TITLE OF THE I|,NVENTI ON Sur f ace Vave DEVICE BACKGRCUND OF IHE | NVENTI ON
Field of the knvention The present invention relates to a ST =
device_uti'lizing a surface wave of an SH type, whose dlsplacenent S nainly
dlSplﬁanEnt in the‘direction perpendicular to the direction of the surface
wave propagation, such as a BGS wave (Bl eustei n- Gl yaev-Shinm zu Wave).
“Descri pti on GTLEhOFPTHE INVENSIND| es of a surface wave of an SH type whose
di spl acenent.is nmainly displacenment in the direction perpendicular to the
“direction of the Ssunflaree Wearee Dewiigegat i on i ncl ude a BGS wave (al so referred
to as a piezoelectric shear wave) and a Love wave. The BGS wave is excited
when a mat erBAOKGROUND OFITaA AINMENTIONCer ari cs is used to construct, for
exanple, a resonator shown in.Fig. 2. In Fig. 2, reference nuneral 1

denotes a pirgzdd oFt the Iw&Entdlody Which is made of the above descri bed
pi ezoel ectric material. Reference nunerals 2 and 3 respectively denote conb

el ectrodes. The qoEb pRledEnt0deentddh $e18TRACHNV Q! ¥ubdheed wakd' dbiigef

el ectrode fingers 2a and 3a which are inserted into each other. An arrow P

'F.”S' cates Abeatisifl BOLRrratE Qlve! Be2al SHORYER. WhokBoR18pRhcdndREN N

is mainly disp;acement in the direction perpendicular to the
direction of the surface wave propagation, such as a BGS
wave (Bleustein-Gulyaev-Shimizu Wave).

/ Description of the Prior Art

Examples of a surface wave of an SH type whose
displacement is mainly displacement in the direction
perpendicular to-the'direction of the surface wave
propagation include a BGS wave (also referred to as a
piezoelectric shear wave) and a Love wave.

The BGS wave is excited when a material such as
piezoelectric ceramics is used to coﬁstruct, for example, a
resonator shown in Fig. 2. In Fig. 2, reference numeral 1
denotes a piezoelectéic substrate, which is made of the
above deécribed piezoelectric material. Reference numerals
2 and 3 respectively dehote comﬁ elecﬁrodes. The comb
electrodes 2 and 3 respectively have a plurality of
electrode fingers 2a and 3a which are inserted into each
other. An arrow P indicates an axis of pblarization.

In a piezoelectric resonator 4 shown in Fig. 2, if an



AC electric field is applied fromthe comb el ectrodes 2 and 3, a BGS wave
I s excited whose displacenent is only displacenent in the direct-ion

perpendicular to the direction A of the surface wave propagation,

whi ch has

- Conf er enceAGnei et Atcusietdl iSosppljedf f3amahhe MagmbO€bechpodés 2oand?2.

t-Hat

i s,

only a shear wave conponent. The above described piezoel ect piE:
resonator using the BGS wave is disclosed in, for exanple, Proeceedi ngs of

" the surface wave resonator 4 utilizing the BGS wave, the BGS wave is
conpl et el y3; e | BGS ewlabe obsf ereitad whodsacaispdasedlehd D& bhkypi ezoelectric
1. Consequently, reflectors nust be forned on regions outside the

substrate

conmb el ect 40gpraéémént Ui haEReV\ayPet €56 pOFpEALEEL AS  fo RENE Cl PR ¥BYEn

whil e such reflectors can be omtted in the surface wave resonator 4

Ahgr BOR Ve PradE CREGE z?i-b!paégﬁ’iéﬂf feRgs Ry e WREORH L fnti4i zing

utilizing

the BGS wave has the great adva

CeSonat or CheRF SHATECoNRENGAE | SR BB0L8TRALE DO BoRbeelbrld i o

resonat or

ages that 1ts chip size can

utrfizingt el gh wave and it can

In

Curfaces | FORERTEF usihE, blie oS Have 41 SaREGERAC Cul O S* 8RR TR g e

BGS wave,

owever, actual as the disadvapntage {n that ripples and an
unnecessar %?Eﬁ#h%%sd%ge&%ﬁgﬁ?e%ﬁeiﬂ%eﬁ%ﬁc&g?gﬁﬁﬂ%ﬁkysﬁﬁh?ggt%?iStics-as

shown in Fig. 3 even if the precision of 2

Japan, May 1976, pp 351 to 352.

