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"Field of the Invention The present invefti ol ' rf

acoustic wave device containing a quartz subsgrat EW%@r%ﬂEﬁ@ 86 ~

particularly, to a surface acoustic wave devi 1o

stabl e resonant characteristics achieved by a
the quartz substrate and el ectrodes. 2. Des
A surface acoustic wave devi ce containing a quar
a piezoelectric substrate is disclosed in Jap
Publ i cati on No. 61-45892. In the above-

acoustic wave devi ce, SfRPAVEKbdlid®iC tw?@q;mcg‘ or transm ssion and
reception of signals includes go el ectrodes I ch are di sposed on a
gquartz substrate. The quartz substrate is a gquartz rotation Y plate. It

I s descli e e - tenperature characteristics of the :
devi ce éhgﬁgﬁbpgéeépbygﬁ 9H§gﬁ¥Fﬂﬂ X defined by the formula: X = {a /(a +
b)}(h[enr]/FeelB) of theheheehtebh] iSs the electrode filmthickness of the

i nterdigital transducer éhereinaftir referred tg as Itﬂzs a_is the

el ectrode fingBP RFEFRNTHINYCRRLOR| ER{REGE FPnBeFUEipCeaRQOUSEEE FRVES the

vavel engelriek aoavhfintfgaaoyahrezeuBsteake andi,tfére partidudaely, to

di rection Eerr%, so as to satisfy the formula: [errL = (-18707.5
X[err] # S§riagg aceystas wave devigg,whirh nas; RECEHIGBLdcSERPBE] surface

acousti ge¥orant @R¥rE6teflisticHSg8EhdsvadByehi ahife EemBinatebacbEodes
whi ch defines the transducer I DT. This causes the cost of the device
the quartz substrate and electrodes.
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2. Description of the Related Art

A surface acoustic wave device containing a quartz
substrate serving as a piezoelectric substrate is disclosed in
Japanese Examined Patent Publication No. 61-45892.

In the above-mentioned prior art surface acoustic wave
device, an interdigital transducer for transmission and
reception of signals includes gold electrodes which are
disposed on a quartz substrate. The quartz substrate is a
quartz rotation Y plate. It is described that the frequency-
temperature characteristics of the device are improved by

setting X defined by the formula: X = {a /(a + b)}(h,/A),
where h, is the electrode film thickness of the interdigital
transducer (hereinafter, referred to as IDT), a is the
electrode finger width, b is the electrode finger gap, and

A is the wavelength of a surface acoustic wave to be excited,

and a cut direction 6, so as to satisfy the formula:

8 = (~-18707.5 X* + 21.429X + 129.5).
However, in the above-described surface acoustic wave
device, Au is used as a material for forming electrodes which

defines the transducer IDT. Th;s causes the cost of the device
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2 to significantly increase and al so makes the process-of forming the
~device extrenely difficult. SUMWARY OF THE | NVENTI ON To overcone
t he probl ens descri bed above, preferred enbodi ments of the present

i nvention provide a surface acoustic wave device which is inexpensive, has
an electrode structure that is easily fornmed, and has excellent, stable
resonant characteristics. According to one preferred enbodi nent of
the presenbibn&eabbﬁnlyalﬁuréaee aﬁauslé@ MEXEs delvé Cerodies $I08E Lo rimibn
substratg gV|n an an #err uler angles (0, [err], 90[err]) |ch
sati sfi &8@198VaFF ]eXtr?@F} PEP and an interdigital transducer made
of an el ectrode material containing one of Ta and Wand di sposed on the
gquartz substrate Accordlng to this unique structure, the surface
acoust | SUMMABYQF; THE INVENZIONxcel | ent frequency t enperature
characteristigg aoeresﬁeneﬂé §Paﬁf&h§raé§éffbea Tl i prerdirnd Ware

| nexpensi ve, as conpared ectrodes he cost of the
sur f acecmbodimERLE0E abeu péesgngu gnventa@nl 9r¢‘em|%e@i swhHE @R cacowstic
conpar eg,¥et BepiceCihiEh Ig FRLMLhS p%gcfgf od&Ust &é‘@u?é"face
acoustic wave device according to pre efre NBrt S of  {he present

i nvent i thakaésersslilynfornednaandchasaexeellients shable resenaneted so as
to be f ' stability and with high precision. The angl e
[err] o?hgﬁgcgb%gfggggles (0, [err], 90[err]) is preferably between about
125[err] and Angrdiae[écr¢neoprﬁﬁerraé emb¢dmm£nmxm®ttmeVEWQSQEW|ce has

even ”Diﬁvgﬁ%%hgma Eﬁ???é@t a8§§£§‘i&e€:5§é'8évme %jz[x%l &e.i:” eiﬁéi'égl:% up to

t ransducer ectr I nger Cross W aper

about 4eubetﬁ:ht%ﬁaelbgr &h &R§LESENéS mhpeﬂ\emypéwtmpfe,a SO f ageidicoust i c
wave to be excited. In this case, an unnecessary spurious response caused
in the satisfies 122° < 0 = 131°, and an interdigital transducer made

of an electrode material containing one of Ta and W and
disposed on the quartz substrate.

According to this unique structure, the surface acoustic
wave device achieves excellent frequency temperature
characteristics and resonant characteristics. 1In addition, Ta
and W are inexpensive, as compared with gold electrodes, so
that the cost of the surface acoustic wave device is
significantly reduced. Moreover, as compared with Au, either
Ta and W is easily processed. Thus, the surface acoustic wave
device according to preferred embodiments of the present
invention has excellent resonant characteristics and is
constructed so as to be formed with high stability and with
high precision. | '

The angle 8§ of the Euler angles (0, 8, 90°) is preferably
between about 125° and about 128° so that the surface acoustic
wave device has even more excellent resonant characteristics.

The interdigital transducer may have an electrode finger
cross width (aperture) of up to about 40 A where A represents

the wavelength of a surface acoustic wave to be excited. 1In

this case, an unnecessary spurious response caused in the
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3 lateral node in the band is effectively inhibited, thereby obtaining

- excell ent resonant characteristics. The angle [err] of the Euler
angl es preferably satisfies the following fornula (1) in the case where the
IDT is made of Ta, and the fornmula (2) in the case where the IDT is made of
W respectively: [err] = 125.44 + 108.27 x d x h/[err] 1.2

formula (1) [err] = 125.70 + 49.87 x d x h/[err] 1.2 C

fornul alg2gral modenihhthecbaad tLbeeffeatdnelyvaniibdted!,i eheaabhave a

val ue of .t 0 about 0 min a tenperature range fromabout -20[err]C
to abou?bggPBFFFC?xcezgen$E§e§8PP&Eec @66§FFElﬁ§&gsresonator may inEIudL

reflectors arfuﬁagsﬂgsza éthOE{?QSﬁﬁgefiQﬁﬁl@ é@ég%féﬂf “QSEiﬁgIe'é“TﬁQe
surface acoustic wave propagation directron. Further, the nunber N err] of
t he el efolbdwihgndermpdar $19f inhéhentasei yhexle thendodcds madet bé Wapber

N err] of ;electrode tingers.of the reflector adjusted as desired.
The sur$88e£§§oESFP8&aagg)réEOEQF0F338c8ﬁ5Fﬁg%$§ Sﬁgfé r 8%8n8§d frent s of
t he pregespecniesllyon can be successfully and easily incorporated in a
surface acoustic wave filter or a Iongitudinalli coupl ed devi ce. For

the purpose of T1128t44t1ny08me7ixv@ntiBM ¥hkré is shovwkeFmatade(Hr awi ngs

several fornms,whi reseptly preferred, it being ungderstood, B however,
that the inveﬁtToﬁE?g5§dF f?ngﬁe% &oxt%éidgékT e arrangéﬂ%ﬂ?%fﬁnﬁz)

i nstrunental i thegshsBovase, tBBl EFeRESABYPThOYinG FHEiDRAWANGSve a FIG 1

I's an explanatory plan view of a surface acoustic wave device according to
a prefeygéﬁeeﬂﬁo PnﬁﬂtaBPthgOBrBE@nﬂn a temperature range from about

-20°C to about 80°C.

The surface acoustic wave resonator may include
reflectors arranged on the opposite sides of the transducer IDT
in the surface acoustic wave propagation direction. Further,
the number N;,, of the electrode finger pairs of the
interdigital transducer and the number N, of electrode fingers
of the reflector may be adjusted as desired.

- The surface acoustic wave resonator according to
preferred embodiments of the present invention can be
successfully and easily incorporated in a surface acoustic wave
filter or a longitudinally coupled device.

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

shown.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory plan view of a surface acoustic
wave device according to a preferred embodiment of the present
invention. '

FIG. 2 is a graph illustrating a relationship between the
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| . = JURATA MFG L
19R%0IATLIRIA) 13:07 R % PREY NAPIER (5G) graph ill ust rﬁa“tliv]nRg a rel ationship bet®en the
4 change of the angle [err] of Euler angles (0, [err], 90[err]) ani\the
frequency tenperature coefficient TCF when the angle [err] is in the range

of about 125[err] to about 128[err]. FIG 3 is a graph show ng the
resonant characteristics of the surface acoustic wave device of the
preferred enbodi nent of the present invention shown in FIG 1. FIG 4

Frc 9 | Changeaph WA S Roof BALBRcMTLRerbr die Shal 2OEREFR | Co of the
vent | oht aparnSy ‘(Hifpacakie SpedriLigal FOF ufidy SHRE GdBIE & 5y L 7"

graph shohengahdge ¢flaticumnglRisy ket apont @§28°(h/[err]) and [err] of the

surface acoust] ve resonator of a preferred enmbodinent of .th resent

i nventi on havi*é?ti <ﬂse@t56888nﬁBBVFBB gﬁ?cﬁe?%nﬂﬂﬁ Characﬁﬁ§§S€;cgs° gr aph

showi ng the serficeornndmistienwdve Gevieer bf thadpreféired dntdlmenrcar '

acoustic ve_resonat or qQf. a preferred odirment of the present invention
i!‘\% i \%ﬁ ﬁ\i@? 7

havi ng ahP8| REFF 8k *Rﬁ%ﬁﬁﬁf PR A2 FIG 8 is a graph show ng

the rel ati onshipebet vieea igraphr efiowiing ohanges zin hypedance ratio when
the resonant frequency and the inpedance of the surface acoustic wave
resonat of % !ﬁ{#%ﬁfwred_e &ident of the present invention having an

electrode fingpfecrossy W/ Griph BRbURG) tRE EPEqhelcy  tedibitbrit [orr].

characteristics/of the surface acoustic wave resonator of the

preferred embgdiment of the present invention when

V d x n/a = 08 and 8 = 127°.

FIG. 6 is a graph showing the relationship between

d x (h/A) and ® of the surface acoustic wave resonator of a
preferred embodiment of the present invention having an
electrode material which is Ta.

FI1G. 7 is a graph showing the relation between d x (h/A)

and 8 of the surface acoustic wave resonator of a preferred
embodiment of the present invention having an electrode
material which is W.

FIG. 8 is _avgra h showing the relationship between the
nurn_\a.hl b‘yp )
frequency/ i

#reguencies and resonant frequencies-te the resonant

frequencé;p and the impedance of the surface acoustic wave
resonator of a preferred embodiment of the present invention
having an electrode finger cross width (aperture) of the IDT of

about 25 A.

FIG. 9 is a.fragh showing the relationship between the
rnorwalided by
frequency“ratres-oi-theo-differences—between—anti-rasonan®

frequenTiesTand-resonant—frequendies—$0 the resonant

frequencies and the impedance of the surface acoustic wave
resonatorrsf a preferred embodiment of the present invention
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'9GE(2£128 (8) 13:08 7% DREW NAPIER (SG) % MURATA MrG £uo
FIG 9 is a graph showing the relationship between the frequency nornalized

by , the resonant frequency and
the inpedance of the surface acoustic wave resonator of a preferred
enbodi mrent of the present invention havi ng an el ectrode fi nger
cross width of the I DT of about 40k. FIG 10 is a graph show ng the

rel ationship between the frequency normalized by

t he resgnant frequ .the i edan surface acousti c wave
Fosonat BAYINT A0 SLBEF EHIBNDIRBRERTEORS HLIh Soie RO ABRRY ng. an

el ectrog#,finger cross width of the IDT of about 100[err] FIG 11
Is a gr p% showi ng the rel ationship between the. nunber N err] of el ectrode

pair | DT &XG.-t R . rg-eo;naphrahkunq th&aEﬁhﬂtmnﬂsaa@ubetwenavéheesonator
of a ;? %Fe ' T 4 o] FlG 12 is a
graph s % el ectrode pairs

of | DT fixkap chad resanan o oo eseonamee resonat or of a

! : ORI L bt 0

ELEJLQ%@“%@%‘? %gﬁ hg e&s@sﬁ fhe ﬁ%n%# rage aeouiral a¥epar o of

| DT andrmhenmasmnattargtefbaned ehbodiment f af cthoe prdsentwanrengédonat or of a
f mbodi t.h t h

Chow ng TV RRCAR EIRERER9BCERBSRE: REPREBEYEN 2 0% P00 2R ARREEDaLr & and

the i npggance ratio of the surface acoustic wave resonator of a preferred

enbodi nent of the present invention. FIG 15 is a plan view of a
| ongi t udi nal | FIGouplledSsar ggaphaghouing e reiatiansdde betwgenothsot her

preferr gfhimber Ny, of electrode pairs of IDT and the impedance ratio of
the surface acoustic wave resonator of a preferred embodiment
of the present invention.

