controlled well by disposing the regions alternately. This contributes to suppress
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rthermore, by providing an IDT electrode with the area A and the area
5 B for approximately the same numbers, the unidirectional property of the surface
acoustic wave may be controlled well, and the ripple due to an insufficient
directional property or an excessive directional property in a pass band may be
suppressed, and the flatness in a pass band is further improved.
The IDT electrodes 246 and 247 have been structured the same in the
10 present embodiment, so the same line width ratio is shared. In a case where the
IDT electrode 246 and the IDT electrode 247 are structured different, the
unidirectional property of the surface acoustic wave may be controlled well by
optimizing the respective line width ratio. Thus the ripple due to an insufficient
directional property or an excessive directional property in a pass band may be
15  suppressed, and the flatness in a pass band can be further improved. In any case,
the line width ratio of the IDT electrodes 246, 247 should be not less than 1,

preferably 1. 4 - 3. 6, for reducing the insertion loss.

Eighth Embodiment
[ i 20 FIG. 28 shows plan view of a SAW filter in accordance with an eighth
exemplary embodiment. A first filter track 282 and a second filter track 283 are
provided in parallel on a piezoelectric substrate 281 made of a 28° - 42° revolving
Y cut crystal, as shown in FIG. 28. The first filter track 282 is provided with an
input IDT 'electrode 284 and an output IDT electrode 285. Likewise, the second
25  filter track 283 is provided with an input IDT electrode 286 and an output IDT
electrode 287.

The IDT electrode 284 of first filter track 282 is connected in parallel with
the IDT electrode 286 of second filter track 283, and the IDT electrode 285 of first
filter track 282 is connected in parallel with the IDT electrode 287 of second filter

30 track 283.
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1HH1zI11aBbC! @As seen in FIG. 29B, difference in the phase between the first filter track
282 and the second filter track 283 is approximately 0°, or substantially
same-phased, in a pass band. Substantially same-phased means that the phase
difference is within a range —50° - +50°, preferably —20° - +20°.

{ 10 Outside the pass band, the difference in phase is approximately 180°
between the first filter track 282 and the second filter track 283, or it is
substantially inverse-phased. Substantially inverse-phased means that the phase
difference is within a range 130° - 230°, preferably 160° - 200°.

As shown in FIG. 29A, the amplitude characteristic 291 of first filter track

15 282 has a broad pass band, although there are much attenuation. On the other
hand, the amplitude characteristic 292 of second filter track 283 has a narrow pass
band, although there are small attenuation. The first filter track 282 and the
second filter track 283 are substantially same-phased in a pass band; so,
electrically connecting the filter tracks in parallel results in a flat and broad pass

(] 20 band.

With respect to the amplitude characteristic 291 of first filter track 282
and the amplitude characteristic 292 of second filter track 283, the spurious level
outside a pass band is not quite suppressed. And there is no difference in the
peak frequency of the spurious, or they are almost identical. However, since the

26 first filter track 282 and the second filter track 283 are substantially
inverse-phased to each other outside the pass band, the spurious of first filter track
282 and that of second filter track 283 offset to each other. Thus a great
attenuation is obtained outside the pass band.

In this way, a SAW filter having a flat and broad pass band and superior in

30 the attenuation outside the pass band is implemented by bringing relative
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-[ITTT=V\ ehaBdith RGBS Hrdugh Y0¥ be)used for the IDT electrodes 284, 285, 286, 287
for the same effects. The first filter track 282 needs to have an amplitude
characteristic that the attenuation is great, but the pass band is broad; while the
second filter track 283 needs to have an amplitude characteristic that the

| 10 attenuation is small, but the pass band is narrow. Furthermore, the first and the
second filter tracks 282, 283 need to have flat characteristic within the pass band.

Now in the following, points of the present invention will be summarized.

