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the Invention The present invention relates to a surface acoustic wave
resonator, a surface acoustic wave device, such as a filter or conbi ned
device, including the resonator, and a comunication device including
the resonator. Mre specifically, the present invention relates to a
surface acoustic wave resonator using SH (Shear Horizontal) waves, a
surface acoustic wave device such as a surface acoustic wave filter or a

conbi ned devi ce SURFACEAUDBUSTIC WAVERESONATORSSURPACEN of the
Rel ated Art Surface acoustic wave devi ces have been w del used for
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types of surface acoustic wave devices are comrercially produced for
various applications. Anong such surface acoustic wave devices, an SH

type o | V) ' I ncluding a quartz substrate and an
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2. Description of the Related Art

Surface acoustic wave devices have been widely used for band-pass filters in
mobile radio communication apparatuses. Various types of surface acoustic wave
devices are commercially produced for various applications. Among such surface
acoustic wave devices, an SH type surface acoustic wave device including a quartz
substrate and an interdigital transducer (IDT) made of Ta, W or Au is disclosed in, for
example, EP0860943A2.

A method of manutacturing such a surface acoustic wave device will be
described with reference to the sequential steps thereof.

First, a wafer 100 made of quartz is prepared as shown in Fig. 9A. A metal
thin film 101 made of Ta is formed on the top surface of the wafer 100 by vapor
deposition, sputtering, or other process, as shown in Fig. 9B. Unnecessary portions
of the metallic thin film 101 are then removed by etching to form a plurality of patterns
including a plurality of IDTs 101a and a plurality of reflectors 101b, as shown in Fig.
9C. As shown in Fig. 9D, a combination of IDTs 101a and reflectors 101b defining
one surface acoustic wave element 102 is cut off by cutting of portions of the wafer
100 where any portion of IDTs 101a and reflectors 101b is not formed. The divided

surface acoustic wave element 102 is provided and contained in a package 103 to



2 0 JAN 205 connect an el ectrode 104 of the package 103 to the IDIs 101
a electrically via bonding wire 105, as shown in Fig. 9E. As deddy ixets
above, on a piezoelectric substrate nade of quartz, a netallic filmis
formed by evaporating or sputtering a nmetal having a |large mass | oad such
as Ta, W and Au, and then an electrode finger for defining the |IDT of
the surface acoustic wave device is formed by produci ng patterns of the
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discovered that, when the IDT is formed of a metal having a large density such as Ta,
W, and Au, the IDT experiences a very serious problem with large variations in
frequency due to variations in the width of the electrode fingers and the film
thicknesses. More specifically, when the IDT is formed of Al which is common in
general surface acoustic wave devices, frequency deviations are so small that the
frequency deviations can be adjusted after the IDTs are formed. On the other hand,
when the I1DT is formed of a metal having a large density such as Ta, W, and Au, the
frequency deviations are so great that the deviations cannot be adjusted after
formation of the IDT. This is because a frequency dependence on a volume of the
IDT becomes great in response to the density of material for the IDT.  Thus, the
frequency deviations becomes very large even if the variations in thickness or a width

of the IDT are the same as the variations occurring with an IDT made of Al

SUMMARY OF THE INVENTION
In order to overcome the problems described above, preferred embodiments

of the present invention provide a surface acoustic wave resonator and a surface



of the present invention provide a surface acoustic wave resonator and a
surface 2 2 0 JAN ?005 acoustic wave device which have a very sngl{l JAN 1005
frequency deviation relative to a designed value regardl ess of the
variations in the wwdth of the electrode fingers and the film

t hi cknesses. According to one preferred enbodi nent of the present

I nvention, a surface acoustic wave resonator includes a piezoelectric

subst %?B@st?d"ﬂa@ ld'e@[Ee%ﬁiEﬁ?‘%@ Ayerl/endli ??@gérﬁ%tdév?atﬁiﬁh@aftﬁb%@d made of