In the surface wave resonator 4 utilizing the BGS wave,

the BGS wave is completely reflected from free end surfaces
1a and 1b of the piezoelectric substrate 1. Consequently,
reflectors must be formed on regions outside the comb
electrodes in a surface wave resonator utilizing a Rayleigh
wave, while such reflectors can be omitted in the surface

wave resonator 4 utilizing the BGS wave. Accordingly, the

surface wéve resonator 4 utilizing the BGS wave has the

great advantages that its chip size_éan'be significantly
decreased to one tenth as'comparéd,to the size of the
resonator utilizing'the_Rayleigh wave and it can be applied
in the band of high frequencies of 5 MHz to 70 MHz if the
precision of the free end surfaces la.and 1b is increased.
The surface wave resonator 4 utilizing the BGS wave,
however, actually has the disadvantage in that ripples and
an unnecessary spurious mode occur on impedance-frequency

characteristics as shown in Fig. 3 even if the precision of

2
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the free end surfages la and Ib is increased. Mre specifically, as

i ndi cated by an arrow Bin Fig. 3, ripples and an unnecessary spurious node
occur~to d ‘considerable extent in the vicinity of the antiresonance
frequergy or a lower frequency region. Therefore, a surface wave device
utilizing a surface wave of an SH type has not cone in practice yet

I rrespective of the above described great advantages that its chip size can
be decreased-and it is applicable in a high frequency. regi on. SUMVARY OF

THE | NVENTI ON The present invention ains _to provijde, a surface ve devi ce
utilizing a surfactPRatEess SYHRAGES; &%M#iéi%kx%ﬁr%ﬁﬁﬁgﬁﬁe t ppti@Eeand

"nvent i on thete | SCRPUIEGER TAYa,PPadDOREIE oo Fs A A A g P 1 3/°
B e20cl ect {1, SUDSks Bl dhadler MREARIAGY oAl hoad WLaLECLE oS
whose di spl acenent ohfisiBbphb1e SRdESENt i) tBRedi erdiwieper pgndi ghear to
the direction of the surface wave propagation, said piezoelectric
substrate bei ng nagatftedonhnceckeaubncynber aalower frequency region.
Therefore, a surface wave device utilizing a surface
wave of an SH type has not come in practice yet
irrespective of the above described great advantages
that its chip size can be decreased and it is
applicable in a high frequency region.
SUMMARY OF THE INVENTION
The present invention aims to provide a surface
wave device utilizing a surface wave of an SH type in
which occurrence of ripples and an unnecessary
spurious mode is reduced. |
According to one aspect of the invention there
is provided a surface 'wavé device comprising: a
piezoelectric substrate made of a piezoelectric
\;j _ material; and electrodes for exciting in said
| piezoelectric substrate a surface wave of an SH type
whose displacement is mainly displacement in the
direction perpendicular to' the direction of the
surface wave propagation, - said piezoelectric
substrate being made of a piezoelectric material

v whose ratio of the elastic stiffness constant C;° to

3



whose ratio of the elastic stiffness constant CG33D to 3 - the e]astic
stiffness constant [err] is nore than 4. According to another aspect of the
i nvention there is provided a surface wave device forned froma material in
whi ch the rel ationship between the stress and strain of the materi al f:;,%;:a
substantially constant electric di spl acenent and for - a
substantially constant electric field is such that spurious nodes of .
vibration are reduced. In practice the present invention is directed to a
surface wave device utilizing a surface wave of an SH type whose ..

di spl acenent is rihelslantis fstikiness corstantCibripaeraidthanat.to the
direction of the surface wave propagation out of surface waves which are

propagated on a pi eARF¥KIING toyAnqther agpprE; RS cthei dinvantione

bei d f pi | eciri terital wh ti foth | asti i ffne: L
constant [err] 1 FHARE A HTEviqed [ RSUPEane, anve Sevice: Sromed trpm . ¥
Pi ezoel ectric ceram,g,is;ugec pigzoel ect ric pater] d, th

