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.~ SURFACE ACQOUSTI C WAVE RESONATOR, SURFACE ACOUSTI C WAVE FI LTER, DUPLEXER AND
- COMMUNI CATI ON DEVI CE BACKGROUND OF THE I NVENTION 1. Field of the | nvéhts, on
The present inventi-on relates to a surface acoustic wave resonator, and” a
surface acoustic wave filter, a duplexer, and a commruni cation devi ce usi ng
the sane, in particular, it relates to a surface acoustic wave resonator
using a surface acoustic wave including an SH wave as the nmain conponent.

2. Description of the Related Art Conventionally, surface acoustic wave
resonators have been used widely in band pass filters, or the |ike, of
nobi | e conmuni cati on equi pnment. As an exanple of such a surface acoustic
wave resonator, a surface acoustic wave resonator or a surface acoustic

nave fiSYREAGRAGRPSTIIG AR RESARTHr SYREACE rﬁ@‘lﬁ"'@ﬁq JAVE
(hereinafter referredppy, EingEknCeaﬂ&bﬁk?ﬁmsoEOBEvgaﬁped el ectrode is
nown.

formed on a plezoelectrlc substrate 1s we Ince a surface acoustic
wave |nclud|ng an SH wave as the main conponent, such as a Love wave, a
| eaky wave or the lLike can utilize the edge reflection in such

a surf§5€K§388§P|9Fm§§§ F§¥§H§F8F or surface acoustic wave filter, it is
used pg2EkhéihLﬁﬁLﬂhé_iﬂﬁbhtﬁbﬁe resonator or surface acoustic wave filter
whi ch does not require a reflector. Further, a piezoelectric single
crystal, sucKhgspresentminvebiaden reiptem tanaaBuréacsr achustigevave used
as the geral: | ol e pleanel gEbbie suRsLEALe10L,a SUGLRsE,agoushho vave

resonator oF &rdu c& 8COusticiwave n order
exci t e aa comiduadeatdous tHevivey asiingl thiengame , Sinwpaetdsulhe ,nditn conponent,

a 4lferr]. Y cut X pro ation substrate or a 64[err] Y cut X propagation
subst r €+ ArEEALt § Ség’%grcécta&&“?ﬁl?hé’aé’gsées°na[t Lsmg a suface

acoustic wave including an SH wave as the main component.
2. Description of the Related Art

Conventionally, surface acoustic wave resonators have
been used widely in band pass filters, or the like, of mobile
communication equipment. As an example of such a surface
acoustic wave resonator) a surface acoustic wave resonator or
a surface acoustic wave filter having a configuration wherein
an interdigital transducer (hereinafter referred to as IDT)
comprising a comb-shaped electrode is formed on a
piezoelectric substrate is well known. Since a surface
acoustic wave including an SH wave as the main component, such
as a Love wave, a leaky wave, a BGS wave, or the like can
utilize the edge reflection in such a surface acoustic wave
resonator or surface acoustic wave filter, it is used
practically in a small size resonator or surface acoustic wave
filter, which does not require a reflector. Further, a
piezoelectric single crystal, such as lithium niobate, lithium
tantalate, or the like, is used as the material for the
piezoelectric substrate of a surface acoustic wave resonator

or a surface acoustic wave filter. At the time, in order to

O
(o
SN

i
Al £



-of a lithiumniobate, and a 36[err] Y cut X propagation substrate needs to
~be selected in the case of a lithiumtantalate. Here, the 4l[err] Y cut X
propagation corresponds with the Euler angle indication of (O[err],
131[err], O[err]), the 64[err] Y cut X propagation corresponds with the
Eul er angle indication of (O[err], 154[err], O[err]), and the 36[err] Y cut
X propagation corresponds with the Euler angle indication of (0, 126[err],
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characteristic er el na eferred to as ese plezoelectric

si ngl enﬁﬁﬁt@x@drfemt 0Qqd vekati XepyopAhatispesubs€adty ot he elCDyof a
41[err] Y cut propagation lithiumniobate substrate is 80 ppm[err]C, the
TCD of %4 argpagatuonX sywhstagde aeeadst Roukenisedgctedubst EReecageg]
ppmi[err]C, .and the T f a 36]err] Y, cut X propagatjpn |ithiumtantal ate
substré:tf]e_q &%%Wn“/l[o <. 3 g"er?]ér af, Pk ﬁrHE&’ B2 bR fRRte _
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with a good TCD is needed. That is, a material with a small frequency

char acttthe s11°c Yckang® byophgatéopecaruespohdageits tkedEulefdhemigfeore, if a
surface acoustic wave resonator for exciti ng a surface acoustic wave
s

i ncl udi i igatEiemale @t Bdlmai O doodFendd YsCBEo¥i BEAPIFARIAMe | it hi um
ni obate_or_the lithi.um tant te used as the _substrate . patgrjal @

nment i onceoarréeos@oé?dsa"ﬁr% It}rﬁ ?rulqse s A9 Ghd® _ & _ é‘qff ngf? th Ct é’r?ét i C
shifts ghastiealdyy t\!_qrtegvE]&opsgseiwoeek}rlagbaham LaphatRteppsr a TCD
better than that of lithiumniobate, it also involves the sane problemin

t he fr egngne yimdiaraaciioar it 1 (@°shil6°, -09 .- For exanple, in a surface
acousti c wave resonator having a 100 MHz center fr quencxé, b¥ a S%err]c
ouR; figlpx §
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in the €agferture characteristic (hereinafter referred to as TCD) of
these piezoelectric single crystals is not good relatively.
More specifically, the TCD of a 41° Y cut X propagation lithium
niobate substrate is 80 ppm/°C, the TCD of a 64° Y cut X
propagation lithium niobate substrate is 81 ppm/°C, and the TCD
of a 36° Y cut X propagation lithium tantalate substrate is 32
ppm/°C.

