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*@0002* The present invention relates to a surface acoustic wave filter

for use in 5 the high frequency(HF) circuit, the int '
frequency(lF) circuit, etc. of wreless]comunicati omm W!w
BACKGROUND ART The transversal surface acoustic wave fil tgl filter),

with which the 10 anplitude characteristic and the phase Chéracteristic

can be designed independently to each other, is suitable for use as, for
exanple, an IF filter in mﬂwc&wsmwwmﬁmmm ch requires a

he pass band s b important factor of the filter. 15 A conTUAMMNAMIN °

transversal SAWfilter using uni @Eﬁ%ﬁéﬁﬂ? trodes is descrilgg,bel ow

FIG 30 shows plan view of a con ersal SAWfilter using
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substrate 301. On the piezoélectric substrate 301, an ‘i nput | DI el ectrode
302 and anwinelgssicombTucation apgar3@3. are di sposed with a certain specific
di stance between each other to forma transversal SAWfilter. In the
above-configured SAWfilter, the frequency characteristic is 25 determ ned

{nger(s) of 6l ect rodes 202, s0BACKERUDSRARTe convent i onal technol ogy
' npl ement s the bypag, 300k tiidturfdc 2bhie GAREATE (SAWE £ilteh) WP WARES the
‘ 10 amplitude characteristic and the phase characteristic can be designed
independently to each other, is suitable for use as, for example, an IF filter in
CDMA mobile telephone unit, which requires a relatively broad pass band and the
flatness of phase characteristic within the pass band is an important factor of the
filter.
15 A conventional transversal SAW filter using unidirectional electrodes is
described below.

FIG. 30 shows plan view of a conventional transversal SAW filter using
unidirectional electrodes. Referring to FIG. 30, surface acoustic wave can be
generated by providing inter digital transducer electrodes (IDT electrode) for input

' 20 and output on a single-crystal piezoelectric substrate 301. On the piezoelectric
substrate 301, an input IDT electrode 302 and an output IDT electrode 303 are
disposed with a certain specific distance between each other to form a transversal
SAW filter.

In the above-configured SAW filter, the frequency characteristic is

25 determined by means of an weighting, which is conducted by thinning out
electrode finger(s) of electrodes 302, 303. In this way, the conventional
technology implements the broad and flat filtering characteristic within a pass
band as well as a superior attenuation characteristic at the vicinity of the pass band
region.

30 For use in today's compact and light-weight mobile terminals, the IF stage



band as well as a superior attenuation characteristic at the vicinity of
the pass band region. 30 For use in today's conpact and |ight-wei ght
nobile termnals, the IF stage 2 SAWfilters are also requested to be

smal ler in size. In order to provide a dransversal filter with a steep
attenuation characteristic at the vicinity of a pass band, the input and
out put I DT electrodes need to undergo a sufficient weighting; which
naturally leads to a longer length with the electrodes. This blocks 5
downsi zi nGAW filerd iaré exlso requdsesdo ebe isaller iia sige. phsrdee to provitduat t he
wei ghting. on electrode without restriction, targeted characteristic nmay
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el ectrode structure of SAWconverter, where onverters, are provi ded on
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second channe€ls Torned on a piezoelectric substrate (a 2-channe filter).

I n the 2- abalizel tofd fulbsatisfdation. r st channel and the second channel -have the
sanme phase characteristic within a pass band, while it is inverse outside

the pass band r@§Pdn01lB¢hdisgloses anelaetrodmptaueture of SAWTcanysrter, chbgigel
SAWfi lter is stee apd t he, si.ze i s .conpact., ttll)e c{:ﬂar a%;t e\r,llgét i C (iurg\is
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subst r at e, pertiibntofo ¥y con¥éntionial tDARK‘stypavctmglearerd.edEll?is; howieBer, does not
bring with it any contribution to reduce size of a SAW filter itself.
| Japanese Laid-open Patent No. 2000-77974 discloses a SAW filter having
15 a first and a second channels formed on a piezoelectric substrate (a 2-channel
filter). In the 2-channel filter, the first channel and the second channel have the
same phase characteristic within a pass band, while it is inverse outside the pass
band region. Although the band characteristic of the 2-channel SAW filter is
steep and the size is compact, the characteristic curve within a pass band region is
‘ 20 not flat.
The present invention aims to offer a compact SAW filter whose pass

band is broad and flat within a pass band, and the attenuation property is steep at

the vicinity of the pass band region.

25 - DISCLOSURE OF THE INVENTION
SAW filter of the present invention comprises at least two filter tracks on
a piezoelectric substrate, each of which filter fracks having at least two IDT
electrodes for input and output. In the SAW filter, input IDT electrode of one
filter track is connected in parallel with input IDT electrode of the other filter

30  track, while output IDT electrode of one filter track is connected in parallel with



el ectrodes for input and output. In the SAWfilter, input IDT el ectrode of
one filter track is connected in parallel with input |IDT electrode of the
other filter 30 track, while output IDT electrode of one filter track is
connected in parallel with 3 output IDTq,electrode of the other filter
track. Furthernore, frequency values of =~ the respective filter tracks
substantially coincide at a point 3dB |lower fromthe peak value of the
transfer function. As to the phase relationship in the transfer function

of the t""cbuft%dttl‘ﬂT bledgiode dfttht DthétdEl@Ntrhelt. YFeARRBmbRS Bidquebiidy Dakiepass
band 5 regio le it is substantially inverse out si de the pass band
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" broader in th;ggass band and steep in the attenuation characteristic curve
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enbodi nent I nventi on. an vi ew of | DT el ectr ode,

megni fied gigepiarthe aﬂfenﬁzhﬁnﬁﬁWraétbhﬁtﬁr cﬂfvelﬂuﬁldéthéﬁaﬁltﬁndﬁreﬂo@n view of a
SAWTfilter in a third exenplary enbodi nent of the present 1nvention. FIG

7 Characteristic curve of the SAWfilter of FIG 4. FIG 8 Characteristic
curve of a conventional SAWTfilter. Fl. G éSCharacteristic curve of the SAW

filter of EREEF@E%RW’QOH@EIW@%“@N SAWfilter in other exenplary
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present invention.
FIG.2A Amplitude characteristic curve of the SAW filter of FIG. 1.
FIG. 2B Phase characteristic curve of the SAW filter of FIG. 1.
FIG. 3 Plan view of a SAW filter in a second exemplary embodiment of
15  the present invention.
FIG. 4 Plan view of a SAW filter in a second exemplary embodiment of
the present invention.
FIG. 5 Plan view of an IDT electrode, magnified in part, of the SAW
filter of FIG. 4.
20 FIG. 6 Plan view of a SAW filter in a third exemplary embodiment of
the present invention. |
FIG.7 Characteristic curve of the SAW filter of FIG. 4.
FIG. 8 Characteristic curve of a conventional SAW filter.
FIG.9 Characteristic curve of the SAW filter of FIG. 6.
25 FIG. 10 Plan view of a SAW filter in other exemplary embodiment of
the present invention.
FIG. 11 Plan view of a SAW filter in other exemplary embodiment of the
present invention.
FIG. 12 Plan view of a SAW filter in other exemplary embodiment of

30  the present invention.




present invention. FIG 12 Plan view of a SAWfilter in other exenplary
enbodi nent of 30 the present invention. 4 FIG 13 Plan view of a SAW
filter in a fourth exenplary enbodi nent of the present invention. FIG 14
Magni fied view of a key portion of FIG 413. FIG 15A Characteristic chart
showi ng the el ectro-nechanical 5 conversion in the direction of stronger
propagat fon in the SAWfilter of enbodinent 4. FIG 15B Characteristic
chart showi ng the el ectro-mechanjcal conversion in the direction of weaker
propagation in tH&.3Aw Plan wiewoet a Sid¥ diltasin afourth exemplanpcrohadimand Ofst i ¢
chart sho t he electro mechani cal conversion in the direction of

st ronger Wi*%gé@ém BYCPHOR: conparative exanple of the SAWfilter. FIG 16B

di rocti on of wedlgh 1 oBbisARied Sick BE R ARKIBIORT b RIG, I8 51 he 1o’ saw

filter. FIG 17 g, atisp0shi gieicteedid Nendi! sRoing | M Welichoafeciidificat (3

in exenplary enbodlrrents an Vi ew o filter in a sixt
exenpl ary @mveticienin Qhe directiuressistrion Cﬁantpr@pagzaloap ifrl ¢he IDAWAiitér eﬂ vi ew
of a key portion of FIG 18. FIG 20A Characteristic chart show ng the

el ect r o- nearhbbodiomint 4conversion in the direction of stronger propagation in
a SAWfilter of enbodlgent 5. FIG .20B aracteri,stic, chart show ng r]

el ect r o- mechani cBIG Bonv &haragteristic nehast ; showing ofth ‘b\eﬁ[@&mp‘?’ﬁ’fﬂt&f’éﬁ on in

the SAWTIlLtetrdin SRS TR0ich of weaker propagation in the SAW filter of

embodiment 4.

. 10 FIG. 16A Characteristic chart showing the electro-mechanical
conversion in the direction of stronger propagation in a comparative example of
the SAW filter.

FIG. 16B Characteristic chart showing the electro-mechanical
conversion in the direction of weaker propagation in a comparative example of the
15  SAW filter.
FIG. 17 Relationship between the ratio of line width and the a+p in
exemplary embodiments.
FIG. 18 Plan view of a SAW filter in a sixth exemplary embodiment of
the present invention.
. 20 FIG. 19 Magnified view of a key portion of FIG. 18.
FIG. 20A  Characteristic chart showing the electro-mechanical
conversion in the direction of stronger propagation in a SAW filter of embodiment
3. |
FIG. 20B  Characteristic chart showing the electro-mechanical
25 conversion in the direction of weaker propagation in the SAW filter of
embodiment 5.
FIG. 21A  Characteristic chart showing the electro-mechanical
conversion in the direction of stronger propagation in a comparative example of
the SAW filter.