i o of  the poar PseFsNTorT bRl BHEC AR e it bftveefl the Cu o

to the direction Qirddie aHY &RE21WPYE LhEPRLELE PR ¥k R RINRladtdd1,

surface of the
constant electric displacenment and  for a

substantially constant electric field is such that
- spurious modes of vibration are reduced. |
In practice the present invention is 'd_irectéd to
a surface wave device utilizing a surface wave of an
SH type' whose diépla’cemént is mainly displacement in
the direction perpendicular to the direction of the
surface wave propagation out of surface wéves which
are propagated on a piezoelectric 'substrate; a
piezoelectric substrate being made o.f '_piezoe'lectric
material whose ratio of the elastic stiffness
constant C;° to the elastic stiffness constant C.F is
more than 4. Piezoelectric ceramic is used as the
piezoelectric 'ﬁat’erial,'- and the axis of the. \/
pola-riéation of the piezoelectric substrate is |
perpendicular to the direction of the surface wave
propagation and parallel to the surface of the
piezoelectx‘_'ic substrate, thereby t;o excite a BGS i.
wave.

Examples of the surface wave of an SH type

_LI_____



pi ezoel ectric substrate, thereby to excite a BGS wave. Exanples of the
surface wave of an SH type utilized in the practice of the present

i nventjon irficlude a surface wave, whose displacenent is mainly displacenment
per pengkgul ar to the directioon of the propagation, such as a Love wave in
addition to the above descri bed BGS wave. Furthernore, the elastic
stiffness constants [err] and [err] of the piezoelectric material

are respectively defined as follows: Let T be stress and let S be strain.
C33D : the elastic stjffness,congtant in a case where el ectric, di splacenent

i 5, constant, which ¥&ilkiafdsdag [BF3Fticer PL the Bresept snvem
tant i wh | e ic field._i fant, which J re: d
by Lerr] The above HEGHIEay SEEAGE WYQ 1 eSS FAaEincenany 1S mafnle, )
._' ool r . . 4
Specitioay, it AfEldcthent BELRLAEPELEEE b WS afP3ctllhTor the

both major surfaceg,Upaigdt fAPE! SEdh | &s SaPELYE! Gavé 3R0alidGtion to the

above described BGS wave.

Furthermore, the elastic stiffness constants C;;°
and C,Ff of the piezoelectric material are
respectively defined as follows:

Let T be stress and let S be strain.

Css® : the elastic stiffness constant in a case

where eleéctric displacement is constant, which is

expressed by 0T,;/0S,.

C..E : the elastic stiffness constant in a case
where an elecfric field is constant, which is
expressed by 9Ts/0Ss. |

The above described elastic stiffness constants
Cs® and C,F are respectively derived from
piezbelectric equations.

U More specifically, if as shown in Fig 44,
electrodes 12 and 13 are formed on both major
surfaces of a pieioelectric substrate 11 and the
area of the electrodes 12 and 13 is larger than
the area of a side surface 1lia of the piezo-

electric substrate 11, there is a relationship Vv, =



area of the electrodes 12 and 13 is larger than the area of a .side
surface 1lla of the piezo- electric substrate 11, there is a relationship
vt = [err] bet ween the | ongitudi nal wave velocity [err] and [efr].
applying an electric field between the electrodes 12 and 13, where. Pﬂtéa

repr esent nd an_arr Ei ndi cates the direction of
polarlzat|¢EE3§hsﬁhS §Fﬁgﬁeﬂaﬁg gP“E ﬁb%ﬁllWaﬁﬁgvei8°1§Ve¥trBB€s 22 and
23 are formeg on side surfaces_2la and _21b, whose area is_relatively small,
of a pi ezbsBectPi BPRAKINBRR EiecFﬁéFefF§1§ PSFHFPBn§HPpeFéPFf°ée§ei2] )
bet ween C44E and the shear wave velocity [err] in applying an electric
field bet @@nldnevBeret Posepresenha bhe ﬁ@aﬁmﬁylendtna eerowi Pyinf the BGS
wave is expressed by the follow ng equation when a conductor is forned on

t he surfaEégof 48héndicabtebethei disebtiont ef pelatrigatibm.ot her hand, the
velocity thereof is expressed by the follow ng equati on when no conduct or
is formed: Vf Orrthe other hand, if as shown in Fig. 4B, electrodes

22 and 23 are formed on side'surfaces-ZIa.énd 21b, whose

area is relatively small, of a piezoelectric substrate 21,

there is a relationship Vg = J(C44E/£’) between C,,E and the

shear wave velocity Vg in applying an elecfriqffield between

the electrodes éz-and 23. ] o/
Meénwhile, the velocity of the BGS wave is_expressed by

the following equation when a conductor is formed on the

- surface of the piezoelectric substrate:

CqqP Cag®
Vp = | ——— (1 - Kj5%) = (1 + K;152)
o | .