In general, in order to obtain good characteristics in a
surface acoustic wave resonator stably, a material with a good
TCD is needed. That is, a material with a small frequency
characteristic change by the temperature change is needed.
Therefore, if a surface acoustic wave resonator for exciting a
surface acoustic wave including an SH wave as the main
component is provided with the lithium niobate or the lithium
tantalate used as the substrate material as mentioned above, a
problem arises in that the frequency characteristic shifts
drastically. Moreover, even though lithium tantalate has a
TCD better than that of lithium niobate, it also involves the

same problem in the frequency characteristic shift.



a 41[err] Y cut X propagation |ithiumniobate substrate, a 405 KHz
frequency characteristic shift is generated in the case of a 64[err] Y cut
X propagation |ithiumniobate substrate, and a 160 KHz frequency
characteristic shift is generated in the case of a 36[err] Y cut X
propagation lithiumtantal ate substrate. In order to restrain such a
frequency characteristic shift, it is considered to connect a tenperature
conpensati on r the like,_ mth a surf.ace _acoustic vay e resonat or.
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is directed to surface acoustic wave resonator which operates using an SH
wave as @ Hel ndi ﬁu@oﬁpﬁﬁ@ﬂﬁgéﬁéoﬁaéléﬁléﬁb@PP@#FeTéDbstﬁét§urPa685aggﬁstic
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interdigita cer having at Teast o co shaped el ectrodes

fornmed spyay atcxNpavpadationhe ikheneendebaite substaaee, dHadng assurface
acoustic wave including an SH wave as the nmmin conponent, wherein a
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| arge couplingin ckder tdlagiferian sl afirefhentie dhaigatidrd stiikg! €
crystal preferapbly has the Euler angle ([err],[err],[err]) of [err] <

30[ err],SBiEFr |1k %r¢qns idgreq |to a‘?ftpf[é‘?‘% |a empeyAtaing compensation
circuit, or the like, with a surface acoustic wave resonator.
However, a problem arises in that the device as a whole
including the surface acoustic wave resonator gets bulky for
the added temperature compensation circuit so that it is

difficult to achieve a small size.

SUMMARY OF THE INVENTION

In view of these problems, the present in§ehtion is
directed to surface acoustic wave resonator which operates
using an SH wave as the main component and has an excellent
TCD.

The surface acoustic wave resonator comprises a
piezoelectric substance, and at least one interdigital
transducer having at least one pair of comb-shaped electrodes
formed so as to contact with the piezoelectric substance,
using a surface acoustic wave including an SH wave as the main
component, wherein a langasite single crystal is used as the
piezoelectric substance.

Since the langasite single crystal is used as the
piezoelectric substance and the SH wave is used as mentioned

above, a surface acoustic wave resonator with a large coupling



90[ err] 5., and nore preferably, has the Euler angle ([err],[err],[err])
~of 11[err] : 24[err], and 17[err] <[err]<24[err] Alternatively, the

| angasite single crystal preferably has the Euler angle ([err], [err],
[err]) of O< [err] < 30[err], 153[err] < [err]< [err] 180[err], and [err] =
1.05[err] + 28[err] + 5[err], and nore preferably has the Eul er angle
([err], [err], [err]) of 5[err] < [err] < 30[err], and 153 < [err]< 158.5.
Accordlng to the preferred enbodi ment of the present invention, a surface
acoust | FCHERR FHERRUWMENLEY TCD better than that having a i t hi um ni obat e

substrate of dhd I14idus {anAlhe B! prddedeb n0sSiblihd aualtial n TCD

value of [10] ppm[err]C or Iess, and pmi[err]C or |ess, Mreover,

since tdwgboune, \&5l @oi IOf 05 L—o@vs:cimj’ar ed i @ hs @9fer amet @r =al-3,. 0a¢swal | si ze
can be achieved, and since the edge reflection of an SH wave can be
utilized® & ﬁeﬂeenrérm@genmefembhea has tthe Buler tavglentdd S%Si ) e be

achi eve or, the pur f il ,lustrating the invention, there is shown in
t he draﬁ} §%¢s§v§#aﬂ ¥%$ﬁ£ﬂhﬁlh #é presently preferred it being
under st ood, hoveMEiat ity ! ithd N\eafdsaitd SitRfld idh @ ridF A
arrangenments and |nstrunentalrt|es shown. BRI'EF DE CRIPTICN OF TH DRAMVNGS

FIG 1 hasatperBpbet i amgle e ,0ff ,agyuifadé acpustia’ waba’resbnatlso,or
explaining the first embodinept. FIG 2 is a perspective view of a

verti cadh ‘Bouplr?@bt*yp%a SHr §acea%dﬂ%1€¢ Preierahly hag o‘?h‘exﬁiﬂeﬁlhl ng the

second enb d| FI.G IS a pe I V. I.eW O ally coupling

type - % gre ‘Urqae) ct3 Ot Fcbvim apgfl}ér é)l%u tthe third

embodi nent. FlézoAding adl ek piie’sﬂié’x&l‘éd EmBOQOIrnt R & KB [P reeintof
invention, a surface acoustic wave resonator has a TCD better
than that having a lithium niobate substrate or a lithium

tantalate substrate. It is possible to obtain TCD value of

|10| ppm/°C or less, and [5| ppm/°C or less,

Moreover, since the sound velocity is low compared with
other materials, a small size can be achieved, and since the
edge reflection of an SH wave can be utilized, a reflector is
not fequired so that a further small size can be achieved.

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 a perspective view of a surface acoustic wave
resonator for explaining the first embodiment.

FIG. 2 is a perspective view of a vertically coupling
type surface acoustic wave filter for explaining the second
embodiment.

FIG. 3 is a perspective view of a laterally coupling type



t he fourth enbodi nrent and a comruni cati on device of the fifth enbodi nent.

- DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Herei nafter, the preferred
enbodi ments of the present invention are explained in detail with reference
to the drawings. FIG 1 is a perspective view of a surface acoustic wave
resonator according to a first enbodi nent of the present invention. As
shown in FIG 1, a surface acoustic wave resonator 1 is provided by formng

i in FIG : | .. ed by
angas: 1o 48 2l PRy 20 ol BR R L B T a1 °

t ransduembodimentorned with an el ectrode material, such as A, Au, or the
| i ke such that_a pair of conb-shaped el ectrodes .33, 3b are_arranged so as

to be i nterdi%}q’at%d’-%ﬁ PH Cb‘tarﬁsrra!m'lf&rn,e’ﬁi’lé“éé’dﬁ@ @nﬁ‘b‘@ilﬁéﬁﬁ: £ the
present+hAVESLI O dhibdd Bfef PAd r}?dcorﬂtﬁic%ﬂ%rf RS IREIS eV irgWedf a

| ongi tudi nally coupled surface acoustic wave ter according to a second
enbodi nembodimene. present invention. As shown in FIG 2, the longitudinally
coupl ed surface acoustic wave filter 11 is provided by form ng two
interdigital transducers 13 on a piezoelectric substrate 12 made of a

| angasi beTATDED cDESYRT PP 1N abEr PREFERIED RMBoDIMENTSThe i nterdigital
transducers 13 are formed with an electrode naterial, such as A, Au, or

the |ike suchHekr@ingfterx, the prgferred smhadigeay sl tthGIPICERRL 13b are

ar'r angeg 580 asoh0abe LRbESLheY L7 i RAGH Aftrendriepare the

interdigital transducers 13, 13 are arranged parallel 1n the surface
drawings.

