SURFACE ACQOUSTI C WAVE DEVI CE HAVI NG A LANGASI TE SI
SUBSTRATE BACKGROUND OF THE | NVENTION 1. Field of the Invention
The present invention relates to a surface acoustic wave device aldPEnfe
particularly, to a surface acoustic Waye devi ce having an excel | ent
tenperature characteristic and a | arge” el ectromechani cal coupling

coefficient.. ~ 2. Description of the Related Art Sur face acoustic

wave devi ces have been w dely used for passband filters in nobile

conmruni cat i on equi prrent .

the art

IK?

One of the surface acoustic wave devices known in

Is a surface acoustic wave resonator or a resonator filter having a
structure in which an interdigital transducer (referred to as an |IDT

SURFACE ACOUSTIC WAVE DEVICE HAVING
IGASITE SINGLE CRYSTAL SUBS RA?E//

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a surface acoustic wave
device and more particularly, to a surface acoustic wave device

having an excellent temperature characteristic and a large
electromechanical coupling coefficient.

. cripti of the Re t

Surface acoustic wave devices have been widely used for
passband filters in mobile communication equipment. One of the
surface acoustic wave devices known in the art is a surface
acoustic wave resonator or a resonator filter having a structure
in which an interdigital transducer (referred to as an IDT
hereinafter) comprising comb-shaped electrodes and reflectors
is provided on a piezoelectric substrate. Piezoelectric single
crystals such as lithium niobate, lithium tantalate, quartz and
PZT-based piezoelectric ceramics are used for the materials of
the piezoelectric substrate of a surface acoustic wave resonator
or a resonator filter.

In order to obtain good characteristics in the surface
acoustic wave device, materials having good temperature

characteristics of group delay time (referred to TCD

hereinafter), or materials having small characteristic
variations due to temperature changes, are thought to be

‘necessary. Lithium niobate described above has a poor TCD while

a TCD of lithium tantalate was not so good compared to that of
Lithium niobate. Since quartz is well known to have a good TCD,



hereinafter) conprising conb-shaped el ectrodes and reflectors is provi ded
on a piezoelectric substrate. Piezoelectric single crystals such as lithium

ni obate, lithiumtantal ate, quartz and PZT-based pi ezoel ectric ceramcs are
used for the materials of the piezoelegtric substrate of a surface acoustic
wave resonator or a resonator filter. In order to obtain good

characteristics in the surface acoustic wave device, materials having good
tenperature characteristics of group delay tinme (referred to TCD
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the quartz substrate. _ _
Accordingly, there are various problems associated with
a low K’ of a quartz substrate. Specifically, when a surface
acoustic wave resonator or a surface acoustic wave resonator
filter are constructed by disposing an IDT and reflectors on the
quartz substrate, a lot of electrbde fingers for forming the
reflectors are required as compared with the case when the
substrate is constructed of materials other than quartz, thereby
causing the surface acoustic wave resonator or a surface acoustic
wave resonator filter to be significantly larger in size. 1In
addition, the operation band of the surface acoustic wave
resonator is narrowed and it is difficult to obtain a wide band
characteristic. It is also a problem that the excitation
efficiency of the surface acoustic wave is low, which results
in a large insertion loss because the excitation resistance of
the surface acoustic wave resonance element becomes large when
the excitation efficiency for the surface acoustic wave is low.
Moreover, when a transversal type filter is constructed
by providing two or more IDTs on the quartz substrate, the
insertion loss of the surface acoustic wave filter and surface
acoustic wave resonator filter becomes larger than the case when
the substrate is constructed of other materials. The low level
-of K? of the quartz substrate also results in a narrow passband
of the surface acoustic wave filter as compared with the case
when the substrate is constructed of other materials.
A leaky surface acoustic wave device comprising a quartz
substrate also suffers from the aforementioned problems.



Accordi ngly, there are various problens associated with a low K[err] of a
duartz substrate. Specifically, when a surface acoustic wave resonator or a
surface acoustic wave resonator filter are constructed by disposing an | DT
and reflectors on the quartz substrate, a lot of electrode fingers for
formng the reflectors are required éé'%dhpared with the case when the
substrate is constructed of materials other than quartz, thereby causing

t he surface acoustic wave resonator or a surface acoustic wave resonator
filter to be significantly larger in size. In addition, the operation band
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probl ems. contact with the piezoelectric substrate. The piezoelectric

substrate preferably has a Euler angle of approximately (0°, 130°
to 170°, 23° to 30°).

The surface acoustic wave device may further comprise a
piezoelectric thin £ilm disposed oh the piezoelectric substrate
80 as to cover the at least one interdigital transducer.

The Euler angle of the piezoelectric substrate is
preferably approximately (0°, 140° to 162°, 23° to 27°), and more
preferably approximately (0°, 148° to 159°, 23.6° to 26°) so that
a larger K? and an excellent TCD can be achieved_. In another
preferred embodiment, the Euler angle is approximately (0°, 148°,
23.8°%).

When the Euler angle is approximately (0°, 151° to 154°,

24° to 25°), a surface acoustic wave device having a superior TCD
along with a power flow angle of zero can be obtained.

When the surface acoustic wave device utilizes a leakage
surface acoustic wave, the Euler angle is prefc.arably
approximateiy (0°, 30°, 80°).

According to preferred embodiments of the present
invention, the surface acoustic wave device has a greatly
improved TCD as compared with a device using lithium niobate and
lithium tantalate and a greatly increased K’ value compared with



-3- - SUMVARY OF THE | NVENTI ON To overcone the problens described
above, the preferred enbodi nents.of the present invention provide a surface
acoustic wave device having an excellent TCD and a | arge value of Klerr].
The preferrred enbodi nents of the present invention also provide a surface
acoustic wave device including a piezo€él ectric substrate nade of a
Langasite single crystal and at | east one interdigital transducer including
a pair of conb-shaped el ectrodes which are interdigitated with each ot her

and are ithedéwide Vidindg hfudreZoab&duds $Uhsidad Pre T&ﬁ;cgleezé)]’&sﬂ?égg' c
substrate preferably has.a Eul er angle of approximately (O[err]’, 130[err]
to 170[ erkaving[arBylen a3@le off) approximitelyu(Digel 200 ust 17 0MaVE3Uewi ce
may further, conprise a piezoelectric thin filmdisposed on the
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consequently making it possible to reduce the resonance
resistance of the surface acoustic wave resonance element.
Further, the passband of the filter is significantly
widened when the surface acoustic wave resonance type filter and
transversal type surface acoustic wave filter are constructed
because of the improved insertion loss.
For the purpose of illustrating the invention, there is
shown in the drawings several forms and embodiments which are
presently preferred, it being understood, however, that the

present invention is not limited to the precise arrangements and
instrumentalities shown.