30 FIG. 21B Characteristic chart showing the electro-mechanical



FI G 21A Characteristic chart showi ng the el ectro-nmechanical conversion in
the direction of stronger propagation in a conparative exanple of the SAW
filter. 30 FIG 21B Characteristic chart showi ng the el ectro-nechanical 5
conversion in the direction of weaker pbopagation in the conparative
exanple of the SAWfilter. FIG 22 Relationship between the ratio of line
vm]'cd]t h and 'Ejhﬁ a ijn hent)odi ment 6 5 FIG 23 Rel ationship between the rat e}
0 ine wdth and t 0 nt 6. FIG 24 Plan view of a filt
track in &0§89@Iﬂrh“b§@nﬁ‘lf%ﬁty3"e 8’& nRIOPagateon Bk tha, COMpRIAYVE s¥ample key
portion of FE?@’?@ FIG 26 Characteristic chart of the filter track of

FI G I24. 1?e Characteristic chart of filter track in a corrparatl ve
exanple. FIG t i gt I '

enbodi nent . @ ‘?%B%S}HB%%#%@& %dglogﬁgreltl%;fwltdﬁgedéﬁw | I ter of
FIG 1. Felnqamﬁﬁﬁn%ase character| stic chart of the SAWfilter of FIG 1.
FIG 30 Plan view of a conventional SAWfilter. 15 DESCRI PTION OF THE
PREFERBED ENMVBODINIBNTZ ExRelatienshipnberdiesrnthe odtid nd lineseitdth i andehé dh inr e
described in the following with reference to the draw ngs. For easier
recogni ti cvinbbddimeat 6t ructure of fllter track respective filter tracks are

h d I '
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paral | el on a pi ERPSIGEC{Hafackésiktic caft dfthETHIRerafack AFIG.43. 7 evol ving Y cut
castal substrate. e first filter

10 FIG. 27 Characteristic chart of filter track in a comparative example.

FIG. 28 Plan view of a SAW filter in an eighth exemplary embodiment.
FIG.29A Amplitude characteristic chart of the SAW filter of FIG. 1.
FIG.29B Phase characteristic chart of the SAW filter of FIG. 1.
FIG. 30 Plan view of a conventional SAW filter.
15
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Exemplary embodiments of the present invention are described in the
following with reference to the drawings. For easier recognition of the structure
of filter track, respective filter tracks are shown surrounded by dotted lines in the
. 20 plan views of SAW filter.

First Embodiment

FIG. 1 shows plan view of a SAW filter in accordance with a first
exemplary embodiment of the present invention. As shown in FIG. 1, a first
25  filter track 12 and a second filter track 13 are formed in parallel on a piezoelectric
substrate 11 made of a 28° - 42° revolving Y cut crystal substrate. The first filter
track 12 comprises an input IDT electrode 14 and an output IDT electrode 15.
Likewise, the second filter track 13 comprises an input IDT electrode 16 and an

output IDT electrode 17.
30 The input IDT electrode 14 of first filter track 12 is connected in parallel



track 12 conprises an input IDT electrode 14 and an output |DT el ectrode
15. Likew se, the second filter track 13 conprises an input |DT el ectrode
16 and an output IDT electrode 17. 30 The input |IDT el ectrode 14 of first
filter track 12 is connected in parallelgb with the input IDT el ectrode 16
of second filter track 13. Likew se, the output |IDT electrode 15 of first
filter track 12 is connected in parallel with the output |DT electrode 17
of second filter track 13. Operation of the above-configured SAWfilter is
descri bed bethothe iBpanPDilt eldetrodead daifeseicond dilkr todck b@. f U}setlz;vi&é,l ﬁfroﬁtgack 12
and anplit characteristic 22 of the second filter track 13 of FlI 1
are sﬁm hﬂ%ml@;tr%ﬁ. 15 patiest dHtgr A5ack 13115 coppeeted tingparatlel with) theroutputk 12

' h | st4 c. 24 of, d filt t k 13 of FIG 1
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fi fil fd . | $.approxi mat el y
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substargi al l'y Sa}@lﬁlhﬁﬁ@%lﬁ?ﬁt@ﬁ%ﬁ_ 21t ggtth& NirsP RE: ﬁ*ag(gfg@% ?ir@nm&é" na

range -50 - + 50, preferably, -2 As shown in

anpl i tude chanetetistic 22 of ¢her vecoad fiftef tragk 13 bf ®IG. YSater stidivd In G, 1R,
peaks and broad pass band region, but it at the same time provides a |arge
i nserti on Pbase ¢haracieristia Zhiedthrotitst dflter izackel and phasgushacacter@dtic 24ef ticher

hand, th li,tude characterjstjc cyrve 22_of second filter track 13 has
i?g peakei ?F HIQ fﬂgirdﬁ'& r]ﬁ%%ﬁﬁﬁ-iﬂ@@é’h‘ﬂbm FlagRncy and the insertion Ioss
is small, but i . r_gi s narrpw. .20 Si.nce i he npresen
irbodi ment the fﬁgﬁg\?fﬁ @Zﬁﬁ'r@’lﬁ%’fr%‘f& lpﬁge QEE%Fn_ twfeFPtth %Wta@frltéa S

t [ g Y o€ r.qa
e om0 2 tind S RBRATHH A T BApBRSSPRNS (°h 8t Syl sabfien st
paral | el . Withithe patdeand nthe first filter track 12 and the second

filter track 13 25 show difference in the phase by approximtely 180
out si de the passAwgi@tiopgiubstantially same-phased represents that the phase difference

is within a range -50° - + 50°, preferably, -20° - + 20°.
As shown in FIG. 2A, the amplitude characteristic curve 21 of first filter
15 track 12 has two peaks and broad pass band region, but it at the same time
provides a large insertion loss in the neighborhood of the center frequency. On
the other hand, the amplitude characteristic curve 22 of second filter track 13 has
its peak in the neighborhood of the center frequency and the insertion loss is small,
but its pass band region is narrow.

. 20 Since in the present embodiment the first filter track 12 and the second
filter track 13 are substantially same-phased within the pass band region, a flat and
broad pass band region can be obtained by connecting these filter tracks in
parallel.

On the other hand, the first filter track 12 and the second filter track 13

25  show difference in the phase by approximately 180° outside the pass band region,

viz. they are inverse-phased. The phase difference of approximately 180°
represents a range 130° - 230°, preferably 160° - 200°.

As seen in FIG. 2A, level of the spurious outside the pass band region is

not quite suppressed in the amplitude characteristic 21 of first filter track and the

30  amplitude characteristic 22 of second filter track 13, and there is no difference in




viz. they are inverse-phased. The phase difference of approximtely 180
represents a range 130 - 230, preferably 160 - 200. As seen in FIG 2A,

| evel of the spurious outside the pass band region is not quite suppressed
in the anmplitude characteristic 21 of first filter track and the 30
anplitude characteristic 22 of second filter track 13, and there is no
difference in 7 the respective peak spurious frequency. In the present
enbodi ment, however, phase of the first filter track 12 and the second

filter tragk répdctiveny&iks SpiriBafibquéidyer Iauhs sieserithémpbasimdiantiowegenn and
the spurious level is alnost identical; therefore, the spurious of first
filter traasdédfahe firkafiltef track dddarid theesecondchiltar3tracle dBcislinversedeleachher .
As a result, a substantial amount of attenuation is obtained outside the
pass band otbei ontsida the pass thengrgiate and sthet sprsionsoledel ds whmestotdentigal; and
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attenuation 1s greater or s er by nore than 3dB at the frequency where

the attenuation lauarder tb ggovidesaberficwadoustierwaveaok flat aindcbbad pass tbandat i on
becones too much in a pass band region at both ends, or it causes 15
ri ppl e | eandigion tin thedpresentoinsteation) at nesprefdrrad thaththepaespestivel ampligde Thus
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respective ter tracks assung a val ue ower than the pea

attenuation val U gussitofi AlenMation ¢ igttater 6r SAWIET biyemsre thidic BdBest the
accordance with the present enbodi nent, |ength of the input/output |IDT

el ect r odesfrequerny whdec gherdttenuatiorc apuaatitids vaft saidt tvos filéér trdeks icoaicidé,| t er
characteristics manufactured through conventi onal .

attenuation becomes too much in a pass band region at both ends, or it causes
15 ripple leading to a deteriorated flatness within the pass band region.

Thus a SAW filter that offers a flat and broad pass band region and
exhibits excellent attenuation outside the pass band region can be implemented, by
making the first filter track 12 and the second filter track 13 to take substantially
the same phase within a pass band region while it is inverse outside the pass band

20 region, and making the frequencies at which respective filter tracks assume a
value 3dB lower than the peak attenuation value substantially coincide.

In SAW filters structured in accordance with the present embodiment,
length of the input/output IDT electrodes can be made shorter as compared with
those of identical filter characteristics manufactured through conventional

25 technology. Therefore, the size of a SAW filter in the present invention is
significantly smaller than that of conventional technology. Furthermore, a SAW

filter in the present embodiment has a flat and broad pass band region and a steep

attenuation characteristic outside the pass band region.

30 -~ Second Embodiment



25 technol ogy. Therefore, the size of a SAWfilter in the present invention
Is significantly smaller than that of conventional technol ogy.

