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SUBfACE ACOUSTIC WAVE PEVICE 

BACKGROUND OF THE INVENTION 

1. Ejald pf the lnventign 

Tha preeent invention relates to a surface 1cou1tio wave davica 

6 using a quartz substrata. More particularly, the invention relates to 

10 

an improvement in a surface acoustic wave device using a surface 

acoustic wave. tub1trate formed by stacking a thin piezoelactrlc fllm 

on a quartz aubattate. 

2. paacrjptlon of the Related Aa 

HlttiieMe Known, surface acoustic wave devices (hereinafter 

referred to as "the SAW device•) are widely ueed for a bandpaaa filter 

ef.Ja., ·for exampfe, a mobfle communication apparatus or the Ilka. The 

SAW device has at leaet one interdlgital transducer (hereinafter· 

15 referred to as "the IDT") formed of at least one pair of comb-like 

electrodes disposed ....... in contact with a prezoefeotric member, 

Further, various types of SAW devices 1acb using 1.thin 

plezcelectric film have been suggested, for example, a SAW device 

using a audeca acouetlc: wave substrate (hereinafter referred to a• 

20 "the SAW substrate") obtained by forming a thin piezoelectric fifm on 

•glass aub1trate or a piezoalactrlc substrate. 
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At--e fgur tyoas of known SAW de•tiea ~evicts using a 

combination af the above-described thin plezoalactric film and a glass 

substrate, fetiF ~· ef atrtietwrea !l£.Shown in Figs. 1 A, i 8, 2A and . 

28 are MAGWA. More speclficalJy, ln 11 SAW devica generally 

5 designated by 1 illustrated in Fig. 1A, a thin ZnO film 3 is formed as a 

thin piezoelectric film on a glass substrate 2, and IDTs 4 are 

depoaited on the ZnO fllm 3. On the other hand, in a SAW device 

generally indicated by 6 shown in Fig. 18, the IDTs 4 are formed. on 

the bottom surf ace of the ZnO film 3, i.e., It the interface between 

10 the gla1e substrate 2 and the ZnO film 3. 

Moreover, in a SAW device genararly designated by 6 shown in 

Fig. 2A, a shorN:ircult electrode 7 is formed on the glass substrate 2, 

and the thin ZnO film 3 ia stacked on the short-circuit electrode 7. 

+Re JOT• 4 are depoaited on tha ZnO film 3. Nd,,.aly, the J:QLSAW 

16 device 8 Is 9EtWtM slmHar to 'the SAW device 1 llfuatr1ted in Fig. 1 A 

except for
1
having the short·circuit electrode 7 inserted at the Interface 

b•tween the glass substrate 2 and 1he ZnO film 3. On the other hand. 

in a SAW deuice generally indicated by 8 1hewn ip Fie. 2B, the ehort· 

circuh electrode 7 11 deposited on the ZnO fiJm 3, and tha IDTs 4 are 

20 ,.,,..,., lpqaJa~ at the interface between the glasa substrate 2 and the 

ZnO film 3. That ia, the SAW device B ia attttl"1aleAt~ 1!mH1r to the 
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SAW device 6 Illustrated in Fig. 1 B except far having the short-clrcuit 

electrode 7 deposited on the top surface of the thin ZnO film 3. 

Fig. 3 illustrates 'the electromechanical coupling coefficient. 

obtained when tha afere1elel SAW devices 1, 5, 8 and 8 are 

5 constructed in a manner almilar to each other, except . for the 

position• of fe•MiAI the IDTe 4 and tha preaence of the •hort ctroult 

pl•Qrede. 7. Fig, 3 shows a change In the electro-mechanical coupling 

caefftclent with reapect to the ratio of the thloknasa H of 'the ZnO film 

of the above-described four types of SAW device• 1, 5, 8 and 8. to a 

10 wavelength ),. of a surface acoustic wave to be excited (hereinafter 

referred to as "the normalized thicknase H/>a."). Throughout this 

specification, H indicates the thicknesa of the ZnO film and 1 

represents a wavalangth of the SAW to be excited. Ths solid Una A 

indicates a change fn H/A. of the SAW device 1; the broken line B 

16 designates e change in H/1 of the SAW device 5; the one-dot-chain 

line C represents a change ·in H/l. of the SAW device 8; and the two· 

dot-chaln line D dtpicta 1 change tn H/A of the SAW device a. 