FIG. 12 is a graph showing the relationship between the
number N,,, of electrode pairs of IDT and the bandwidth ratic of
the surface acoustic wave resonator of a preferred embodiment
of the present invention.

FIG. 13 is a graph showing the relationship between the
nurber N,,, of electrode pairs of IDT and the resonant
resistance of the surface acoustic wave resonator of a
preferred embodiment of the present invention.

FIG. 14 is a graph showing the relationship between the
number N;,, of electrode pairs and the impedance ratio of the
surface acoustic wave resonator of a preferred embodiment of
the present invention.

FIG. 15 is a plan view of a longitudinally coupled
surface acoustic wave filter according to another preferred
embodiment of the present invention.

FIGS. 16A and 16B are graphs of the insertion loss vs.
frequency characteristics of the longitudinally coupled surface
acoustic wave filter, obtained when Ny, is varied.

FIG. 17 is a graph showing the relationship between N,,,

"and the bandwidth of the longitudinally coupled surface

-5 w
heet Has Been Replaced

T

i



enbodi nent of the present invention. FI GS. 16A and 16B are graphs of
“the insertion loss vs. frequency characteristics of the longitudinally
coupl ed surface acoustic wave filter, obtained when N err] is varied.

FIG 17 is a graph showing the relationship between N err] and the

bandw dth of the longitudinally coupled surface

' fil f f d di e f.th
Cnvent BROUBBER HaHeWRLREPREoBLE BECREERCR M 08nt 0f  EPF EELsent ¢ g

18 is ajgiapbisAoWBeaiRed " §hehi eREhRpLELEYEEAnNESTE] 18ng=bhgobRrNdW dt h of
t he Iongltudlnalfy coupl ed surface aCoustic wave filter of a preferred

enbodi nent of FIfe pBetend grapknshewingbtheneelahépnship gogtweenclp, | DTs is

=0. 50 ' | ' ' Lp bet
Nerr] SR the bandurdth oF His"ShIRPadTHANY LOfpieyLheranLr 20 ot c
wave fi Btensbtficawpvef §ilterenbodi prafevfedhempodinanti afebheopresenti ned

when the gap between I DTs  is x=0,70 [err]. FIG .20 is a_graph show ng
the ' ol APPSRSAP. LOPRRCROAT Bhep K DAE BERURRB: ADBF LRCXTOnaPLhl nal 'y

coupl ed SurfaﬁfG?CPysié?am%fﬁﬁﬁiéﬁ@&iﬂé €he' PE AL SOn AP IbEBR R L e
present invention, obtaine en the gag_betmeen I'Dis is x=0.90 [efF].
RS KRR

FIG 21apd khgr bpndwiduhngft hler bongibndanplbEt aevRledesytpagebet ween the
transduge&asth fadeNESiter 8 O%pﬁgéfag¥é&démsbhxmeaePbsdtﬁargesseﬁeougtIc

wave filter of a preferred e nt of the present inventio | G
22 i s ahneeptdoafooptpinedvwhenotha gagi betdeenalpfe 66 kwe.vonyitudinally

coupl ed surface acgustic wave filter, of the present ipyention. Fl G
39 P R o hpif Foafiiols r TR | SRERLES pERRcERLaPLORBRES, DREVSED Bor
el ect r odadf thgepanawildtheot neret ionghieadinhlipecbopyeugupghty coupl ed

surface acoustic wave _fjlter of a preferred e di nent of fhe present
hvent| BROSSELE wERE £hhteE of (a pBEECRraS: SRPORIROEh, PEcEhE BREE B vaye

;LLE?&i%ﬂggﬁeg&ﬁﬁi?gtgiﬁéaaﬁh%ﬁytﬁé §H§f38€wégﬁuiﬁbs yave=HeganRL ors
g to a preferred enbodi nent, “1'h accordance

FIG. 21 is a graph showing the relationship between the
gap x between the transducers IDT and N, "™ of the
longitudinally coupled surface acoustic wave filter of a
preferred embodiment of the present invention.

FIG. 22 is an explanatory plan view of a modified example
of the longitudinally coupled surface acoustic wave filter of
the present invention.

FIG. 23 is a graph showing the relationship between the
number N of electrode fingers and the insertion loss of the
longitudinally coupled surface acoustic wave filter of a
preferred embodiment of the present invention.

FIG. 24 is a circuit diagram of a surface acoustic wave
filter incorporating a plurality of surface acoustic wave
resonators according to a preferred embodiment, in accordance

with another preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

A surface acoustic wave device according to preferred
embodiments of the present invention will be now described by
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wi th anot her preferred enbodi mrent of the present invention. DETAI LED

" DESCRI PTI ON OF PREFERRED EMBCDI MENTS A surface acoustic wave device
according to preferred enbodi nents of the present invention will be now
descri bed by 7 way of

non-restrictive structure exanples, with reference to the draw ngs.

FIG 1 js.a.pl V| L.k ati r ust | r
accor di ¥BYT RaRPRrEBY S apLI eI LR B R Y b RaRR RS Do A b PUERE EIRNES

sur f acetheodsawdngave resonator 1 includes a quartz substrate 2. In the

gquartz substr 2, the_angle [err]. Euler. angles £O. [err 90[err])
preferably sa?%gfiéleha ?g?ﬂu%égw lfiusgra£1ng gl%%féﬁ?? aco%%}+$

131[ errwave resoAatbbTadcbgdphgvtded @lirsbepfafetredubibodimrert dJhethdT 3

i ncludes _a pair.of interdigital electrodes 3a and 3b. The el ectrode fingers
of the PHFEEB%QFPKanFBEtrOdes 3a and 3b are inserted into the spaces
between thema surfa&eahéddstypewaeé!l £es6natdr S1 hane Dgdes Ud adugtegt r ode
fingers short-circuited at the opposite ends thereof, respectively, are

arr angedubatrateogposinetbpdguastzt Aubsbrageal onhenangief @ cef Bwleri c wave
propagation dir ctbon. o [t is Erefe[able that the I1DT 3 and the

refl ect 8Pg18S5(dr B 0P hed RFERCFRARLE BALISF LSRRG HOBWIR: t he refl ectors
4, 5 are preferably f d quartz substrate 2 by a thin filmformng
met hod such as vapor géggsfﬁ?ﬁ%ﬁ%EVD, pl ati ng, sputtering tungsten, and or
ot her suitabl BnnEDWO8. is providedlhensthéageantoustibstrave 2 esoniaéeorDt of

t hi f d ,enbodi t af .t . ' ti h f
Eul or " afghEEU8S0] B PRaToB et T 5 RASHFat cPLBRYPACE PAnBEd0r abobbe122

electrode fingers of the interdigital electrodes 3a and 3b are

A

inserted into the spaces between them.

Grating type reflectors 4,5 having plural electrode
fingers short-circuited at the opposite ends thereof,
respectively, are arranged on the opposite sides of the IDT 3
along the surface acoustic wave propagation direction.

It is preferable that the IDT 3 and the reflectors 4,5
are formed with tungsten (W). The IDT 3 and the reflectors 4,
5 are preferably formed on the quartz substrate 2 by a thin
film forming method such as vapor depositing, CVD, plating,
sputtering tungsten, and or other suitable method.

In the surface acoustic wave resonator 1 of this

preferred embodiment of the present invention, the angle 0 of

Euler angles (0, 8, 90°) is preferably in a range of about 122°
to about 131°. Accordingly, by utilizing an SH type surface
acoustic wave, the bandwidth can be gréatly increased. Thus,
the allowance and tolerance for variations in the center
frequency, caused by changes in témperature, can be greatly
improved. This will be described below.

A conventional ST cut X propagation quartz substrate used

in many devices has good frequency-temperature characteristics.

1is Sheet Has Been Replaced
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to about 131[err]. Accordingly, by utilizing an SH type surface acoustic
“wave, the bandwi dth can be greatly increased. Thus, the all owance and
tolerance for variations in the center frequency, caused by changes in
tenperature, can be greatly inproved. This will be described bel ow A
conventional ST cut X propagation quartz substrate used in many devi ces has
good frequency-tenperature characteristics.

8 As asfesuwldsulit)e thleceilcetRohdthanli caqetbiegiradti elitek? | £ 0ra areBd £1h
wave is 0.14 % On the other hand, in_the cagse of excitation Qf a. Love wave

or a ps¥GyE LS idvé -y ORedhe Sfhere hdRdyt AnskBe: F358 RLvEXGLERELON

parti culo® aEloRte WWaglet®rlaephsieldohid veX ¥i@Riee byt htatlseolfr @HeC Gaarea
coefficient Klerr] is 0.64% . I.n general, the bandw dth of a surface
acoust i EUREFE AT ha¥ing hep paritdfal ago Bulerc paglegnisgdnilBathdsef f i ci ent

Klerr]. oaaapnd ndhe AtedFoméchialichie dotricibheduenty d[e4¢] available in

a conventional surface_acoustic wave device using a Ral eigh wave is
f[err] =200 MHZnag@neralpaith® bendwidsd rEz2 sHEfBERIAFANRTAGaWREBI e in the

surface ReAL 56 Fﬁ—\é oreIYMANOko! its eIlcHhiomelpaAiBal! BBtirqetlitprERRANI Cal
coefficient Klerr[" fOor the surface acoustic wave resonator 1 of this
pr ef er r &¢coOFINIINt Assupiag: thag theesenter diregnengyofeafasdabded 18T cut

X propagatd r S e C 3OUSt G e Is using a
Ral of ghongoi el H e o R BB L R s i s
nanel y, va3@ 36-=1362 kPizMiz oandethe| bandwidthris oberkiize the handwidims in

t he Cema%faiflra%‘i%e &Y tﬁm'gb Sartace Qodlsitic Walbld 1E.:.%%E:‘fr‘a‘a&ttc:tr‘-" 118 9l kygl the
frequency caused by changeS i n tenperature, a filter containing the $urface
acoust | begauser dhen &lectrogechanicedd coeffidiiegtt &t fivs prefsurface

enbodi ' a I C f ral, a3l |4l ce.a
Flerr] 305y Y PeBonfiRIcL, Be oHlisl pRReCiFed hrbulal-ls spour .
180 KHA/LBOGNKes=thad ofmthehaboive-deserdbedwdic euits X- $F0ppgatdon t he | ow

frequen%%a%%ges%Esqut%?%% Q%QQSQQ%aE% Eé%%sQRglgav%h%evice using a
Raleigh wave.
The difference between the above~-mentioned bandwidths,

namely, 230-50=180 KHz provides allowance or tolerance for
variations in the center frequency. More particularly, with
respect to the shift of the frequency caused by changes in
temperature, a filter containing the surface acoustic wave
resonator 1 constructed according to this preferred embodiment
provides an allowance of * 90 KHz. The allowance at £,=200 MHz

is converted to that on a unit frequency basis to provide 180
KHA/200MHz = 900 ppm. That is, the allowance is -450 ppm on

the low frequency side of the pass band and is +450 ppm on the
high frequency side of the pass band. The varying-ratio of the
frequency per 1°C, required for the surface acoustic wave
device containing a ST cut X propagation quartz substrate and
using a Raleigh wave, is * 1 ppm/°C or lower. A filter
including the surface acoustic wave resonator 1 of this
preferred embodiment has an allowance for variations in the
center frequency caused by changes in temperature of about 900

his Sheet Has Been - 8 -
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hi gh frequency side of the pass band. The varying-ratio of the frequency
“per 1llerr]C, required for the surface acoustic wave device containing a ST
cut X propagation quartz substrate and using a Raleigh wave, is 1
ppnmi[err]C or lower. Afilter including the surface acoustic wave resonator
1 of this preferred enbodi nent has an all owance for variations in the

center frequen Y gcay eg b¥ chang ' te eratu of ab ut ?00
5 ppm RERIZSCFEBEH BB BPOFR  naRchBE BROEneTpFig: PEATCASAL Fefiper ature
fange (te ?E%%&%?etQaﬁ?Eeﬁf]E% ctfs @bb@vﬁnﬁﬁe'§118ﬁéﬁééeﬂsb¥n899ased