On the other hand, the velocity thereof is expressed by-

the following equation when no chductor is formed:

C44D . . Kyt
Vg = (1 - _ )
0 (1+ £1,5 /eg)?
Caa® 1 - K%/ (1 + €4S /8¢)2
- — )
f 1 - Ky5°



In the foregoing, equations, [err] represents an el ectronechani cal
coupling factor. In the practice of the present invention, a

pi ezoelectric substrate is nade of a piezoelectric material whose ratio
of thg~gtastic stiffness constant [err] to the elastic stiffness constant
[err] is nore th3n 4,thaer efigregoimie iequaktions o t Kief f yepresentsest ani n
occurrence-of an unnecessary spurious node in the surface wave device
utilizing a surf&gdeckxemeshanical CpyPling fagtFecone cl ear from

consi deration of an enbodipent of the invention as described |ater.
Consequently, the uti Fzath8n BFagtiGer a0 m&gﬁ oPT&feny ( yprentioRy | @

conpletely reflected fromfree en urgace such as BGS wave k%s.it
b Pi8egeldRenis’ ahbeBE0ERc Tac dda f A, piSEoefantEig
5333“ Ofe 't(r)' E [‘g\r/ GlBi3h! %c%% %actfi’b"eii]x? ieﬁQé'CefHé f&es{é%nan§¥i Enstlfit
f oregoi ng and otﬁér og]ects, eatures, aspects an advanFages o? ?ﬁe

present invent i og, eitb A6 UL sRARFRINs LoATLale E0F | ndielehah &

description of an™enbodi ment of the present invention when taken 1In
CoNj UNction wi t hehaeeRyCOorPamikad ff AWarEibIRR €6 FSRANGY FedtFain
DRAWNGS Fig. 1 is a schematic cross sectional view show ng a surface wave
resonat or to whi ekcatteacRodofenin ofuritiec@sssryt spurdiduson modeaphhi etheFi g.
2 is a perspective view for explaining the

surface wave device utilizing a surface wave of an SH

type, as will become c._':iear from consideration of an
émhodiment of the invention as described later.
Consequently, the utilization of a surface wave of
an SH type, which is completely reflected from free end
surfaces, such as a BGS wave makes it possible to
provide a surface wave device much smaller in size than
and superior in characteristics to a conventional
surface wave device. |
| The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of an
W, embodiment of 'the present invention when taken in
conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE .DRAWI'NGS
Fig. 1 is a schematic cross sectional view showing
a surface wave resonator to which one embodiment of the
present invention is gpplied;

v - Fig. 2 is a perspective view for explaining the

...."'7,__.



structure of a conventional surface wave resonator utilizing reflection of
a BGS wave at an end surface; Fig. 3 is a diagram show ng :

i npedance-frequency characteristics of the conventional surface wave
resonator shown in Fig. 2; Figs. 4A and 4B are perspective views for @
explaining the relation between the elastic stiffness constant and the .
vel oci ty;. $tpucture of 7 .gPRYVeRHEORAY SWDEAGRcWaYe coeRPRytenvbttlizingics
of a surface wave resonator according to one enbodi nent of the present

i nventi on;refite¢tipn ®A ankBGEBrave atiameend sumfacepws each showing a
doubl e-node filter to which the present invention is applied. DESCRI PTI ON
OF THE PREFERRHELg=VEOO /EATE Apsam | ghowing simpedamce- Df e@ueneybodi nent  of
the present invention. The present enbodinent is applied to a surface wave
resonat or ¢hddtdciegist 66 ovvehe hovmvent fogal Zsut faddowdws oP@édatbshown in
Fig. 2, the direction of polarization Pis extended in the direction .
paral | el tghdvie @l aetgode; fingers 2a and 3a of the conmb el ectrodes 2 and 3,

as descri bed above. nsequently, if the AC electric field is applied

bet veen the congy ) ecig gy A 2l peddifectiTehLURY P VARL ON Y @ Shear

wave component, that
explaining the relation between the elastic stiffness

[ 4

' constant and the velocity;

?ig. b is a:diaéfam showiné impedahce-ffequenéy
characteristics of a surface ﬁave_resqnﬁtqr éccording to one QJ
embodiment of the present inventionﬁ and -