Fig. 3 shows that the SAW devices 5 and 8 can achieva 1 large 

-electromechanlc1I coupling coefffc;ent eYeF comgarl,SI jp· the SAW 

20 devices 1 and 6 by 11lectlng the HA. Accor~irigly, regarding the 

SAW device constructed Jn which the thin . ZnO film 3 is formed on 

-3· 
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the glase. substrate 2, it has been· conventionally considered that a 

largtr electromechanical coupling coefficient can be obtained by 

formtng the JDTs 4 at the interface between the glass tubatrate 2 and 

the ZnO film 3. The Sezawa wave shown 1n Fig. 3 Is a SAW in a 

5 higher-order mode of the Rayleigh SAW. 

Moreover, Jpn. J. Appl. Phys. Vol. 32 (1993), fHlte paqpJ 

2333 to 2338 ditcloaea 1 change in the elactro·machanioil coupling 

coefficient depending on the positions of the IOTa and the short .. 

circuit electrode when 1 SAW sub~trate having a thin ZnO fUm formed 

1 o on a LINb03 pietoelactrlc single·crvatal substrate is. used. This 

change wilt now ba e><plained with reference to Figs. 4A, 4B~ SA and 

68. 

Fig. 4A Illustrates the relationship between the electro· 

mechanical coupling coefficient K2 and the relative thickness kh (k 

15 indicates 2n/).., and h deaignate1 the thickness of a thin ZnO film) of 

the thin ZnO film of the SA~ device constructed by at.tltetitvti"I 

repreclng the g'eas substrate 2 of the SAW device 1 ah own in Fi9. 1 A 

with a Nb03 • piezoelectric eingfe .. crystat substrate. The aoHd line 

indicated by -.., raprtaenta oharacterlstic1 obtained when the ZnO fflm 

· 20 i1 formed on tho positive surface on the LINbOs substrate, while tha 

broken ltne indicated by • designates characteristic• obtained when 

·4-
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the ZnO film is deposited on the negative surface of the LiNb03 

eub1trate. Simileriy, Fig. 4B illustrates the relationship between the 

ef ectromachanlcal coupling coefficient K2 and the relative thickness 

kh of the SAW device constructed by awtiietiMi"'f rpploplgp the glaae 

5 substrate 2 of the SAW device 6 shown In Fig. 1 B with a LINb03 

piezoelectrfc slngle-cryet•I substrate. The solid rrne indicated by + 

deafgnatee characteristic• o~tained when the ZnO tHm is formed on 

the positive surface of the LiNb03 substrate, while tha broken Jina 

represented by Indicates characteristlos obtained . when the ZnO film Is 

1 O dapoaited on the negative eurface of· the •ubatrate. Further, Figs. SA 

and 68 respectively Illustrate a change in the electromechanical 

coupling coefficient K2 resulting when th• glass substrates 2 of the 

SAW devices 8 and 8 illustrated in Fig. 2A and 2B are pee1aeativetiit 

'"l9eti'ttite_. regj•Q1d with LiN,b03 piezoelectric single·cryatal 

15 eubstratea. 

Figs. 4 and 5 ·reveal that In the SAW devices constructed by 

depositing a thin ZnO film an the LiNb03 piezoelectric single-crystal 

substrate uee~ as a pieioetectric thin fllrn, as well a1 on the grass 

substrate, a-large electromechanical coupling coefficient IC2 can be 

20 i"'lti&fft8Ateet aghifXtd by forming the IOTs at the interface between 

the substrata and the ZnO fffm, a• ehown in Figs. 49 and SB. 