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

As'shown in FIG. 1, a surface acoustic wave resonator 1
is provided by forming an interdigital transducer 3 on a
piezoelectric substrate 2 made of a langasite single crystal
(La,Ga,8i0,,) .

The interdigital transducer 3 is formed with an electrode
material, such as Al, Au, or the like such that a pair of
comb-shaped electrodes 3a, 3b are arranged so as to be
interdigitated with each other.

Then, a second embodiment of the present invention will
be explained. FIG. 2 is a perspective view of a
longitudinally coupled surface acoustic wave filter according
to a second embodiment of the present invention.

As shown in FIG. 2, the longitudinally coupled surface
acoustic wave filter 11 is provided by forming two
interdigital transducers 13 on a piezoelectric substrate 12
made of a langasite single crystal (La,Ga;SiO,,).

The interdigital transducers 13 are formed with an

electrode material, such as Al, Au, or the like such that a



acoustic wave propagation direction wth a certain distance. Furthernore, a
‘third enbodi nent of the present invention will be explained. FIG 3 is a
perspective view of a laterally coupling type surface acoustic wave filter
according to a third enbodi nent of the present invention. As shown in FIG
3, the transversally coupled surface acoustic wave filter 21 is provided by
formng an interdigital transducer 23 on a piezoelectric substrate 22 nade

of a langasitge single cryst LaJerr] err]lSiJerr]). The interdigital
t_ransdulﬁ‘g?'r Z%Fi %o'ga@g'f%ﬂpéﬁt?ai%éﬂt’é‘{"gﬁ r%' n&%r‘gmﬁ a eéjg 8 25AF° or the
like sus8d ineér&odiesbeRodieh esi¢RdeendBa, Morediik 23he A3t X B FAldaaNged SO
as to be interdigitated wth each other. Then, fourth and fifth enmbodi nents
of the praRedeceRyehii o3 vRre derangedipevallelsin the sunfaae di agram of a
dupl exe [ o} | f.the it vent | and a
communi SSeFEEL bR pPop o Lo REELER DN Qs RGN | N
I nvention. AsFshohermord) G #hitdecemordimerctato O rtie\presalt iiveniioted by
connecting%ageante na tgrninal of a dupl exer 34, conprising a surface

%

acoust | ¥t fE¥PLRLIBEAt o FLG cd et Fe? BRAFFRESHHYSCEI St Ristd ¢ wave fil ter

for a Fié‘ﬂéﬁiiﬁrcéé%ﬂﬁa aNs EPPRCS0acEQPPEE it 8 P Hedd¥dimpl Wi th
a receiving circuit 36, and connecting an input termnal wth a

transmi tei agtbirduembgdiment oficthecpresent sunverbicrroustic wave filter 32

and the transpjtyy sur f oust i c Llter., 33, 0f the | exer 34,
t he surface azg%ués%‘f&gnm%\g/eﬁfﬁ?l ?%f séﬁi,t%%y%(’:%%sf%lﬁr% oouoq%eépssélcor?&eand third

enbodi nRcbGsti6 wave fiktdsepl (HBapacvededtbesteamingdad romerdigitalg angl e

of the
transducer 23 on a piezoelectric substrate 22 made of a

langasite single crystal (La,Ga;SiO;,).

The interdigital transducer 23 is formed with an
electrode material, such as Al, Au, or the like such that
comb-shaped electrodes 23a, 23b and 23c, 23d are arranged so
as to be interdigitated with each other.

Then, fourth and fifth embodiments of the present
invention will be explained. FIG. 4 is a block diagram of a
duplexer according to a fourth embodiment of the present
invention and a communication device according to a fifth
embodiment of the present invention.

As shown in FIG. 4, the communication device 31 is
provided by connecting an antenna terminal of a duplexer 34
comprising a surface acoustic wave filter 32 for a receiver
and a surface acoustic wave filter for a transmitter 33 with
an antenna 35, connecting an output terminal with a receiving
circuit 36, and connecting an input terminal with a
transmitting circuit 37. For the receiving surface acoustic
wave filter 32 and the transmitting surface acoustic wave
filter 33 of the duplexer 34, the surface acoustic wave

filters 11, 21 according to the second and third embodiments



material used for the substrate of the surface acoustic wave resonator used
" for the application nentioned above are shown in Table 1. Those marked with
* pbefore the speci men nunber are outside the range of the present

invention. P in the displacenent distribution refers to a |ongitudinal

wave, SH a transverse wave having a displacenent in the horizontal
direction, that is, an SH wave, and SV a transverse wave having a

di spl aggrentsdgn the vertical direction. Further, the displacenment
distribution 1s indicated with the |argest wave as 1, and the other waves
in the rat|oOmamacmexps¢ucsodehavbdrgesm wacettidg aanabbé thé | Specinen

g?;?;:%%ﬁqﬁ+qﬁﬂﬂﬁgg fﬁr'g%e substrate of Cge sur%gce acous &gcgggg} O 6 ;

_ resonator used fdr the %%?llcat1onsﬁen%1onedLhB8bQ[ﬁ&é]shown
131.0 0.0 80. 000

Li No([ ¢y [Table 1. Thage n@&ke@i with *)b@forgl the)spetimgg ngmbeso

1.00 Q. 3700.* 1T rr .0 0.0 32. 000
170 Sospyeide wug B e sne present dowelfdohs qrerri . 0.0

0.0 85.0 p lih @He displIRemeniBAldstributibnOefersB8@8 a
La[err]Gaf[err]Sierr] 0.0 23.5 89.5 -0. 200 4.23 0.7400
0.21 Cuspdudinal wayey SHcH &LanSvgrse Wave hgving azs}léplacsyest 25. 345