EF_DESCR ON OF THE DRAWINGS

FIG. 1 is a perspective view of a surface acoustic wave
resonator according to a first preferred embodiment of the |
present invention.

FIG. 2 is a perspective view of a vertically coupled
surface acoustic wave resonator filter according to a second
preferred embodiment of the present invention.

| FIG. 3 is a perspective view of a transversally coupled
surface acoustic wave resonator filter accordiﬁg to a third
preferred embodiment of the present invention.

FIG. 4 is a perspective view of a surface acoustic wave

resonator according to a fourth preferred embodiment of the
present invention.



23.8ferr]). When the Euler angle is approximately (O[err], 151[err]
to 154[err], 24 to 25[err]), a surface acoustic wave device having a
superior TCD along with a power flow angle of zero can be obtai ned.

When the surface acoustic wave device utilizes a | eakage surface acoustic
wave, the Euler angle is preferably ’aBpFoxinater (O[err], 30, 80[err]).
According to preferred enbodi nents of the present invention, the surface
acoustic wave device has a greatly inproved TCD as conpared with a device

using | i tfEa AP A TN HF PREVERNEY EMBODIMENTRRL | Y i ncreased K2
val ue conpared w ' -4- t he device
using quartz, Fereisafidranghe perefiergied empodimenitsy iofg theEpireseangl e of
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acoustic QE§§E§¥E¥ according to a first preferred embodiment of the

present invention.

As shown in FIG. 1, the surface acoustic wave resonator
1 is constructed by disposing an interdigital transducer 3 and
two reflectors 4 on the piezoelectric substrate 2 made of a
Langasite (La,;Ga;Si0O,,) single crystal. _

The interdigital transducer 3 preferably includes an
electrode material such as Al and Au and comprises a pair of
comb-shaped electrodes 3a and 3b each having a plurality of
finger electrodes. The pair of comb-shaped electrodes 3a and
3b are disposed such that the electrode fingers thereof are
interdigitated with each other.

The reflectors 4 are formed of either the same electrode
material as the interdigital transducer 3 or a different
electrode material. Each of the reflectors 4 comprises a
plurality of electrode fingers arranged to form a lattice
structure. The reflectors 4 are disposed at both sides on the
piezoelectric substrate so that the interdigital transducer 3
is interposed therebetween.

Next, the second preferred embodiment of the present
invention will be described. FIG. 2 is a perspective view of
vertically coupled surface acoustic wave resonator filter
according to a second preferred embodiment of the present
invention. ' '

As shown in FIG. 2, the vertically coupled surface acoustic
wave resonator filter 11 is constructed by disposing two
interdigital transducers 13 and two reflectors 14 on the
piezoelectric substrate 12 made of a material of Langasite
(La,GagSi0,,) single crystal.



reflection efficiency of the.reflector to be inproved when a surface
‘acoustic wave resonance el enent is constructed, consequently naking it
possi ble to reduce the resonance resi stance of the surface acoustic wave
resonance el ement. Further, the passband of the filter is
significantly w dened when the surface acoustic wave resonance type filter
and transversal type surface acoustic wave filter are constructed because
of the inproved insertion |oss. For the purpose of illustrating the
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i nvention. Each of the reflectors 14 is formed of either the same
material as the electrode material of the interdigital
transducer 13 or a different electrode material and comprises
a plurality of electrode fingers which are formed into a lattice
structure. The pair of reflectors 14 are disposed at both sides
on the piezoelectric substrate so that the two interdigital
transducers 13 are interposed therebetween.

The third preferred embodiment of the present invention
will be described. FIG. 3 is a perspective view of a
transversally coupled surface acoustic wave resonator filter
according to a third preferred embodiment.

As shown in FIG. 3, the transversally coupled surface
acoustic wave resonator filter 21 is constructed by disposing
interdigital transducers 23 and 25 and two reflectors 24 on the
piezoelectric substrate 22 made of a material of Langasite
(L.a;Ga;Si0,,) single crystal.

The interdigital transducers 23 and 25 are formed of an
electrode material such as Al and Au and comprise comb-shaped
electrodes 23a, 23b and 23c each having a plurality of electrode
fingers. The electrode fingers of each of the:comb-shaped
electrodes 23a and 23c extend toward a surface acoustic wave
propagation direction, while the electrode fingers of the
comb~-shaped electrode 23b extend towards opposite directions.
As a result, the interdigital transducer 23 including the
comb-shaped electrode 23a and a portion of the comb-shaped



DETAI LED DESCRI PTI ON OF PREFRRED EMBCDI MENTS Hereinafter, the
preferred enbodi nents of the present invention are explained in detail with

reference to the draw ngs. FIG 1 is a perspective view of the
surface acoustic wave resonator accotdigng to a first preferred enbodi nent
of the present invention. As shown in FIG 1, the surface acoustic

wave resonator 1 is constructed by disposing an interdigital transducer 3
and two reflectors 4 on the piezoelectric substrate 2 nade of a Langasite

(La[ er r ] €destapgeckebr pprdsthg| inkexdigital transpucen 25 dngludingrtheducer
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transduceorr ?é h%_fif'&%rnl?-_oéichQSHSbS£%§E31 and comprises a plurality of
electrode fingers to form two lattice shape reflectors. The two
reflectors 24 are disposed at both sides of the piezoelectric
substrate 22 so that the interdigital transducers 23 and 25 are
interposed therebetween.

The characteristics of the material to be used for the
substrate of the surface acoustic wave device as described above
with respect to the cut-angle and propagation direction of the
surface acoustic wave (Rayleigh wave) are shown in Table 1. The
symbol * in front of the sample numbers in Table 1 denotes an
example which is not within of the scope of the present invention.