a netal or an alloy having a ﬁl ghefr specifi wei ght than that of the

pi ezoeesitnedovaiee eegaxtiast of bee paratowisdotthe wvidhindtheelecrodadingers axdi t e SH
waves, V\,gerer%.n a ratio relating to an electrode finger defining the IDT,
more WGHBIM HickI§SPS, ratio of the el ectrode finger width relative to the

sum of the P@F%F&iﬁg‘?@ onﬁé??g?riég Qggoéi%rﬂ of RS Bre@hYRRBnHGH, A Sifa& ect r ode

fingers, is from about out 0.85. Wth this unique structure
and amcaoginmaaie rasepedinafudesianpiezoaldéoticesubstrate asiHand - digpesaslen ace

acoustic waves becones blunt, in sensitivity to,.the electrode finger
W dt h 1o PIFSIaSTIC SHBS e A06I BRGSOk ashpd Pl M0y Bring A by essteaft
subst {g@%@]{lﬁ‘étwg%t%\" tRE piddH) &&ri® MmABRAIVIHB bRl e(dtric ddbdstraté @o?a%ﬁl't'a, and

87" t this'unique structure and arrangenent, a surface
acoustexcita®rbwaresomaerain aagiingelatingtaan elestrode fiogebdefrang el i,cnenet  and

Il ent, | h i stics.i hieved. A i
v FPOEHEEDY ST PR et ade foer drboelive ¥ 8 stia ih S Bt dities o
the | @Fg@ﬁg@p%éﬁ%%& Betvier] Qiﬁat:@ﬁtraa@w@@ﬁn?ér@, BUYEdn @bouRD/5EN@ENENt

aratio-t ectrode finger width relative to the sumof the el ectrode
fi ngeraboutlOIB%and t he space between adjacent el ectrode fingers, is
preferably
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surface acousfic wave resonator may be applied to a surface acoustic
finger width of the IDT.

The piezoeiectric subétrate is preferably a quartz substrate having Euler
angles of approximately (0°, 121° to 136°, and 87° to 93°).

With this unique structure and arrangement, a surface acoustic wave
resonator having a large electromechanical coefficient and excellent temperature
characteristics is achieved.

A surface acoustic wave resonator may further include reflectors disposed on
both sides of the IDT so as to sandwich the IDT therebetween. In such an
arrangement, a ratio the electrode finger width relative to the sum of the electrode
finger width and the space between adjacent electrode fingers, is preferably from
about 0.55 to about 0.85.

With these features, a speed of sound conductance of SH wave-type surface
acoustic waves becomes blunt in sensitivity to the electrode finger width of the IDT.

The surface acoustic wave resonator may be applied to a surface acoustic
wave device or a communication device.

As a result of the unique structure and arrangement described above, a
surface acoustic wave device or a communication device in which insertion losses in
a pass band are greatly improved and variations in frequency are greatly reduced is

achieved.



wave device or a conmuni cation device. As a result of the unique
structure and arrangenent described above, a surface acoustic waMeJAN 003
devi ce or a conmuni cation device in which insertion |losses in a pass
band are greatly inproved and variations in frequency are greatly reduced
Is achieved. 3 2 0 JAN 7005 For the purpose of illustrating the

I nvention, there is shown in the drawings several forns which are
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surface acoustic wave filter according to a second preferred enbodi nent
of the present invention. Fig. 3 is a plan view of a
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Fig. 5 is a block diagram of a combined device and a communication device
according to a fifth and sixth preferred embodiment of the present invention.

Fig. 6 is a graph showing changes in the center frequency relative to the ratio
of the electrode finger width relative to the sum of the electrode finger width and the
space between electrode fingers.

Fig. 7 is a graph showing frequency deviations relative to the ratio of the
electrode finger width relative to the sum of the electrode finger width and the space
between electrode fingers.