%2?8 Oifgi‘q% hor izongal Lt EJC%?%QU $hat il %”ks&ah%gf gihegg,] 5.0

La[err}&kﬁmawﬂﬁﬁéiwavq haviiy a)dlsplamdment 80\ Ghe &@m%ﬁ@al 3.01 0.0059

1.00 0100 rr err err 10..0 79.5
5. 270 d“’:?c?t?lmo (fL&‘a‘%% ,JG}I{, q@é’@é‘l% dlsthé?’é]rtl‘f@a[l@rr] Sigerr]
10.0 indidhted #Hith the. 161‘SrJgest 4va8;Qa ds QJ,OQnd the othkrOQaves3Qe0 11

La[err]GaJerr]Si (err] 10. 5.990 4.44 0.3700
1.00 C-hssomtuio Wlthd{%erﬂcGa[té? r‘]@ d[aé?qqst Wano 0 23.0 79.0

2.740 4.71 0.5700 1.00 0.7100 13 La[err]Ga[err]Si(err]
10.0 24.0 79.0 -5.490 '4.69 0.7200 1.00 0.9800 *14
La[err]G[err]Sierr] 10.0 25.0 79.0 - 8. 360 4.66 0.8100
0.62 1.0000 15 La[err]Ga[err]ierr] 11.0 17.0 78.5

0. 064 4.57 0.2100 1.00 0.2800
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La[err]Ga[err]Si(err] 12.0 17.0 77.5 -0. 110 4.72
~0.2400 1.00 0.3150 17 La[err]G[err]Si(err] 14.5 15.0
75.0 1.159 4,72 0.2100 1.00 0.2920 18

La[err] Ga[err]Si err] 14.5 16.0  75.0 0.610  4.89 0.2500
1.00 0.3400 19 Laerr]Ga,SiOL  14.5  17.0  74.5 0. 067
4,58 0.2100 1.00 0.2750 20 La,Ga,Sigerr] 14. 5 18.0
74. 5 -0. 300 4,74 0.2500 1.00 0.3320 21
La[ erc] EBpBiel Sl err] 14 5 19 74 5 -0_830 4 93 0 3100
1. 00 | ®WeABB( 2@Rterial [a[ er EpiEajaesie ] Si ofjer rdp Ki#h § pispl@Q@mddt dist@futGon | - 1. 520
5. 14 | BGuw&0( 1.00 0.5110 23| eemvkcaferr] Gaferr]SiJerr] 14.5
23.0 74. C -7.450 ¢ 5/ 1% 0.8Q@00 1.00 £0.99068*24 sv
La[erir] Ga[ erjrfismbod erf] o.0 Ll43D.0] 2000 80.068107.2049% 936b| 120660.4008[L00
0.23 | 1.4000 (4o, Gal gre ] Gabaylr] .6liersilooo | 13200 0.10d07 U 1.00[74.3900
0. 068 34 Gl 2200 4 o | B! U5 923,280 | 4,709 Glokdael & 5d 1Ob Ja68 [ ]

Eg[ gr 4 0 e 1. 0.010 B0 gs5.81%%s. An P30 0.1,800%’59({.0&)' 0 2800 571300
100 Lo Soad agasio, [, 0.0F 285 | ) Baust 012081 4 23] o744 "  0.21 [Ia‘u8eo [

' o 12 a,510, T Bl 26 b T 251345 L 3018 0B280) or1e0q L T:0000] o 200
5.07 o306 1-0bl 32 4bpos%g AP or A1 Ga 241G e 20. 0
20. 0 £g d laGasiad 5.8 cp2-0 48hQ | 5970 [ 3.73 |39 209 kEqedn00)0.2400
La[ er ] GA[ er|lpGp®iae ] 10.0b0 0.0 S®mog 16.798]03.01|309089 | 15065H0.9309H00
1. 00 [0 990Q 34,510, ||a[¥0:9 ] GAPex ] 39.G[ler 51270 | 3217 [00.048R[) (1.00 | g70609
-23.400 10 1i5a,8iqQ, §2013.0 20.00. 29.0 {1 -005B0 {32.80 | ol3aPerr]1ad brrIosh (Jerr |
24.0 7. O La,caB840,5 10.0 ] 0.2260] 79.5.{125.8029Q044 | 0.370d} 00.00] 44400 B3
La[ery] Cal erlrilge@i®rrl] 10.024.20.0| 2400 2.£a3.104.71{ 0.5300B0 1.00 podoo . 7700
1. 00 | 0. 9620 rh24,si0, Ja[an 6| Cahes ¥ | Sb.Cjerslaoo | 446 0.7285} 0 1.00 P3. 4300 | - 6. 050
5.38 | 048100, ca,si0, o/®] Hs0PP0.8% | -s.3edlleNlidb&1bd P (.85 h.0000 $0. 0
0.0 O Ul ack3id®Y 11,0 Yh7. &I O | o.064 [1-U8 [ B:2AW@Y 9Boo] o.2800
Laf erf TG BN S QST 15 0399, 0| 1950 o, 090472 Po 0400 ] Do 5¢$00
1. 00 O 53903 Baysio, oLt N CAREL [ TAL G oo 1303 O 216010 100 P b bz0 ), 1 890
o0 [T B Lueagioed 1008 ] 36 ok 35 o 510l 4 bbb DL EATh 5400 10" ©
23.0 57 -2-3864 10+ 20 - }—OP—BIPB0—3H—

La[ er p-CHl-er PSS Qe ¢} 14:38913-0 1 3459 0.@6% (5 4.58 | 0.2300 49 1.00 £ 0827504 gnQQ
i L L i

0. 81 L1800 Baf@:8i0,, | 1] 3f Ol ler0p300 | 374 0.2500 0. P00} 053330
14. 025 21 4 Qa.SaFieQq 14-5] 1560 B0 743 |[093083041 4.93 | SFHPP | Gal-8P § PSHA§P ér 1 ]
31.0 25 O La,Gaf60,5 | 14.52 2050 | 75.5016 -105820C .14 | 0.4000 79 1.90 NOOFL1O0 S-
As shpwn2d n Majseeid, |i n14.h¢ cdse| a7hkanigagi 45 |sisnyd £ ocqoPsial 1.00 | 0.9500
(La[ e[r]*Ga[ errlcsisiherir 1 J4.56$ wsed| the [TCH.9® |i POy edside anad.i2g alil. googdnpar ed
with a convetacamab, || t1¥.0m nj700at 84.0aiNd ol. 6688 SNed NPrved corparesbaaith a
lithibm jant pla@daBio, | 20.0 0.0/ 69.9] 8.860] 3.01)] 0.0059| 1.00] 0.0100