Table 1
Sample Material Cut angle Euler angle Acoustic R TCD Power
No. (4 0, @) velocity (%) (ppm/°C) flow
: (m/s) angle
*1 quartz sT (0, 132.75, 0) 3158 0.14 0 0°
*2 LiNGO, Y-2 {0, 90, 90) 3488 2.9 8 |0
*3 LiNbo, 128° Y-X (0, 38, 0) 3992 5.5 74 0°
4 LiTa0, Y-2 (0, 90, 50) 3230 | 0.72 35 0°
*5 LiTa0, Xx-112° ¥ - (90, 90, 112) 3238 0.64 i3 0°
*6 LaGaSi0,, 120° ¥-30° X | (0, 30, 30) 2468 0.307 | -26.7 0°
*7 Tagasio, | ¥ {0, 90, 0) 2337 0.342 | 56.2 0°
*8 LaGa,Sio;, 40° ¥-20° X (0, 130, 20) 2659 0.308 =26.3 12°
) Tagasio, 40° ¥-23° X | (0, 130, 23) 2676 0.336 | -12.5 iy
10 Tagasi0, | 40° ¥-30° X | (0, 130, 30) 2717 0.213 | -10.9 0°
*11 | Lagasio, | 40° ¥-40° X | (0, 130, 40) 3736 0.138 | -11 o
12 LaGa,Sio0;, 60° Y-30° X (0, 150, 30) 2734 0.344 -1.6 0°




Next » the second preferred enbodi nent .of the present invention will be
described. FIG 2 is a perspective view of vertically coupled surface
acoustic wave resonator filter according to a second preferred enbodi nent
of the present invention. As shogn_in FIG 2, the vertically coupled
surface acoustic wave resonator filter 11 is constructed by di sposing two
interdigital transducers 13 and two reflectors 14 on the piezoelectric
substrate 12 made of a material of Langasite (LaJerr]GaSiJerr]) single
crystal . 13 La,Ga,Si0,, 80° ¥-30° X | (0, 170, 30) [ £b80 0.3@6a¢ R110T T NE-9° ;I
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such as Al and Au and conprises a pair of conb-shaped el ectrodes 13a and
13b each havi nqlahduytalicry ief salietivlgdeidorerrei whem pAle Lehgagiiteshaped
el ectrodeél;‘1135(;1_ia§m(g1 3b, are diry)os d,such &2655 tgﬁ{ﬁel ectrode. fingers thereof
are int er PR L4 Wi IHERF - 1$husedot IR SFRTY A, LS +t 13 are
al i gned ivaBué Ui affeACIGH Siincr MBER] PI HRAGAIIION thiilsedole@N nby Resdgtspaced by
a given distance. |, Each of the reflectors 14 is formed qQf either the
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or a diffefepémmbeiddOrten MBidihierty¥ I WIdePThat the absolute value

of TCD is around 10 ppm/°C.

As is understood from Table 1, a surface acoustic wave
device having an improved TCD and having a larger X! value as
compared with the surface acoustic wave device using quartz can
be obtained since the absolute value of TCD is 10 ppm/°C or less
ﬂand K® value is 0.2% or more in the range of the Euler angle of
about (0°, 130° to 170°, 23° to 30°), or in the range of the samples
No. 9, 10, 12 and 13. _

Accordingly, when the Langasite (La,;Gas;SiO,,) single
crystal is used for the piezoelectric substrates 2, 12 and 22
of the surface acoustic wave resonator shown in FIG. 1 and the
surface acoustic wave resonator filter shown in FIG. 2 and FIG.
3, a surface acoustic wave device having a wider band and smaller
insertion loss as compared with the surface acoustic wave device
using quartz can be obtained. It is also possible in the surface
acoustic wave resonance element type filter to reduce the number
of electrode fingers of the reflector due to an improved
reflection efficiency of the reflector, thus enabling the

surface acoustic wave filter to be made much more compact.

Moreover, since the absolute value of TCD is abqut 11 ppm/°C or
less, the device is not affected by large temperature variations
in a surrounding environment.

It is also understood from Table 1 that the acoustic
_ velocity is smaller in the Langasite (La,Ga;Si0,,) single crystal
than in quartz, lithium niobate or lithium tantalate materials.
This means that, the smaller the acoustic velocity in the



a plurality of electrode fingers which are fornmed into a lattice structure.
The pair of reflectors 14 are disposed at both sides on the piezoelectric
substrate so that the two interdigital transducers 13 are interposed

t her ebet ween. The third preferle? enbodi nent of the present invention
will be described. FIG 3'is a perspective view of a transversally coupl ed
surface acoustic wave resonator filter according to a third preferred
enbodi ment . As shown in FIG 3, the transversally coupl ed surface
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transducers 23 and 25.and two reflectors 24 on the piezoelectric substrate
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More detailed characteristics with respect to the cut
angle of the Langasite single crystal and the transmission

‘direction of the surface acoustic wave (Rayleigh wave) are shown

in Table 2.

Table 2

Sample | Material Cut angle Euler angle Accustic | B cD Power
o. (4 8, 9) velocity | (%) (pem/°C) | flow

(m/s) angle

14 LaGa,Sio, 50° Y-23° X (0, 140, 23) 2744 0.42 | -6.5 5.8°
15 LaGasSio, | 50° ¥-24° X (0, 140, 24) 2747 0.40 | -6.0 1.3°
16 LaGasio, | 50° ¥-27° X (0, 140, 27) 2746 0.34 | -3.4 2.5°
17 LaGasio, | 51° ¥-25° X (0, 141, 25) 2751 0.38 | -3.4 0°

18 LaGasSio, | 52° Y-24.6° X (0, 142, 24.6) | 2754 0.41 | -4.3 0°
19 LaGagsio, | 53° v-24.2° x (0, 143, 24.2) | 2756 0.44 | -5.0 0°
20 LaGasSio,, 54° ¥-24.1° X (0, 144, 24.1) | 2759 0.46 | -3.3 0°
21 LaGa,Si0;, 55° Y-24° X (0, 145, 23) 2761 0.46 | -3.3 0°
22 LaGasSio, | 56° ¥Y-24° X (0, 146, 24) 2763 0.44 | -3.3 0°
23 LaGasSi0, | 57° Y-23.8° X (0, 147, 23.8) | 2764 0.49 | -2.1 0°