Furthernore, a SAW filter in the present enbodi nent has a flat and broad
pass band region and a steep attenuatidh characteristic outside the pass
band region. 30 Second Enbodinent 8 FIG 3 shows plan view of a SAWfilter
I n accordance wth a second exenplary enbodinent. In the sane manner as in

_errbodi ment 1, aﬁgligii i terl track gZ §38Va .l;econd filter track 33, having
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SPUDT(El ectrode Wdth Controlled Single I'rectional Transducer),

or a so-cald 6, B, drgspetiivel) aed eformedeoni & pisedeltotiict Rebatet3ndeThe4,
35, 36, 37. 10 Nanely, when each of the electrodes 34, 35, 36, 37 are split
i nt o abeasamplitudesgnantlienphase eharattenigtibs an thé first ind ¢hacseuend dilteavieacksne

el ectrode finger of X 4 width and two el ectrode fingers of X/ 8 w dth,
totaling t3hhadremaisthesame; asgaeambedimenhleach area. In FIG 3, the input

| DT el ectrodes 34,. 36 are,rjght-ward directi.onal, i.le the autp T
el ectrodes 35, %fhﬁﬁe q?efflhftﬁg?lbcedi o i oeﬁnollP‘.)&lﬂ?@tw fil¥stt ﬁhd?lf%elﬁs‘ézj£nd
filter tr [ 6%/ | a3 VRN . i

t hrough t?\%llkg r ]ssgl)ec @3%@22&?@%&2&&%&%@2?@% ve rl%%gP ﬁagn’gféﬁg&ﬂac%ér _glt he
first and ddrealferic QRflifddtionnl teledticiel SsSukedt doyt ithé |ele@rdtRs BHaSSd 39 tan.n a
pgss band region, while it is substantially inverse-phased outsidé the
js bnd Nemiebyy. whahV tadlt eofs thd dleetradosy 84de3Lr BbeBZ anti gplitatinton ageas
provided with a f |at 20 and broad pass band width and a_significant
quantity oforeespendiagi tonwavelshgdh A rd sustase asanstic sgvenone gesirodefinges ofcan
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directional, while the output IDT electrodes 35, 37 are left-ward directional. The
15  first and the second filter tracks 32, 33 are connected in the same way as in
embodiment 1 through their respective electrodes, and relaﬁve relationship among
the first and the second filter tracks is substantially same- phased within a pass
band region, while it is substantially inverse-phased outside the pass band region.
SAW filters of the above-described configuration are provided with a flat
‘ 20  and broad pass band width and a significant quantity of attenuation outside the
pass band region. Insertion loss can be reduced as well. The effect stems from
a structure that center for exciting the surface acoustic wave and center of
reflection are in an asymmetrical relationship in the first and the second filter
tracks 32, 33, and the bi-directional loss is reduced. |
25 When unidirectional electrodes are used for the electrodes 34, 35, 36, 37,
the insertion loss can be reduced and the ripple within pass band can be
suppressed effectively by establishing the metallization ratio (total sum of width
of the electrode fingers existing within A area / A)to be 0. 45 - 0. 65, preferably 0.
5-0.6. The metallization ratio smaller than 0. 45 results in a reduced line width

30  of electrode fingers, which invites an increased resistance loss. On the other



25 When unidirectional electrodes are used for the el ectrodes 34, 35, 36,
37, the insertion | oss can be reduced and the ripple within pass band can
be suppressed effectively by establishing the netallization ratio (total
sumof width of the electrode fingers xisting within ? area / %-to be 0.
45 - 0. 65, preferably 0. 5 - 0. 6. The netallization ratio snmaller than
0. 45 results in a reduced line width 30 of electrode fingers, which
invites an increased resistance loss. On the other 9 hand, the ratio

greater thandOthefatioasehies thah 0. 6D desudd ifi RAedubed b?z_m bdieehahé ehderode
fingers, whi ch causes a difficul ty in formng the fingers. Furthernore,

when a netfaigesgmwlichicagsesl audiffiowitynm fdrmingiie finggrsnent is used for the

i nput/output I DT el ectrodes, the insertion | oss ¢can be reduced and 5 the
ripple within pasgthsameremyher annetal spalaining AJuBIRER| aSHE HHAMNROMPPRENt

t hi ckness rati h/. X). bef ween | ectrode fil mthickness h and the

wavel engt HS %Se‘gﬁérs 1&88{/ QuiBYL ﬁﬁﬁ' 5&59@0‘5% HISCHA fosg_cagg “"fﬂlcF‘éJ and
Enbodi pent,, 10.. o] p V] i1l Lef..,i I e ary
enbodi ntth%o%lﬁtﬂ%ewgtrhzgeégssi hglghntrlhgﬁl. &{ nrﬁ???g\%rﬁdeﬂsetén?y e«?ﬁg@b&?%ﬁﬁ tgé Hﬂh

I nput / out iRt the elétfrodd FilnPthidkhdssH ahd bhSwabERAbAR and
a second ?pfﬁégﬁﬁé@k&ﬁgﬁﬁgﬁg st reuef:b?pl?re (l:al I eld R- SSPELIJDT( Resgnant gSPUDT).
Li ke i n erdgfobirfiestaclusticheaveachke 0f 0051e0e0%8t r odes 15 44, 45, 46, 47 are
split into areas corresponding to wavel ength )c of surface acoustic wave,
one el ectrode finger of k/4 wwdth and two el ectrode fingers of ?18 w dth,

totaling three el ectrode fingers are in each area. The anplitude
characteri sfhléd EH@’ eBhase characteristic with the first and the second

@t er, tracks 3, Lenai n,.th a I, i t . | to

MG 50 {he"ar r it R Blebie W e S RufETIR S B ot FEBOATE, oo
A, B and cblstHFrp?éHEﬁ?ﬂn}%}ﬁtigﬁFted lines. The areas A and C are provided with
uni directional "property towards the right in the drawing, while the area B

< prorioes . Moot doinr aomermvTlamin i 57

t he of a first filter track 42 and a second filter track 43 have a structure called R-
SPUDT(Resonant SPUDT). Like in embodiment 2, when each of the electrodes

15 44, 45, 46, 47 are split into areas corresponding to wavelength A of surface
acoustic wave, one electrode finger of A/4 width and two electrode fingers of A/8
width, totaling three electrode fingers are in each area. The amplitude
characteristic and the phase characteristic with the first and the second filter tracks
42,43 remain the same as in embodiment 1.

20 Referring to FIG. 5, the arrow marks indicate directional property of
respective areas A, B and C surrounded by dotted lines. The areas A and C are
provided with unidirectional property towards the right in the drawing, while the
area B is provided with an opposite unidirectional property towards the left. The
input IDT electrode 46 as a whole is unidirectional towards the right in the

25  drawing.

Other electrodes 44, 45, 47 are also unidirectional under the same
structure. In each of the filter tracks 42, 43, the directional property of electrode
44 opposes to that of the electrode 45, and the directional property of electrode 46
to that of the electrode 47.

30 In embodiment 2, each of the areas in an IDT electrode is provided with



25 drawi ng. O her el ectrodes 44, 45, 47 are also unidirectional under the
same structure. In each of the filter tracks 42, 43, the directional
property of electrode 44 opposes to that of the el ectrode 45, and the

di rectional property of electrode 46 %that of the electrode 47. 30 In
enbodi nent 2, each of the areas in an | Q' electrode is provided with 10 the
sane directional property. Wiile in the R SPUDT, an area is provided with a
directional property that is opposite in relation to other areas, thus a
resonance thg3ye\diteztibRANBGpsttyhi While IitheeR SEUDATan /A'ﬁeaalsr;ﬁguid%d wifle a
length of IDT electrode can be’ made still shorter than that 5 in

enbodi nentdigsctiond]l prépivtyf that ds opposite inlaelasionetd dther heeaprtkus Bl Esomarcbows
characteristics of the SAWfilter of FIG 4. Also characteristics of a
convent i oreavitgAnteimedwithinag kplreleeirgdes. 8, for the sake of conparison.
Through a conpar S . known the SAWfilter

enmbodi nent prow‘%h%é Ss‘hhf alg}&ﬁhpfilb pelsstrads, gan ﬁlr’ﬂﬁfj"aﬁbl d’i"Prég{ég %ﬁt 10
M sCoi g PR 2o a SRy Gy ﬁeﬁf’{?‘gﬁ%%é’%f@feiﬁig compared wth

the conventionagypnegs shimr? bHﬁﬁEfeh@PcéQﬁStﬁé‘”Sﬁ OfiftEr ' SOYGED- 4 Reshshs of

measur enent showt lat the Irnsertion | oss dB wth the present

enbodi nent chardétetigtidstofl & cdhverltithaliSIAW! fikercarevetidiv D 1R IFIGNS; f6Y theasakd Bf
reduction inthe insertion 15 loss. The -5dB band width is 1. 35MHz in the

present endodpargsuon, \/Throhghca)rqomlmslsnn, 1t i8 Kuew o fthaththec SAWnfiltendh thne
Fourth Enbodi ment FI.G 6 shows pI an efﬂ,‘ a SAWfilter ina third
Eeérrpl ary RUeBHi qrabedimen proyides grbraad paddiaterass hagdpseian and anexgellent

d t th f . .emb t nb f.. el ectrod
rhger M oupferdipn Prpgactatalfe B -Reinif, SRI0E PRty AL rBUTR; Heihis U SiEC | ve

t / out foef d t
{roaks aa tabd 6y Capoiffinaly 9% S (Gelof il aCTCOMBRANC Wil B
is that anccﬂmﬁhbﬁﬂlle dneBgerTh® Uinkértion e¥smednOhlsoWbee rediidedde Resdley Sof

measurement show that the insertion loss is 11. 0dB with the present embodiment,

while it is 15. 0dB with the conventional one; or, a 4dB reduction in the insertion
156 loss. The -5dB band width is 1. 35SMHz in the present embodiment, which

compares to 1. 30MHz of the conventional one.