[err err]C. As described below, for the surface acoustic
mave debyc@O@fp@&V6©u§ pr ébeppmd°® énboAsnéﬂssrmbedhbebouseﬁorlhhentlon an

Opt i mum %&tfa %%‘éo@%t"[ﬁ’@ %Y%?rﬁfzgﬁg% #géfi Eféﬁé gﬁféf’émiapﬁlﬁ?ﬁ{ége of

temmraLne romabmJ _
tenperabﬁr&heh@mgeent ahuanti@ﬁpean]Gptnmumpcub abgle aﬁ0wbmuh thet is, the

201, PREabBehLialh FoBERT LI s GRahE bocERBbadfghcEthy o 200"

90[err] hbout -20fhecbennsutt goecchaamel¢li gbrcenef tehgetatapreechsnystic
wave resonator were neasured by varylngﬁ err], taken as a standard angl e,

whi ch i #twabeut 188° §bov§ BBEn§e, abpugy apﬁﬂmnéhatolﬁe ther satéa per
decreas d with. respect ,t,q the standard, apngle., The e_shown_in
FIG 2. Iﬁ Pﬁetgai / gfrf§1§5fe?$? Bnggg[eF?]agagﬁer#% QHSF at®s

t endencypies d h at gt hggsane results will be
achi eve ﬁhgg&Ferﬁ%glgn§n§§aﬁggehﬁﬁg§p?ﬁb?§sl&Bthg rggg of about 125[err]

to about 128[ @he] tedperatnrenchaGacReribbitseqliehby senﬁecataceustlc

coefficients are err]C at [err]+3 and
CorT] . SHBME rosanatRR ResR BeRREcahBY, UARE RGP b: cPaRER: BF) & SEandaRdi o

on an OLMR,Ywhich is within the above range, in such a manner to be
increased or decreased with respect to the standard angle. The

results are shown in FIG. 2. In the case of 0'=125° and
0'=128°, a similar tendency is exhibited. Thus, it is expected

that the same results will be achieved when 0' is any angle
that it is in the range of about 125° to about 128°. As seen
in FIG. 2, the frequency temperature coefficients are

15 ppm/°C at 8'+3° and -15 ppm/°C at 6'-3°. This indicates
that the temperature characteristics required on an ordinary

level can be realized at approximately 122°<fs 131°.

Accordingly, in the approximate range of 6=122° to 131°,
the allowance for variations in the center frequency caused by
changes in temperature is greatly improved. Thus, the surface
acoustic wave resonator and a device such as a filter
containing the resonator having excellent frequency temperature
characteristics are achieved. 1In addition, as clearly

understood in FIG. 2, even more excellent frequency temperature

characteristics are achieved in the approximate range of 6=125°
to 128°.
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| evel can be realized at approximately 122[err] 131[err].

“Accordingly, in the approxi mte range of [err]=122 to 131[err], the

al l owance for variations in the center frequency caused by changes in

tenperature is greatly inproved. Thus, the surface acoustic wave resonator

and a device such as a filter contai ning the resonator having excellent

frequency tenR§1 ture _ch t& I stics _ar n, addi as clearly
n

under st ood i fSP§§ CekB& POY eng géﬁcgu?ﬁﬁﬁe? %ﬁ?ﬁat

ggg(r) act eJhies tp resivastd oac ireoed usnatbhata&proo>3|°rrat chﬁﬁ@&nglyﬁear] 125[err]h to
t he
o g RE eSS Gt ABGLeaEan Do SYPSEABELBALE: FERLiZeann Oh bR oy 1.

Accor di R@iher haidgdeioar rihke @uiifacaN@lcdusdichwavebpaphyatliynr aakededon™
the ot her hand,_  for, the surface acoustic wave ation direction, the

or oduct e FEASICTLCR GHEOL 153 8B0NG: ty Zon SEBEEARBY; BRhRKEASULE

Accor di R@ichniigudss, PARTVAE nd3t, iife tilse pdesiined eHhtangl enbsdaboweq90[err],
the surface acoqustic wave resonator actually prodyced will have a cut angle

in the Citg@nsleaticuabosite 9] - &h&béwrf@speﬁppusmﬁeveve ERECPRABAKCt i on

error‘Mdaiu%ﬂﬁﬁe%&chﬁc%ﬁewﬁﬁqpﬁﬂ%%'%nc@hr%ﬁh&@”lﬁoﬁﬁe”QEngéebf aneheat
i nfl uence over "t he characteristics. Accordingly, it should be noted that

even if 88nhe tr AR 1990 -di HOWEVER /i $hehProdychoansgror2y¥aEh] regpect
gg;’gi”tngél%s tHe l%ﬁg%gra%q.o%”m‘i‘eﬁ%&b% AodsNRokr e2E2E h”?f@k’t%‘.n@ﬁﬂeﬁ&é' | be

eéinafter, the resonant characterisfics of the surface

acousti@VWQVéhﬁe§$ﬁ§ﬁ@¢eﬁé@tm&stheAﬁ%ﬁﬁélpsﬁN} dt shpuidahgl Betedothptrr],
90[ err])eyidn tite trh%n%‘iogo RQhn ll%ée%l%lﬂo‘fs sa8leeen] bgaﬁbéuﬁref grabife

exanpl e of preferre nents of the present surfate acoustic wave

r esonat @dva\mag S5 Qfei’é’ﬁfl?éé edregbogligienhs OfetheppygReatfs inyerhign

char act | Ofpd e acoustic wave resonator 1 containing the
gquartz Sﬂ s%?%?é’%%v?ﬁb t%gggbove descri bed Eul er angles. As seen in FIG
3, although | Berginadtene tbel sesonant chaxpetgudetiestofigthensusface

acoustic wave resonator having the angle 68 of Euler angles

(0, 8, 90°) in the range of about 125° to about 128°, as a
preferable example of preferred embodiments of the present
surface acoustic wave resonator, will be described. FIG. 3
shows the impedance-frequency characteristics of the surface
acoustic wave resonator 1 containing the quartz substrate
having the above-described Euler angles. As seen in FIG. 3,
although IDT 3 and the reflectors 4, 5 are made of tungsten as
an electrode material, excellent resonant characteristics are
stili achieved. Thus, the surface acoustic wave resonator 1
having excellent resonant characteristics can be inexpensively
provided. The IDT 3 and the reflectors 4, 5, as compared with
the case usiné gold electrodes, have a high bonding strength
for the guartz substrate. Accordingly, the formation process
of IDT 3 and the reflectors 4, 5 is performed easily, and the
IDT 3 and the reflectors 4, 5 are able to be formed extremely
accurately.

The characteristics illustrated in FIG. 3 are achieved
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ctrode material, excellent resonant characteristics are still . -
Evgd. A0S andhd Sitd a3t aoobst i0c Oy @ande dartgt aespecaivied yex cEt | eg
d\f

respnant chasaedn Yot hath dhvee ssimes Icharantiedddt ifise ar@T 3 an
1 ectprs ’ ' - Y ueS 010 FH2d 08loa et kedes av

gh di E&é?%@%t Jﬁ?@%ﬁ%ﬂtﬁfgﬁ{%ﬁr@. Accor di ngl Y, theofzgr
ess\ of and the reflectors 4, 5is

: ecf easily, and th
t f tQrs 4, 5 t f enels tely.

The chnel: hE SR PF|a@%?a??%%fn9&?&}=§&§$§3§§§;§§§aﬁa%%i9r?-? hin x

1 whengt | 8€20f.t O SHbS LI kS I OX{ .Qem 1.8 nm

0.4 %ﬁ? ?ﬁeﬁggé?eﬁﬁérﬁ?ggghgﬁgug %%6?2??%,I?Ez'nﬁhggéegyeélégtroée finger

ai rs ele¢tifodei §ifgerapdiriscofeIpdcBi is 26pband thet respeetivede fingers

a, Sa of the reflecto 4 are 10 H.[err] a are et . .to _be 0.015 and

.6, r%ﬂ%@%f?v@?y%gﬁteigﬁﬁgoggeﬁlggﬁFFr d F%a?ggﬁgeséﬁgigﬁﬁFﬁﬁtg(iétics :

e PPbéaioec@ by setting [err] at a value of form0.010 to O 025 and d

at fromO0.4 to 0.8 The i,nventqrs of the.present .invention

have di scoveFB8 éﬂHeEEHFFrﬁgdtPﬁrBﬁﬁﬁepgrﬁPH&n &Pﬂagaﬁﬁvﬁ&g§°YﬁﬁFdexcelIent

r esonagfd Cb@ﬁﬂii:ﬂéhsthﬁﬁughefaﬁ'hiiﬁ\geddthau.s Jevizegudhaz exbellehe having

Eul er angl es O,RLerr%, 9 %_mﬁth %?%%%_: 126 anq torning | DT3 and

reercF%g%nﬁP SCRALACEERGSEERS BY ieged, by, usdngn@ H43FEZ[err], an

anal ys] n orf.i n ol cydheoangl t hgb h

exceyﬁ%n ¥€%§g§aﬁﬁbgﬁér§§?ég;épgéégag%§h§WngpnaFPEFEBGa?gfgghi%@gd. Mor e

parti cEbeming HDTBecandt reflieeterscdysi wivhv €ungsteat.or Fuptherpr bgared in a

manner simlar to that for the above-described surface acoustic wave
r esona¥@¥yYingekbepangde fheanngnalyeis) wasTReNee$0l FPRELIEBaERGt ERNGEI s

I . h ' . F
'S ot Pt Hpglls BB RhieIORECR e T ent rebonait bhiardorebisfigse o1
As seeasishéws. ia, FIG.hasalecactdevedi.nedorieapartichdagpdyr,| diffigeeat about

oxcel 1 EHEERREoRAhpAERET Wabe, FEBPRALRECKARR' BrepallHS 1h° 3 HahREE "V

similar to that for the above-described surface acoustic wave

he

jjon
T 3

resonator 1, except for the angle 8. The resulting
characteristics were evaluated. The results are shown in FIG.

4. 1In FIG. 4, the angle & is plotted as the abscissa and the
impedance ratio as the ordinate.

As seen in FIG. 4, it has been determined that in the 6
range of about 125° to about 128°, the surface acoustic wave_'
resonators have excellent resonant characteristics as shown in
FIG. 3.

Further, the inventors of the present invention,.based on
the above-described results, made an examination of different
ways to obtain a surface acoustic wave resonator having less
temperature-dependent changes of the resonant characteristics,
that is, the excellent temperature characteristics. As a
result, it was discovered that such a surface acoustic wave
resonator can be obtained when the electrode material used to

form the transducer IDT is Ta, and the angle 8 satisfies the

formula (1): 6 = 125.44 + 108.27 xd x h/A £ 1.2, where h and
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Further, the inventors of the present invention, based on the
above-described results, nade an exam nation of different ways to obtain a
surface acoustic wave resonator having | ess tenperature-dependent changes
of the resonant characteristics, that is, the excellent tenperature
characteristics. As a result, it was discovered that such a surface
acousti c wave resonator can be obtained when the el ectrode material used to

90 {10 FOBRAUGEE JRT 40 n ORI B0l Bk pole S o for

12 d repe’esbhizah.eoriltmxmm:ﬁ(m tanad:admsecl &80T otlespectyirelypt alThezat i on
rati o of T, VAN | r of the
transduce%@;fabiril S a va uée% Ine&%%t‘f%n%dg}@? F’B’% %i%ea:-r Aﬂ{éd[dgérfr q3eq‘vvhere

dierr] apg d[er4] /r( s%a,r)t whegeWd(tdndfd,t Pepressastine waldnt o¥dehki ngers
of the transducer and the width of_ the respective gaps between the
el ect r odEePPRgRiLe ?%%‘b‘é‘?ﬂqﬂ/eﬁﬁﬂgers of the trapgdycer i3nd,Hh&it i ng t he

frequencii 4€APEE 2t Hé Cr Ed e ACHR Ighl fp!ac%étfwefehet%r ERESLAERSISEigeray,e
resonator 1 which is obtained by formng an I DT of Ta on the quartz

substratﬁeﬁP?ﬁthﬁe%\Ylgl e [err] = 127[err], nanely, the Euler angles (O,
127[err], 90[eFfg).5iik SdJQ?: mrlw ttz’f&%t heh&rﬁﬁéﬁuw | { &gtk
approxi mat e thi ckness of % ] iy dv >

[err] = 2, and the rafio |seual to about
0.6. |nchprpacterigtics of he fﬁ[‘ErfrﬂCE( &ﬁﬁ“slté-ﬁr Eétéﬁtﬁe?%‘éa??‘écq]‘u b ar yi ng

ratio of {hgbt8sREENby f fOEMANY Yard . 105 dEARUAdtAE §hSres addlsgtkdtperature
of about 20[err]C In FIG 5, the tenperature at the apex of the curve is

about 34wéth]) @n angleh@® = rleljbenmﬁll\ﬁ-ryw tder Bulerodngles reborkdt” 4 BdjUency

o " OO ke ARLE OIS SR PRI 43, ABRERIREY 0

obt ai nedtwheRness b eRMENEYD AT,y ial@ 'taid Tatfiol Geikes tto fARALETICN . S
coniv\t in the tenper;n—buFe range from about -20[err]C to about 80[err]C.
i

I n Bp EBGLdS)i Afg)d fh dppm)e repsesenge vherfreduenaye yadydngvaryi ng
rati g of A’E?J%?C’@ﬁ‘e résrgn ncflrequency f, as measured at the standard
temperature of about 20°C. ¥n FIG. 5, the temperature at the
apex of the curve is about 34°C, and the frequency varying
ratio of the resonant frequency in the range from about -20°C
to about 80°C is approximately' 99 ppm.