Figs. BA and 6B are schemafic plan views each showing a
double-mode filter to which the present invention is
applied.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Description is now made of 6he émpodiment'of the
ﬁresent inventioﬁ. The present embo&iment is applied to a
surface wave resonator utilizing a BGS wave shown in Fig. 2. \;)

In the resohatpr_4 shéwn in Fig. 2, the diréction of
polarization P is extended in the direction parallel to thé
electrode fingers 2a and 3a of the comb electrodes 2 and 3,
as described above. Consequently, if the AC electric field
is applied between the comb electrodes 2 and 3, the surface

wave having only a shear wave component, that is, the BGS

wave is generated.



wave is generated. . A surface wave resonator 4 to which the present
enbodi ment is .applied is structurally the same as that shown in Fig. 2.

For descrlptlon however, its cross-sectional structure is schematically
shown:J2p Fig. 1. ReSpective el ectrode fingers 2a and 3a of conb el ectrodes
2 and 3 are so adapted as to have a width of [err] when [err] is taken as

.the wavel engt h of A aggrif 466 Cwity creshatigh 4hey WRYEh atvé PFegdnterr] in the
'vicinities of free end surfaces la and | b. In addition, the piezoelectric

resonat or 4 gENodemeRy U851 EPETLEAALs t Herub Sibal 1 ekl SRS Cadotmpens i end
surfaces |a and 1b) of a piezoelectric substrate 1 is an integral nmultiple

of [err] Whep,tpgcabgve §C&é§€£11§1:’£&gceh8‘@é’€e£est‘@t&[os igedhend aned

usi ng a gl ven pre oelectric materra owever rrpples anada an unnecessary

spurious nod e s | u erj sti

conpl etion t%e?‘ggf Al %ﬁggr%%‘l[f &P&% gﬁ‘ ?f%e iend lg%’?qagacelsver a and Ib
I's increased., The fors of .t resen tion have ttention
to the aboveeﬁ%gﬁ"r'?‘g dP’e‘F%%W 02§t?‘?‘?n:g %o g‘ﬁén‘f e¢Er9des, r&frﬁa ke t he
pi ezoel ectric material, to fabricate varjious surface wave resonators 4

whi ch di ff ers? r24aRted(3% ¥Rrhave A width ref dnit rwm}aﬂcﬁt draken @s the

results
wavelength of a surface wave, through they have a w1dth of

A/8 in the -vicinities of free end surfaces 1a and 1b. In
addition, the piezoelectric resonator 4 may be so designed
that the width (the distance between the end surfaces la and
1b) of a piezoelectric substrate 1 is an integral multiple
of l/2;

When the above described surface wave resonator 4 is
designed using a given piezoelectric material, .however,
ripples and an upnecessary spurious mode appear on
impedance-frequency characteristics after completion thereof
even if the precision of the free ené surfaces la and 1b is

&_) increased.
The inventors of_the preseht application have paid
attention to the above described elastic stiffness constants
C33D and C44E of the piezoelectric material, to fabricate
» various surface wave resonators 4 which differ in thé ratio
C33D/C44E and measure their characteristics. The results
show clearly that impedance-frequency characteristics on

which ripples and an unnecessary spurious mode hardly occur

-9_



show clearly that inpedance-frequency characteristics on which ripples and
an unnecessary spurious node hardly occur in the vicinity of -the
antiresonance frequency and between the resonance and antiresonance "
frequencies are achi eved when C33D/ C44E is 5.9. Fig. 5 shows x,n~
characteristics nmeasured using as the piezoelectric material one haV|ng

conposi ti dm shepyipdndilty] @f the pyticesonancd fnedquencyaianidnpetteenl %of <

Zr and 2.5 nmol % of Sn and Sb. Fig. 3 shows characteristics in the
convent i othe eesophacesiang antdresovaangle frespenaties aire] achlieved err] is
3.4 one having.the sane conposition as described above and contai ni ng 69
mol % of %heand 3% chgﬁ %s06.8n and Sb. Furthernore, when frequency

characteristics of surface wave resonators which are nade different ‘in the

ratio [err]  gig. MBagHbRd. chBQab%%th%1%@0W%d§%rbheu%thOWh”thable 1.are
obt ai ned. Tabl e [err] frequency characteristics :
05.2 4-0piezoe1ectric materia% 3né having composition of %b?(snl/z

8b; y2) O3 - PbTiO3 - PbZrOjz and_containing 46 mol % of Zr

and 2.5 mol X of Sn and Sb.