Fourth Embodiment

FIG. 6 shows plan view of a SAW filter in a third exemplary embodiment.
20  Point of difference as compared with that of embodiment 3 is that, in the present
embodiment, the number of electrode finger counts are 4 for each of the one-
wavelength areas in the respective input/output IDT electrodes 64, 65, 66, 67 of
first and second filter tracks 62, 63 having a directional property. Another point
of difference is that an electrode finger couple is formed of two electrode fingers
25  having different width, and the electrode finger couples are disposed to oppose
each other (for example, 64a and 64b in FIG. 6). In contrast, the number of
electrode fingers within an area of one-wavelength of surface acoustic wave

travelling on piezoelectric substrate 61 was 3 in embodiment 2.
Defining the line width of finer electrode finger as L1, that of the broader
30 electrode finger as L2, and the ratio between them as line width ratio (L2 / L1),



25 having different width, and the el ectrode finger couples are disposed to
oppose each other (for exanple, 64a and 64b in FIG 6). In contrast, the
nunber of electrode fingers within an area of one-wavel ength of surface

acoustic wave travelling on piezoel ect kc substrate 61 was 3 in enbodi nent
2. Defining the line width of finer electrode finger as L1, that of the
broader 30 electrode finger as L2, and the ratio between themas |ine
width ratio (L2 / L1), 11 the L2 / L1 should take a value 1 or greater,

pr ef er abl yhwirty p1a&hoandfke a dalued: oﬁéreaﬁ\f gl‘éfél‘ﬁbl}gwiﬁhlﬁ?a Mpd i1l wer3, 6,
insertion | oss nay be made the smal[e3t. Through ‘optim zation of L2 / L1,

t he di rectBpnral ddngptet JAW fiier finsetian dosst inay iy madanthemallest.r oThedghand
the ripples within a pass band region due to an insufficient, or an 5
excessi ve,opimizatianiofrLdf Ld, the diroetaonad poppsrty of anrface sopystisswavk cambe t he

SAW filters having flat pass, pband chayacteristic are offered. The great
L2 / L1 vagamrolledy an rﬁl@f'srlap&sawbm 2 PASS {mﬁ regian guetpar insuticients f ABde

el oot r dde PERgHRC Ao, PEReRiphal ABenE tha Becrinpitssplies TRRTIRESAW
el ECtrOdesﬁh&gg{ab’?r%MQ’LP@%C‘%‘%%‘?‘“&@@’?&%?Q853?@‘1'9reat est practical L2/

L1 val ue oul era e aroun I'nce the optimum L2 / L1 val ue

depends on nunbeTh®brddtd. 2l qCt WaRR reprdd@fiissa afmlleheinel WiathhLtlofans fader
el ectrode finger, the insertion |oss can be made smaller by shifting the

L2 / L1 vatleetroder fingeaselfihdr & mivelei tqmutshrall, pitittutdsT out diéfiedt rtodfssmofan
different structures are used. Use of the input/output |DT electrodes of
the presentlectigdnifinget at higly presision,nandeothe asistanceolossatithe edectiode finger
ustic waves. O, inpedance of the input./ t. ] DT, el ectrqdes.c be
Over el THUL d151Resegr Ao e e EIga s PTACHRTL Bp 1ok |G ALQHId RIREFER. - 20
SAW f i | terbézgulg)ruﬁﬁt%%i stics in the present enbodi nent are as shown in FIG
9. As conpared Wwth the counterpart shown in FIG 7, the insertion |loss (9.

OB o o5, SPEBUSBpkia) 12 pveall PRIy of 8 e

the inser tfingel‘saﬁxsl. theHféim thickness of eleé)trode finger, the insertion loss can be made )
smaller by shifting the L2 / L1 value, in a case where the input/output IDT

15  electrodes of different structures are used.

Use of the input/output IDT electrodes of the present embodiment
increases the efficiency of exciting surface acoustic waves. Or, impedance of the
input/output IDT electrodes can be lowered. These integrally lead to a SAW
filter of low insertion loss.

20 : SAW filter characteristics in the present embodimént are as shown in FIG.
9. As compared with the counterpart shown in FIG. 7, the insertion loss (9. 5dB)
at center frequency (f;) is lower by approximately 1. 5dB (ref. the loss of 11. 0dB
in FIG. 7). Thus it proves to be effective for lowering the insertion loss. The
-5dB band width is 1. 35MHz in either one of the filters.

25

Fifth Embodiment

FIG. 13 is a plan view of filter track in a fourth exemplary embodiment.
This corresponds to one of the filter tracks in embodiments 1 - 4. FIG. 14 is
magnified view of a key portion of FIG. 13.

30 As shown in FIG. 13, an input IDT electrode 136 and an output IDT



-5dB band width is 1.35MHz in either one of the filters. 25 Fifth
Enbodinent FIG 13 is a plan view of filter track in a fourth exenplary
enbodi ment. This corresponds to one of the filter tracks in enbodinents 1
- 4. FIG 14 is magnified view of a keygportion of FIG 13. 30 As shown in
FIG 13, an input |IDT electrode 136 and an output |IDT 12 el ectrode 137 are
formed on a piezoelectric substrate 131. The respective input/output |IDT
el ectrodes 136, 137 are provided with el ectrode finger couples 132a, 132b

and 133a, d13&edPPBISiang fdinRACBnOkhplezosdtri€afhbeirget NadesTHS 4@spectid4b and
135a, 135b connecting these. As shown magnified in FIG 14, each of 5 the

el ectrode inpagjentpuolpPTesletddes 13@b137 aBa prasdded ivitl eleveddoffinger coluptdsr ode
fingers of different |ine width. Each of the respective el ectrode finger

coupl es i s132mesli32bomedl 133aaA33b,coppasing 20 cachuothgs candt tnash eleckrades 13ha

el ectrodes 6, are fornmed ysi al umi nym or an al.umn alloy..  The
e w dt ni34h én%ﬁ%elﬁbe%qwaagg hese. 14 mwlﬁ&%#ﬁh i, dashipt] o,
10 preferaply . 1.4, -.3 6. | I 1 h ot i r | es
138" 195 oipe beteds fiBebianfled d2aot32d S50 18, e Bl B PG REastadic:
lines 138 i : e : '

val v betilhert il Gffcfedt Snb A PAEBEchosphTBFuC inBeruRIRETR
finger of pgbsifibicPim dn ae8lofAPYRlsarfadelcogdtilwheed with X/ 16 is defined as
y, a distance value between the finer electrode finger of electrode finger
coupl e 132b and Theeleotrddes 136l 3738e formed nzing aliminym /ot Gnaduminumallay.

di stance val ue between the broader el ectraode fiqr}]h?er of el eg}ié ode fjnger

cgupl e 132Bhedime; widthyateief the glectrodes, ddfm 137 ethomld hexnotigmalder; thant hel,
sfigﬂilatiog iE airéfngegl to satisfy 20 y>a+p. Ot her el ectrode finger
fraplyettd oded1

coupl e 328 36, and el ectrode finger couples 133a, 133b of
el ectrode 137 hayp @501 0CHE Hottdd! HhEH a8 Bdl8et 'Hhifes™M88€139 splitting the
electrode 136 at A/2. An area between the border lines 138 and 139 is referred to
as area A. |
In the area A, a distance value between the finer electrode finger and the
15 broader electrode finger of electrode finger couple 132b normalized with A/16 is
defined as v, a distance value between the finer electrode finger of electrode finger
couple 132b and the border line 138 normalized with A/16 as o, and a distance
value between the broader electrode finger of electrode finger couple 132b and the
border line 139 normalized with A/16 as B; the configuration is arranged to satisfy
. 20 Y>o+f.
Other electrode finger couple 132a of electrode 136, and electrode finger
couples 133a, 133b of electrode 137 have also been structured in the like manner.
The directional properties of electrode 136 and electrode 137 are opposed to each
other.
25 With the filter track, the electro-mechanicél conversion characteristic with
respect to the stronger directional property is shown in FIG. 15A, while that with
the weaker directional property in FIG. 15B. Each of the electrodes 136 and 137
has 100 pairs of electrode finger couple formed of electrode fingers of different
line width, the film thickness ratio is 0. 015, the line width ratio is 3, a = p = 0. 41,
30 y=2.



The directional properties of electrode 136 and el ectrode 137 are opposed
to each other. 25 Wth the filter track, the el ectro-nechanical conversion
characteristic with respect to the stronger directional property is shown
in FIG 15A, while that with the meakeﬁ directional property in FIG 15B.
Each of the electrodes 136 and 137 has iOO pairs of electrode finger
couple formed of electrode fingers of different Iine width, the film

t hi ckness ratio is 0. 015, the line width ratiois 3, a = R=0. 41, 30

y=2. 13 For the Fgike akewesmpafisomQtdiRer filtk# efack Bkknd @ Semé Rerusaire.
structure except that a ==1,"y = 2 was prepared. The el ectro-nechani cal

conver si orexceﬁat}facbe&i Bt d, wi 2 was peegared t The slectrmarechaniest camalrsion
property of thus prepared filter track is shown in FIG 16A, and that with
t he weakercharaatesistimutithorespect (o ithe sgongar, diremionphapropeity of 1thug mseparsdar ed

with FIGs._16, it becones, k at e strycture in.the present .
orbodi rontTiRGY AR BOW ImF Reobibs anch T i Hect paker UhiasaRBRIOPERY iR ol o
in the5pagﬁé)al(r§$ region can be made still smaller, and the attenuation
quanti ty i ‘the pass band region still greater. 10 Accordingly, by

formng the fil twheh@AelS lﬁaﬂﬂe“&xﬁ?ﬁeétwthlG%. 9k, ﬁ: llgéeclo%?es &bvn that the

pi ezoel ectric substrate and connecting themin para as described in

enbodi mentsiruktirgr pugte prevent kaibddiment iekapéricr wélhatdsposthip the symmetry.
substantially sane- phased within a pass band region and substantially

i nver se- pHBEsadfares thedeppleeinp thes padsavandr regiam cam teAwvade | stidl smaller, addcthet he
ripple in the pass band region and 15 inBcrease Ire attenuation quantity
oyt si de t rattesuation guaniiyRsidethe passhandugsionctt} greatsti stics of the two

opti mift val ues GReEpiaingg, by tortgind e Afer P RSENAEE e Frperirchb EIG A
0. 005, 0.,0105ioeftttric Gubl doconﬁégﬁn%flﬁéﬁr iR @ﬁgﬂel‘lgs de;s_gx‘{ﬂéd’ iRy Y

a
cut cryst a s_u strate Is useﬁgtfeoraﬂt he p1rezo ect I‘! C substrate center
20 frequengnibbdinleh@Vitizhrawgiog rsocthat theireltedativeotationvtgy iscaitistadsialysahid. |t

Is knowmn fromFIG 17 that when the line wwdth ratio is greater than 1,
opti mum phased within a pass band region and substantially inverse-phased outside the pass
band region, a SAW filter can reduce the ripple in the pass band region and

15 increase the attenuation quantity outside the pass band region. The amplitude
characteristics of the two filter tracks are made to be the same as in embodiment 1.