FIG. 6 shows a relationship between d x (h / A) and 6,

obtained when the frequency varying ratio of the resonant

frequency is constant in the temperature range from about -20°C
to about 80°C. 1In FIG. 6, solid lines A and B define the range
where the frequency varying ratio of the resonant frequency is

\/ less than about 100 ppm. b lines C ‘and D define the range
where the frequency varyingr;atio of the resonant frequency is
less than about 200 ppm. brd«.w

(/ That is, the range defined by the setid lines C and D
including the error can be expressed by the formula (1). The
range defined by the so0lid lines A and B including the error
can be expressed by the following formula (3):

8 = 125.44 + 108.27 x d x (h/A) + 0.3 ... formula (3).
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I’«gggozﬂﬂ'izaﬂn(ﬁg 36101% @%@R%%%AP@M&G«% lines C and%%Mg%é}TlAnbﬂaFGt he range where tpgse

- frequency varying ratio of the resonant frequency is |less than about 200
ppm - That is, the range defined by the brokenlines C and D i ncl uding
the error can be expressed by the formula (1). The range defined by the
solid lines A and B including the error can be expressed by the foll ow ng
formula (3): [err] = 125.44 + 108.27 x d x (h/[err]) 0.3
formula (3). 13 As seen in

the above desqyi gbkRn;n e Isoeﬁhﬁfé&ﬁdé}ﬁ Slren 120G sTakeE! 85 thee

surface acoustic wave resonat or I'eves excellent tenperature
char act @liesttireslec aatieriplovitiedsupfacet aconst i avey resonatert Which

above-desgr.i bed r [ f . ref.e y the
formul a aé'sllev.e eg“%_%grl%_@&erg,gﬂg gg#:?:\% n‘?%%%g%?é%%sét lrr)grlsreg:ea nt %ﬁ&%ﬁﬁr |X8'r51‘a
conduct af, ¥etitiRS B €3t 581k ey athe cCxfoéedBld iR Fandet defdA¥a bpsonator
havi ng excel |l ent ‘tenperature characteristics in the sane way as descri bed -
above, &heefommwdia WliasM@5edPESIeRAPLY echY othe #a@lA (stead of Ta. As a

result, it waydiedoRYSr efle! MRVeREYRAS I SECRNS Prsdddes iHRentiibad above can be
achieved by setting [err] to satisfy the range defined by the foll ow ng

for mul a qQonducted an [aveptigapionotd aohieve the syyfacq acpustic wave

formil a dedonator havlifg Extcel2eHtaPEmEOEABSPO A hdtrlilbali caf ikl Eneb except
that Wis used for the“electrode material, which illustrates the

rel ati orfAMe Wit \ASedegoribed apeve) ) exnept ckhat Wian maedvddnthge frequency
varyi ng dikdet e W8 30NN LRAOHENEY. | SpEORSIGlLL) Tl Rl eTPer ature

range from about -20[err]C to about 80f{err]C. In Fl , solid lines E and

F defi ndiaroventse thiadr 8dvaatagequent§syityi deporihesd @bave aads dant

freauenqeavd 1 4etlnk® o208 bat 8PepPlhe LGP ddASRLeY Ll define the
following formula (2):

8 = 125.70 + 49.87 x d x h/A * 1.2 +». formula (2).
FIG. 7 is a graph corresponding to that of FIG. 6 except
that W is used for the electrode material, which illustrates
the relationship between d x (h / X) and ©, obtained when the
frequency varying ratio of the resonant fregquency is constant
in the temperature range from about -20°C to about 80°C. In
FIG. 7, solid lines E and F define the range where the
L//ﬁrequency varying rati nzfﬁ;he resonant frequency has a value
up to about 100 ppm. id lines G and H define the range
where the frequency varying ratio of the resonant frequency has
a value up to about 200 ppm. bﬁd«uﬁ
L// The range defined by theNsd3{d lines G and H in FIG, 7
including the error can be expressed by the above formula (2).
Further, the range defined by the solid lines E and F in
FIG. 7 including the error can be expressed by the following
formula (4).
8 = 125.70 + 49.87 x d x (h/\) £ 0.3 ... formula (4)
The surface acoustic wave resonator 1 having a varying

ratio of the resonant frequency in the range from about -20°C
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where the frequency varying ratio of the resonant frequency has a val ue up
" to about 200 ppm The range defined by thebroken lines Gand Hin

FI G i el udi th d by th b f | 23 .
Fuprkkr . Kendas haeh e ehaes SHe) Satin, Shardes araasiefcare | nolyiding
th@ r oebd@ingd dypraatddnp Al @ vadiugy offoforima 0910 to 0.0R&rr] %
12577Q +angl & at @ walys of |from 034 to & -orméa (4) The surfface

acoustic wave resonator 1 having a vargi néar &.i® of the resonant fY¥equency
in the ¥ardkovEoRPaBoaf uporerabent 200 ppm, more preferably, up to 14

b C_of bout . 20 ferab|y, b 100
bom caripids 7150 e, fRu Be PREeY1 4% Y cheEPifu o casald i Forge T
sati sfyiwg t4Rgéosaviary g ﬁﬁéef@fﬂﬁtﬁabhrb_rﬁxgﬁefﬁf@ﬂéé‘aﬁ ; the In the

above-descri ped gref erred enbodi nent, the and the reflecfors 4.5 are
for med ¥@tH4t8ngdden or tantalum However, the IDT 3 only may be forned

With tungstenigrthaniBbvaldescrivdd PEEEELPE] dibddidt NoORSSATY §oO form”
D may have the

all of the IDT 3 with tantalum or tuhgsten. The |
struct AR ithenrerlacters 4;9naee Eaonedrwithatungsten 1 gantalumi nat ed

onto t hgoWld@érJathe 1pT TN6niPViRdy Obe £6rhdE @i@ﬁ%%ﬁ%%{%ﬁéﬁg! gg

that, in the surface acoustic, wave device having a t
an el ect rode Tatadditicnntif ntsfak BRCeFIAEY e piem adil tdfe thewXhT 3

substr gyprayi PRI &4 Eul apghes, Sl?ew' rgégg‘[rﬁ& ed in
the lateral no eajl"lgﬁg[eatl?x?/#n x|"bi tgﬁebggge?tq‘% .eé%ess W o%a#f‘ue
el ect r shleh ryethinffilm oDrarether anetallic material simrlaminated More
partic d Yehb Ny O anpl e of preferred embodi ments of the present

I nvent i%otglttr atltlégpr,ls uc.g% | DT nade of Ta was forned on the quartz substrate

with the Eul é?hgn'glw%mxs 1% [the |predint rigvent o discowered ththdtgve
oEBL 0L AT S SheSALL Kol Q00 v 00 JFLRDY SR PP SRS St o
sur f acanad® et | an velect eode arater a havomta ining b er M atnd difsposed
on the quartz substrate having the particular Euler angles, a
spurious response caused in the lateral mode is greatly
inhibited by setting the cross width of the electrode fingers
of the IDT to be about 40 A or shorter.
- More particularly, in one example of preferred
embodiments of the present invention, a transducer IDT made of
Ta was formed on the quartz substrate with the Euler angles (0,
127°, 90°) in such a manner to have approximéte ratios
h/A=0.02 and d=0.6, and thereby, the surface acoustic wave
device shown in FIG. 1 was constructed. Moreover, plural types
of surface acoustic wave resonators 1 héving the number N, of
electrode pairs of IDTs of 50 and diffefent electrode'finger
cross widths were produced. The impedance-frequency
characteristics were measured. FIGS. 8 through 10 show the
results. On the abscissas in FIGS. 8 through 10, the
frequencies normalized by using the resonant frequency,

expressed as (f - fr)/fr x 100% where f and fr represent a \®/
\/ frequency and a resonant frequency, respectively, are plotted.
E_'IGS_E, 9, and 10 show the results obtained at electrode
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el ectrode pairs of |IDTs of 50 and different electrode finger cross w dths
"were produced. The inpedance-frequency characteristics were neasured. FIGS.
8 through 10 show the results. On the abscissas in FIGS. 8 through 10, the
frequenci es normalized by using the resonant frequency, expressed as (f -
fr)/fr x 100% where f and fr represent a frequency and a resonant
frequency, respectively, are plotted. It has been confirned that the sane
char act éingercesrase widbhainédZQ&,se@kir@p4¥{@ﬁka eespectaivslyyd form 0. 010
.4 10 0.8 Fl GS 8 nd 10

0. 02 . f
gﬁOM/ch resU?? s%%?g}%a%fgtoL?égﬁgg e case’of th?l?&ﬁﬁtfﬁqg ﬁﬁ%ﬁﬁs of
25[err]cr69£eﬁiathaaﬂ 106Lersl1af ép tY&LY - resonand$ f@ efendrdtda 10, in

the case of the electrode Tinger wi dth of 100[err a |large spurious
resonanbetwsegehbeareGODenmegnlnheanésbhananparnesendnthpoamt; -pamehant

oI Nt SRTBRY. 14PeERE RAKET 2h PROCELDALDRCE EONENCYS DARY: ca8cd e cated by

arrom/I he CRaract eri Stlcs: | n FIGS. 8
and 9, anrhwaIspuOnoUberetbenshané,nﬁOrptbduchdranﬂednetlust appear between

the res | d apt eson pQi p ed t hat
t he aboggfgéggg#gédﬁg E??gusgrés%ogéeggéhggng %fe%u%egéé 63?% fgu‘lI‘)ratlon I n
a hi gheproddeednané doesraoneappehe bebweénohhenresendatsi poimtleand the

Accordi%$g¥;gg§°ﬁ§§€eg$}§£ t he spurious response caused by the higher

node vi s g |nh|b|ted by setting the el ectrode finger cross
wi dth to be abbuisi4§peculavedstivpatethe above#@escﬂihgdyspuruams surface

acoustic_wave device of R ef.eyred enb g % e pre % I nvention, a
spuriouge?ggﬁﬁﬁsésiﬂe?ﬁﬁ ??gqégﬁ39sﬁaﬁ € ¥t F?gﬁ??vévy |ﬁ FHFT B ?rsettlng
the el empdedecéungenearoshewdibbatiohhént thesdaste méde.to about 40[err] or

shorter. This_ provides, excellent reso t characteristics. As
under st ood |nA$ﬁ CARRILY ¢ PP FEED (1Y gﬂg (gj {ﬁ Spurious response

caused by the higher mode vibration is greatly inhibited by

setting the electrode finger cross width to be about 40A or
shorter.

Accordingly, in the surface acoustic wave device of
preferred embodiments of the present invention, a spurious
response in the frequency band is effectively inhibited by
setting the electrode finger cross width of the transducer IDT
to about 40MA or shorter. This provides excellent resonant
characteristics. .

As understood in the above formulae (1) and (2), the
configuration for achieving excellent temperature
characteristics by adjusting the angle 6 and inhibiting the
spurious response in the frequency band by setting the

electrode finger cross width to be about 40A or shorter can be
applied to the other surface acoustic wave devices such as a
surface acoustic wave filter, not only to the above-described
surface acoustic wave resonator 1. 1In this case, excellent
effects are also achieved.