Namely, It ha• been conventlonarry aon1idered that by use of a SAW 

.5. 
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substrate having a thin ZnO film on a glass substrate or a thin 

piezoelectric eubetrate, IDTs shoutd be formed between the 

piazoelactrlc film and the substrate in order to achieve a large 

electromechanical coupling coefficient. 

On the other hand, for the application of SAW devices to 

sp1cific ,_,,,,e ·.,. uses, there Is an increasing demand for SAW 

substrate• having not only a large electromechanicat coupling 

coefficient but also good temperature characteristics, i.e., exhlbittng 

good charactertstlc1 In which a minimal tl"lPltltYtt 1ohange fn thl 

1 O §bftlte=I• enaured in response to temperature changes. Quartz is. 

on one hand, known as a substrate material having good temperature 

characteristics, but on the other hand, hes e comparatively small 

electromachantcal coupltng coefficient. 

Of'.le of the ways to overcome the above drawback is a SAW 

· 15 device using a SAW subatrate constructed by stacking a thln 

piezoelectric film, such as a thin ZnO film, on a quartz subatrata4 As 

deacrlbed above, ft has been considered that IDTa should be dtspo11d 

at the Jnterfaoa between the plezoetactrlc substrate and the 

piezoelectric Jhin film in order to obtain a large electromechanical 

20 coupling coefficient. Jn reaHty, however, nat e IPeet ,..,,...,., .t 

•et1eFta h111e 19ae" fat:tfll_,. ef man¥ SAW devices wiftt &a SAW 

substrate formed by etacking a thin ZnO film on a quartz eubatrate. it 

·8· 
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has bean validated that a larger eJectromechanicat coupling coefficient 

cannot ba exhibited weA by constructing the SAW devices in such a 

manner that a thin ZnO film is formed on the quartz substrate efMi. 

~IDTs ~iaposed between the film and the substrate. Thus, 1 

· 5 SAW substrata having a larger electromechanical. coupling coefficient 

11 still •e"'1,.ie8 pead9~. 

On the other hand, the quartz substrate poHesees good 

temperature characteristics, as discusaed above. For example, a Y-

cut ,.,atiAt Wl&t•O quartz substrate ta known to have the relationship 

1 o shown In Fig. 10 of tha Eularlan angles to the temperature coefficient 

delay time (TCO) {ppm/DC) and the prop•gation lasses. Referring to 

Fig. 10, the solid tine A indicates the TCD obtained when a leaky 

SAW Is excited on the V-cut NtetiAt '21fttd quartz substrate; the 

solid line B represents propagetlon losses; and the broken Une C 

1 S designates the TCO cf the Aayleigt; SAW. It should be noted that the . . 
propagation losses of the Rayleigh SAW is zero, 

Based on the known TCD and the propagation toes 

characteriatJce lllustrattd in Fig. 1 O, a y .. cut M•atiAt rWHd _quartz 

substrata haying en Eulerian 81\Ql• at approximately 130 degrees 

20 ehown In Fig. 1 o la conventionally ueed. In other words, a quartz 

· ...... -: ... .. 

. -

substrate having such a cut angle as to exhibit approxtmetely zero 

_,_ 
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TCD is used, and IOTs ara disposed on the quartz substrata. A 

resulting SAW device is considered to exhibit good temperature 

characteristic&. 

Ho waver, only a small electromechanical coupling coefficient 

6 can be obtained WM by uae of th• SAW device u1lng the quartz 

substrata constructed as described above. This niakes it difficult to 

obtain fitter characteristics having low insertion losaes or e wide band 

range when the aforesaid SAW device 11 for use in, for example, a 

SAW filter. 