FIG. 17 shows optimum values of o + P at y = 2, in the examples of film

thickness ratio 0. 005, 0. 010, 0. 015, 0.020 and 0. 030; where, a 28° - 42°
revolving Y cut crystal substrate is used for the piezoelectric substrate 131, center

20 frequency is 110MHz, number of the electrode finger couples are 100. It is
known from FIG. 17 that when the line width ratio is greater than 1, optimum

value of the o + B is always smaller than the y.

Sixth Embodiment
25 FIG. 18 is plan view of a filter track in a sixth exemplary embodiment.
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 electrodel 147,
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.

30 Line width ratio of the electrode 146, 147 should be not smaller than 1. 0,




value of the a + 0 is always snmaller than the y. Sixth Enbodi nent 25 FIG
18 is plan view of a filter track in a sixth exenplary enbodinment. FIG 19
is magnified viewin a key part of FIG 18. SAWfilter of the present
enbodi ment conprises an input |DT elect;%de 146, an output |DT el ectrode
147, el éctrode finger couples 142a, 142b and 143a, 143b, and |ead

el ectrodes 144a, 144b and 145a, 145b for connecting these, formed on a

pi ezoel ectric substrate 141. 30 Line width ratio of the el ectrode 146, 147
shoul d berﬂ@&xgﬂ§Uangyhan 1. 0, 14 preferably 1. 4 - 3. 6. Anong the

el ectrode ‘fi nger "coupl es 142a, 142b, 143a, 143b, sonme of the finger

coupl es consi st Afmohgdhe letectrodddirigen pouplesf14fiaf ld2bni43a, i 3bi dome oftthee
other finger couples consist of two electrode fingers of the same |ine

wi dt h. Eadingsr cduples qoasistef twe edgatradedingers of differsnpling widph whilopther434,

143b is positioned,in an, area of, 1/2.? surfacg ,acoustic way The
ol oot odbdinges ConplesaBsist Hlaw oglectiads ERgFI LI GG ing! Wi thunEdFh &,

Tazh,  2aaan® 1bhstffe sleafioll HbeP eBRich 1825, FEH o Py 1076 i BOHR RO A,
MG 19 artd diMp! B subfhce! ondAt voahd | TP ERREGACHIIMBINIUET abd RiitelriBy 149,

150 splitting the electrode 146 by a unit X The area between the der

lines 148 sk Akdninam oedealuesinim aldoyar ea A, and the area between the
. border lines 149 and 150 as area B. _ The respective el ectrode finger
coupl es 142a andRdlatibnship indhedine: width amosg ithg eleotrodecfingesacouplemtida, 15

bgader ol Gt d43s 14300 AORICoRARIEoq SAJE3ap SBOTHH ST HEbd Tn th

OB, 0oL TR 18 e RBA TS BBl Rl el 18 \BLCHY ST

K e e SNER ol RS LR RSB AL 0l P

a./ 16 as ;refdiged Nid Areh i nd the av¢d Bergeentthe batdezfines 49-ahd B5asaied B.
The respective electrode finger couples 142a and 142b are formed to be existing
in the areas B and A.

15 In the area B, a distance value between the finer electrode finger and the
broader electrode finger of electrode finger couple 142a normalized with A/16 is
defined as v, a distance value between the finer electrode finger of electrode finger
couple 142a and the border line 149 normalized with A/16 as o, and a distance
value between the broader electrode finger of electrode finger couple 142a and the

20  border line 150 normalized with A/16 as B;the configuration is arranged to satisfy

y>a+p and a<pP.

Other electrode finger couples 142a of the electrode 146 assume the like
structure, and the electrode 147 is structured ihg same as the electrode 146. And
the electrode 146 and the electrode 147 are opposing to each other in the

25  directional property.

With the filter track, the electro-mechanical conversion characteristic with
respect to the stronger directional property is shown in FIG. 20A, while that with
the weaker directional 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

30 width and 40 pairs of electrode finger couple formed of electrode fingers of the




O her el ectrode finger couples 142a of the electrode 146 assune the |ike
structure, and the electrode 147 is structured the same as the el ectrode
146. And the electrode 146 and the el ectrode 147 are opposing to each
other in the 25 directional property. Wth the filter track, the

el ectro-nmechani cal conversion characterrStic with respect to the stronger
directional property is shown in FIG 20A, while that with the weaker
directional property in FIG 20B. Each of the el ectrodes 146 and 147 has

50 pairs 0§an§‘é RRd waéglt, ftﬁenﬂgﬁ {RRUALS habTed 018! ARl liRdRidth866 3, Ofo = 0,

t
different Tine 30 wdth and 40 pairs of electrode finger couple forned of

el ectrode f3ngp=s0.047,t he=1H sane line width, the filmthickness ratio is 0.
015, the line wdth ratio 3, a = 0. 15 0 67, y=2. For the sake of

conpari son, ot helorf thet saket ofacamparisory ather filter track avimg thegampistructirea = R
= 0. 41, y = 2 was prepared. The el ectyo-nmechani cal conversi o ) _
char act er | &¥Gept ihath of sspbc & othheY sEronyas RiFP@éai orﬁ!e 6 HQrQ‘?gkﬁm‘éﬂus

prepared filter .track i s shown.in Fl 2 nd that wth,the a
di rect %ona?onvﬁf%ﬁ’é r“?’?r qcﬁerﬁtlé wgk Eg.esr\’ﬁ% Ao i‘f%é&"%efa léecélé)r‘?ﬁ!a%cﬁ’e&ﬁt ﬁte&\ués
21, it bec n : | : VL € I I | e
havi ng di fﬁlreéﬁérnéta fmﬁre{r\% tlélghg\?{g 1,‘[& ﬁglfti}'havi ’n%ﬁ(b?bﬁt‘ﬁghstgérﬁv%kgg%\%egﬁﬁmalr e
m xed togeﬁf@@rtytihqslgymgt_ry is further inproved when the conditions that y
>a+ 0 and a <"P are net. Thus the ripple in a pass band region can be
made smal | er, .anWheneFHGs. @uatei comparadtwitly FdGs s2 tieit theeomas knosmdthat émiaon
greater. FIG 22 and FIG 23 show optinmum val ues of the a and the i at y =
240 n 15 €ase wherahe slegtrodafinger ceuple havingudifferentdineckidthsandithaphayingoos,
010, 0. ,015, . 020,. 0. 030, ,where a 28 - 42 revolvi,ng.Y cut crystal
subst r 18 o 1 Srsae g A7 e, P36 FREEHRPE 1B, smitey 5o sy fhcy

center fregue . C Vi ' p . r.-ode lyst i ng
of 50 pai rg‘go&qéf%%’?%tj% ﬁlg'gﬁ l(‘:%81 %rbo orﬁgg gp“é Eel;lgfljrl@gﬂea 1?%@?&%@
different |dghen WafiteSnidd tRalRA! hid Qhe QteRdtisie qhh@§ oRSideome! sask Gamad of
el ectrode fingers of the sane line wwdth forned on the sane
region greater.
FIG. 22 and FIG. 23 show optimum values of the o and the paty =2, in
15  the examples of SAW filter for the film thickness ratios 0. 005, 0. 010, 0. 015,
0. 020, 0. 030, where a 28° - 42° revolving Y cut crystal substrate is used for the
piezoelectric substrate 141, filter tracks of center frequency 110MHz each having
input/output IDT electrodes consisting of 50 pairs of electrode finger couple
. formed of electrode fingers of different line widths and 40 pairs of electrode finger
20  couple formed of electrode fingers of the same line width formed on the same
piezoelectric substrate. It is known that when the line width ratio is greater than

1, there exists a relationship that

y>a+p and a<f.

25  Seventh Embodiment
FIG. 24 shows plan view of filter track in a seventh exemplary
embodiment. FIG. 25 is magnified view in a key portion of FIG. 24.
As shown in FIG. 24, an input IDT electrode 246 and an output IDT
electrode 247 are formed, using a material containing aluminum as the main

30 component, on a piezoelectric substrate 241 disposed in line with the direction of



pi ezoel ectric substrate. It is known that when the line wdth ratio is
greater than 1, there exists a relationship that y>a+3 and a<P. 25 Seventh
Enbodi ment FIG 24 shows plan view of filter track in a seventh exenplary
enbodinent. FIG 25 is magnified vi ewig a key portion of FIG 24. As shown
in FIG 24, an input |IDT electrode 246 ﬁd an output |IDT electrode 247 are
formed, using a material containing alumnumas the main 30 conponent, on
a piezoelectric substrate 241 disposed in line with the direction of 16

surface ac@ipideCacoBtic WaaBtakfctatd ERfAiRipheRtOTned ThRed i Baeen) MRfeveen.
The respective el ectrodes 246 and 247 conprise el ectfode finger couples

242a, 242brespediveddactr@ddb24@and | Biddcahprise ethesrodéAfinger dcbuplesd222H:£42D45b.
"Each of the electrode fin?er coupl es 242a, 242b and 243a, 243b consists of
two el ect ratk 248af 24urandieadi ¢leetredes Rdda 4h Bnd R ag|246br odinch4d thed t he

T FI G 250CEHes SRBEEoalear 20k AAARI a0 o on i By SN E narlediras r ode
246 by upi f 14 . .f,ace acoustic wave contain the el ectrode 10
finger %ouﬁf‘é%‘%é’ﬁyé&%\@?gﬂgWi%‘efi ning the line width of the finer

el ectrode finger 0 fl 2 tha t he
br oader el ect rodrgHé feﬁggdeag‘?‘iza;“a? ﬁ%fl@tﬂﬁg@fi%‘z aﬁedta ﬁapgﬁgﬁ) E%lhgall%\lgﬂei S

det er m neddirectihabptopei®l | er than 1, preferably 1. 4 - 3. 6. In the

el ectrode 246, the area A and the area B are existing alternately. Border
lines 251, 252, AS53hdwhiindICh&Satlearsspectine Bean\Aland/ Bl defingfd bly splitting an
between the finer electrode finger of electrode finger couples 242a, 242b
apd the botlgstrods 246 bzssg,umszfrigz RePf suHfags aRousticIwave coataindhe pecitode a2,