(1) In order to offer a SAW filter that has a flat and broad pass band
and superior in the attenuation outside the pass band, interrelationship in the

15 amplitude characteristic between the first and the second filter tracks should
preferably assume a shape as shown in FIG. 2A ,or FIG. 29A.

(2) The first filter track and the second filter track need to be
substantially inverse-phased to each other in a frequency next to the pass band
where the attenuation characteristic is required. However, in a frequency region

(] 20 away from the pass band, it does not necessarily need to be inverse. A sufficient
attenuation characteristic may be obtained there through the amplitude
characteristic of first and second filter tracks.

3) Length of the input/output IDT electrodes in the present SAW
filters is shorter as compared to that in conventional filters, so a significant

25 downsizing is possible with SAW filters. The SAW filters of the present
invention can make a significant contribution to the downsizing efforts being
exerted in the portable telephones and other telecommunication gear industry.

4) The present SAW filters exhibit the same performance, even if a
sound absorbing material or other staff is employed by some needs.

30 (5) Although balanced type input/output terminals have been used in



Sl 109 ()-  @O%GE ()-L!'t 10%G& () - 10%G&' () - 104| 104| 4]]1]1] 2~ dEMNV
T 110%GL 10%638 () - 4! 10938 () - 10%5& ()- S 10%X () -1 @ 109%65& () - s#109%& () -
AN dERND T 10%6G 3" 10%G8 () - S&! 9$10%G& () - | ! 10U () L QUGS L) -

: 1098 ()-S10%& ()-" " axaaadEnN ! 10%G 50 OctfbEFHos2

109G ()- +1 109G ()-*' 10%G& () - FE(! 10%6€7) -  y&l10%& () -

$S10%3& () - abhbbbOc} cdEMN ! 10%G, 8! 10%G&' () - S610%& () - 410%S& () -
@L$109GE ()- 1!109%G& ()- S/ 109%G& ()- }ccdddd"d2d}dbC
1'10% @ 10%ieSphesent mMB3dinfent,) uskQRths imbalal@Et cHfamIVig Q&% n(ih-F16. 10,

"109G& ()- }ddeleeffdEbC ! 10%@ 10%4| & ()-! 10%H & ()-s #10%| & () -
109%4| & () - of moixsf&ise) of theoMalanded typegnyly tidh itBbadlahd®dype as shown in FIG. 11
"10%| & ()-.@& 9$10%4| & ()-Y! 10%| & ()- | 10%| & () -
10%4| & () - S09&nat gifeqiithe hejfpunamiec
In a case where unidirectional IDT electrodes, such as input/output IDT
5 electrodes 104, 105, 106, 107 shown in FIG. 10, and input/output IDT electrodes
114, 115, 116, 117 shown in FIG. 11, or input/output IDT electrodes weighted by
thinning are used, it is preferred to ground a terminal in the electrode finger side at
which a reflector electrode or a dummy electrode for acoustic velocity control is
provided. This is because of the effects for suppressing the floating capacitance,
{ 10 minimizing the loss and obtaining the high attenuation.

(6) In each of the above-described embodiments, the first filter track
12 and the second filter track 13 have been connected in parallel using lead
electrodes, as shown in FIG. 1. However, the same effect is obtainable by
connecting, as shown in FIG. 12, the input IDT electrode 124 of first filter track

156 122 direct with the input IDT electrode 126 of second filter track 123, and the
output IDT electrode 125 of first filter track 122 direct with the output IDT
electrode 127 of second filter track 123 on the piezoelectric substrate 121. In the
above-described configuration, length in the direction of crossing width can be
reduced for a further downsizing of a SAW filter. Also, the loss due to resistance

(] 20  of lead electrode can be reduced to a smaller insertion loss.

7 When crystal is used for the piezoelectric substrate, the frequency
drift is exhibited by a curve of the second order. Taking the practical film
thickness and the metallization ratio into consideration, what is preferred is a 28° -
42° revolving Y cut crystal. Then, the peak temperature can be made to

25  substantially coincide with the center of operating temperature, and the frequency

drift within the operating temperature can be made smaller.