Fig. 8 is a graph showing insertion losses relative to the ratio of the electrode
finger width relative to the sum of the electrode finger width and the space between
electrode fingers.

Fig. 9is a flow diagram showing a manufacturing method for a surface

acoustic wave device.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the present invention are explained in
detail with reference to the drawings.

Fig. 1is a plan view of a surface acoustic wave resonator according to a first



Fig. 9 is a flow diagram showi ng a nmanufacturing nmethod for a surface
acoustic wave devi ce. DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENMSJAN 1005
Herei nafter, preferred enbodinents of the present invention are explained
in detail with reference to the drawings. Fig. 1 is a plan view of a
surface acoustic wave resonator according to a first 4 2 0 JAN 2005
preferred enbodi nent of the present invention. As shown in Fig. 1, a
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of the reflector 4. That is, the range of the ratio of the electrode finger width "L4"
relative to the sum of the electrode finger width and the space between electrode
fingers "L3" is preferably about 0.55 to about 0.85.

Next, a second preferred embodiment according to the present invention will
be described. Fig. 2 is a plan view of a longitudinally-coupled type surface acoustic
wave filter according to the second preferred embodiment of the present invention.

As shown in Fig. 2, the longitudinally-coupled type surface acoustic wave filter
11 preferably includes a piezoelectric substrate 12 made of crystal, at least two |DTs
13a and 13b disposed on the piezoelectric substrate 12, and refiectors 14 located on
both sides of the IDTs 13a and 13b.

The IDTs 13a, 13b are preferably formed of an electrode material containing
Ta as the principal ingredient and preferably include a set of interdigital electrodes
arranged such that comb-tooth portions of each electrode oppose each other. The
iDTs 13a and 13b are arranged substantially parallel to each other and separated by
a predetermined space in the propagation direction of the surface acoustic wave. As
with the first preferred embodiment, also in this second preferred embodiment, the
width of the electrode finger is larger than the space between adjacent electrode

fingers of the IDTs 13aand 13b. That s, the range of the ratio of the electrode finger



13a and 13b di sposed on the piezoelectric substrate 12, and reflectors 14
| ocated on both sides of the IDTs 13a and 13b. The | DTs 13a, 13t (ad® 2005
preferably fornmed of an el ectrode material containing Ta as the
principal ingredient and preferably include a set of interdigital

el ectrodes arranged such that conb-tooth portions of each el ectrode
oppose each other. The |DTs 13a and 13b are arranged substantially
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acoustic wave filter preferably includes a piezoelectric substrate 22
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t he seg@asged such that comb-tooth portions of each electrode oppose each other. The
IDTs 23a and 23b are preferably arranged substantially perpendicular to the
propagation direction of the surface acoustic wave. As with the first and the second
preferred embodiments, also in this third preferred embodiment, the width of
electrode finger is larger than the space between adjacent electrode fingers cof the
IDTs 23a and 23b. That s, the range of the ratio of the electrode finger width
relative to the sum of the electrode finger width and the space between electrode
fingers is about 0.55 to about 0.85. The width of the electrode finger is also larger
than the space between electrode fingers of the reflectors 24a and 24b. That is, for
the reflectors 24a and 24b, the range of the ratio of the electrode finger width relative
to the sum of the electrode finger width and the space between electrode fingers is
about 0.55 to about 0.85.

Then a fourth preferred embodiment according to the present invention will be
described. Fig. 4 is a plan view of a ladder-type surface acoustic wave filter
according to the fourth preferred embodiment of the present invention.