Moreover, the inventors of the present invention made an
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configuration for achieving excellent tenperature characteristics by
"adjusting the angle [err] and inhibiting the spurious response in the
frequency band by setting the electrode finger cross width to be about
40[err] or shorter can be applied to the other surface acoustic wave

devi ces such as a surface acoustic wave filter, not only to the
above-descri bed surface acoustic wave resonator 1. In this case, excellent
ef f ect se¥pBinp§doncAfehow. the chRppeseEistife Pﬁvéh?oﬁgréﬁc?hécﬁﬂé§éﬁt

i nventi gayBBgdesa8fator 1 aVlﬁg the reflectors arranged oﬂGthgxégbaéit@” of
how t he characterlstlcs of surface acousti c waveé resonat or havi ng t he

refl ect 8idedr pPAn§hEe sHanRdueppodPTe 8Fdehbown @heFiGanéduéEﬁ aEﬁecﬁgdshomn

in FIG e tad b gt %QHHP e irs
| DT. b} tﬁ% Bgﬁ%ggeEHF %xc?ﬁ I Aig %%e e?#ect fﬁ 1ec rs @g 5, the
sur f acepurpasei cfwexelndéogatbe aﬁﬁecbﬁsDfuthedrbﬁIEthrﬁg4bhé t thesducer

| DT of T-80cknecguaLie subal raoukLl Lae Euher-ARILaspLOrolfThg’ the

90[ err] a mann ransducer roxXimate ratios
of h/[etrhn6da2eandD®= GfGTanbhouhetQBaretleubstsaﬂg @iphothdefulehe

| npedan I Q0f e o ailn o] e r stiLg,wave
rctonat SRS ahs Reabfea BY Vart RuChna RARBEF KpbFr phgr cERBEBRERE thnger<
of 1DT. hIBeabP§Bk§_ﬁa&éer§ﬁQ% bf hYf=0ldz dhe aaneéawema-‘tlehés defined as
a value calculated according to 20 log(ra/ro) where ro and ra represent the

resonantefdersprficd afdrra¥ided; - Theohmpedapspsrahde, ofespecobtaliped
AS Seengiﬁfghcigé ?ethQDEQg@sgera bﬁstic'985§a§§goﬁh£8r5h§agunber N err]

When th err]eéxceeds 200 ance rati o becones saturated.
Accor di hgRgurgd byj vsryiggt hhenprseerNVes r¢L i elletkrodggeingexs toe FRMber

Nerr] Bgs 2euaing dee! 8ndll shhPrayrisce gﬁeumedgfﬁ&s dexigesaving an

appropriate 1 npedance rati o can be obt the surface
acoust i 8efianedr asopavaluragphgulatedr ansaudang| bo ARddogf raérg)swbsga on

the quaghz,gHbshr 2bfr¥kbiit the resonant resistance and the anti-
resonant resistance, respectively.

As seen in FIG. 11, the impedance ratio is increased with
the number N,;,,. When the N;, exceeds 200, the impedance ratio
becomes saturated.

Accordingly, by adjusting the number N;, in the range
that the number N,,, has a value up to 200, the surface acoustic
wave device having an appropriate impedance ratio can be
obtained.

Thus, the surface acoustic wave resonator having the
transducer IDT made of Ta disposed on the quartz substrate with
the above particular Euler angles in accordance with preferred
embodiments of the present invention, the surface acoustic wave
resonator having an appropriate impedance ratio can be easily
provided by setting the pair number of IDTs to be 200 of
smaller. Thus, desired excellent characteristics can be easily
realized.

Similarly, the inventors of the present invention

measured the bandwidth ratio (fa - fr)/fr and the resonant

- 16 =
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t he above particular Euler angles in accordance with preferred enbodi nents
- of the present invention, the surface acoustic wave resonator having an
appropriate i npedance ratio can be easily provided by setting the pair
nunber of IDTs to be 200 or smaller. Thus, desired excellent '

characteristics can be easily realized. Simlarly, the inventors of
the present invention neasured the bandwidth ratio (fa - fr)/fr and the
r esonant 17 resistance ro of the

sur f aceraabasﬂheemﬁveofetbﬁaﬁwfic%lta@ﬁsfei%ma%rﬁﬁéP@aNPéSr A] @tThe results
are ShO%ﬁﬁf Q\@Snux?tg ; 'Jﬁt%o?\ets'u‘i%lsy howhSiACPPesD 13 Q%&Z, the
"&s t er r]s

bandw d |o i S re uce nunber I ncreases. When e nunber
N err] éiceedspeet.ivhkybandwl dth ratio becorres substantially constant.

pccordingly. 4ReReblicifugher 1 erie hoaiflideh NANACA 14 Bl 8520ne! Mo

band wi dth ratto can be easily o nunbe
As seennunbBE@¥ 4 3indteEasesondien rtde stumhee' Ns,,reximezdb abO.t Hehe]unber

rest ot akateRERER.caL iR batoRer  Ebnbt Bt IV, R RaE, | BRCEERIRARY. | [
13 that whbantN?ennm]:ersNﬁetls Gdtav hava t;evariuteoupocp 2Be theoband

%1 St 038e87BaRE R KeCRRLLRY | SO PELYSY NAHIYG TS MeRBEL

As seen t e Surtace & Fesonat or
havi ng Npg.transducer | DT nade of Ta eohqgﬁs’imzquartz substrate with

e dn  nerfboRESp kLG %?Sréﬁrmg%d RRERATER $oan e
easi M canbea| Negd lycrejsms i ngihdre therimmbigre ;.. ekbeedp N8 cth@rr{)y, 'It\lhe
oo SRR RAAREREE SRShhts oRheheEibtly il vigrounter Nerr)
be easi IRgcacdiiagdy,byjtad; useenginhEIGunbbrt)N[ferwl'}en Nphet Lsssen thehawage of
P g vatre. ol LB E,  ThICTERUEERE Pefletdifcd Gap il NI, o) Protieet
on t he owatreldedsbyatdjwsthnghtheppumixérel,e.-Eul er
As seen in FIGS. 12 and 13, for the surface acoustic wave

resonator 1 having the transducer IDT made of Ta disposed on

the quartz substrate with the above-described Euler angles

according to preferred embodiments of the present invention,

the resonant resistance and the band width ratio can be easily

controlled by adjusting the number N,,,. More particularly, the

resonant resistance can be easily controlled by adjusting the

number Np, if it is in the rangé of up to 100, while the

desired bandwidth ratio can be easlly achieved by adjusting the

number Np, if it jis in the range of up to 20.

Moreover, the inventors of the present invention produced

the above surface acoustic wave resonator 1 in which the IDT 3

was provided on the quartz substrate with the approximate Euler

angles (0, 127°, 90°) in such a manner so as to have a film

thickness of the IDT 3 at h/A = 0.02 and d = 0.6, and made an
examination of how the impedance ratio is changed when the
number of electrode fingers of the respective reflectors is
varied. FIG. 14 shows the results. The number N, of
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angles (0, 127[err], 90[err]) in such a manner so as to have a film
“thi.ckness of the IDT 3 at h/[err] = 0.02 and d = 0.6, and nmade an

exam nation of how the inpedance ratio is changed when the nunber of

el ectrode fingers of the respective reflectors is varied. FIG 14 shows the
results. The nunber N err] of 18

el ectrode fingers of the reflector is plotted on the abscissa in FIG 14

and the J Lo .4s.pl oy di r fead N FIG
14, a sﬁ@%‘?l&?ﬁggﬁ o%‘*e)n&fél ﬁlge%]eeé?‘fr %sﬁ %%%datoen I%Ar\l% ag%y s%sodrt dash
i ne K eim]FIGndlananxd teheaimpedancancatim shglotashem Iihe dedinglreesent s
the results at e nunber s rrd, = .5, , . 80, a 160, r ectively.

As seen in Fl (ﬁqc;‘%ﬁ‘?%lﬂ‘?hlq hEg{cﬁ’unﬂ) r q\l[setgf d g‘r”}ﬁ ggt’rgdgr?)ﬁége?%héf ki'he

refl ect canialtessede ldreg i anpedsinmet rddsio IianslK,,0andcaaaadternaeéepdongve of
t he nunber err].. In additi n_t he nunber err]. .exceeds, 20, the
rising cﬁn4r1w? ?ﬁﬁué?#&ﬁﬁgﬂgg%g§e§e§§FﬁF éd.tlly’E rELukgéoﬁgiEBFy, when

t he nurmbeumibdéxs r§.Ji 3= 156S20,h@0 ,0orane|us0 t xedpPpedtiewdlypnedance rati o can be
easily control|ed by adjusting the number of N err]. Thus,. for the
surface acousti® %/Fa‘%lfb eres%ﬁ%‘t g‘r4 1 e n‘é‘? H@W&%sbilm&f PBRCHEQES0f Ta

di sposedf Digére sfati€ fefRddEde indedded Abthve - tRseddaiesl Rt &y waglses, the

i npedance ratio can be easily controlled by adjusting_the nymher N err] if
T T o ReRR RS o U STREOATE 1 (1SS AT Thewst L @A, When

char act efhStAGRbERMNDE eSReledsN20 0 1@ ing of the tikpeFanlcrceatgeustic
wave device of preferred enbodi nents of the present invention, the surface
acoust | PR | 3HTHB be constructed by using a plurality of the above-

descri bed sur feoAERUflyY C WIRME YIRS HIBAKES N, 18e 1essf tadhabiroeqahlt 86
surface acoustic, wave filter js not particularly restricted. For exanple,

d
as show?{n thR IPReIARCYi LA AN HI%s easily qAnkraiisd JY adiusidngoustic

wave restg{@tlgilﬁ,érr@glbep_arranged in series arnms and parallel arnms, as
series armresonators St through S3 and parallel armresonators Pl through
P4, to define BUSddAT 15 FUghage agpstic vwake Fesnatane a9y be

appl i ed ¢ & Sdd AfCeACAMS ihdde of Ta disposed on the quartz substrate
with the above-described Euler angles, the impedance ratio can
be easily controlled by.adjusting the number N, if it is less
than or equal to 20. In this manner, desired excellent
characteristics can be certainly obtained.

In the surface acoustic wave device of preferred
embodiments of the present invention, the surface acoustic wave
filter may be constructed by using a plurality of the above-
described surface acoustic wave resonators 1. The
configuration of the surface acoustic wave filter is not
particularly restricted. For example, as shown in the circuit
diagram of FIG. 24, a plurality of surface acoustic wave
resonators 1 may be arranged in series arms and parallel arms,
as series arm resonators S1 through S3 and parallel arm
resonators Pl through P4, to define a ladder type filter. That
is, the present invention may be applied to a surface acoustic
wave filter made up of plural surface acoustic wave resonators.

In addition, a longitudinally coupled surface acoustic
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-addition, a longitudinally coupled surface acoustic

19 wave filter may be constructed by arranging two interdigital transducer
I DTs between the reflectors, as described below with reference with FIGS
15 and 22. FIG 15 is a schematic plan view of a surface acoustic
wave filter.according to a another preferred enbodi nent of the present

i nvention. The surface acoustic wave filter 11 is preferably forned by

' t bstrate 12. Ip_ th t hstrate 12 the .
of  Eul orviiiy GIXEs medy Be cappBrirFed RE Al 16 18berHEoTbRt ui ng |

fornul a e dadfsduidr] 1D¥38betivkenathidd Of 1ot f aGe RGRUSbed BRYOWN ®EORAt OF
of the first preferred _enbodi ne On the quartz substrate 12, first,

d nt .
second iFRESEANGE Aithy Z¥S§ucdP ARHs24S, 14 are provided. The transducer

I DTs 13, 14 have.a182ik af skAbRA€i@ pPdn &} RA) I0X]eS sh¥Fack3Bcoapdia pair of
interdigital electrodes 14a, 14b, resgectlvel . The el ectrode fingers of a

pair of ¥ake ifldes Gccorddngctrodcdnather e igrred, SaboddmentofnEhgpaces

bet ween geyentS fHvedtivn .t henel sGEEede déo@stic Qlave MEiltedf 11hes
interdigital electrodes 14a, 14b are inserted into the spaces between them
The trarRERfrahlyrforned) by, pnging, angedrss sibstFare ddpar 4Re8bfrom each

ot her by t S a 04!S] 4 r gati O dakegction

Gt ng TGHEP picite’ 12, °YheTERaRe0n e BUIRC HARBITHICE ECE hr e
short - cigeefdbidl dtdsT1ds ther ellaweng’ teneierh On 1% gpposkt pagi des of
the region where the transducers | DT 13, 14 are provided, in the surface

acoust | AHNAED R ganfacedAreustdf. wave resoratayorf tthenddsésrs | DT 13, 14

and the gedtSotdd embodiméndl,e preferably made of tungsten or tantal um
The surface acoustic wave of this preferred enbodinent is characteristic in

that, in addi t3frthe WRELELEVESEEAER| bad HEFSS cAeFodLdnterddgitadt e and
the trangfdigfdiedOph® 134 TAd8re provided. The transducer IDTs 13,

14 have a pair of interdigital electrodes 13a, 13b, and a pair
of interdigital electrodes 14a, 14b, respectively. The
electrode fingers of a pailr of the interdigital electrodes 13a,
13b are inserted into the spaces between them. Similarly, the
electrode fingers of a pair of the interdigital electrodes 1l4a,
14b are inserted into the spaces between them.