10 

AeeBPiiA1lr, it la aA el9jeat IP pyarcoma tht 1pova .. gogd 

l?JObJems with the grtgr 1rt. the prefsrre~ emagdiments of the preeent 

Invention te provide a SAW devfca using a SAW substrate farmed by 

15 stacking a thin piezoelectric film on a quartz substrate so 11 to have a 

structure in which an Improvement is made to obtain .. a IYb!t•ntipllX 

higher efactromechanicar coupling coefficient I' cgm99r9d ts> RdiJ Ill 

M le aAethe• ehjeet Ihf qr9fprrpd 1mbo~tm1nlf of the present 

20 rnventfon --m pruvfde • SAW device htving good temparature 

characteristJcs aAa • alae exhibiting 1 sy~fllNilJI~ larger 

....... ...,:-....... --:-:--. •. .. ··: • .:.• ... { ... '~· ·1."'·rS __., .••. +~~··· ...... - :-.r''' ..... WP,,. .... 
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electromechanical coupling coefficient 1s COJnpB[JQ to erlgr art 

IA erder •• aet\ieYe ~e aiteta·e etsjee•e, aeaerelif't! &ccordjgg to 1 

iree fe•ffll et e first '"'"'' ;raf!cred 1mb9~jgnt of the preaant 

6 invention, there is provided a surface acoustJc wive ·device 

comprialng a quartz substrate, a thin piezoalsotria film dispoaed on 

the quartz 1ubstrate, and comb .. fike electrodes dJsposed on the thin 

piezoelectric film. 

Jn this surface acoustic wave device, the thin piezoelectric film 

1 O ia formed on the quartz aube~ate, and the comb-like electrodes are 

di1posed on. the piezoelectric film. More apeclflcally, it. has been 

conventionally considered that ey t11e ef when usigg a surface 

acoustic wave substrate formed by atacking a thin piezoelectric film 

on 1 non .. piezoalectric substrate or a piezoelectric substrate, IDTs and 

15 co.,.,b·like eleotrodet should be disposed between the substrate and 

the film. This may achieve a large electromechanical coupling 

coefficient. However, the present Inventor discovered that an electro· 

mechanlcal c~upHng coefficient can be Improved by formlng a thin 

piezoelectric -fftm on • pie2oelactric quartz subatrate end further 

20 disposing comb-llke etectrodea on the film. The first 1a19eet grJflrrp~ 

l'l'PP~i"J'Qt of the present invention waa. thus accomplished bated 

on the @pye .. gpttd discovery made by the present inventor. 

-9-

PlO 

llii[iffif 
~- ----··-~--·--'""'!"'!"-.,...-~_..,., .... __ ..... _ ... , ........... .. . ., : ·. · ... ·· : .· ... :~ :: . ~r 1:! ·:=. · 

II 

·. 



In the aforesaid surface acoustic wave device. szt tba tir§J: 

PBW"'Si erpb9d{m1"l• a short .. circuJt" etectrode may preferably be 

disposed between the quartz substrate and the pie2oetectric firm. 

According to a af)eeih f&FM ef the fifat 1epeet f fil®e' 

s mg~lft;djon qt thl tlf!S ;r1tea1d 9mbogimagt of the present 

Invention, a normallzed thicknaaa H/A of th• thin plazoetactric fUm 

10 

may be l'as>fit.0.05 or greater where the thickness of the piezoelectric 

film is H and a wavelength of a surface acoustic wave Js )., thereby 

further enhancing an electro·mechanicat coupling coefficient. 

According to a 19Peae tefff' ef a second 11'9••• gr1f!rred
1 

ambodimeQS of the present invention, there is provided a surface 

acoustic wave device compri1ing, a quartz substrata. a thin 

piezoelectric film diapoeed on the qu~m substrate, and comb-like 

electrodes disposed to contact the thin piezoalectrlc fUm, w'1erein the 

15 quartz substrate uses a quartz substrate having such a cut angle and 

• propagation direction as to exhibit a negative · value of the 

temptrature coefficient delay time (TCO). 

ift-JD..the abOve-deecribed surflca acouatic wave device, a quartz 

20 aubatrate having ·such 1 cut angla and • propagation direction aa ·ta 

exhibit a negative value of the temperature coefficient delay time 

~.:--.. -.... ·--· -~··"'; .. .. •·· ... •·. ·. "· . . . 
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(TCO) is RreferaqfX:usad, and a thi!" pie.zDelectric film, normally having 

a positive value of the TCD, ta stacked on· the quartz substrate. 