27 La,Ga,Si0,, 20.0 10.0f 69.5| 5.650| 4.23| 0.1300{ 1.00] 0.1980

28 La,Ga,Si0,, 20.0] 18.0| €s8.5] -0.200! s5.07) 0.3000] 1.00]| 0.4000

29 La,Ga,Si0,, 20.0| 20.0] 68.5| -2.030] 5.51| 0.4600 1.00 | 0.5980

30 La,Ga,Si0,, 20.0( 23.0l es.0| -8.330 | s.s9 0.7900) 1.00] 0.9900

*31 | La,Ga,Si0,, 20.0] 30.0| 67.0] -23.400] 2.75] 0.8200| 0.24 | 1.0000

32 La,Ga,Si0,, 24.0] 17.0{ 64.5| o0.260! s5.12| 0.2900| 1.00] 0.4460

33 La,Ga,Si0,, 24.0| 24.0] 63.0) 1.080| 5.37] 0.7700] 1.00] 0.9620

*34 | LaGa,si0,, 24.0! 2s.0| 63.0] -6.050]| 5.38] 0.8100| 0.70| 1.0000

35 La,Ga,Si0,, 30.0 0.0] s59.0! 13.240| 3.91{ 0.6100| 1.00} 0.1030

36 La,Ga,Si0;, 30.0| 10.0] 59.0| -5.800] 3.82] 0.1600 1.00] 0.2390

37 La,Ga,Si0,, 30.0( 20.0! 57.5] -1.850! s.88| 0.5000( 1.00] 0.6540

38 La,Ga,Si0,, 30.0] 23.0] s7.0] -3.800] 6.01] 0.7200) 1.00] 0.9200

39 La,Ga,Si0,, 30.0| 25.0| s6.5] 2.148| 5.87! 0.8000] 0.81] 1.0000

*40 | 1a,Ga,Si0,, 31.0 0.0] 5.90| 14.025] 4.02) 1.0000]| ©.90] 0.0930

*4] | 1a.Ga,Si0, 31.0| 25.0) s56.5| 2.345| s5.96] 0.8200] 0.79] 1.0000




Moreover, as seen in Table 1, in the surface acoustic wave resonators using
~a langasite single crystal (La[err]Ga[err]Siderr]), a displacenent
distribution SH 1 can be found, that is, the SH wave can be the |argest
there, and thus it is |earned that the SH wave can be utilized effectively.
More specifically, fromTable 1, it is |earned that the displacenent
distribution SH can be 1 within the range wherein the Euler angle [err],

, i : 30,, O 5 d ]l = -1.07
001t 11 61 et B S 0 TR o e EBRSaGP PhaaCgacLEnchOE s 4. 5 v
to 13, dydtaPILABaldiR)) B2, uskéd, alse 3fch 0is3%impivdd dramdtijcallly +

90[err] 5 is the formula found out fromthe experinent values of the
speci MERRHEM WiHIrap|eenventyjonad, dditdiivgs ndiebatan angoié 218Pt is | earned

that in ' i ngl tyaly s Si s t he TCD
i Inlr@5#10 pp%‘%‘g}ﬁ%ggfiﬁﬁ Bl il & Glgrg ] Siderr]), since the

value is ss within the range wherein the Euler angle
t hereof is (Mbrdorey, ass saérerim Tadle 17<[ier the< s24iface] pcotibatici s, within

t he range of the specinen nunbers 15 to 23, 25 to 3Q, .32_an 3,.the TCD is
par ti cT&fs - G AP hi ﬁa(“rﬁ?ésdttr?ersﬂ‘éﬁt% S s%i't}l éLf.s‘gaﬁ%éroef)dr e, by
using & | ANEFId d e H 85 1o Mdtilor Lo of rdda [ rdovir(d ,efthla)e Wilst,h thiae sgul er

angle in the piezoel ectric substrates 2, 12, 22 of the surface acoustic
vave reSNRUAN Hvie nlaugestl rrehandttuge Hedistlieannede thiatt £h& shown

in Fl (E:‘-H é’fa‘?‘e égrp%e t\ﬁ?ilTl dseﬂf]eoétilqpﬂ# err]C or less, for exanple, in

t he case a surface acoustic wave resonator having a 100 MHz center
frequency, orMorelmdciofiddilf r eipsancabdlariactiay iist ileaximeld thatgeher at ed by

i Th { HLTREACHIST bt TOTRBio i A1 drge (EH IR TR e nereg,
charactggd sk fisr A Y&, Y1 B)CU (M9 2P € 30°, 0° < 6 < 25°, and ¢ =
-1.07¢ + 90° = 5°), that is, within the range of the specimen
numbers 4, 5, 7 to 13, 15 to 23, 25 to 30, 32, 33, and 35 to
39. 9 = -1.07¢ + 90° » 5° is the formula found out from the
experiment values of the specimens shown in Table 1.
Furthermore, as shown in Table 1, it is learned that in a
langasite single crystal (La,Ga;Si0,,), since the TCD value is.
|10| ppm/°C or less within the range wherein the Euler angle
thereof is (11° = ¢ =< 24°, and 17° = 0 =< 24°), that is, within
the range of the specimen numbers 15 to 23, 25 to 30, 32 and
33, the TCD is particularly good compared with the other parts
in Table 1.
Therefore, by using a langasite single crystal
(La,Gas510,,) with the Euler angle in the piezoelectric
substrates 2, 12, 22 of the surface acoustic wave resonator
shown in FIG. 1 and the surface acoustic wave filters shown in
FIGS. 2, 3, since the TCD is |10| ppm/°C or less, for example,
in the case of a surface acoustic wave resonator having a 100

MHz center frequency, only about 50 KHz frequency

characteristic shift is generated by a 50°C temperature change,
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are shown in Table 2. Those marked with

As in Table 1, P in the displacenent distribution refers to a
SH a transverse wave having a di spl acenment
an SH wave,

RG]