The transducer IDTs 13, 14 are arranged so as to be
separated from each other by a gap G along the surface acoustic
wave propagation direction. |

Grating type reflectors 15, 16 to which the plural
eleétrode-fingers are short-circuited at the ends thereof are
arranged on the opposite sides of the region where the
transducers IDT 13, 14 are provided, in'the surface acoustic
wave propagation direction.

The above transducers IDT 13, 14 and the reflectors 15,
16 are preferably made of tungsten or tantalum.

' The surface acoustic wave of this preferred embodiment is

characteristic in that, in addition to the above-described

particular guartz substrate and the transducers IDT 13, 14 made
L// of an electrode material containing one of*qﬂland W, the
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of an electrode material containing one of Ta and W the

- 20 respective nunbers N err] of electrode finger pairs of the first,
second transducers |IDT 13, 14 are set to be up to Nerr] (x) whichis a
val ue defined as foll ows. Nerr] (x) = 338{x - (0.22 + 0.55n)}[err]
+ 25 ..formula (5) where x = G[err] (Grepresents the size of the gap G
between the el ectrode fingers of IDT 13, 14 in the center thereof), and n
is an integer defined in accordance with: -0.055 + 0.55n [err] x

[err] O./48pdcfiv@humbers N, ”o’Ehél!a@’l‘)ﬁtb&é.-'0'1‘[\'?41 o/ gﬁﬁlﬂ%' %Cf el ages@goustic
wave filter 11 of this preferred enbodi nent e nunber Nerpl is set to be

Up to t hEeeRRd cLrRRIIYGRTE DS AP AdBoATRNERY t@ Hee iRictd Mrer val (Xtatio (%)

of the djfi{ekeises ivaidEeUETFIRLdasWwes1big. | ongi tudi nal fundanental node -
and the | ongitudi nal higher-order node to the center frequency) can be

control | ed as Nigs®t i (ped =ba8B8Wx and0ti R2reby, S ’bana®i di feamlze (£9j ust ed.
This will be described with reference to FIGS, 16 through 21. FI GS. -
16A and YREFRHBW tHEh | (s SaFrEsensss theefazRcot cHAP RIRIG Retuesk thge

surface 8geLeEbis WRufadld ' bk 4B WhiuClhin! BRpCEEND VR4l fiapd gl DT 13

and the second IDI 147 1s about err he nu are 50 (for
FIG 16Aisaal duteger @nnemeﬁ alch'-@rdanﬂérWM:bFr] is 40, and the

respective gaps en refl ect 5, nd the transducers | DT 13,
' ioglg:ll oﬁgg?’ﬂe *strfate 43951 01 %\Na

14 adj acent ther acoustr ve propagation direction
are about 0.50fsitHe Iﬁﬁtﬂﬂma1naUdicoup1edlawtﬂaﬁeeaddusﬂxnﬂwdiﬁ<a’r] The

AT 1L Y SRR R N S TR g Lo L
t he Eul etoabgl es €6, tHL Hmive-ded@rdbield) Ni s "UsedAccohdifglyn tthe imodes
"' the ,cRaFaEYati &f E”Sg é s 'o%t%ﬁéﬁﬁf%%g“ﬁngf?m%&?x R e used
are Lﬁérhangﬂthﬂlﬂal and ther dbngitudinal higher-order mode
to the center frequency) can be controlled as described below,
and thereby, the bandwidth can be adjusted. This will be
described with reference to FIGS. 16 through 21.
FIGS. 16A and 16B show the insertion loss-frequency
characteristics of the surface acoustic wave filter 11 in which
the gap between the first IDT 13 and the second IDT 14 is about

0.50A, the numbers N,,, are 50 (for FIG. 16A) and 30 (for FIG.
16B), the number N,, is 40, and the respective gaps between the
reflectors 15, 16 and the transducers IDT 13, 14 adjacent
thereto along the surface aczjftic wave propagation direction

L///ere about 0.50A, and the additieme? impedance is about 50Q.
The characteristics in FIGS. 16A and 16B and FIGS. 17 through
20 described below were obtained under the condition that the
guartz substrate having the Euler aﬁgles (0, 127°, 90°) is used,

the film thickness h/A of the transducers IDT 13, 14 is about
0.02, and d is about 0.6.

In the characteristics of FIGS. 16A and 16B, the
frequency bands to be used are indicated by arrows L, and L,.
As understood when the bands indicated by the arrows L, and L,
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Asgg&%@é?%@%%l\g\h%ﬁ I%Pﬁﬂé Négalngés(sq)ndi cated by t%‘u‘é Mglr{l}ch}vvbgFGL[err] and L[err]Pll
©21. are conpared, the bandw dt hs becone different by varying the val ues of
N err]. The difference between the above bandwi dths is a phenonenon
caused by the overlap of the fundanental node and the higher ‘order nobde.
Accordingly, the inventors of the present invention nade an investigation
concerning how the ratio, nanely, the bandw dth, of the frequency

di fference (node frequency difference) between the higher order node and

the basic node to the center fr. en i s chapged with the nunber. N err].
The rosURES ShBaKRshn e PradwidhanpEagReoaLELerent by SRV HIS (4he | act
that theyapgyg-ses€ri.bed change in the bandw dth ig c@l Sﬁi-béf not only the

nunber N err] but azrs.o the gap between the firsy, second transducers |DT
13, 14, the gaphes delfepense hetugenThBe akove bandwidthsy isyd 19 show the

charact eihﬁﬁéxﬁéaé@ﬂﬁl{ﬁé Rnh@ @9RrlaBeb¥eehe d3nodé dvad the/al ue of
0.20[err], 0.50[err], O.70[err], and_0.90[err], fespectively. As seen

i n FI GS. higher  Sxdpf md%eﬁcsﬁédéaﬁégiv €r LPVERLREY RE LN REMRANF dih is
i ncr easegdnvifieion MRadeieinVedtibaktionNebfaaeling Neod oV gidid s reduced.

When the nunber N err] exceeds a constant val ue, . the bandw dth becones

zero.  namekgcobhg RARAvidth.nof Shei £5BANENFY dbLBEEANGEr ¢BRIE acousti ¢

wave filgpeqddncy "iffddeticedhdetwedhi hieCR1GAXENSrdePano didy Cere be
obtai ned by setting N err] to have a value Up to the constant val ue.

Furt her , baStesnodel taidha Gemntexn f5eqnenryzia shangpdsvitly the MHIPRREF Nerr]

in the rﬁg,g.e Ofnd e sdR¥eardesfbbrRetin CPIGS 2N 7 Vil su i b d oveer . . On the
ot her hand, the nunber N err] at which the bandw dth beconmes zero is varied

with the val ueldfview sfcdh@ £grF, thaki rhe ahavecdesrsibed chang®bihi ned by

varying the sapaéidel Waereddied i Sno%soinm# BReCASRDEE ) HIVAGEEN i CS
of FIGS. 18 through 20. The results are shown in FIG i In FIG 21,
the gap F3BebgE¥ech Hehe (Likstuc &esopsrtrangAuress ATt her abbcithe, 33mid t he

nunber NGgSsr3196 vdeidd di MMa® is, FIGS. 17, 18, and 19 show the
characteristics measured when a gap x between IDTs 13, 14 has a

value of 0.20A, 0.50\, 0.70A, and 0.90A, respectively.

As seen in FIGS. 17 through 20, when the number N,, is
reduced, the bandwidth is increased. When the number N, is
increased, the bandwidth is reduced. When the number N,
exceeds a constant value, the bandwidth becomes zero.

Accordingly, in the longitudinally coupled surface
acoustic wave filter 11, the filter characteristics having a
bandwidth can be obtained by setting N,,, to have a value up to
the constant value. Further, a desired bandwidth can be
realized by adjusting the number N;pr in the range of the above-
described constant value and lower. ' |

On the other hand, the number N,, at which the bandwidth
becomes zero is varied with the value of x. Aaccordingly,
similar characteristics were obtained by varying the gap G
between the IDTs, as in the case of the characteristics of FIGS.
18 through 20. The results are shown in FIG. 21.

In FIG. 21, the gap x between the transducers IDT is
pPlotted on the abscissa, and the number N, on the ordinate.
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22 That is, in the case of the characteristics showmn in FIG 18, when
"the gap x between the IDTs is about 0.50[err], the bandw dth is zero at
N[ err]=50. Thus, in FIG 21, the nunber N err] is 50 at X=0.5.
Accordingly, by setting the nunber N err] to be in the range which is on
the lower side of a curve M prepared by connecting the neasurenents, in
FIG 21, a bandwi dth can be obtained, and further a desired bandw dth can

be realize u t he nu he abpve-descpihed, gange.

be el iged e Gpushing bhe el NSl ook DeeRRRug RO B ange
the numpgienNkgler l;a50§l ble@Rag el &9 QU&Eea%ﬁﬁnObQOEXpﬁﬁ‘éSSQn@Nl&@ﬁ
formula (5): N err]. (X) X (O 55n)} + .formul a
(5) whéise Z@rgataltsﬂtmm 22Thu@. 551m FI@O Bb) zghg umbex ZQmH(S 5%n at

(0.55/ 2)ppt Rat is: -0.055 + 0.55n [err] x [err] 0.495 + 0.55n ..
formul a (8) Thus, n is an integer satisfying the above fornula (6).
As under st oodAftcomdiihglyyr by B’EbtiﬁthhélnumhereNﬁxim Seeim diieitandset ween

dth I N al N d
nd cat SBEY AR ShOFRE 10PEF Slae' 82 BOCEVRL K" briberdaPERCRoRRetsifg
coupledtmmrmaasuaemnntsc mmy@lbulaen albahdwhHShpcahebeedbEahnddneand a
bandw dt b bt i_ned et th b b h nmb
oo oA, BT AR RhR R R By RS hE patfb Bl ebie, Lo
N[er[] @nnféefgaﬁdlnstﬂefabobeddebOﬁﬁbeanﬂaﬂgdes|reﬂ bandmnd;h canbbg

realiz adj us er err e -descri be

?:ﬁéey %Br8§95 tlgﬁ ﬁtgﬁg 6PV Fe b Lgsgﬁé %@ Fﬁ%hv We an
exam nam',gn"“bf(mpvwnhﬂx | s atHe szﬁhm NS @b&ﬁg&dn%qnohhehauahetrel\&err] of
el ectrode fbngers of the re%b c_ ifl?gled in the above |ongitudinally

coupl ed “80y P&cEXREGESE c P¥a M3re particularly, in a manner
simlar to thgt dexsc(r#)bed %{\5@ c{|of fﬁr gnty tsb‘fﬁ%»’ of 4de _ngﬂ‘ﬁﬁ_aac(cgbst i C

wave filters 11"T
where n satisfies 0.22 + 0.55n - (0.55/2) = x < 0.22 + 0.55n +

(0.55/2), that is:

-0.055 + 0.55n = x < 0.495 + 0.55n ... formula (6).

Thus, n is an integer satisfying the above formula (6).
As understood from the curve M of FIG. 21, there exists
periodicity between x and the value N,,™*. That is, the value
Nypr ™ (X) depends on n, as indicated by the formula (5).

Accordingly, in the longitudinally coupled surface
acoustic wave filter 11 of this preferred embodiment, a
bandwidth can be obtained by setting the number N, which is
the number of electrode pairs of the transducers IDT 13, 14, to
be up to the value NI,,,""“x (x) defined as described above, and a
desired bandwidth can be easily realized by adjusting the
number N,, in the above-described range.