24 Lagasio, | 57° v-24° x (0, 147, 24) 2764 0.42 | ~3.3 0°
25 LaGa,Si0, 58° ¥-23.4° X (0, 148, 23.4) | 2765 0.51 | -2.4 1.42°
26 LaGasio,, 58° ¥-23.5° X (0, 148, 23.5) | 2765 0.51 | -2.4 1.07°
27 LaGasio, | 58° ¥-23.6° X (0, 148, 23.6) | 2765 0.51 | -2.0 0.59°
28 LagGasio, | 58° ¥-23.7° x (0, 148, 23.7) | 2765 0.50 | -1.8 0.12°
29 IaGasSio, | 58° ¥-23.8° X {0, 148, 23.8) | 2765 0.67 | -1.7 0°
30 LaGa,Si0, 58° ¥-24° X (0, 148, 24) 2765 0.50 | -1.5 0°
k3| LaGa,Si0,, 59° ¥-23.9° X (0, 149, 23.9) | 2765 0.50 | -1.5 0°




el ectrode 23b and the interdigital transducer 25 including the conb-shaped
él ectrode 23c and a portion of the conb-shaped el ectrode 23b are aligned in
a direction that is substantially perpendicular to the surface acoustic

wave propagation direction. Eaglh of the reflectors 24 is preferably
formed of either the sane el ectrode material as the I nterdigital transducer
23 or a different electrode material and conprises a plurality of el ectrode
fingers to formtwo lattice shape reflectors. The two reflectors 24 are
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(m's) 39 LagGasio, | 64° v-24.30&l €] (0, 153 2¢.9HAR¥s8 0.49 | -0.9 o° ol
(0, 132. 753 B ——$453 414 Ol-eri] Of-p++] *2
Li nbQf er r[ %0~ | acesion [§1%¥-25° X (0,154, 25) (278 H@# | =08 | 0" 34dg
4.9 84l ¢ LaGasiOf efre}® v-26° X3  Li(nptyacne)] | 2756 0.46 | 18| erfr3.ec Y-IX
Do r [l 2.4 QL e |

(0, 38, 0% LaGasSio, 165“Y-24.9° X '(U, 155, 24.9) | 2757 0.45 " [ ~1.3 0°

43 LaGasSi0, | 66° ¥-25.1° X (0, 156, 25.1) | 2754 0.47 | -1.5 0°

44 LaGa,Si0, | 67° v-25° x (0, 157, 25) 2750 0.46 | -1.5 0°

45 LaGa,Si0, | 68° ¥-26° X (0, 158, 26) 2746 0.46 | -1.5 0°

46 LaGaSi0, | 69° Y-26° X (0, 159, 26) 2743 0.53 | -1.5 0°

47 LaGaSi0, | 70° Y-26° X (0, 160, 26) 2739 0.43 | -3.3 0°

48 LaGasSio, | 71° ¥-26.5° X (0, 161, 26.5) | 2734 0.42 | -3.3 0°

49 LaGaSio, | 71° v-27° x (0, 161, 27) 2733 0.43 | -3.5 0°

50 LaGa,sSi0, | 72° ¥-27° x (0, 162, 27) 2729 0.42 | -5.1 0°

It is understood from Table 2 that, when the Euler angle
in the i.angasite (La,Ga,Si0,,) single crystal is within the range
of approximately (0°, 140° to 162°, 23° to 27°), or in the r'ange
of samples No. 14 to 50, the absolute value of TCD is 6.5 ppm/°C

or less and K? value is 0.3% or more. Thus, the absolute value

of TCD is greatly improved and the K’ value is larger as compared
with the other portions shown in Table 1.

It is also understood from Table 2 that, ‘when the Euler
angle is within the range of approximately (0°, 148° to 159°, 23.6°
to 26°), or in the range of samples No. 27 to 46, the absolute

value of TCD is about 2 ppm/°C or less and K? value is about 0.46%
or more. This reveals that TCD is half or less as much as the

other portions and the K’ value is larger as compared with the



*4 LiTaderr] Y-Z (0, 90, 90)

3230 0.72 35 O[err] *5 LiTag err]

X-112[err] Y (90, 90, 112) 3288 0. 64 18

O[err] *6 La[err]Ga[err]S|Qerr_] 120[err] Y-30[err] X (0, 30, 30)
2468 0.307 -26.7 O[err *7 Laferr]Glerr]Sigerr] Y
(0, 90, 0) 2337 0.342 -56.2 O[err] *8
La[err]Ga[err]SiJerr] 40[err] Y-20[err] X (0, 130, 20) 2659
0.308 - ther portiohd @holn in Q.‘ab'l%GQ[ err]Sig er r] 40[ err]

Y-23[err] X ((? 130, 23 [ err]

10 La[err] Ga[ MOreSVETer %”Pen4GP§r F‘}ll?r3e[\gﬂ-|e] ig weﬁh1§3§he357nge of

L SRR bt NS 21 i} A et
0 12 séniﬂl%g h@@[ﬂ 'i:bsltq ehelabdWlutS3%aXue of TCD id Bbok?%.$Pbm/°C

2734

- 8- 239 lLe@[Selam]dG& erarl]t@ @[Seabpglirsg]f dpk]or-morey r Thig megnsitbat @)
2680 0.
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i s used, éKEdva‘FmS sligrtke |qhanmlms1a:t1c lahenges, due Soddemperatigeult in
an appre fg]?g [ t on.f d

conmuni ca |on I'nstrunen sé%ér :)kw %@n%‘?ﬁ]{ést %geaaagiu%@g'dvg. u&e:ﬁle fg{fgf) °%
around lGappiroxbidfély (0°, 153°i SouDsiet stapdtbr ggPyable 1, a surface
acousti c wave device 1Law ng an i nproved TCD and_ havi ng a Iarger Klerr]

val ue as There is another advantage that the power flow angle is

0° in addition to the fact that TCD is excellent and K® value is
large in the range of the Euler angle of approximately (0°, 151°
to 154°, 24° to 25°). The power flow angle is an indication of
the directional deviation of the surface acoustic wave
propagation direction. When this angle is not 0°, the
interdigital transducer is required to be formed at the position
corresponding to this deviation. However, this requirement can
be ignored .in the Euler angle range of approximately (0°, 151°
to 154°, 24° to 25°) since the power flow angle is 0°. Accordingly,
all the three factors of TCD, K?* and 0° of the power flow angle
are satisfied in the Euler angle range of approximately (0°, 151°
to 154°, 24° to 25°).

As shown in Table 2, the maximum K? value of about 0.67%
is attained especially when the Euler angles is approximately
(0°, 149°, 23.8°), or in the sample No. 29, to thereby provide
a surface acoustic wave device having a significa'ntly wider band
as compared with the other portions.