(ppn [ @hklFekeBt from those of Table 1 of the materiaP used forSkhe SV
*42 La[err]Ga[err]SiOf[err] 0.0 153.0 24.5 -11. 851
6.98 spbgtgete of thepsygface. agousiic wavel ppspnptafeargSsigpenrin
0.0 0 0. 9200
a4 T%?;ite efr] Ga érgga] gaa(gg ?Z‘Eh * geggre QBZ_ ggfgémgn numbﬁg 398
2. 550 outSLGe6ﬁhe #ahge0of the prés@ﬁt 1ﬁv838@oﬂ5 As in Table 1, P
La[err],Gaferr] err 27.0 -22.489 5. 88
0.3700in the alsp ageggnt élssgeb%mn reisrér*ﬁ?ea[ LPppitefiinpi wave, 0 0
170.0 gg a %§a§svexgé fade hav1ng5aoals Qaéefldnt 1n thelhgglzogt§940 47
La[err]CGaferr] SOl err] 78676 - T 4. 89
0. 4600direction}. gbat dsg360 SH8wave Lapérpuapetrpssﬁpese]wave 0.0
181.0 2 4. 77 00 4
La[ err]h§| lf\gr g] élsplgéeé\%gt lf5§h8 vert:.ca%oéérectlono Bg\}réheg 699 0. 6000
1.00 disp4@eement diskgfieutlical esr ibdfbatel with the. Qargedb8wave 31.0
0. 900 6. 69 0. 6300 .1.00 0. 8860 *51 '
La[ er r PEafter AP EP8r PLher wavegpip thejxgtdo with ggspect tg bhe
4.68 lg.téggg wave. 0.32 1.0000 *52 La[err]Glerr]Sierr]
10.0 150.0 34.0 1. 940 6. 77 0. 7800 0.72
1. 0000 53 La[err]G[err]Sierr] 10.0 153.0 34.5
-1.820 . 89 0. 7700 1.00 1. 0000 54
La[ e+ 1-ERPEEPdi-oferr] 16-6——355- 356 +476—— 6. 80
0.73D ﬂ:eclmen Material 1. 00 Eueergﬁaz.b; 55 TclLa[ erxl(.‘ﬂ)GiL[Dé?pﬁjcSTea distributiolxgbo
158, p-tumker | 350 Q.21 6--6{LtPPm/3C)51 00 1-00 0.-84 56
La[ e r1SiOferlr] ¢ 810i0.% 1B0.0 368 188 9dQ_ SV 48
0.57p0 *42__ | LaiGa,8i0, 1} O(P-9 1015290 475 | -11.B5H jor ¢ 193 %FINS OPeFOr]] 1.0000 20.0
145.p 43 LagF,590,, |- 120.920154.0 | 2340 U6-9.618 [31€©@2] 0.7000| 021300 | 0.52@000 *58
La[ efr] Ga[ ejrlnlesis@herr] 0.0| 158.20. @5.5 150.050 | 6.66 [445@0| 16009768380
6. 00 __ &. 810G ca,si0,, 0e.6Q 16510 0000.HP-22.489 |Laj.@sn]oGajoer|r ] idolesshso
20. 0} 460.[0a,6a,si0,, A7.80] 172019Qs.5| -25.661 [285.090. 0083 | . 1.00] 0.5
0. 75P0 260 | 1a,calsdd e | b8l idoob Y &bld | —30.532 | 4.899-Lasoo [19Q.4d ] 0.8300 #8. 5
-12. 07048~ | 126a2i63 | U6.840Vs1.0]| 29.5 P-PB210 - PUPV 0.6300] 0.95 | 1.0000

49 La,Ga,5i0,, 5.0} 158.0} 30.5 0.897| 6.67] 0.6000 1.00 | 0.8400

50 La,Ga,Si0;, 5.0 | 158.5| 31.0 0.900 | 6.69| 0.6300 1.00 | 0.8860

*51 La,Ga,Sio,, 10.0| 140.0| 39.5| -6.250| 4.68{ 0.8100 0.32 | 1.0000

*52 La,Ga,Si0,, 10.0 150.0 34.0 1.940 6.77 1 0.7800 0.721 1.0000

53 La,Ga,Si0,, 10.0} 153.0| 34.5| ~1.820| 6.89| 0.7700 1.00| 1.0000

54 La,Ga,Si0,, 10.0} 155.0| 35.0| -1.470| 6.80] 0.7300 1.00 | 0.9620

55 La,Ga,Si0,, 10.0) 158.5| 36.0| -0.210| 6.61| 0.6100 1.00 | 0.8400

56 La.Ga,Si0,, 10,0 160.0) 36.5| 14.960] 6.48] 0.5700 1.00 | 0.7940

*57 La,Ga,Si0,, 20.0| 145.0| 47.0| -12.120| 4.46| 0.8100 0.37 | 1.0000

*58 La,Ga,Si0,, 20.0 | 150.0| 44.0| -6.970] 6.00] 0.8100 0.70 | 1.0000

59 La,Ga,Si0,, 20.0| 160.0) 47.0] 12,190| 6.28 ) 0.5600 1.00] 0.7500

*60 La,Ga,Si0,, 25.0| 150.0| 48.5] -12.070 5.43] 0.8100 0.58 | 1.0000

61 La,Ga,Si0,, 25.0| 153.0| 50.0 1.455] 5.91} 0.8100 1.00{ 1.0000
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61 La[err]Ga[err]Sierr] _ 25.0 153.0 50.0 1. 455
- 5.91 0. 8100 1.00 1.0000 - 10 - 62 LaJerr]Gerr]Sigerr]
25.0 154.0 50.5 0. 091 6.04 0.8000 1.00 1.0000 63
La[err]Ga[err]SiJerr] 25.0 155.0 51.0 1.480 6.16 0.7900 1.00 1.0000
64 La[err]Ga[err]Siof[err] 30.0 158.5 57.5 -3.070 5.74 0.5600 1.00
0.7160 65 La[err]Gaferr]Si(err] 30.0 165.0 58.5 -19.524 5.39 0.3100
1.00.0.4320 66 Ja[p'riﬂq{prr]qﬂ:prr 30.0 170 059 0. -22 425 4 42