Fig. 3 shows characteristics.in_thé conventional

example using as a material whosé_ratio of C33D to C44E is

3.4 one having the same composition as described above and “/

containing 89 mol % of Zr and 2.5 mol % of Sn and Sb.
Furthermore, when frequency characteristics of surface

wave resonators which are made different in the ratio

C33D/C44E are measured, the results shown in the following

table 1 are obtained,

Table 1
’ Cssp/c44E frequency'characteristics

5.9 o) . . U
5.2 | o

4.0 X

3.1 X

3.2 X

3.6 X

4.2 O

- 10—



3.6 . ‘ X 4.2 O In Table 1, a mark
of X is put when ripples and an unnecessary spurious node occur on the
frequency characteristics and a mark of Ois put when ripples and an
unnecesggary spurious node hardly occur on the frequency characteristics, to.
i ndi cate whether-or not the frequency characteristics are good. As can be
seen fromthe resittBabliethe aapaek 10X s Pl JepertPinrles candlamhose
ratio of C33D to [err] is mote than 4 is used, a BGS wave in which ripples
and unnecessunyecessary cspar tidys otede occwx con ethe Rrsauprex |y, if a
surface wave resonator having a structure shown in Figs. 1 and 2 is
construct ed changeseriseiesecandl 2ahark ofitOrislput twhen poiypspldse dmd reaml | ze
a resonator utilizing a BGS wave which is small in size and has good

frequency chanineé@sssty CSpufeu®! BEd@Thd Bl pi GEOet o rife NBdefiiedcypised for
constructing the above described surface wave resonator according to the

enbodi ment | fripsCL P+ EFOEELCT £ Cikd®l GdR € WHPMAEH ORIMAHSEHO PR ddrit}s- A
surface wave device to which the present invention is also applied is not

limted to t@ﬁhfgg%g;fg¥ggétg¥h£%gg&@e wave resonator. That is, the present

invention is
As can be seen from the results of the table 1, if a

piezoeiectric material whose ratio of 033D to C44E is more
than 4 is ﬁsed, a BGS wave in which ripples and unnecessary

W, .response hardly occur is excited. Consequedtly, if a
surface wave resonator having a structure shown in Figs. 1
and 2 is constructed using such a piezoelectric material, it
is possible to realize a fesoﬁator utilizing a BGS wave
which is small in size and has good frequency
characteristics.

Examples of the piezoelectric matgrial used for
constructing the above described surface wave resonator
according to the embodiment include piezoelectric ceramics
having various compositions..

A surface wave device to which the present invention is
also applied.is not limited to the above described surface
wave resonator. That is, the present invention is
applicable to filterldevices such as a transversal filter
and a double-mode filter. For example, as shown in Fig. 6A,

a double-mode filter 30 using grating reflectors is so

—\| -



applicable to filter devices such as a transversal filter and a.doubl e- node
filter. For exanple, as shown in Fig. 6A a doubl e-node fil'ter 30 usi ng
grating reflectors is so - adapted that grating reflectors 33 and-34 are
provided in side parts of an interdigital transducer porticon 32 for gﬁgﬁ
constituting aafiapted that igrattigw aseflectaystdat ande3pr arenipriavisied On
can be also applied to such a filter 30 to renmbve a spurious node. _
Fur t her nor e, asnsﬁéﬂﬁ|B$ﬂ#%;Oﬁﬁﬁnlinﬁetdlﬂitéét§r§n§ducene99§#90@n@2
surface reflectors as those shown in Fig. - 1 are utilized, s p053|ble to

rapidly decrea§9rtﬁ9ﬂﬁ§iﬁﬁ¥¥ﬂge?;ﬁ%%ﬁﬁ?ectFF01§UB§P¢&F§S4FQ $ayhdhat . ,
direction of the surface wave agati on. ough th nt -i nvention *
has been descri-8&d %ﬁﬁﬁ?’?’f ug'f’?'gf‘g'g n ‘EPe'faPF ﬁ "?s BPS&? %ﬁhdﬁpg{‘o@d that
th b | st be tak

e same is by gy of Jd |45t rahbon AN AR Q0. anﬂu&ggagg.o,&g S, 2ken

by way of lim e scope o e preésent ‘1 nvention i 8 only';

by the terms ofhbih a.iﬁpefgfd 6821 ¥ not ChAYBctorf BUY 26Ke VBYReIRHLE

conpri si ng:
surface reflectors as those . shown in Eig. 1 are

utilized, it is possible to rapidly decrease the length
of a piezoelectric substrate 41 in the direction of the
surface wave propagatiom. |