Although the surface acoustic wave device explained
hereinabove utilizes a Rayleigh wave, the surface acoustic wave
device of preferred embodiments of the present invention may be
adapted to use a leaky surface acoustic wave. The



conpared with the surface acoustic wave device using quartz can be

obt ai ned since the absolute value of TCDis 10 ppnm[err]C or |l ess and K2
value is 0.2%or nore in the range of the Euler angle of about (O[err],
130[err] to 170, 23[err] to 30[err])s b2 tn the range of the sanples No. 9,
10, 12 and 13. Accordi ngly, when the Langasite
(Laferr]Gaferr]Sierr]) single crystal is used for the piezoelectric

substrat a?g of . the f ac QUSH i v n in
FIG 1 aﬁ%ﬁaeééeur ac%gsac%eé%}}%ﬁ%v% %ergegna ot g’rfr gﬁ%\/\%&?%rigg’\@% and
FIG 3, deswmsdetcfardbhs ismbshratoe\af ale\sunfazeniadeustdedwane denicer

I nsertion, a a W th the.surface acousti ve devi ce_using
quartz oot BoGmaaARALoR the Propabarien BREREIBRLOE Y dsoRY, RirFEtRave

r esonanceacbwsieid waye dud ishownobeddwce The symbel ‘ofirdlardedda Erogers of
the refleciror, due to, an inproved reflectjon efficiency of the reflector,

t hus enab?#ngh?h%a%?dbla{g;ﬁslt’f f%#i’fr{ "’ltt?soén?/rﬁa‘(? (?htﬁ'ﬁ%'els
conpact. ndbreidvein Shécscépe ebsohetpreséne Divddiisom. about 11 ppni[err]C
or less, the device is not affected by large tenperature variations in a

surroundi ng envi ronnent. It is also understood from Table 1 that the
acoustic ywgbbei gy is smaller in the Langasite (La[ferr]Gferr]Sigerr])
single crystal—than in gquartz lithiumniobate or lithiumtantalate
mat eri al . SaERe § ¥riemhad ¢ H&Rt anglee spPrler aslre hawswrsici c| Fel cTRy i) Pedse

No. (b, 8, P) velocity (%) (ppm/°C) | flow

(m/3) angle

*51 quartz LST (0, 15, 0) 3948 0.11 | 0 0°

*52 LINKO, 41° ¥-3 (0, 131, 0) | 4792 17.2 | 78 0°

*53 LiNKO, 64° Y-X 1 (0, 154, 0) | 4742 11.3 [ 79 0°

*54 LiTa0, 36° Y-3 (0, 126, 0) | 4212 4.7 |45 0°

55 LaGasSi0, | 120° Y-80° X | (0, 30, 80) | 3046 0.197 | 5.4 10.5°

*56 1aGa;Si0, | 80° ¥-40° X (0, 170, 40) |} 3039 0.23 | 23.9 16.5°

As shown in Table 3, in the case where the leaky surface
acoustic wave is used, when the Euler angle of the Langasite
(La,Ga;Si0,,) single crystal is approximately (0°, 30°, 80°), or
in the sample No.55, the absolute value of TCD is 5.4 ppm/°C and
K® is 0.197%, whereby a surface acoustic wave device having an
excellent TCD and larger K’ value as compared with the surface
acoustic wave device using quartz is obtained.

The fourth preferred embodiment of the present invention
is described below. FIG. 4 is a perspective view of the surface
acoustic wave resonator according to the fourth preferred

- embodiment of the present invention.
| As shown in FIG. 4, the surface acoustic wave resonator
41 is constructed by disposing the interdigital transducer 43
as well as the piezoelectric thin film 44 on the piezoelectric
substrate 42 made of the Langasite (La,Ga;Si0,,) single crystal.

The interdigital transducer 43 comprises a pair of
comb-shaped electrodes 43a and 43b disposed on the piezoelectric



-9- + piezoelectric substrate is, the space between the el ectrode fingers
of the conb-shaped el ectrode and the reflector may be smaller as conpared

at the same frequency. Accordi ngly, because the acoustic
velocity becomes snaller in the Langaggte (La[err]GSiJerr]) single
crystal than in quartz, lithiumniobate and lithiumtantalate, the device
can be nmade nore conpact than the device using quartz, lithium niobate
and lithiumtantal ate. More detailed characteristics with

respect tSubpErate 42n3s cexplaimedanensinabevegl e crystal and the

tng\r/]vrS]m ;Sf]' '?gbl gi'liéiati'e%'&eﬁfecttl}‘icseﬁIﬁﬁlﬂtc&)&'%.ts' Eomgxgeé Ry gbg réxvé'?n\fﬁ)e,ar €
a material such as ZnO. The piezoelectric thin f£ilm 44 functions
to bring the absolute value of TCD near zero by offsetting TCD
of the piezoelectric substrate 42 and piezoelectric thin film
44 with each other in a manner such that a material having a
positive TCD is selected when TCD of the piezoelectric substrate
42 is negative and a material having a negative TCD is selected
when TCD of the piezoelectric substrate 42 is positive.

The K® value can be made significantly larger in the fourth _
preferred embodiment as compared with the first preferred
embodiment since the piezoelectric thin film 44 is disposed on
both of the piezoelectric substrate 42 and interdigital
transducer 43.

While the fourth preferred embodiment was described
referring to the surface acoustic wave resonator, the preferred
embodiments are not limited thereto but are applicable to a
vertically coupled surface acoustic wave resonator filter or to
a transversally coupled surface acoustic wave resonator filter.

Although the first to fourth preferred embodiments were
described referring to the surface acoustic wave resonator, the
vertically coupled surface acoustic wave resonator filter and
the transversally coupled surface acoustic wave resonator
filter, the preferred embodiments are not limited thereto but
may be applicable to surface acoustic wave devices such as, for
example, a transversal surface acoustic wave filter having a
plurality of interdigital transducers or a ladder filter in which
the surface acoustic wave resonators are connected to form a
ladder circuit, thereby obtaining the same effect of the present
invention.

While the surface acoustic wave device having the
reflector was described in the first to fourth preferred

embodiments of the present invention, the preferred embodiments



Table 2 Sanple  Materi al Cut angle

Eul er angl e Accustic Klerr] TCD Power No.
([err],[err],[err]) velocity (% (ppmi[err]C) flow

(m's) angle 1414 La[err]Ga[err]S|Qerr]
50[err] Y-23[err] X (0, 140, 23) 2744 0.42 -6.5
5.8[err] 15 La[err]Ga[err]Sigerr] 50[err] Y-24 X (0,
140, 24) 2747 0. 40 -6.0 1.3 16

Llerr] Ga[aare]rﬁbﬂmited theﬁeﬁ:onﬁﬁt a)i'e applicable Hd),thel@Gur¥ice
2746 La[err]GSiJ err]
51[err] ogsstic vave deY%Fe QﬁYlﬁﬁnn° réflectpzsy 0.38 -3.4

(ﬂgr r ]24 18 Whllé@&@ffe]rﬁéheéﬂ&ﬂﬁl@ﬁfé of theSpgreserd. lfi{véb"rfth&ﬁ have (O,
La[err] a[%??‘} §’dé’9"jed' var:soﬂ%rnﬂde]s ZZI':E Aaxrying 0‘11'( d:l'le_Lg)r ingiples

2756 dis®ldded hereih are cont Eaﬂ:]ed as2feing Wl‘thln the scope of
La[err] Ga er&] iéqwerg3 144, 24.