R 4RRTNG ER AE B T AT R
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respect i vefivgeay 1RE 8N, ¢he liRe width ratio (L2 / L1) is determined to be not smaller
than 1, preferably 1. 4 - 3. 6. In the electrode 246, the area A and the area B are
existing alternately. Border lines 251, 252, 253 define the areas A and B. A
15 value of distance between the finer electrode finger of electrode finger couples
242a, 242b and the border lines 251, 252 normalized with A/16 is defined as al,
a2, respectively; a value of distance between the finer electrode finger and the
broader electrode finger normalized with A/16 is defined as y1, y2, respectively; a
value of distance between the broader electrode finger and the border lines 252,
20 253 normalized with A/16 is defined as 1, P2, respectively. Furthermore, the
film thickness ratio (h/A; where, h represents film thickness of input IDT electrode
246, ) represents wavelength of surface acoustic wave) is determined to be 0. 015,
the line width ratio 2, al=p1=0, yl=4, oa2=p2=1.5, %2 =1;namely,
v1>al +f81, y2=o2+p2.
25 The electrode 247 has the same structure as the 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
track having the same structure exceptthat ol =fl=02=62=0.75, yl=%2
30 =2.5,namely y1 > al + Bl, vy2> a2 + P2 (a filter track corresponding to that in



filmthickness ratio (h/k; where, h represents filmthickness of input |IDT
el ectrode 246, k represents wavel ength of surface acoustic wave) is
determned to be 0. 015, the line width ratio 2, al = P1 =0, yl1l =4, a2 =
(32 = 1. 5, y2 = 1; nanely, yl>al+(31, 1¥23a2+(32. 25 The el ectrode 247 has
the same structure as the el ectrode 246:' El ectro-nechani cal conversion
characteristic of the above filter track is shown in FIG 26. For the sake
of conparison, the el ectro-nechanical conversion characteristic of other
filter tragkoddime Eg? in FIG. 27, which frlter track having the sane
structure except t (31 :_a2 = X32 0. 75, y1 =y2 30 = 2. 5,

nanely yl > al Aq 3bm g?.e&va& ‘enfbidifment islg 1G.t Ay kditferemepim ¢ha @ldoerd-hat
in 17 enbodi nent 5). conpared with enbodinent 5 (FIG 27), difference in
the el ect mechapidadrionakrsiomehasiaterigicabetveeni the etrbngwedrrecthmla&tpmpgﬁy

di rectional property and the weaker di rectronal propert%/m(herer nafter

referred tadadhe dwedker; rrarm@m;lrsmv yh r:@lrsaf&rrrag%f@rrpﬁr g% t'Hegtieralhand
region_in the 1_E¥r§sent enb

]iF %65)1 0. t he rratron | roup
delay i mPIPRILYdF a4 gu%léé C Padyy P2 %d?‘%‘r‘?n s IE’/‘CS“EIHe IFBB@\ can
ormed of CIGT 28} S ey iARAEIANE! oy Relal e I St B PUET QARG F

el ectrode rgpipmer sNzg{,ely,lﬁ, dlglﬁlgg emt bk 'nﬁﬁieV!rﬂﬁltbr the flatness within a pass
band region can be inproved further by nmaking the formulae yl > al + P1,
y2 :r. a2 + (32 Huisi iif isedaseAwlhevegthei input/ountput eH¥Engleetrodes brev forned afea A
and the area B alternated in_ one |DT electrode, the unjdirectional

LGP e s e
band g TR figé aridHhdbe FRLIGSRVighn acass RARd sraige ey berinipovek i e
regt on ?23%&[ AREHE ik sBERHETE PRGBS 2500002 ﬁ%@gﬁﬁdl DT el ect 232% th
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one IDT electrode, the unidirectional property of surface acoustic wave can be
controlled well by disposing the regions alternately. This contributes to suppress
15  the ripples in a pass band region due to an insufficient directional property or an
excessive directional property provided thereto. Thus the flatness in a pass band
region is further improved.
Furthermore, by providing an IDT electrode with the area A and the area
. B for approximately the same numbers, the unidirectional property of the surface
20  acoustic wave may be controlled well, and the ripples due to an insufficient
directional property or an excessive directional property in a pass band region may
be suppressed, and the flatness in a pass band region is further improved.
The electrodes 246 and 247 have been structured the same in the present
embodiment, so the same line width ratio is shared. In a case where the
25 electrode 246 and the 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 ripples due to an insufficient directional
property or an excessive directional property in a pass band region may be
suppressed, and the flatness in a pass band region can be further improved. In

30 any case, the line width ratio of the electrodes 246, 247 should be not less than 1,



20 acoustic wave. may be controlled well, and the ripples due to an

I nsufficient directional property or an excessive directional property in a
pass band region may be suppressed, and the flatness in a pass band region
is further inproved. The el ectrodes 2461§nd 247 have been structured the
sanme in the present enbodinent, so the'Sanme line width ratio is shared. In
a case where the 25 electrode 246 and the el ectrode 247 are structured
different, the unidirectional property of the surface acoustic wave may be

controlle r\éFér!iblgyl qpt 8, ZbPeedy ﬁ1 ﬂl%%ﬂ%fxbﬂ%és' ne width ratio. Thus the

ripples due to a |nsu fi’clent ectlona property or an excessive
directional property in a pass band region may be suppressed, and the
flatness in a pass band regi on can be further inproved. In 30 any case, the
| i ne wi dt h EightloEotbodimaert ect r odes 246, 247 shoul d be not less than 1, 18
preferably 1. 4 - 3. 6, for reduging the rtion | oss. Eighth Enbodlnent
FIG 28 shows pl BIG 2% shews planwiew [afed SAn ﬁh@rr ihAeeordance Hrthopmeighths

exenplary e iment, A first filt trac a se track
265 b 8 setaand fropdiiiter Ay e BaicE7 pB0 3, SepRa s wackedny 48 s
- 42 i &

f| rst fil térgvﬁe\gcla%féél@;gn {fé é@%eﬁi@.ﬂ}ﬂsﬁlﬁ% %gf]{‘fﬁja%\{gfé g%t r%% @@ﬁggd an
out put IDTYedu@eiys@ﬂesuB&5ateLa§<mVﬁeln FIG. sec"pnei filrétl filedr &m%?ﬁ%arbslded
provi ded with ar input | DT el ectrode 286 and an out put | DT el ectrode
287. The ewithtancinpuPHAT@ledtrodet284 andan oogmit I]Zﬂ?ellestrodmaﬂﬁi edlikewisey thel el
with the electrode 286 of second filter track 283, and the el ectrode 285
Obf irst fsecond filtleadrack 283 isprewvisledcvish anrinpuy HIT electrade 28fcard anoutpiy 287

second {;ﬁ, % tra 283 Operation of the above-configured SAWfilter is
descri¥ed § ctri)ge 29A shows anplitude characteristic curve 291 of

BRIk ikt weiyrntith et R
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in the pha2&2 adommeotedlin paralk with tlEl’elédftﬁIde 287 of second filter track 283.
Operation of the above-configured SAW filter is described below.
15 FIG. 29A shows amplitude characteristic curve 291 of the first filter track
282 and amplitude characteristic curve 292 of the second filter track 282 of FIG. 1.
FIG. 29B shows phase characteristic curve 293 of the first filter track 282 and
phase characteristic curve 294 of the second filter track 283 of FIG. 28.
. As seen in FIG. 29B, difference in the phase between the first filter track
20 282 and the second filter track 283 is approximately 0°, or substantially same-
phased, in a pass band region. Substantially same-phased means that the phase
difference is within a range -50° - +50°, preferably -20° - +20°,
Outside the pass band region, the difference in phase is approximately
180° between the first filter track 282 and the second filter track 283, or it is
25  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 curve 291 of first
filter track 282 has a broad pass band, although there are much attenuation

quantity. On the other hand, the amplitude characteristic curve 292 of second

30 filter track 283 has a narrow pass band, although there are small attenuation



20 282 and the second filter track 283 is approximately 0, or substantially
sane- phased, in a pass band region. Substantially sane-phased neans t hat
the phase difference is within a range -50* - +50*, preferably -20" -

+20*. Qutside the pass band region, the gifference i n phase. is
approximately 180" between the first fiPter track 282 and the second
filter track 283, or it is 25 substantially inverse-phased. Substantially
i nver se- phased neans that the phase difference is within a range 130* -

230", pr efcﬁ{aﬁ'ﬁ't)y 1%e2'5'ir§g?flilljcrb‘slra%ﬁlo‘@82i Anf! the QS%éon{i]hﬁlt@frpﬂrﬁéWdZ% are

characteristic Curve Irst filter track 282 has a broad pass band,

al t hough tdubkRnéiaRy Fdele-plidsedliat 4 %@ss guadtregion; €0, ehetriddligr chanrdting the
anplitude characteristic curve 292 of second 30 filter track 283 has a

nar r ow pasfiltératnatksan parailgh resudts én arfiatsmd|broad passuandoegion.0 quantity. The

first filter track 282 and the secgond filter track 283 are ,substantiflly
same- phased in avplisisspesidtor g ymplitile ehasaeteristig 291 fnHed filte waek 282 ter
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i denti cal Since t first filter track 282 and the second filter

track 283 firse filtdrstrack 282! ynd nhersseong Hitrdirack @88hamwt hwbstantiadlydimvierse- pass
band region, the spurious of first filter track 10 282 and that of second

f &er t r aphased o enels other ousside tha pass. bandursgiong thespuriguseolfirst ilteg teaaki t y
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region, agitpesiopdh ant iattehiation quattitphanside ahit pase buheé rpgion ivdnplementod.
by bringing relative relationship in the phase between first filter track 282 and
15  second filter track 283 having respective amplitude characteristics 291 and 292 as
shown in FIG. 29A into substantially the same phase within a pass band region,
and substantially inverse-phased outside the pass band region.
Also in the present embodiment, the electrode structures as described in
. embodiments 2 through 7 may be used for the electrodes 284, 285, 286, 287 for
20 the same effects. The first filter track 282 needs to have an amplitude
characteristic that the attenuation quantity is great, but the pass band is broad;
while the second filter track 283 needs to have an amplitude characteristic that the
attenuation quantity 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
25  pass band region.
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
region and superior in the attenuation quantity outside the pass band,
interrelationship in the amplitude characteristic between the first and the second

30 filter tracks should preferably assume a shape as shown in FIG. 2A ,or FIG. 29A.