Moreover, the inventors of the present invention made an
examination of how the insertion loss is changed when the
number N, of electrode fingers of the reflector is varied in
the above longitudinally coupled surface acoustic wave filter
11. More particularly, in a manner similar to that described

above, different types of the surface acoustic wave filters 11

- 22 -
nis Sheet Has Been ReplacedTI

TR




23 are produced by formng the transducers IDT 13, 14 of a Ta thin film
"having h/[err] = 0.02 and d = 0.6, on the quartz substrate with the Euler
angles (0, 127[err], 90) and the reflectors 15, 16 having the different
nunbers of electrode fingers. The insertion | oss of these surface acoustic
wave filters 11 was nmeasured. FIG 23 shows the results. The
above-described insertion loss is affected by the nunbers of el ectrode

finger pairs_of th ransducers | DT 13 4 and size,qf the gap_ G.

bet veen ST Pr3duEsd RECOPERGR, the rrapsHicr)Setbl ohe 13, Peage T0E0LR ¢
wave fi lst:ers [ t headphf Nty Qu rs~af e | irs of

| DT 13,E}§hén§ag?ﬁ$e?g%t ggbgﬁcﬁggt&eenBFEWS°§3Fﬁ%4&&é?g§p%gggggagéThe

i nserti withotbewBulerasngées FP@ 123 ° 1 BASHr ands thee reddectors 15, 1As seen

i FIG p28 ol Uit B couBet NRrClcobceLsarcads f kgecs of g respective

reflectors I'NCT insertron 1"oss i €d, “irrespective of.
t he nuntieselitéon] loksebécthede Bumfacepacpasafiicl bDavendiflhersi 2@ whst he gap

G between | 13, ) en _t he, _numnber err] of electrode fingers of the
respectpﬁgsggépéctgié'e%gggggwgoFﬂtheFﬁﬁgffion | oss becones substantially
const ant . TheAabovd+dgbgribkd insertion lLoss danali€ecaetr blyl edeby

adj ustin he nunber N err,] i.f it _has.a value.of up tq 20. T LS, e
S acenimbats SR B3k EPRE, CinoknBRi2s’ BEcFre, thRusRuce sl 0B ddn bd
easil¥ thvtﬂeds?yeadfuahbngaph? bunhean&FFrhs, 1#. Ihefsuﬁhqag,acoustic
wave filter 11 FIG 15 is a_|longitudina coupl ed.surface_acousti c wave
fTter BOTERFARRGtERES: Pt heOruTs aRy SPRESEAEoNAOPDF LLF e Fnd 1 naving
|239;?UdhﬁabﬁfféﬁbnheduﬁbétécefaéQé&tkﬁdwannbbktph&@% preflem ed, 14 |
enbodi nent.s of _the present .ipvention_may have_a configuration with a pole
runber BRoaALEsalEnt B3B8 @ BeSureny 1Y, 137 calshenen BroRucERect MBS0

confi guiakegtioh aokenghkusleaauredcouplied 28rfiagasacatesi eheaveshikker

whi ch i forngg Egehoggi%%glnggtywith the number N, of electrode
fingers of the respective reflectors 15, 16 increased, the
insertion loss is reduced, irrespective of the number N, of
electrode finger pairs of IDT and the size of the gap G between
IDTs 13, 14. When the number N, of electrode fingers of the
respective reflectors exceeds 20, the insertion loss becomes
substantially constant.

Accordingly, the insertion loss can be controlled by
adjusting the number Ny, if it has a value of up to 20. That
is, the surface acoustic wave filter 11 having a desired
insertion loss can be easily provided by adjusting the number
Negr

The surface acoustic wave filter 11 of FIG. 15 is a
longitudinally coupled surface acoustic wave filter containing
the first IDT 13 and the second IDT 14. The longitudinally
coupled surface acoustic wave filter of preferred embodiments
of the present invention may have a configuration with a pole
number of at least two. FIG. 22 is a plan view showing the
electrode configuration of a longitudinally coupled surface
acoustic wave filter which is formed by longitudinally
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24  connecting two of the |ongitudinally coupled surface acoustic wave
‘filters 11 as shown in FIG 15. In a surface acoustic wave filter 21,
a first interdigital transducer 23 and a second interdigital transducer 24
are made of Ta or Wand di sposed on the quartz substrate with the desired
Eul er angles. Reflectors 25, 26 are disposed on the opposite sides of the
regi on where | DTs 23, 24 are provided, in the surface acoustic wave
propagation direction. Fur rst interdigital transducer 27.and a

er,
second FﬁP@FGFéPﬁaFWPrSﬁs&E@e}°?81§P€1BP$%YdEBU hedn8UEfaEeoRCPHELLEGi on

where | Rige22il2érar 21paevisedn Raf Feetons.29, 30 are disposed on the
opposite sides of the region where |DIs 27, 28 are provided, in the surface

acoustic maveIBr5p§§§FP8ﬁ arPEstisnwavRefithfEddterd £H1S®3. 24, 27, and 28

have pahh@érﬁ&b&%ﬁngt&ﬁhsﬁh@%&rQ§e§n83a Qggoﬁablngéﬁdigﬁtgﬂbtrgﬁgdaa€r27b
and 28a_and 28D, respectivel In this case, the surface acoustic

wave fi RBePTRaPRAG 8fc3ﬁfPgu%aﬁpénd&FPﬁS?ﬁeOBoFBenGHBEFZoFuPﬁBrPEeforned in
whi ch a,gehf 26 a%%&%%aCEW@é bhlyles. seﬁbf@@ceags 89,0he! DFe a§s88§eand the

reflectors 25, 26, and a surface-acousti c wave |tel section nade up of
| DTs 270n28h§nQPPﬁ§lﬁ§fEéé?ér§f29h93©eai§ncwhﬁ§§t§§T§ozéacﬁ4o§ﬁ§r

Mor e paggb@&h@&'ymgoﬁﬁe'ﬁh%% bQ'EébuEEEEt% |g|§§? Q%aEESnlgqrg thidn.

connect to groun e other inter ectrode 23b I's
electruEurtyegonneéngattenﬁn@dngnéadugraasdncectaadeng8a secpm® 28. The

other | apeedidilthckeaheadeez®haot LOE:30: heackACkhbogihY sensgeted to

ground CCOr |ng apove-descri two surface acoustic wave filter
sect i onzegien| whereudPfsl Ry ,c@Ansteeprovidedt o Rafdeqtosaf 28ur 30i anewi t h

the pol g;g gISCPOBB 13¢5 op os1@@'%§d8 E?rEﬁQ EEQ??h”ﬁHE§e0ED&Eezb”VEQt'0”

have been sed, var FBus ‘riodas o carry r|nC|pIes di scl osed
herei n are p@pvedpﬂated abebeungamﬁtacnushecswepe proPagatlon

direction. The transducers IDT 23, 24, 27, and 28 have paired
interdigital electrodes 23a and 23b, 24a and 24b, 27a and 27b,
and 28a and 28b, respectively.

In this case, the surface acoustic wave filter having a
configuration with the pole number of two is formed in which a
surface acoustic wave filter section made up of IDTs 23, 24 and
the reflectors 25, 26, and a surface acoustic wave filter
section made up of IDTs 27, 28 and the reflectors 29, 30 are
connected to each other.

More particularly, one interdigital electrode 23a of the
IDT 23 is connected to ground, while the other interdigital
electrode 23b is electrically connected to one interdigital
electrode 28a of IDT 28. The other interdigital electrode 28b
of IDT 28 is electrically connected to ground. Accordingly,
the above-described two surface acoustic wave filter sections
are longitudinally connected sc as to have a configuration with
the pole number of two.

While preferred embodiments of the invention have been
disclosed, various modes of carrying out the principles
disclosed herein are contemplated as being within the scope of
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25 the followng clainms. Therefore, it is understood that the scope of
the invention is not to be limted except as otherwise set forth in the
cl ai ns. 26 What is clained is:
1. A surface acoustic wave device conpri sing: a quartz substrate
having an angle [err] of Euler angles (0, 6, 90[err]) which has a val ue
that is greater than or equal to about 122[err] and is |l ess than or equal

to about - ..and . an.nterdigital transducer nade of an

el ectr od%ﬂéna cgjr:jl:%"flr?%c(fluﬁ%' apmfee’ées‘{o‘b%e B 1 AR o on sai d
quartz sidnpe a0f.the inven®ior IIrfcie et asmist inki thaY G R € & ARN G O
Claiml,s t3_/\/{1@ i.n Ihetang(#e#“?rr] of Euler angles (0, [err], 90[err]) has a
val ue that-is "S’r’éa&’ér }feh Byual to about 125[err] and is less than or
equal to about 128. 3. A surface acoustic wave device according to
Claim1, wherein said interdigital transducer has an el ectrode finger cross

width of up to about 40[err] where [err] represents a wavelength of a
surface acoustic wave generated in the surface acoustic wave devi ce.
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99%)@& g)cle3 é%o%itDng\Né\P/IeER&S I ce accordi ngmfoU%éTéanF;Gl wherein the L2

. electrode material constituting said interdigital transducer is Ta, and
the angle [err] satisfies formula (1): [err] = 125.44 + 108.27 x d X

h/[err] 1.2 ... formula (1) where h reprﬁmmlu?lm u "ckness -
of said interdigital transducer, d represents an ele H HW, 1

metal lization ratio of said interdigital transducer, and [érr]' répresents a
wavel ength of a surface acoustic wave generated in the surface acoustic

wave device. . 5. A surface acoustic wave device according to Claim
1, wherei erial constituting said interdigital

27 transducef, i sp WurHitd R onaelie E..a%.] dsaleéfd:&@péylma-a (2):

[err] = 125.70 + 49.87 x d x h/[err] 1. .. formula (2) where h

represents a faIqnaﬂﬂzﬂeuhatn@&es@adlmqtendagglalBtQEuﬁnigmeangdesepresents
an electrode fin er metallization_ ratio of said-interdigital transducer,

and X repfesBntd0%) ﬂﬂV%ﬂbﬁ@FhaoFa&u§UFFéGe15cSE§¥$%rWHVE‘éﬁh@ﬂ&ﬁédtPn the.

surface QEQHEtlﬁzwaé{x‘?d IX&ss than or @qualStbf 866u@CPYSt] Gave device
according to Caiml, erein the surface acoustic wave device further

i ncl udes ref | e®8 ckRterdigidad sxangdysEremange’rs odn selertnade aageranl

t ransducgﬁc%aj)g a8 U462 GHDGE I1h W vPEﬂBaH%bé’é‘e&“érﬁgdlﬁ‘qNu%Qtés to
define a surface acousti c wave resonator, and he nunmber "N err] of

el ect r od8uPPhE_Eepai rs of said interdigital transducer has a value of up to
200.

2. A surface acoustic wave device according to Claim 1,
wherein the angle 8 of Euler angles (0, 6, 90°) has a value

that is greater than or equal to about 125° and is less than or
equal to about 128°.

3. A surface acoustic wave device according to Claim 1,
wherein said interdigital transducer has an electrocde finger

cross width of up to about 40\ where A represents a wavelength
of a surface acoustic wave generated in the surface acoustic
wave device. |

4. A surface acoustic wave device according to Claim 1,
wherein the electrode material constituting said interdigital

transducer is Ta, and the angle 0 satisfies formula (1):
0 = 125'44h: 108.27 x d x h/A £ 1.2 ... formala (1)

L/ where nyeprésents a film thickness of said interdigital
C// transducer,'rkrepresents an electrode finger metallization

ratio of said interdigital transducer, and A represents a

wavelength of a surface acoustic wave generated in the surface
acoustic wave device.

5. A surface acoustic wave device according to Claim 1,
wherein the electrode material constituting said interdigital

Uis Sheet Has Be

W



:‘,I. :.... 'ﬁ: l"' '\f C P13
39% ref e’ dU’%tDRcW \Rlél\)/@ G\)/i ce accordi ngjE i %él!t e 6, wherein the nunber
. N[err] has a vaI ue of up to 100. 8. A surface "acoustic-wave device

according to Claim6, wherein the nunber N err] ha up_to 20.
9. A surface acoustic wave device according to C a“ﬂ”mwm E& F | ectors
are di sposed on opposite sides of said interdigita g a
surface acoustic wave propagation direction and the reflectors | ncl ude

plural electrode fingers extending in a direction that is substantially
per pendi cul ar, to a ,surface acoustic_ wa gq;)ro gation direction and the

el ect r oFEHSHYE F§ &Fewéhépg tRer apgied & Formyda hédéof, so as to
deflneasurf Ve, esonato and ' the rr] of

el ectyr ode fi n ers heg @@p@t.v@ he(":ttg 3 has a \'/aF gﬂgﬁ {;gfo 20.
28b l/ ] lQherd ls:égeesacmass:c siEm'nvehicrkrtﬁs afTEa id I’i@terdlglt]ajn \clt\zarth z
subst te avj n er 0 e[ _a er.r err ic
has stdr‘ﬁgr's g% aBr éoﬂm&% gﬁb‘lé f‘éf[ae\lr‘] AZ% Bs less -

than Of 3 d0 Al &ntéﬂ:kgtgakal t ansaacéat §ﬂmt ddsantduger nmade of

an electrode material 1nc east one Ta an W and di sposed on
sai d quatavelangih afea amtface acpustict vave ggeneratedrlnhesisugfacges of

said i ht a al ong a surface acoustic wave propagation
di rection; o‘u\ﬁfcalane %%E%e nunber N err] of electrode finger pairs of

said interdigital transducer has a value of up to 200.
6. A surface acoustic wave device according to Claim 1,

wherein the surface acoustic wave device further includes
reflectors arranged on opposite sides of said interdigital
transducer along a surface acoustic wave propagation direction,
sc as to define a surface acoustic wave resonator, and

the number N,,, of electrode finger pairs of said
interdigital transducer has a value of up to 200.