2759 in cgams Thergforgl lt is ur&ﬁl@ﬁﬂ@}:gpp]tg}ﬂsgpp]e
55[err] Yof4th& invention(fs rddt.tdde limited %Z@e\?t as otheA%rise s2t3
O[err] 22 La[err]Galerr]Si (Jerr] 56 -24 X (0
146, 24) forth inpthg claims.g 44 -3.3 O[err] 23
La[err]Ga[err]Si(err] 57[err] Y-23.8 X (0, 147, 23.8)

2764 0. 49 -2.1 O[err] 24

La[err]G[err]Sierr] 57[err] Y-24 X (0, 147, 24)

2764 0.42 -3.3 O[err] 25

La[err]Ga[err]Si(err] 58[err] Y-23.4 X (0, 148, 23.4)

2765 0.51 -2.4 1.42 26 La[err]Ga[err]Slqerr]
58 Y-23.5[err] X (0, 148, 23.5) 2765 0.51 -2.4
1.07 27 La/ GaSi J err] 58[err] Y-23.6[err] X (0,
148, 23.6) 2765 0.51 -2.0 0.59[err] 28
La[err]Ga[err]Si(err] 58 VY-23.7 X (0, 148, 23.7)

2765 0. 50 -1.8 0.12[err] 29

La[err]Ga[err]Si(err] 58[err] Y-23.8 X (0, 148, 23.8)

2765 0. 67 -1.7 O[err] 30

La[err]Ga[err]Si(err] 58[err] Y-24 X (0, 148, 24)

2765 0. 50 -1.5° Of[err] 31

La[err]Ga[err]Si(err] 59[err] Y-23.9 X (0, 149, 23.9)

2765 0. 50 -1.5 O[err]



?_14913?) 24) . 2765 La[er(r)] Sg[e”] S'Iﬂlﬂlcl |ﬂ||| ||IH Illjﬂiﬂ r] t5TH!S SHEET HAS B{;%O
or

La[err]Ga[err]Sierr] 60 Y-24 X Lécﬁq

0.51 -1.5 0 34 La[_ery Ga[err]S|C{err] L

(0, 151, 23) 2760 0. 47 3. 15. 3[err] 35
La[err]G[err]Sierr] 6l[err] Y-24 X (0, 151, 24) 2764
0.51 -0.9 O[err] 36 La[err]Ga[err]Si(err] 61
Y-24.15 Xwhat is clafified15%: 24.15) 2764 0. 50 -0. 9 O[err]
37 152, 24.3)

La err Ga 4, ,
2763 Lo 5B K Syfgabe acougticyyave devibe rhmbrisings oer]
63[ err] Y-24 SaXpiezoeleC@ritSgubdtrite madébdf a Langabfte sifigPe

O[err] 39 L%[err]Ga[err]SiQerr] 64[err] Y-24.7 X (0,
154, 24. PFystalssg 0.49 = -0.9 0 40
La[err] Ga[ err] @tOleakt one iR¥erd 21 €41 ltransducer ldaludi . a2pair of 2759

0. 49 -0.9 & r] 41 Laéerr]Ga[err Sige 64] err]
Y-26[errF9%b‘5haHﬁ§ eisgtrodps arranged to be igter lgl;ftg with eac [err]

other and in contact with the piezoelectric substrate, wherein
the piezoelectric substrate has a Euler angle of appfoximately
(0°, 130° to 170°, 23° to 30°).

2. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 140° to 162°, 23° to 27°).

3. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 148° to 159°, 23.6° to 26°).

4. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 151° to 154°, 24° to 25°).

5. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 148°, 23.8°).

6. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 30°, 80°).

7. A surface acoustic wave device according to claim 1,
further comprising a piezoelectric thin film disposed on the

his Sheet Has Been Replaced
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TSI AL Etita
=25

La[err]Ga[err]Si(err] 66 Y-25. [ efr]tX* s 56

0. 47 -1.5 0 44 LaGa[egrlSiJerr] 2@&? !"FD

(0, 157, 25) 2750 . 0.46 -1.5 0 45
La[err]G[err]Sierr] 68 Y-26 X ' (0, 158, 26) 2746
0. 46 -1.5 0 46 Laferr]Ga[err]SiJerr] 69[err] Y-26 X
(0, 159, PBgzoelechrisy substrategFo as 1t@ cover the imfrerdigital

La[err] [r] 70 Y-26 X - (0, 160, 26) 2739
0.43 G?%f%ﬁ&é%élf rr 48 La[err]Ga[err]SiJerr] 71

Y-26.5 X 0 161, 26.5) 2734 0 42 -3.3

O[err] 49 I (0,
161, 27) Zaigg!raélfffdcgéafggds%g gJaJe devxd:[7e1 g to claim 7,
La[err]GHWQer?EhC#herplezoeléﬁﬁrmc]sdbéﬁf&me]has a Eulém dangle 2% 2729

0.42 rd J's understood from Table 2 that,
when t he EHPE?X%@F%lyl (,0 thd 4%ngasiea’ (L%\‘f et @&fdrr]Sigerr]) single

crystal is within the range of approximately (O[err], 140[err] to
162[err], 23[err] to 27[err]), or in the range of sanples No. 14 to 50,
the absol ute va®ueko$u ¢ AW P@ve rdewiee Aerading ko ElaBR,or

more.  Thyfierbf BREChYELo¥Pé&Eric substrate has a Euler angle of
approximately (0°, 148° to 159°, 23.6° to 26°).

10. A surface acoustic wave device according to claim 7,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 151° to 154°, 24° to 25°).

11. A surface acoustic wave device according to claim 7,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 148°, 23.8°).