As shown in Fig. 4, the ladder-type surface acoustic wave filter 31 preferably

includes a piezoelectric substrate 32 made of crystal, at least two IDTs 33a and 33b



preferred enbodi nents, also in this third preferred enbodi nent, the w dth
of electrode finger is larger than the space between adjacent el2dc4ANHES
fingers of the |1DIs 23a and 23b. That is, the range of the ratio of the
el ectrode finger width relative to the sumof the electrode finger width
and the space between el ectrode fingers is about 0.55 to about 0.85. The
width of the electrode finger is also larger than the space between
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Next, a fifth preferred embodiment and a sixth preferred embodiment
according to the present invention will be described. Fig. 5 is a block diagram of a
combined device according to the fifth preferred embodiment of the present invention
and a communication device according to the sixth preferred embodiment of the
present invention.
As shown in Fig. 5, a communication device 41 preferably includes a
combined device 44 having a receiving surface acoustic wave filter 42 and a
transmitting surface acoustic wave filter 43, an antenna 45, a receiving circuit 46, and
a transmitting circuit 47, wherein an antenna terminal, an output terminal, and an
input terminal of the combined device 44 are respectively connected to the antenna
45, the receiving circuit 46, and the transmitting circuit 47.  As the receiving surface
acoustic wave filter 42 and the transmitting surface acoustic wave filter 43 of such the
combined device 44, any one or a combination of the surface acoustic wave filters 11
to 21 according to the second to the fourth preferred embodiments may be used.
Next, the range of the ratio of the electrode finger width relative to the sum of

the electrode finger width and the space between adjacent electrode fingers is about



the el ectrode finger wwdth and the space between adjacent el ectrode
fingers is about 0.55 to about 0.85. Next, a fifth preferred enZdui el
and a sixth preferred enbodi ment according to the present invention wll
be described. Fig. 5 is a block diagramof a conbined device according
to the fifth preferred enbodi nent of the present invention and a
communi cati on device according to the sixth preferred enbodi nent of the
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sin having Euler angles (0°, 126°, and 90°) and two IDTs and reftectors disposed on the
quartz substrate and made of a Ta electrode material.

As shown in Fig. 6, the center frequencies define a downward arc having its
apex at the vatue for the ratio of the electrode finger width relative to the sum of the
electrode finger width and the space between eiectrode fingers of about 0.75.
Therefore, it is understood that when the value of the ratio of the electrode finger
width relative to the sum of the electrode finger width and the space between
electrode fingers is about 0.75, variations in frequency when the electrode finger

" width shifts back and forth are at a minimum. 1t is also understood from Fig. 6 that
these characteristics have a similar tendency when the standardized film thickness or
the Euler angles of the quartz substrate are changed.

Fig. 7 is a graph showing the rate of change in the center frequency when the
value for the ratio of the electrode finger width relative to the sum of the electrode
finger width and the space between electrode fingers is shifted by about 0.05. That
is, it is assumed that the value before the change for the ratio of the electrode finger
width relative to the sum of the electrode finger width and the space between

electrode fingers is "d1"; the value after the change for the ratio of the electrode



SHtype surface acoustic waves is used, and includes a quartz substrate
having Euler angles of approximately (0", 127", and 90*), and tw [lR¥TH05
and reflectors disposed on the quartz substrate and made of a Ta

el ectrode material. Only in the case of Curve E: 2.16% a longitudinally
coupl ed type surface acoustic wave filter generating SHtype surface
acoustic waves is used, and includes a quartz substrate having Euler

angl d.90 G h
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used for the values of the nornali
finger width relative to the sum of the eFectrode finger width and the space between
electrode fingers is preferably in the range of from about 0.60 to about 0.85 as the
value yields the change in the center frequency within approximately
*+ 0.15%.

Fig. 8 is a graph showing changes in the insertion loss of a filter corresponding
to values of the ratio of the electrode finger width relative to the sum of the electrode
finger width and the space between electrode fingers. Itis to be noted that the same
symbols are used for the values of the normalized film thickness as those usedin Fig.
6. In addition, measurements were made after input/output impedance matching.