INDUSTRIAL APPLICABILITY
The present invention offers a SAW filter that has a broad and flat pass

30 band and superior in the attenuation available at the vicinity of the pass band.
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1. A surface acoustic wave filter comprising at least two filter tracks each having
an inter digital transducer (IDT) electrode for input and an IDT electrode for
5 output, wherein
input IDT electrodes of said at least two filter tracks are connected in
parallel,
output IDT electrodes of said at least two filter tracks are connected in
parallel,
10 said at least two filter tracks are substantially same-phased within a pass
band, while they are substantially inverse-phased outside the pass band,
frequency values of said at least two filter tracks substantially coincide at
a point lower by 3dB than the peak transfer function value of the respective filter
tracks, and

15 at least either one among said input IDT electrode and said output IDT

electrode is unidirectional.

2. A surface acoustic wave filter comprising
two filter tracks each having an inter digital transducer (IDT) electrode for
20 input and an IDT electrode for output, wherein
input IDT electrodes of said two filter tracks are connected in parallel,
output IDT electrodes of said two filter tracks are connected in parallel,
said two filter tracks are substantially same-phased within a pass band
while they are substantially inverse-phased outside the pass band,
25 said two filter tracks substantially coincide in the centre frequency, and
the pass band width of one filter track is greater than that of the other filter

track.

3. The surface acoustic wave filter of claim 2, wherein at least either one among

30 said input IDT electrode and said output IDT electrode is unidirectional.
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5. The surface acoustic wave filter of claim 1 or 2, wherein the metallization

ratio of said IDT electrode falls within a range 0.45 - 0.65.
where; the metallization ratio is defined as, "total sum of electrode finger
widths within a half wavelength / half wavelength of propagating SAW".
10
6. The surface acoustic wave filter of claim 1 or 2, wherein
at least one among said input IDT electrode and said output IDT electrode
is provided with four electrode fingers within a wavelength,
at least some of said electrode fingers form an electrode finger couple
15 consisting of electrode fingers of different line widths, and
the ratio in the width of the finer electrode finger versus the broader
electrode finger of said electrode finger couple (line width ratio) is not smaller

than 1.

20 7. The surface acoustic wave filter of claim 6, wherein said line width ratio is

different between said input IDT electrode and said output IDT electrode.

8. The surface acoustic wave filter of claim 6, wherein the distance between the
electrode fingers of said electrode finger couple satisfies the following formula:
25 y>o+ P
where;
y: distance between the finer electrode finger and the broader
electrode finger of the electrode finger couple, normalized with A/ 16
o distance between one end of an area of IDT electrode, as

30
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5 finger couple, normalized with A/16

9. The surface acoustic wave filter of claim 6 provided with at least two pairs of
electrode finger couples consisting of electrode fingers of different line widths,
wherein

10 at least one of said electrode finger couples satisfies formula (1), while at

least one other electrode finger couple satisfies formula (2) below:

y>a+p (M
y<a+p 2)
where;
15 y: distance between the finer electrode finger and the broader

electrode finger of the electrode finger couple, normalized with A/ 16
o: distance between one end of an area of IDT electrode, as
divided by a unit of A/2, and the finer electrode finger of the electrode
finger couple, normalized with A/16
20 B: distance between the other end of an area of IDT electrode, as
divided by a unit of A/2, and the broader electrode finger of the electrode

finger couple, normalized with A/16

10. The surface acoustic wave filter of claim 9, wherein the number of the

25 electrode finger couples satisfying said formulae (1) and (2) is the same.

11. The surface acoustic wave filter of claim 9, wherein one of said electrode
finger couples satisfies said formula (1), while an electrode finger couple located
next to it satisfies said formula (2).

30
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14. The surface acoustic wave filter of claim 13, wherein a 28° - 42° revolving Y

10  cut crystal is used for said piezoelectric substrate.