12. A surface acoustic wave device according to claim 7,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 30°, 80°).

This Sheet Has Been Re[ilaced




of TED is greatly inproved and the K2 value is larger as conpared with the
ot her portlons shown in Table 1. It is also Eﬁ&{ f o
Table 2 that, when the Euler angle is within the range d HA&
(O[err], 148 to 159[err], 23.6[err] -tQ@726[err]), or in
samples No. 27 to 46, the absolute value of TCD is about 2 ppniC or T€e
and K2 value is about 0.46% or nore. This reveals that TCD is half or |ess

as nuch as_the other Egrtlons and the Klerr] value is |arger as conpared
with the ABSTRACT OF,THE, DESCLOSHBEShown in Table 2. Mbr eover, when

tzg‘[aerEtrJi er Oagg' gr'r fu.‘é’f&@é”a&@ﬁs{fé‘gﬁa@é AGPPEQY R Rl s (Pl ddoer e5c1t1I1Cc): 154,

substrate made of a Langasite single crystal and at least one
interdigital transducer including a pair of comb-shaped
electrodes which are interdigitated with each other and are in

contact with the piezoelectric substrate. The piezoelectric

substrate has a Euler angle of approximately (0°, 130° to 170°,

23° to 30°), whereby the surface acoustic wave device has an
excellent TCD and also has a large K value.

- This Sheet Has Been Rcﬂlaced
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sanpFes No. 35 to 40, the absolute value of TCD is about_0.9 ppm[err]C or
'ess and K[err] value is about 0.49%or nore. This neans
characteristic close to that of quartz is obtainable an
characteristic changes due to tenperature variations wh
are adjusted in the range of approximately (O[err], 151[err] to 154][erT
24[err] to 25[err]). There is anot her advantage that the power flow
angle is Oferr] in addition to the fact that TCD is excellent and K[err]
value is large in the range of the Euler angle of approximately (O[err],
151[err] to 154, 24[err] to 25). The power flow angle is an indication of
the directional deviation of the surface acoustic wave propagation
direction. Wien this angle is not O[err], the interdigital transducer is
required to be fornmed at the position corresponding to this deviation.
However , (%GFU|renent can be ignored in the Euler angle range of
apprOX|nater err], 151 to 154[err], 24[err] to 25[err]) since the
power flow angle is O[err]. Accprdlngly, all the three factors of TCD,
Klerr] and O of the power flowgan_FE\_aﬁ%ﬂsatlsfled in the Euler angle
range of approximtely (O[er4], 1 to )54[err], 24 to 25). As
shown in Table 2, the maxinmu 9

Y 2

FIG. 2
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i s at'tai ned especi al Iy when the Euler angles is approxi mtely
149[err], 23.8), or in the sanple No. 29, to thereby prow-ee—z
acoustic wave device having a significantly w der band as BYF
ot her portions. Al t hough the surface acoustic wave] devi , .
her ei nabove utilizes a Rayl eigh wave, the surface acousti T wave deV|ce of
preferred enbodi nents of the present invention may be adapted to use a

| eaky surface acoustic wave. The '

- 12 - characteristics depending on the cut angle of the material to be
used for the substrate of the surface acoustic wave device in FIG 1 and on
t he propaga direction of the | eaky surface acoustic wave are shown

bel ow. The Eﬁggo * included in front of the sanple nunbers in Table 3

i ndi cates an exanple that is not within the scope of the present invention.

Tabl e 3 Sanpl e Materi al 21 Cut angle Eul er angl e
Acoustic K[err] TCD > Bower\o.2 3 a
([err], [err], [err]) velocipy (@&\ ()pprﬂ[err]C)leIow

25 { )

FIG. 4
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(n's) | angle *51 quartz L@QOBIDQ-—?

(0, 15, 0) ‘ 3948 . 0.11 0 O[err] *52
Li'NoCferr]* 41[err] Y-Z (0, 131, 0) Iras
17.2 78 O[err] *53 Li NbO[err] 64[err] Y-X
(0, 154, 0) 4742 11. 3 79 ‘O[err] *54

Li TaO[ err] 36 Y-Z (0, 126, 0) 4212
4.7 45 O[err] 55 La[Je-J}r]Ga[err]Slqerr]

120[ err]Y-80[err] X (0, 30, 80) 3046 0.197 5.4

0arerr] *5%012?1&&6@{&%'5&@ R ppy st KAViRElh phwopstie /0 %0

t he case where the | eaky su d, when the Euler
angl e of the Langasite ( ﬁ%tﬁﬁﬁs%ﬁﬁpystal is
approximately (0O, 30[err], 80[err]), or in the sanple No.55, the absolute

value of TCDis 5.4 ppm[err]C and K2 is 0.197% whereby a surface acoustic
wave devi CRBSERACE Qfh THE HISCALOSUBE and | arger Klerr] val ue as conpar ed

Fourth pr of er o SBAROCALoRE Lo AP e Be el Ehetalds 4 QLERSehancric o, -

FIG 4 is sulpstsypes made wffwa dGanghsiter Ba.ngleacnystad; andeate]semt oone

A shown i HEELG RS, SRR, 4 nRINEAT Y, rhia 0%, BRRRTENARACTC) P g

by di sposwﬂged:tl:mdes avidiall axle interdigitated withetdcmotiher pndzaeeeitric

thin film 44 | ect frae. 42 mmde of Lh L
(Lafer 1] CrepTiet fuh G min o bty Seb etk Cale plGeolldRtrs
tr ansducersdﬁs@m Imas aAERdkE ©hgléP-sPprnein sty qcbes 136° i 148P,

di sposed on the piezoelectric
23° to 30°), whereby the surface acoustic wave device has an

excellent TCD and also has a large X value.

Fig. 1
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= 13- substrate 42 as expl ai ned her ei nabove. The piezoelectric thin
film44 is conposed of, for exanple, a material such as ZnO The

pitezoel ectric thin film44 functions to bring the absolute value of TCD
near zero by offsetting TCD of the piezoelectric substrate 42 and

pi ezoel ectric thin film44 with each other in a manner such that a materi al
-having a positive TCD is selected when TCD of the piezoelectric substrate
42 is negative and a nmaterial having a Regative -TCD is sel ected when TCD of
t he piezoelectric substrate 42 is positTve. The K2val ue can be nade
significantly larger in the fourth preferred enbodi nent as conpared wth
the first preferred enbodi nent since the piezoelectric thin film44 is

di sposed on both of the piezoelectric substrate 42 and interdigital
transducer 43. VWhile the fourth preferred enbodi mnent was descri bed
referring to tEaﬁagﬂface acoustic wave resonator, the preferred enbodi nents
are not limte eto but are applicable to a vertically coupl ed surface
acoustic wave resonator filter or Ho a transversal ly coupl ed surface
acoustic wave resonator filter. t hdigh the first to fourth

preferred enbodi ments were descaiﬁ% eferriyng to the syrface acoustic wave
resonator, the vertically coupl j filter
and the transversally coupled s¥4 r i ¥fler, the

preferred enbodi nents are not

)
35 $
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may be applicable to surface acoustic wave. devices such as, for exanple, a -

transversal surface acoustic wave filter having a plurality of interdigita
t ran'sducer's or a ladder filter in which the surface acoustic wave
resonators are connected to forma |ladder circuit, thereby obtaining the
sane effect of the present invention. Wil e the surface acoustic wave
devi ce having the reflector was described in the first to fourth preferred
enbodi ments of the present invention, tipe preferred enbodi nents