As shown in Fig. 8, it is understood that when the value of the ratio of the
electrode finger width relative to the sum of the electrode finger width and the space
between electrode fingers is about 0.75, the values of the insertion loss are minimal in
the cases where the normalized thickness is about 2.0% to about 2.16%. The
values of the insertion loss rise rapidly in the vicinity of the value of the ratio of the
electrode finger width relative to the sum of the electrode finger width and the space

between electrode fingers of over about 0.85 regardless of the standardized film



filmthi ckness as those used in Fig. 6. It is understood fromFig. 7 that

the change in the center frequency is mninmal when the val ue for? G b&N 200

ratio of the electrode finger wwdth relative to the sumof the electrode

finger wdth and the space between el ectrode fingers is about O0.75.

Since when the change in the center frequency is within approximtely
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vari can_he easily : i i mtely
1% ickREsE T CEppERiore! g 206RFTR P WS inidind¥ifonldss &t BeRERY

e' ectZisla d. 7 @ aie vitidl ot th@leeédtmeietmwgelnwsmrremvene thed enrtnrojdbe elgaipsie wi dt h
and the space between el ectrode fingers_of not |ess thﬁ?} ug IQ b5 s
accepfuragﬂrwdttuam%é"re spacy ketwses geefedafingersinihg fess A e HP% the rati o

f the el trod

O RS e PR M it kg et peect rove
the ranggarfizéd fm Bhckiiess. 6@ it elesdom theBsbae déseriptian md;xhaguapmmf
change in the center frequency Wi t hin, a I‘OXI nateq\fa?) 1?8/ g is a
gr aphFigh 8ihaginceraeg s greqt VH@PTQ@e'PFf-"ES'H” S SgRNRerqT APOHT 8518 %ooﬁj ing to
val U ea§t|§§38fer I éhcf’ﬁ-no}é‘@RSHEEélf)PQq'aEgB%?%b%m Bsteladblye.dig hére sum of

the e er wdih and t'h bet ween el ectrode fingers. It
i's tOFh&ﬂeﬂa@l@d Th@bfdrbﬁsu&aeﬁlswmdmks; |anredap@5denb¢f thestangardgesfiimhe
nor ma

d filmthick t ho d
m&*asqur;=l'f§J‘§‘r$ts§I Wg"@slﬁé@g é;ﬁ %?Sqaﬁ%‘%i’/agtsﬁe It%i ﬁﬁgaaﬁ%!aoarﬁp qﬁ?rﬁ’de ﬂsn Shown in
FIlg. Hie él‘e][:frﬁdé' 'ﬁﬂ'ﬁrt@’bﬁl%’sst hadcth@RgiyNR i Allptah thdSamatteadeicy &en be

el ectrode elative to the sum of the el ectrode finger width
and tbbtwmatwhebahm'rﬁ ie farotadoiendtijug hasbiiofbigh-denedy metal HaYI0e2 of the
insertjon |oss. are

i s abblghes spesifig “é?d%utt%?”i%é/n' t%ﬁfﬁ%@?%&??ﬁgta{]@ser elr%dn fIZ%g]err]: gléness

rapi dl:MnHtﬁthh@e \$Li6h BsW, Mo, NieCHabueChfzr, IFe, M, iAu, g, tlteOselretf,rapde
finger wd relative to the sum of the electrode fln er w\&bh and the

spaceallogs mie@@selr@%tarai@eemtﬁg%ﬁ%aﬂe ¥ypesuHBER ACEUELS W ‘Q%Frdl ENSHA YKo
gt andar ﬁ%%f%%“l@%ffgg{ o @B%et&') Hmher'fﬁ{et E@I%Fﬁhslesaé?e&ﬂmm (o Fig.

insertiron | 0Ss at t e val ue about of the ratio of the
el ect ﬁQdetd HBg&rand 8Thtordd°hti ve to the sum of the el ectrode