Also in the present enbodinent, the el ectrode structures as described in
enbodi nents 2 through 7 may be used for the el ectrodes 284, 285, 286, 287
for 20 the sane effects. The first filter track 282 needs to have an
anplitude characteristic that the attenygtion quantity is great, but the
pass band is broad; while the second filter track 283 needs to have an
anpl i tude characterlstlc that the attenuation quantity is snmall, but the
pass band is narrow. Furthernore, the first and the second filter tracks

282, 283 need toohave Tl'l@tfn%haﬁl@@rt &tk afd Whé hidtohbefiltép @ms nkgddid i on.
Now in the follow ng, points of the present invention wl]l sunmari zed.

(1) In ordarbstantiaflyenvers&phased teeatihathehds afxﬁqﬁen@nﬁbgbom@dxp&smdapm
regi on and asrlrjtge“ or in the attenuation quantity outside the pass band,

i nterrel atbakwihgrg thet h@exarqﬁlolnt dma@hmtm:werecgmed bdioweven e af frequenoyd t he

second 30 filter tr c houl d fer bly assune a,shape as, shown in FIG
2A or FI G T8N awgy( pass an i i estre%tclkecsﬁ%ﬁrtlwerw;éd@n'ae ARYerss. fack
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required. (‘,’t@ﬁstlé Bf ﬁr{)raﬁﬂlé@&%yd ﬁ[t%gggéksaway fromthe pass band, it does

not necessar]l need I nverse sufficient attenuation

characteristic r@) be Déighnefd e dipat/obfpit ADT hde@rdddst idehe pRAEACISHWSt i C
of first and second filter tracks. (3) Length of the input/output |IDT

el ect r odesfilterst ise shortercns @tpared| toetmtiin somventionab fdterpased tsigrifiaant n
conventional filters, so a_significant downsi zi n‘g Is_possible with SAW
filters. THQWRNGNE i qrossible tWéhpSéQ%nfﬂtqll:') i nVRtSDW filtersarE the spigsenti cant
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sound absorbing material or other staff is employed by some needs.
%) Although balanced type input/output terminals have been used in
15 the present embodiment, use of the imbalance type terminals as shown in FIG. 10,
or mixed use of the balanced type and the imbalance type as shown in FIG. 11
does not affect the performance.
In a case where unidirectional electrodes, such as input/output IDT
electrodes 104, 105, 106, 107 shown in FIG. 10, and input/output IDT electrodes
. 20 114, 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,
minimizing the loss and obtaining the high attenuation.
25 (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
122 direct with the input IDT electrode 126 of second filter track 123, and the

30 output IDT electrode 125 of first filter track 122 direct with the output IDT



or m xed use of the bal anced type and the inbal ance type as shown in FIG
11 does not affect the perfornmance. In a case where unidirectional

el ectrodes, such as input/output IDT electrodes 104, 105, 106, 107 shown
in FIG 10, and input/output |1DT electreags 20 114, 115, 116, 117 shown in
FIG 11, or input/output IDT el ectrodes ighted by thinning are used, it
is preferred to ground a termnal in the electrode finger side at which a
reflector electrode or a dumry el ectrode for acoustic velocity control is
provi ded. dlatode 1DP6aYsM filtbetredld €23 nftRé pidroRlRESE Sebdtiite b Pat ithe
capacitance, mnimzing the |oss and obtalnlng t he high attenuation.

(6) I n eackbafe-ddseribbd \oonfigaratidngdergthoidi thentizectidre o\fldr@isﬁﬁ% Iwidth camrdle 12
and the second filter track 13 have been connected in paral usi ng | ead
el ect rodesf€d8§e<%l‘f@1i\/na ifurthe down-sigieg cof, at SAWaﬁtéteeffédsm ﬁleoﬂmm dudl ® by

connecti ng, sho FIG ,12, he | DT el ectrode 124 of first
filter tra@r? o\gqeqég@leg\ﬁrege F?’Rz CeHL{)T qudﬁiﬁfll% lggs. second filter
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| ength in the direction Crossing can be

down- si zi nghickness SAY\Hd hlteﬁﬂhza‘tldipratibl’iﬂtd eciisideratibe, whﬁﬁissﬁr@fé@féd% a'@d
el ectrode can be reduced to a smaller insertion |oss. When crystal is

used for t#% mvehongéi:cmu (trysbabsubsaltaee t Fherf rthqpeaic;emplsmﬁtrelcanbthtdett@d by
a curve of the sefond or, ki ng the practical film thickness and the
n&al | i zat FEtandR I3 coing fwﬁ&h eantemof opraating t?mew@ﬁur@dan@ the frgquency
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t he frequency 10 drift wthin the operating tenperature can be made
smal | er. 1 NDUSTRI AL APPLI CABI LI TY The present invention offers a SAWfilter

that has a broad and flat pgpRDUBSTRIATCAPPTIEABHYTY i or in the attenuation
gquantity available at the vicinity of the 15 pass band. Despite the
i nproved per f or nfiihe présent irfventiont dfferSANSAW tfélter that has a broad and flat pass
band region and superior in the attenuation quantity available at the vicinity of the
15 pass band. Despite the improved performance it offers, the SAW filter is
implemented in smaller dimensions as compared with conventional filters. Thus
the SAW filters of the present invention are suitable for use as filters in small-size

telecommunication equipment.




i npl enented in smaller dinensions as conpared with conventional filters.
Thus the SAWTfilters of the present invention are suitable for use as
filters in small-size telecomunication equipnent. 22 CLAIMS 1. A surface
acoustic wave filter conprising at |least,two filter tracks each having an
inter digital transducer (1DT) electrode&®for input and an IDT electrode 5
for output, wherein input IDT electrodes of said at |east two filter tracks
are connected in parallel, output IDT electrodes of said at |east two
filter tracks are connected in paral g, AjifPssaid at least two filter
tracks are substantially same-phased within a pass band region, while they
are substantially inverse-phased outside the pass band region, and
frequency values of said at least two filter tracks substantially coincide
at a poi ntl.] ofvesurface3a@®ustisnvane fterkcamprisings at; teast twp flunr;ttra@igs epgh2.

The surface acoustic wave filter of claiml1, rein at |ea i { her one
anong sai chaViRpgn iper igital ransdyeer @@ﬁ Jﬁ?tﬁifi@‘lg‘l_f)ﬁ“&%% @B(seﬁ:?ﬁ eletirod?

uni di rﬁcti nal Pdlr?( ﬁhe.surface acoustic wave filter of claim2, wherein

sai d ufli di'CEOPHIVACISYL o ectrode contains a portion where the direction of

propagation is Cigaﬁmﬁcmwo&% of RGid ﬁﬂeasﬂfcwEg@téM{agﬁi@ 26 WahéQedane

filter of claim rern met Ization ratio sal DT electrode falls

within a ranggel). 45 - 0. 65. 25 where; the netallization ratio is defined

as, "total sumof electrode finger wdths within a half wavelength / half

wavel engt h of prappatiDTeeleavidessof Taid atuedstcivanfidies ttrackeeare donheeted df

claim?2, wherein at |east one anong said input IDT electrode and said

o“put | Dipasaldels r ode
10

said at least two filter tracks are substantially same-phased within a pass
band region, while they are substantially inverse-phased outside the pass band
region, and

frequency values of said at least two filter tracks substantially coincide at

a point lower by 3dB from the peak value of transfer function.

15
2. The surface acoustic wave filter of claim 1, wherein at least either one
among said input IDT electrode and said output IDT electrode is unidirectional.
. 3. The surface acoustic wave filter of claim 2, wherein said unidirectional

20 electrode contains a portion where the direction of propagation is contradictory to

the rest.

4, The surface acoustic wave filter of claim 2, wherein metallization ratio of
said IDT electrode falls within a range 0. 45 - 0. 65.
25 where; the metallization ratio is defined as, "total sum of electrode finger

widths within a half wavelength / half wavelength of propagating SAW".

5. The surface acoustic wave filter of claim 2, wherein
at least one among said input IDT electrode and said output IDT electrode

30 is provided with four electrode fingers within a wavelength,



30 is provided with four electrode fingers within a wavel ength, 23 at |east
sone of said electrode fingers are formng an el ectrode finger couple
consisting of electrode fingers of different line width, and ratio in the
wi dth of finer electrode finger versus Q oader el ectrode finger of said

el ectrode finger couple (line width rati is not smaller than 1. 5 6. The
surface acoustic wave filter of claim5, mherein said line wdth ratio is
di fferent between said input IDT electrode and said output |DT el ectrode.