0. 16Q0_62 _QQLQsaRsiR() "725L°al[é§¢-p [59r ¥ | SiGPEyy]6.08(), 00800080, @.0060L.000036. 780
3. 3810, 5900] LisaioQ. B5@6. o*|6855.a[ exird Ga[wnsd |Si ©ren rd. 79080, 01.0bg11.000051. O
-39. 18564 3. Bha,¢h, 60001 @0 150600 sAss shawwazd h dabll @.800iin &t he |cRgEs@
| angasi ke S| ngéLsiel ybt ab. o [Lakenr] GalefLlHssd Bréls) |iosaibedd, 11ddg dehrdfs
i npr oveds dr appdd &3l TV conpRhed oW TR g conyenf 1 pnal J.kddi{um NodPahee fand i s
al so [ TTRF OVEH, & OIBAT B0 W T 1 JoT[TTHoURT] LRI ) T E6 WO SEDGAT. 185 [SPR,J 1 Tab!
2, | T SULLACE ATPUSET ] WavS [T ExORTLOr Yo 5T 10,4 § 2[EdST 55y ['9hds [ yst al

(La[ o et a drsptacenent—drstrrbotton—SH—iI—can—be—tound,
that is, the SH wave can be the largest there, and thus it is |earned that
the SH wave e diouwid idn Z(bles foctinvane diekecaveanghsdreTahhgle, it is

| earned that the displacenment distribution SH can be 1 within the range
wher ei re¥¥RCa| .87 L0 ) e $] USEdr ryhe (B |35 | mprp g duanagoca iy

153[ er rc%o &"with %%Jﬁédt‘l&naﬁp[fﬂﬂﬂlﬂ'{\ 28 obaht®,l bhd iRAG1ES W thin the
range o e specl men nunbers 43 to 47, 50, 53'to 56, 59, and 61 to 67.
[err] =inpO&fed r¢ompsed Sfith |4 Justuhm mmﬂlai‘q‘a)und out fromthe
experinment vaglues of the SPEGI nen Q in _Table 2. Furth rmore, as shown
T Tabl e 2, | MO i FE I SRIE B (el FRATETF] AEERBFAR) si nce

t he TChyywé u@es@néﬁc}r@mdixej rd Qarigd=eigse Wildyle tdl@sitaﬂgQL\ahG&s@ﬂDlIhe Eul er
angle thereof_is (5[err] < [err]< 30[err], and 153[err] < [.err]
158. 5[ e rfisplacement Qistribunen e sfan he dre Fbdtnidérs t!P@ SHo, 53

to 55, @adebdak %@%hétlﬁgéé@rﬂ%’ré haind MR S PAddrnddPtha 99
conpared wth t

SH wave can be utilized effectively.

Moreover, from Table 2, it is learned that the
displacement distribution SH can be 1 within the range wherein
the Euler angle (¢, 6, @) is (0° < ¢ = 30°, 153° < 6 < 180°, and
¢ = 1.05¢ + 28° = 5°), that is, within the range of the
specimen numbers 43 to 47, 49, 50, 53 to 56, 59, and 61 to 67.
@ = 1.05¢ + 28° + 5° is the formula found out from the
experiment values of the specimens shown in Table 2.

Furthermore, as shown in Table 2, in a langasite single
crystal (La,Ga;SiO0,,), since the TCD value is |5| ppm/°C or less
within the range wherein the Euler angle thereof is
(5° = ¢ = 30°, and 153° < 8 < 158.5°), that is, within the range
of the specimen numbers 49, 50, 53 to 55, and 61 to 64, it is
learned that the TCD is particularly good compared with the
other parts in Tables 1 and 2.

Therefore, by using a langasite single crystal

(La,Ga;Si0,,) with the Euler angle in the piezoelectric

- 11 -



other parts in Tables 1 and 2. Therefore, by using a | angasite single
crystal (La[err]Ga[err]Sigerr]) with the Euler angle in the piezoelectric
substrates 2, 12, 22 of the surface acoustic wave resonator shown in FIG 1
and the surface acoustic wave filters shown in FIGS. 2, 3, since the TCDis
[5] ppm[err]C or less, for exanple, in the case of a surface acoustic wave
resonator having a 100 MHz center frequency, only about 25 KHz frequency

Chus 1 SERREBFRR. Pentfy "2apet LR PRESASE PhOTRE SR ER SRS L [ar e

t enper ashoenchiangec.Alt hadghhexsapkaseohcausvié awevacpibters vélyv@wr egonat or
a longitudinally coupled surface acoustic wave filter, and a transversally
coupl edFEGSf-a@e dcogdnre wheeTED| ier | hhvepbédh axpleimedam axamplienst to

hi rd ' f th i ' it | limited th . F
exanpl o0 e dederor 4r s REEEER: abRUREN oLt RO RRIOE PRCEIReA pl T af set s
of i nt emtizgiclealc e’ EnedUency, @hlg sBbhacesagpystireqiengeyr esonator to be

used in a |ladder type filter with surface acoustic wave resonators arranged
i ke a khadectegristhie bhiét d¢angbeaeadtptietly anf0ithe empar adffee tchaagehe

obt ai ned_in sur.f ace_acousti c e resonat, 1 th_any, kind of structure.
Fur t her A6 F% stH&u&ﬁnsﬁPgiégl§§%g¥tFepﬁaVégFegkﬁa?%?slﬂﬁ?ﬂout a reflector
have beemvetphaientdwitht helhirgst tbfipbkatdrenbpdhgents of the present

invention, it is not limted thereto, but can be adopted in a surface
acoustic wavePl&ESenghorxpBplag afraf FEELAFe PRPNELEF VRV cHEEMRRIERFem s of

e SRR tCle S cotd pUSaUUTRR0L SN MOaRilalle
t he fol tawinsyegisaldy. cPhplefloserfate acondtist wvadet fialtehehave been
explained in the first to third embodiments of the present
invention, it is not limited thereto. For example, a
transversal type surface acoustic wave filter having plural
sets of interdigital transducers, or a surface acoustic wave
resonator to be used in a ladder type filter with surface
acoustic wave resonators arranged like a ladder, or the like,
can be adopted, and the same effect can be obtained in a
surface acoustic wave resonator with any kind of structure.

Furthermore, although surface acoustic wave resonators
without a reflector have been explained in the first to third
embodiments of the present invention, it is not limited
thereto, but can be adopted in a surface acoustic wave
resonator having a reflector.