Aithough’the present invention'haS'been described

an& illustrated in detail, it is dlea:ly understoéd.that_ '\_J
the same is by way of illustration and éXample only and
it not to be taken by way of limitation, the scope of
the present invention being limited énly by the terms of.
the appended claims.
\uj



a piezoelectric substrate made of a-piezoelectric material; and el ectrodes

for exciting in said piezoelectric substrate -a surfac ype
whose di.splacenent is mainly displacenent in the di r.emmmnﬂummlar to
the diBgttion of the surface wave propagation, said pié&zo€l eetM.c Ssubstrate
‘bhei ng made of a giezoelectric material whose ratio of the elastic stiffness
constant C33 e elastic stiffness constant C44 is nore than 4. 2. The
surface wave device according to claim 1, wherein said piezoelectric '
material is made dof- pifeSMNTAGE waviee davice comPnisdngri s of pol arization of
the piezoelectric substrate is perpendicular to the direction of the
stirface wave propa@&@iiezoedettpdicalsudstiratehmader fofca pfiezhelpcerdel ectric
substrate. 3. The surface wave device according to claim2, wherein said
péezoelectriom&nﬁnﬂadatenuas a rectangul ar shape having a pair of free end
surfaces opposed to each other, and said electrodes are provided so as to
propagate the surfeleetvadesoifodneSdiltiing in sAdddpieabbd8ceonsecshbserseeéd

free end surfaces. 4. The surface wave device according to claim 3,
wherein sai d £IRifa@eewab@ R a8 B8HPRybeOlvhe88DdELBELEEMEAL is mainly
displacement in the direction perpendicular to the direction
of the surface wave propagation,
said piezoelectric substrate being made of a
Y piezoelectric material whose ratio of the elastic stiffness
constant 633D to the elastic stiffness constant C44E is more
than 4.

2. The surface wave device according to claim 1,
wherein said piezoeiectric material is made of_piezoelectric
ceramics, and the axis of polarization of the piezoelectric
substrate is perpendicular to the direFtion of the surface
wave propagatioﬁ and parallel to the.surface of the
piezoelectric substrate.

3. The surface wave device according to claim 2,
wherein said piezoelectric substrate-has a rectangular shape
having a pair of ffee end surfaces opposed to each other,
and said electrodes are provided so as to propagate the
surface wave of an SH type in the direction connecting said
free end surfaces. |

4. The surface wave device according to claim 3,

s —



each having a plurality of electrode fingers, and the plurality.of

el ectrode fingers in each of the conb el ectrodes are arranged in parallel
with said free end surfaces. 5. The surface wave device according- to claim
1, wherein said surface wave of an SH type is a BGS wave. ‘6. The sur&d@g

' devi di ng. | aj wh d f f SH .
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~.said surface ve device i urface wave resonator. 8. The surface wave

devi ce accofBFRGNEBIRE of nPit ur LFE; of s%%%cgﬁ?%cﬁlm deBtehes a surface
wave filter._ 9. A surface wave device forned froma material in which the .
rel ati onshi B1BEalAEY 9fcelesbredanfingens ninfeash ofitkhe gomyr a i
substantlalll constant electric displacement and for a substantially )
const ant el eteetrodds caxearranged imparablel oubth reafiet free \endration are
reduced. 10. A surface wave device substantially as described herein with
ref erence tsurfigcesconpanyi ng dr awi ngs.

5. The surface wave device according to claim 1,
wherein said surface wave of an SH type is a BGS wave.
6. The surface wave device according to claim 1,
wherein eaid surface wave of an SH type_is_a.tove wave.
7. The surface wave device according to claim 1, | W/
wherein said snrface wave device is a surface wave |
resonator.
8. The surface wave device according to claim 1,

wherein said surface wave device is a surface wave filter.

9. A surface wave device formed from a'material in

which the relatlonshlp between the stress and strain

of the material for a substantlally constant electric -
dlsplacement and for a substantially constant -\

electrlc field is such that spurlous modes of

vibration are reduced

10. A surface wave device substantlally as descrxbed

hereln with reference to the accompanylng drawzngs.