7. The surface agopati GoM@Ver Eélhtﬁéct?(‘;dé'f §€}§ar#@@ﬁﬁgglﬂl%§mebﬁﬁg\ﬁe”

the 10 electrode fingers of said electrode finger co e satisfies

foll owi ng teuptelcansistimpof Slevtrede fingets: ofctiffepomt dinkavidelgandi ner el ectrode
finger and broader electrode finger of electrode flnger coupl e, normalized

with k/ 16 15 a: ratiosinathe evidth wé fimeorlectnode dingen varsua bobadddeledteader fingeras
divided by a unit of k/2 and finer electrode finger of electrode finger
coupl e, no@f‘rﬁﬂlﬂflﬁﬁﬂﬂdﬁlﬁﬂgﬂ couple (Hine idteration weept snaletther lend of an area
of 1DT fl ectrode as divided by a unit of %2 and broader el ectrode finger
of electrode finger 20 couple, normalized with X/16 8. The surface

acoustic wavg iyl @ﬁrtﬁée LR sfic v ReH] tgle?fewta cfatv‘(ﬁe‘?@ﬁxtsatl%‘ﬁing%#utdﬁl rt

el ectrode finger couplé consisting I ngers eren[ |ne

wi dt h, Vm@ffﬁér@ntﬂﬁ:t@%eﬁ gﬁﬂtlnﬁﬁ'ﬁlWEbIecﬁBdé ahd sﬁide@ﬁtbﬁﬂﬂ)’l‘le!l‘&@fodéoum e
satisfies formila (1), whi ot her el ectrode finger couple satisfies

formula (2) bel ow y>a+l (1) ysa+ (2) where;
7. The surface acoustic wave filter of claim 5, wherein distance between the
. 10 electrode fingers of said electrode finger couple satisfies following formula:
y>oa+f
where;
y: distance between finer electrode finger and broader electrode
finger of electrode finger couple, normalized with A/ 16
15 o: distance between one end of an area of IDT electrode as
divided by a unit of A/2 and finer electrode finger of electrode finger
couple, normalized with A/16
B: distance between the other end of an area of IDT electrode as

. divided by a unit of A/2 and broader electrode finger of electrode finger
20 couple, normalized with A/16

8. The surface acoustic wave filter of claim 5 provided with at least two pairs
of electrode finger couple consisting of electrode fingers of different line width,
wherein

25 at least one pair of said electrode finger couple satisfies formula (1), while
other electrode finger couple satisfies formula (2) below:
y>o+p (L
ysa+p )
where;

30 y: distance between finer electrode finger and broader electrode



30 y: distance between finer electrode finger and broader electrode 24 5
finger of electrode finger couple, nornmalized wwth X/ 16 a: distance

bet ween one end of an area of IDT electrode as divided by a unit of X/ 2
and finer electrode finger of electrodegfinger couple, normalized with
X/'16 (3: distance between the other end of an area of |IDT el ectrode as
divided by a unit of X/ 2 and broader electrode finger of electrode finger
couple, normalized with X/ 16 9. The surface acoustic wave filter of claim
8, wherei n nunbdinget of kkectrotle feiger couple, iomyaizedoujghed 16at i sfyi ng sai d
formulae (1) and (2) is the sane. 0 10. The surface acousi il ter of
claim8, wherein one O séﬁséﬁl@pe}&tW@G@: ong gaerofc anmrea it ]Qi" ga Qas

Satisiies baid FOPIERAY 3 uni1ot 42 450, okl RebRAF tlkhe, & Bleclpt dingsr o

2, wherein said r | formed of a netal containing alum num
as the main corrp(;%ﬁfgﬁ “8g‘%8 %th $/1P| | m thickness of the el ectrode finger

versus gwavel ength X of Suﬂls%%e%ﬁk'ééd ﬂlthﬂH@r erd®bf &n W bMIBT efR4®de-as005 -
0. 035. 12. The surface acoustic wave filter of claim2, wherein a 28 - 42
revol ving Y cutdioidedtisy asutisbf a2 and hisederf electsode fmgezoélemntnude finger
substrate. 13. A surface acoustic wave filter conprising 25 two filter
tracks each havicoypis nommehized gtithed/16r ansducer (1 DT) el ectrode for i nput
and an IDT el ectrode for output, wherein input |IDT el ectrodes of said two

filter tracks are connected in parallel, output IDT electrodes of said two
filter trac a con ect I f
S [ k@ s %cgd%§?¢#1cﬁ%%16a§stef)and %ﬁl\rMeBg %’h&eeli lflﬂﬁi?% %Ffethe

&t antiall?y
SISt afy | aljb¥rddy ﬁﬁé@r Ruptessatistyihg Raidormake 233Hd(2Pisihe sdme.

10. The surface acoustic wave filter of claim 8, wherein one of said electrode
finger couple satisfies said formula (1), while an electrode finger couple locating
next to it satisfies said formula (2).
15
11. The surface acoustic wave filter of claim 2, wherein said electrode finger is
formed of a metal containing aluminum as the main component, and ratio of film
thickness of the electrode finger versus wavelength A of surface acoustic wave
falls within a range 0. 005 - 0. 035.
20
12. The surface acoustic wave filter of claim 2, wherein a 28° - 42° revolving

Y cut crystal substrate is used for said piezoelectric substrate.

13. A surface acoustic wave filter comprising _
25 two filter tracks each having an inter digital transducer (IDT) electrode for
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

30  region, while they are substantially inverse-phased outside the pass band region,



20 25 said two filter tracks substantially coincide in the center
frequency, and pass band width of one filter track is greater than that of
the other filter track. 5 14. The surface acoustic wave filter of claim13,
wherein at | east either one anong said2snput | DT el ectrode and said out put
| DT electrode is unidirectional. 15. The surface acoustic wave filter of
claim 14, wherein sai d unidirectional electrode contains a portion where
the direction of opagation is contradictory to 10 the rest. 16. The
surface acoustlcsauh ?liltlet tracks suhistantiaily, comeide im theceenter frequessysand o of

saldIDTeIectrodefaIIs thin a 45 - 0. 65.

metal | i zation r d4t@s% baad d\é‘mm&é 048 frﬂa?roir&& éﬁj%e@Fere‘ihéBtthﬁtd@{; ﬁ}ena&er filtpr

Wi dt hs wit hl‘g(ca hal f wavel ength / half wavel ength of propagating SAW. 0 20
17. The suf e acoustic wave filter of claim 14, wherein at |east one

anong said input IDT electrode and said output |IDT electrode is provided
with four electrode fingers within a wavel ength, at |east sone of said

el ectrgde fiMgeTie siffaéOhbbuldicawadt dilterastectaiiIEs, whets at deasiesithen@nef
el ectrode fingers of different line width, and ratioin the width of finer

el ectrode drmoggsaidénputsIDSF ehxdtmde land saiddmtpunHT elaftrosteiis ueldirectiodal. f i nger
couple (line wwdth ratio) is not smaller than 1. 25 18. The surface
acoustic wave filter of claim 17, wherein said line width ratio

di ff b d I d I d
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10  the rest.

16. The surface acoustic wave filter of claim 14, wherein 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

15  widths within a half wavelength / half wavelength of propagating SAW".

17. The surface acoustic wave filter of claim 14, wherein
at least one among said input IDT electrode and said output IDT electrode
is provided with four electrode fingers within a wavelength,
20 at least some of said electrode fingers are forming an electrode finger
couple consisting of electrode fingers of different line width, and
ratio in the width of finer electrode finger versus broader electrode finger

of said electrode finger couple (line width ratio) is not smaller than 1.

25 18. The surface acoustic wave filter of claim 17, wherein said line width ratio

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

19. The surface acoustic wave filter of claim 17, wherein distance between the
electrode fingers of said electrode finger couple satisfies following formula:

30 Yy>a+p



y: di stance between finer electrode finger and broader el ectrode finger of
el ectrode finger couple, normalized with k/ 16 a: distance between one end
of an area of IDT electrode as 5 divided by a unit of k/2 and finer

el ectrode finger of electrode finger coggle, normalized with X/ 16 13:

di stance between the other end of an area of IDT electrode as divided by a
unit of X/ 2 and broader el ectrode finger of electrode finger couple,
normalized with X/16 10 20. The surface acoustic wave filter of claim 17
provi ded with atwherast two pairs of electrode finger couple consisting of
el ectrode fingers of different line wdth, wherein at | east one pair of
sai d el ectrode finger YestUi¥race hetvssenciinen elegtrade fjngaprandebropgen elgstrode

el ectrode finger. coupl.e satisfies fornula (2),.belo Y>a3+(3 (1) y sa+P (2)
where; S y: di sttHiEeE Of&lagtrodedingsr CBP&t PB&T@glf%eﬁg%wh%&%br oader el ectrode
20 finger of electrode,.fi V4 ' 1 e[

bet ween one end of an%csir egggncﬁ%ag@g%?ﬁ)%ghgs@paﬁﬁrg%g{fb@g %@1#?6%"%%./ 2
and finger electr [ r raaderfifé ' s Wl N
X716 0 di stanca betoan uflt 6 RE ARACHALNGRCuod0 Bfr PEbACTINE"
di vided by a unidoupfe, SoZmalidedwwithdernoel ectrode finger of el ectrode finger
couple, normalized with X/16 21. The surface acoustic wave filter of claim
20, wherein nunber of fi:hedistanee betwiecrf theggherendhofan arat ofPE zlagtiode mal ae

(1) and (2) 1s tJl%d%ﬁ’?y' a3u0nit2 (7)f A2 and broader electrode finger of electrode finger
couple, normalized with A/16
. 10
20. The surface acoustic wave filter of claim 17 provided with at least two
pairs of electrode finger couple consisting of electrode fingers of different line
width, wherein

at least one pair of said electrode finger couple satisfies formula (1), while

15  other electrode finger couple satisfies formula (2) below:

y>a+p (1)

ysa+f (2)
where;
y: distance between finer electrode finger and broader electrode
. 20 finger of electrode finger couple, normalized with A/16

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

couple, normalized with /16

21. The surface acoustic wave filter of claim 20, wherein number of the
electrode finger couples meeting said formulae (1) and (2) is the same.

30




22. The surface acoustic wave filter of claim 20, wherein one of said

el ectrode finger couple satisfies said fornula (1), while an el ectrode
finger couple locating next to it satisfies said formula (2). 9 5 23. The
surface acoustic wave filter of claim 14y wherein said electrode finger is
forned of a netal containing alum numas the nmain conponent, and ratio of
filmthickness of the el ectrode finger versus wavel ength X of surface
acoustic wave falls within a range 0. 005 - 0. 035. 10 24. The surface

acoustic ware fTHd QirfRle adoabtit WhveHleraificlain? 80; wheérdift\oreVdingid ¥lectrode
crystal substrate is used for said piezoelectric substrate. 0
finger couple satisfies said formula (1), while an electrode finger couple locating

next to it satisfies said formula (2).

5 23. The surface acoustic wave filter of claim 14, wherein said electrode finger
is formed of a metal containing aluminum as the main component, and ratio of
film thickness of the electrode finger versus wavelength A of surface acoustic

wave falls within a range 0. 005 - 0. 035.

10 24. The surface acoustic wave filter of claim 14, wherein a 28° - 42° revolving

Y cut crystal substrate is used for said piezoelectric substrate.