The above preferred embodiments have been described in the context ofa
one-stage surface acoustic wave filter. However, the present invention is limited to
this, and multi-stage longitudinally connected or multi-stage parallel-connected filters

may, of course, also be effective and be used.
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 the following claims. Therefore, it is understood that the scope of

the invention is not to be limited except as otherwise set forth in the claims.
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finger wdth and the space between el ectrode fingers in the case of the
synbol indicates that the mninmal value point is slightly shifted (pyAN 1005
i ncreasing of the standardized filmthickness. It is clear fromthe
above description and the graphs of Fig. 8 that in order to greatly

i nprove insertion | oss, a range of about 0.55 to about 0.85 is preferred
and nore specifically, a range of about 0.65 to about 0.8 is nore

prefsgfble. !T.herﬁ.f(_)re, since this tendency is independent of the
stan _ thi ckness, the insertion loss is scarcely affected by
the nmass |padaisirihbe adblsitd Wale PEsoridisr sbfghisinge fil m thickness.
Accordingly, it is clear that the sane tendency can be obtained when the

| DT i s forapi@zotlestic substrate made of a pigzoglectiinmiatsriated”d having a  hi gher
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acoustic waves. Wien quartz is use simlar effect can also be

obt ailngw dvigherspegifierweight Wnathétgfh%imew%“ectﬂgin@'_eri%%tsﬂﬂd 87 to 93).
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limted tovhéminsa rate ofdividtsdioatdebasingid ticthead] éotradefiegdre diefiningusdid - st age
paral | el -connected filters, ma course, also be effective and be

_ , y, of
used.|Dinielativier leraprdpiahe sadthedfitae &t leasd ongridhe sleaiade finaers and& osed,
vari f, i HAG < SE i e
cont ScS R Raeh scitant s Mt tng DR cRElHrB i H AP RO £ dbdlh
Therdd3.86e, it is understood that the scope of the invention is not to be
limted except as otherwi se set forth in the clains. 10 2 0 JAN 2005

What"s clained i5s 1. A surface acoustic wave resonator conprising: a

pi ezoel ects i CASPRICEABUERE R0k rasohREPRESSHINgoBIBR i12Whepaift stid | east
one | DT incl Udlsg.% el ectrode fingers and di sposed on said piezoel ectric
s

substpigzeslectic Iratssis aeantDIuipwratg heyire bileaanplesat appeoximateint®al and

an al o b «Specific weight than that of the piezoelectric
nateri%‘%tgp‘%\sgai’ gngal? %85 >

3. A surface acoustic wave resonator according to Claim 1, further
comprising reflectors disposed on both sides of said at teast one IDT so as to

sandwich said at least one IDT therebetween.

4. A surface acoustic wave resonator according to Claim 3, wherein the
reflectors include a plurality of electrode fingers and a ratio of a width of one of the
electrode fingers of the refiectors relative to the sum of the width of said one of the
electrode fingers of the reflectors and a space between adjacent ones of the

electrode fingers of the reflectors is from about 0.55 to about 0.85.

5. A surface acoustic wave resonator according to Claim 1, wherein the

piezoelectric substrate is made of crystal.
6. A surface acoustic wave resonator according to Claim 1, wherein the at

least one |DT is made of an electrode material containing Ta as the principal

ingredient.

11



pi ezoel ectric substrate so as to excite Shear Horizontal (SH) waves-
wherein a ratio of a width of at |east one of the electrode fingek®JAN 2005
defining said | DT relative to a sumof the width of the at | east one of
the el ectrode fingers and a space between adjacent ones of the el ectrode
fingers is fromabout 0.55 to about 0.85. 2. A surface acoustic wave
resonator according to Caiml1, wherein said piezoelectric substrate is
a quartz substrate having Eul er angles of approximately (0', 121 " to
1360, and 87" to 93'"). 3. A surface acoustic wave resonator according to
Claim1, furtHesurfaespeoustisgvavss resenalos agrapdratp &bl HUBNBEs of said at