- 14 - are not limted thereto but are applicable to the surface acoustic
wave device having no reflectors. Whi |l e preferred enbodi nents of the
present invention have been disclosed, various nodes of carrying out the
princi ples disclosed herein are contenpl ated as being within the scope of
the followng clains. Therefore, it is understood that the scope of the
Invention is not to be limted except as otherwise set forth in the clains.

FIG. 3

FIG. 4
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- 15# at i sUerdrhEdtitett Y4 1. "A surface acoustic wave devﬁgo 5’%‘?
co a p| ezoel ectric ubst rate made of a LangaS| te singl e
Ud.bl. UILIT I IIl. CFUI gl l.d.l' IT d.IIDUUL,UI I IIL,I UU[ ny a paﬂ 1 Gf
W?ﬁ%é@*%ﬁ%%@?? arranged to. be interdigitated with each other and in
cont act with the piezoelectric substrate, wherein the piezoelectric :

subst reterEReE ACBUSTICANAVE BEVICE HAVENG! X KANGASITEISNGLE] cResTAd errl,
23 to &ORef 2. A surface acousfic wave device according to

clai mI, - wherein the piezoelectric substrate has a Eul er angle of

approx| mat.ely (0,.140[ e err 3. surf.ace
acoustAéu’\Tr‘%ﬁ?ea“é %ﬂc ‘& ‘%31‘:8 i(hE E@ rﬁz‘i leg ‘ér" sirate @ & aécaqgaﬁtte
subst r%& fiystaland LOngIRe Feftiag! ?S)t‘ e ! c‘lrﬂ snef elestrodeg err]
23. 6 t(@) which are mterdlgltated leémaph@&eamgter in capiaet With theepiszashicingbsisatel ai m
1, - wheThei piezdelecpricesubstrase t((2) bassaiBuler angle ndsipproihaely 08 B3 03ftoalsfP o3 Tt el y

( 0 153]0°) ovlicbetiyethe purfaté [acoustictwave deeice [ )). has an excellent TCD and also has a large

o3

K? value.
Figure 1.
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z5. _—A 'surface acoustic wave device accordum“lmllﬂ"ﬂ(mmnherei n tﬁ’@j/&i——?
pi ezoel ectric substrate has a Eul er angl y (O[err],

23.8[err]). 6. A surface acoustic*wale & alcording to cﬂ@ﬁﬁ;ﬁ,
further conprising a piezoelectric thl&thIﬂ]dlsposed_on t he pi ezoel ectric
substrate so ass to cover the interdigital transducer. 7. A surface
acoustic wave device according to claimé6,

16 - . wherein the piezoelectric substrate has a Eul er angle of
apprOX|nat & 162[err]; 24[err] to 27[err]). 8. A

surface acousti g, WgVEuHeNEECad6E9E & Nat® ddvide Goni¥sisBing .t he
pi ezoel ectric substrate_has a Eul er angl e of a%PrOX|nateI y (Of[err],
148[err] to 1592 Egegoggeggylc substrate made a Langasite single

crystal; and _ _

at least one interdigital transducer including a pair of
comb-~shaped electrodes arranged to be interdigitated with each
other and in contact with the piezoelectric substrate, wherein
the piezoeléctric substrate has a Euler angle of apprbkimately
(0°, 130° to 170°, 23° to 30°).

2. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 140° to 162°, 23° to 27°).

3. A surface acoustic wave device according to claim 1,
wherein the piézoelectric substrate has a Euler angle of

approximately (0°, 148° to 159°, 23.6° to 26°).

4. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 151° to 154°, 24° to 25°).

N4 5. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 148°, 23.8°%).

6. A surface acoustic wave device according to claim 1,
further comprising a piezoelectric thin film disposed on the
piezoelectric substrate so as to cover the interdigital
transducer.

7. A surface acoustic wave device according to'claim 6,
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9. A surface acoUstic wave device accor dj erein the. -
pi ezoel ectric substrate has a EuI er angl H'ﬂm mum'u)IﬂHmhy (O[err], 151 to
154, 24 to 25[err]). : surface acoustixc wave devi ce accordi ng
to claim6, wherein the plezoelectrlq,quslrate has a Eul er angl e of
approxi mately (0O, 148[err], 23.8[err]). 11. A surface acoustic wave
devi ce conpri sing: ' a pi ezoelectric substrate made of a Langasite
single crystal; and at least one interdigital transducer including a
pair of cthrshap$ueepaczpedéctamcasgbdtratbehaatarﬂmberaamgnemdm each

other and_in contact wt ezoelegtrl substrate, wherein the
pi ezoel ecFPPE P&L’{efﬂ i‘iﬁul"@r 2§f A blirmately (0, 30,

80[err]). 12. A surface acoustlc wave device according to claim11,
further conpr|3|ng a piezoelectric thin filmdisposed on the piezoel ectric
substrate so as8roAcSWsifacRearausticgvave dewiceaegording to claim 6,

wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 148° to 159°, 23.6° to 26°).

9. A surface acoustic wave device according to claim 6,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 151° to 154°, 24° to 25°%).

10. A surface acoustic wave device according to claim 6,
wherein the piezoelectric substrate has a Euler angle of

approximately (0°, 148°, 23.8°).

11. A surface acoustic wave device comprising:

a piezoelectric substrate made of a Langasite SLngle
crystal; and

. at least one intetdigital transducer including a pair of

comb-shaped electrodes arranged to be interdigitated with each
other and in contact with the piezoelectric substrafe, wherein
the piezoelectric substrate has a Euler angle of approximately
(0°, 30°, 80°).

12. A surface acoustic wave device according to claim 11,
further comprising a piezoelectric thin film disposed on the
piezoelectric substrate so as to cover the interdigital
transducer. |
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