7. A surface acoustic wave device according to Claim 6,
wherein the number N,, has a value of up to 100.

8. A surface acoustic wave device according to Claim 6,
wherein the number N, has a value of up to 20.

9. A surface acoustic wave device according to Claim 1,
wherein réflectors are disposed on opposite sides of said
interdigital transducer along a surface acoustic wave
propagation direction and the reflectore include plural
electrode fingers extending in a direction that is
substantially perpendicular to a surface acoustic wave
propagation direction and the electrode fingers are short-
circuited at opposite ends thereof, so as to define a surface
acoustic wave resonator, and ,

the number Ny, .of electrode fingers of the respéctive
reflectors has a value of up to 20. s e e
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11. A surface acoustic wave filter according to Caim 10, wherein the
"nunber N err] has a value of up to 100. 12. A su ve
filter according to Claim 10, wherein the nunber N err] iﬁ"lng"ﬁm

to 20. 13. A surface acoustic wave filter accordi ®g Fz"

wherein the reflectors include plural electrode fingers extending in a

direction that is substantially perpendicular to the surface acoustic wave
propagation direction and the electrode fingers are short-circuited at

opposi te endsjipher egf sypRfce acouEE@c”%H@@rfEﬁ%éE]ceﬁp9E§§h?9de fingers of
the respective reflectors has a value of up t 4. A

| ongi t udi nal | @ gqoaptedssbstaeteabawinigc anaaagiel feofcBupersangles a
quartz substrate having an angle err% of Euler angles (0, [err], 90[err])
whi ch hd9rafvaPlé)t whichshgfeat ¥alugaphat dgugreaser than or equal to

29 | 3boupokZhnbh and ks hess Lhan o eddh k8 apat d3fberr). first

and seco i nterdi t ransducer's quartz substrate SO0 as
to be separatad bytargaglaad nudesdhcam mbdetpﬁdannaﬂectabdenmhudrmglat

| east o a d flect rr n_op L.des of a
regi on aﬁggédgﬁg ??r!%aggd°§§c8§d&§nP§%USB%P§| agg % gcggsggﬁe %P%é?ged on
t he quasubssuwbseratad al ong a surface wave propagation direction; wherein

the first and gecond,10tgLdbgbtdl o' ARpduseessRaLe 8¢ saia
interdigital transducer along a surface acoustic wave
propagation directioh; wherein
the number N, of electrode finger pairs of said

interdigital transducer has a value of up to 200.

11. A surface acoustic wave filter according to Claim 10,

wherein the number N, has a value of up to 100.

12. A surface acoustic wave filter according to Claim 10,
wherein the number N;, has a value of up to 20.

13. A surface acoustic wave filter according to Claim 10,
wherein the reflectors include plural electrode fingers
extendihg in a direction that is substantially perpendicular to
the surface acoustic wave propagation direction and the
electrode fingers are short-circuited at opposite ends thereof,
and '

the number Ny of electrode fingers of the respective
reflectors has a value of up to 20.

14. A longitudinally coupled surface acoustic wave
filter comprising: '
a quartz substrate having an angle 6 of Euler angles

(0, 8, 90°) which has a value that is greater than or equal to

S - 28 -
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I9BVLALLD ) 19714 Am UREW NACLRR (SU) #15 fukala NIy ris
nunber N err] of electrode fingers up to Nerr] (x) defined in accordance
-with Nerr] (x) = 338{x - (0.22 + 0.55n)}{err] + 25 where x =

G [err], Grepresents a, gj G between the first and second

i nterdigital transducer#ﬂh ﬂﬂ Eﬁﬂce acoustic wave propagation

direction, and nis an i L «'n accordance thza-0.0SS + 0.55n
|l e

[err] X [err]lojﬂgﬁ + 0.55n, and [err] represents a ngth of a

sur.f acousti C wave generated in the surface acoustic wave filter.

15.&{ I(nupunudﬁﬂélBmdcdapﬂsdssnhaac@ra%quﬁiiﬂp\ﬁbﬂ#tfﬂbﬁéﬁ according to
Caim 14, wherd@ig al leastaRAci flesd] Lédf-sérﬁ%u%%‘igngrkgﬁgéé'Sﬁta'
transducers has an eFéctroae finger ctross wdth of up to about 40[err]
wher e [ vaid myamzesubssiraseckenys htofbea sepsratedidyugt gepwand Haderated in

t he surf CQUSY,I fLkter. . i i pgl Lxgcrup! ed
sur f ace oL Leanpat HRrer 1aEc ipatuding B A B E B HaoRD P e
mat eri alargbnstituting at |east one of said first and second interdigita

S 5, Frkbegtityl NEFRRGLE bR"Sbpadti d g e 2eblbi phere [o17) =
rep?eseﬂuheeffﬁdUnaﬂd Glecond dhteﬁdﬂghtaléééansﬂucers are provided on

30 of id first d i dj gj A t

ol ectr ockhg | RARYS, AunstERR A o RLPRF | B bpELat S VAV ARt B S0 T fot and

second idimeahigi;alwherainducers, and [err] represents a wavel ength of a

surface acoustic, %%tgggﬁrg%ggn?niﬁpgrétﬁifgfi€¥§$ e rd@RGyb! hter.

17. A |l ongitudinal colpled surtace acoustic wave filter according to

C ai m 14punibeer &, difcedbetrodecfimgers aip to Ny, "™ (x) defined in
accordance with Ny, "™ (x) = 338{x - (0.22 + 0.55n)}* + 25

where x = G/A, G represents a size of the gap G between
the first and second interdigital transducers along the surface
acoustic wave propagation direction, and n is an integer
defined in accordance with -0.055 + 0.55n = x < 0.495 + 0.55n,

and A represents a wavelength of a surface acoustic wave

generated in the surface acoustic wave filter.

15. A longitudinally coupled surface acoustic wave
filter according to Claim 14, wherein at least one of said
first and second interdigital transducers has an electrode
finger cross width of up to about 40A where A represents a
wavelength of a surface acoustic wave generated in the surface
acoustic wave filter.

- 16. A longitudinally coupled surface acoustic wave
filter according to Claim 14, wherein the electrode material
constituting at least one of said first and second interdigital

transducers is Ta, and the angle 0 satisfies formula (1):

0 = 125.44 + 108.27 x d x h/A % 1.2 ... formula (1)
L/( where W represents a film thickness of said at least one
Sk
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conggélntlﬁ L|§'n aF DRFW(%\IA%IE&( i aid first and’ §é@o¢%\ B|/”'?ncterd| gital transcfuléers
“is W and the angle [err] satrsfres formula (2): [err] = 125.70 +

49. 87 m “L“‘““mm“ ... formula (2) where h represents a
frlnrtﬁ at |east one of said first and second interdigita
transdueers ‘d r%presents an electrode finger netallization ratio of said
at least one of said first and second interdigital transducers and [err]
represents a wavel ength of a surface acoustic wave generat in the surface
acou C 8 udil 2GR
acoug((c §2%§1§ F%gétc% drseconj_inté}éfg¥%éhSE 2u stra I;jﬁgltvr géan é%gle
[err] of aEuekecangﬂesfmge{'me@almammrram ®fvshid ahaleast grmatef t han

or equal to abhout 121[err] and,is |ess,than or equal to ahout 131[err];
first anﬁasgcggﬁan?é dFerend 1pterdiairal Fﬁ%ﬂﬁﬁ§536ﬁ'séP8 guartz substrate
SO as tOrQﬁréSEﬁEé‘tdeQ\YePeﬂg"Ehaéfi AB8\er P c @b R REiOdavEREEheRAt eI C ! ”9.

at |east one of Ta and reflectors arranged on“the opposite
si des oftaerégFSﬁCﬂhéﬁéuﬁhéFfW4%% §htte®cond interdigital transducers are
| ocat ed al ong a surface wave propagation direction; t he respective

reflectors having a nunber N err]_ of
31 electrode }7ngehslongifpdinably coupled sRrfaceoAg§PRARLRAAYAYE coupl ed

surface gag@ueti Gc¥B¥@ihy! t6TcREGR 1 n%@réiralﬁnel%leM%aabnmaéekf@ft one of
said first and second interdigital transducers has an el ectrode_ finger

cross wi GPASEAtHRiRG abokeagd[ere o td [irat Aag ssernd &"Eﬂﬁ@%i%&ﬂ of a
surface ReQHshbEeldYEs 9FNCLA Sthé "ahdfe Sé”Jaac“i% Ae8UtbiaYaVEafL ! ter.
@ = 125.70 + 49.87 x d x h/A £ 1.2 ... formula (2)
l/ where ‘F"represents a film thickness of said at least one
V of said first and second Lnterdlgxtal transducers, ‘tjepresents
an electrode finger metallization ratio of said at least one of
said first and second interdigital transducers, and A
represents a wavelength of a surface acoustic wave generated in
the surface acoustic wave filter.

18. A 1ongitudinélly coupled surface acoustic wave
filter comprising:
a quartz substrate having an angle 8 of Euler angles (0,

8, 90°) whlch has a value that is greater than or equal to
L/L/;bout ISG”land is less than or egual to about tﬁé

first and second interdigital transducers arranged omn
said quartz substrate so as to be separated by a gap and méde
of an electrode material including at least one of Ta and W;
and

reflectors arranged on the opposite sides of a region
where the first and second interdigital transducers are located
along a surface wave propagation direction;

the respectivé reflectors having a number N,,, of
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2’@%%}1}@”@ Wu&? r@*l%%%%ﬁé&s%urface acoust#% M\[,\J%Q;Fé MFiGI ter according tc?16

- Caim18, wherein the electrode nmaterial constituting at |east one of said
first-and second interdigital transducers is Ta, and the angle [err]
satisfies fornmula (1): [err] = 125.44 + 108.27 x d x h/[err] 1.2
formula (1) where h represents a filmthickness of said at |east
one of said first and second interdigital transducers, d represents an
el ectrode finger netallization ratio of said at |east one of said first and
second igterdi itgl transdycers %gg X represents a wavel ength of a surface
acousti & ﬁﬁ5§°8§ FR88ES ALt R YQUr¢%te acoustic wave filter. 21. A
| ongi tudinally coupl ed surface acoustic wave filter according to C aim 18,
wherein the el ectrode material constituting at |east one of said first and
second interdifitah longitudinally cqupkrd (AL TAGH ACPESTLCSHAVEfies fornul a

(2): filteke'éE]:ofdlﬁgi ﬁqgt ﬁ}%ﬁx}bﬁfﬂ ,Xot?hé‘ré‘icf{ gegtf l1ealst? one of saidf Ornula (2)

where h'represents a kness sal | east one of said first and
second ifdreétdagdt aeconpdnintierdigitak cpransducers e an edectirnger

metal lization ratio of id_at | east, one aid fir n cqnd
interd: 3Péf?tf§ﬁé5u8éﬁ§$lﬁﬁd“?eF?fa¥%$?e@@Mt %f%M§M§a§ﬁ%§%n§g surface
acousti gaveiengthicbt Rdsupfhbe &toHSELC avDrstgenarpared il @he surface

acoustic wave filter.

20. A longitudinally coupled surface acoustic wéye
filter according to Claim 18, wherein the electrode material
constituting at least one of said first and second interdigital

transducergs is Ta, and the angle 8 satisfies formula (1):

6 = 125.44 + 108.27 x d x h/h £ 1.2 ... formula (1)
(/ where { represents a film thickness of said at least one
of said first and second interdigital transducers,\ﬁ’?epresents

L// an electrode finger metallization ratio of said at least one of
said first and second interdigital transducers, and A

represents a wavelength of a surface acoustic wave generated in
the surface acoustic wave filter.

21. A longitudinally coupled surface acoustic wave
filter according to Claim 18, wherein the electrode material
constituting at least one of said first and second interdigital
transducers is W, and the angle 0 satisfies formula (2):

@ = 125.70 + 49.87 x d x h/A £ 1.2 ... formula (2)
v where ¥ ﬁepresents a film thickness of said at least one
_L// of said first’ and second interdigital transducers,'yf?epresents

an electrode finger metallization ratio of said at least one of

said first and second interdigital transducers, and A

represents a wavelength of a surface acoustic wave generated in
the surface acoustic wave filter.
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