| east _one | DT so as, t ndw i . I t ween. 4. A
sur f ab8TREGIR ?t?:l eﬁg\/@%r I@%ﬂ%ﬁ&éﬁ%&&é%@l WE‘?‘Q‘?%" ) E\'thgﬁ%'?n he

refl e%b?éﬁatéﬂ‘b}r@ﬁre@etérﬁﬂﬁéd! tpagd iretheqirbpdgatidrndiesctionmof thersatiageof a

wi dth of one of the electrode fingers of the reflectors relative to the
sum ofacphstiowvéve. of said one of the electrode fingers of the reflectors
and a space between adjacent ones of the electrode fingers of the
reflectors is fromabout 0.55 to about 0.85. 5. A surface acoustic wave
resonat or accox difgcd acdliciwdve rixehator adeerding ez GidiacT ywhemsibshe at e i s
made of crystal. 6. A surface acoustic wave resqnator according .to Caim
1, whéeastiwpHPTatare|raads obae elqsirode MageabeoRIRINING d Brai erRIiNGRA

cont aiirq.r%%iem as the principal ingredient. 11 2 0 JAN 2005 7. A surface
acoustit Wave resonator according to Claim1l, further conprising at

| east two | DTs arranged substantially parallel to each other and

separated by a predeterm ned space in the prqopagatiaon directi. f ;,the
surface acbudh SEMAES 8codsicVaYR f%aﬂﬁgﬁr@ﬁﬂ&?p?’&2hﬁ’ﬁ8£e'§@8 ing to
G ai myle 4 s‘?it\ﬂoti?‘?s?éarréﬁﬁéclﬁ int ¥Qefi&d fn@bAdTRE Ot Fthé kERidsotieo Mfer i al

containing Ta as the principal 1ngredient.
is arranged in a parallel line to define a ladder-type arrangement.

10. A surface acoustic wave resonator according to Claim 1, wherein the
surface acoustic wave resonator defines a longitudinally-coupled type surtace

acoustic wave filter.

11. A surface acoustic wave resonator according to Claim 1, wherein the
surface acoustic wave resonator defines a laterally-coupled type surface acoustic

wave filter.

12. A surface acoustic wave resonator according to Claim 1, wherein the

surface acoustic wave resonator defines a ladder type filter.

13. A surface acoustic wave device comprising:

a piezoelectric substrate made of a piezoelectric material; and

at least one IDT including electrode fingers and disposed on said piezoelectric
substrate, the at least one IDT being made of at least one of a metal and an alloy
having a higher specific weight than that of the piezoelectric material of said
piezoelectric substrate so as to excite Shear Horizontal (SH) waves;

wherein a ratio of a width of at least one of the electrode fingers defining said

12



9. A surface acoustic wave resonator according to Caim?7, wherein one of
the at least two IDTs is arranged in a series line and the other bl JARh&DN
at least two IDTs is arranged in a parallel line to define a | adder-type
arrangenment. 10. A surface acoustic wave resonator according to Caim1,
wherein the surface acoustic wave resonator defines a

| ongi tudi nal | y-coupl ed type surface acoustic wave filter. 11. A surface

acousihHy riRYife t& LR OF tIRCARTAIONthd &t ICkSI Shd of iMeeslettodd ingersrdrala _
acoustic wave resonator defines a |aterally-coupled type surface acoustic

wave Specebetioen adiegenhereaebinstelectigiafingersiafrem akedrQipade 880¢ ai m 1,
wher ei nastlhe surface acoustic wave resonator defines a | adder type

fil teP.‘ ‘3. A surface acoustic wave device conprising: a piezoelectric
substrate nade of a piezoelectric material; and at | east one |IDT
including el ectrode fingers and di sposed on said piezoel ectric

substrate, Yhe Atomgunicalinn deyicHePmgrigd@e of at | east one of a nmetal and

an all oy O%a%%r?%e é&p‘slﬁgrwac\%egé\;ij:g-ﬁcgﬁ . than that of the piezoelectric