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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scope of the invention is not to be limted except as otherw se set forth

in the clains. - 12 - What is clainmed is: 1. A surfad g gEEN
resonat or conprising: a piezoel m ' lﬂmmmﬂ"conpri Si ﬁﬁﬂ ] é%g{a
single crystal; at |east one ina ﬂ"yuﬂ ucer having _a one
pai r of conb-shaped el ectrodes forngd $o s Yo*be in contact with the

pi ezoel ectric substrate, wherein the surface acoustic wave resonator

operat es_.usi ng a surface acoustic wave including an SH wave as the main
conponeﬁpFaéﬂgFéﬁéuWEHGég?ﬁe single crystal has the Euler angle ([err],
[err], [err]).im tsha fagacustiey avd rEwmtdracomidsinigs wave resonat or
according to claim1, wherein the |angasite single crystal has the Euler

angl e ([err] d &iEzoglaqtniq pulsd nagfycppriisdmg a3 1anaagiitec 8 1893 @st i ¢

wave rQ§%%¥é¥.conprising: a piezoelectric substrate conprising a |langasite
single Crystal’ at |least one interdigital transducer having at |east one 13
REPLACEVENT @HEHEa®td romd iomrdrdikpiped dreaisdubes fhaviedy st deast oaea n

contact wth the piezoel ectrjc substrate, erein the surface acoustic wave
esonatRA o HUPRITRES TSR QS A& i BR g SPaATave s
the maiyp P giezcditbdtitid MNPl tfte, wherein the surface acoustic

wave resonator operates using a surface acoustic wave

including an SH wave as the main component.

2. The surface acoustic wave resonator according to claim
1, wherein the langasite single crystal has the Euler angle (¢,
6, 9) in the range of:

0° <= ¢ < 30°,

0° <= 6 < 25°, and

¢ = -1.07¢ + 90° = 5°.

3. The surface acoustic wave resonator according to ‘claim
2, wherein the langasite single crystal has the Euler angle (¢,
6, @) in the range of: |

11° s ¢ = 24°, and

17° = 8 < 24°.

4. The surface acoustic wave resonator according to claim
1, wherein the langasite single crystal has the Euler angle (¢,
8, ¢) in the range of:

0° = ¢ = 30°,

153° < 8 < 180°, and

@ = 1.05¢ + 28° = 5°,

This Sheet Has Been Replaced
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single crystal has the Euler angle ([err], [err], [err])~n.the range of
[err] 4. The surface acoustic wave._r ordi ng tjaHis SHFES, HASh
the | angasite single crystal 6‘3‘ @E‘m\ﬂm\m ([err].f [errRiepagep!
the range of: [err] 5. A surfac wavestfilter c

on surface acoustic wave resonat or deflned by any one of clains 1 to 4. 6.
A dupl exer conprising at | east on surface acoustic wave resonator defined

by any one ofg clgi s ujrfa%e a%rousQ%csw vaﬁc?:e%%?xéscgkc g?d}hbt QBR%{-;?_%}&EI U

7. A connunlcallon devi ¢e conprisi east sur

SHEET agOoUughéfe ¥¥aViend %}ﬂféﬁt@@l da Rat-vaibh 10 Ofehel @uTerl ahg1d.

surface acoustic wave fil of claimb5, "or the duplexer of claim 8
transved sap) tirpetsirfaspe adaustic wave filter conprising: a piezoel ectric
substrate conprising a langasite single crystal; two interdigital
transducers eacls hasi % a3 r of conb- shaped electrodes formed so as to
be in contact Jh bhemgégz el ectric substrate, wherein the transversa
type surface i'lter operates using a surface acoustic wave
i ncluding an SH mave as the main conponent and the | angasite single

crystal has the Euler angle ([err], [err], [err]) in the range of: [err] 9.
The transver s A \§rfagg RO UETS Ay d Y Compadsdng A§ tleastapm 8,
Mhere'nsﬁPfaé@“Q@éﬁéfié'&EUéafgéﬁﬁéﬂofuﬁéflned by any one of claims 1

to 5.

7. A duplexer comprising at least on surface acoustic
wave resonator defined by any one of claims 1 to 5 or the

surface acoustic wave filter of claim 6.

8. A communication device comprising at least on surface
acoustic wave resonator defined by any one of claims 1 to 5,
the surface acoustic wave filter of claim 6, or the duplexer

of claim 7.

9. A transversal type surface acoustic wave filter
comprising:

a piezoelectric substrate comprising a langasite single
crystal;

two interdigital transducers each having a pair of comb-
shaped electrodes formed so as to be in contact with the
piezoelectric substrate, wherein the transversal type surface
acoustic wave filter operates using a surface acoustic wave

including an SH wave as the main component.

10. The transversal type surface acoustic wave filter

according to claim 9, wherein the langasite single crystal has

This Sheet H
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the Euler angle ([err], [err], [err]) in the range of: 1

REPLACEMENT SHEET 10. A ”animﬂlﬁﬂlﬂm ’mace acoust i ché\)&ﬁEElTl HAS BEEN
conprising: a piezoelectric ng a langasite SERDAGED
crystal; two interdigital transddcers @ac havi ng a pai r=of—Ttomb-shaped
el ectrodes forned so as to be in contact with the piezoelectric substrate,
wherein the transversal type surface acoustic wave filter operates using a
surface .ac 'QF' wave as the main conponent, and the

| angasi Be %Zs dl ’h§ 1Eul F §ﬁ898 Pférr], [err], [err]) in the
range of: [ero] 1%] Fﬂ? transversal type surface acoustic wave filter
according to cIal ﬁo wherein the langasite single crystal has the Euler
angle ([err],0°[erels 2sT,rland n the range of: [err] 16

@ = ~1.07¢ + 90° = 5°.

11. The transversal type surface acoustic wave filter

according to claim 10, wherein the langasite single crystal
has the Euler angle (¢, 6, @) in the range of:

11° < ¢ = 24°, and

17° = 8 < 24°.

- 12. The transversal type surface acoustic wave filter
according to claim 9, wherein the langasite single crystal has
the Euler angle (¢, 8, ¢) in the range of:

0° = ¢ s 30°,
153° = 0 < 180°, and
g = 1.05¢ + 28° = 5°.

13. The transversal type surface acoustic wave filter

according to claim 12, wherein the langasite single crystal
has the Euler angle (¢, 6, @) in the range of:

5° < ¢ < 30°, and

153° = 6 < 158.5°.

is Sheet Has Been Replaced
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