mat eri al i eZoél’ectric su SO0 as to excite Shear
Hori zontal (SH) apieeseleohier Ribstrate aidde offa pieabdiebtrif materladeertd one of the
el ectrode fingers defini ncng_said 12 2 0 JAN 2005 IDJ relative to a sum of

the width of thetigastesglilgnackudingelesirege fgaers anyeiseossd 0 S&bace
bet ween ad@ﬁ%&le%ﬂ@%u%tré@etr% §Ceae06nd I 8kfhd Mabk ANttt oBeP al O

about 0.8 comuni cation device conprising: a surface acoustic
wave devi canétat kndiangalioy hEvirzgpe heghtarispesifibstyeightehandealodf the piezostsalit ri ¢

material; and at |east one | DT .inc]uding elegctrode Lingens.an isRosed
on said piBe¥EpLet$aid Pé%&?ﬂ?%{‘%?“b#‘éatgt%q %%Eq eXE #I’ﬂﬁﬁﬁl—é?r@orﬁgiﬁﬁf at
| east one Qfags:Metal and an alloy having a higher specific weight than

that of the piezoelectric material of said piezoelectric substrate so as
to excite Shear wihereiparatio pawidth of at least one of the electrode fingers defining

said IDT relative to a sum of the width of the at least one of the electrode
fingers and a space between adjacent ones of the electrode fingers is from

about 0.55 to about 0.85.

15. A communication device according to Claim 14, wherein said
piezoelectric substrate is a quartz substrate having Euler angles of approximately (0%,

121° to 136°, and 87° to 93°).

16. A communication device according to Claim 14, further comprising
reflectors disposed on both sides of said at least one |IDT so as to sandwich said at

least one IDT therebetween.,

17. A communication device according to Claim 16, wherein the refiectors
include a plurality of electrode fingers and a ratio of a width of one of the electrode
fingers of the reflectors reiative to the sum of the width of said one of the electrode
fingers of the reflectors and a space between adjacent ones of the electrode fingers

of the reflectors is from about 0.55 to about 0.85.

18. A communication device according to Claim 14, wherein the piezoelectric
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waves; wherein a ratio of a wwdth of at |east one of the el ectro?gjﬁ 2005
fingers defining said IDT relative to a sumof the wdth of the 'Peast
one of the electrode fingers and a space between adj acent ones of the

el ectrode fingers is from about 0.55 to about 0.85. 15. A comunication
device according to Caim14, wherein said piezoelectric substrate is a
quartz substrate having Eul er angles of approximately (0, 121 to 136,
and &f{iHstrabS)s mhble oh cepdrguini cation device according to Caim 14, further
conprising reflectors disposed on both sides of said at |east one IDT so
as to sandwi ch said at |east one |IDT therebetween. 17. A conmunication
devi ce accpg di I - Pl . J ality
of el ectr ol tHegatih gt dey S UroRsh IR, CTFEh Mprarf e PR

fi ngaDT efmade of ahl ettesde matarial\contadningel s astied ptihepal idgrediéntsai d one of
the electrode fingers of the reflectors and a space between adj acent
ones of the electrode fingers of the reflectors is fromabout 0.55 to
about 0.8 o i | £ yall i : & itn t he
ot ezoel ect 20 paaiSHHHG REUES dcplichto REERAAL N, bAnCE forfbAgipat et
comumicciiiTsoarrdayed substaotidiynparatieldoatanhldthenand sepatdted oy 4 east one | DT

is made of an electrode naterial .containin a as, the prinpcipal

i ngr eRficdgtermpped ﬁpemmec%fppaﬂamaﬁcmgﬁ';Eﬁﬁg*r{a&ea‘%“ﬁﬁizf?a%rt her
conprising at least two | DTs arranged substantially parallel to each
ot her and separated by a predeterm ned space in the propagation
direction of the surface acoustic wave. 14
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