Hence, in this device, 'the TCO of the piezoelectric film is offset by 

that of the quartz substrate, thereby achieving good temperature 

5 characteristics. 

On the other handf aa wJll be described below, a quartz-

, substrata having such a cut angle and a propagation direction as to 

exhibit a negative value of the TCD posaeaaes a larger 

elactromechanlcal coupling coefficient over quartz substrates having 

10 such cut angles and propagation direction• aa to exhibit 

18 

approximately LZaro xalya e.f fat.the TCD, It Is thue possible to 

provide a surface acoustic wave d•vice having good temperature 

characteri1tic1 and aJso exhibiting a larger erectromechanlcal coupling 

coefficient. 

According to • epeeiiie feFPA ef •he aeee'flld ee.-eet I 

m99i1igptiqg of lh• sp;ond preflrrad am~pcfimant of the preaent 

invention, the comb-like electrodes may be formed on · the 

plezoeleotric Jilm, and thus, a larger alectromech1nical coupling 

coefficient clln bt h1tt1le,..e~1fj •;bieved by thle device, as wall aa 

20 th• device of the flr~t aS,aet g[lf1qed ambg~imegt of the present 

Invention. 

; 
\ 
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Further, according to another specific fefM plqdfficotion of the 

second 1epeet prefeg:IQ amb;ditpent of the present Invention, the 

surface acoustic wave device may further comprlee a short·circult 

electrode ditP91'd =between the quartz substrata and the thin 

6 piezoelectric film, thereby enhancing the electramechanical coupling 

coefficient. 

Moreover, according to e ,.,_.., anglh•G apecific feffft 

mgdlflcatiqg of the second 11'98et pref1rr1d tmbpdirpegt of the 

present invention, a normalized thickneea H~ of the thtn pietoelectric 

1 O film may be abpys 0.03 or greater where 1he thickness of the thin 

piezoelectric film is H and a wavelength of a surface aco~stic wave Is 

A.. 

rn the first and second e1,.,eMe pref.sq§ ecgpodimagta. of the 

present invention, the thin piea:oelectric fitm era19raptx.oomprisea one 

1 ! of lflLcompounda seleotad trom the group consistlng of ZnO, AIN, 

Ta20 6 and CdS. Alternatively, other types of thin plazoel1otric film 

m1v be employed. Accordinglyf in the second ••'9Mt Q[!f!rt•d 

llJ!iqdimem ,of the present invantion, the ple2oetectric film Is 

grefar1blv.,.formed of one of the above-described compounds, thereby 

20 providing a aurf1c1 ec:ouatlc wave device having good temperature 

characterletic1. 

-12-
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The surface acoustic wave devices of the first and second 

ee'9e8'e g'efeqed 1£Ubo#Jments of the present invention are applicable 

to varioue SAW devices, such as SAW fflter1, SAW reaonator1, SAW' 

delay 1Jne1, etc, 

! Jbasp and 011>er a!egi•Ql•· ftatyrea. agd AS1vapta911. pf lbl 

th• fpllpwJgg geta!ltd ~ycrlpt;n m tbl prefeg;pd Jmbqdig>AQSf pt thJ 

IUUlpt iQX1p~9n. g illustrated jg the a;companyjgq drawingb 

10 BRIEF DES~RIPTtON OF THE QBAWfNGS 

15 

f!ia. 1, whieh i• eeMtt•lead et Figa. 1 A and 1 Br 4e e m 
aectional Yiew ri1ws of the structure of a conventional SAW device in 

which a glasa aubatrate, a thin plazoefectric film and fDTs are stacked 

on each other; 

Fi11 •-2, VtAieh ie e•MltFieell ef Figs. 2A and 28, ie-e U 

sectional 'tliew yi•WLOf the structure of a conventional SAW device in 

which a 91111 substrate, a short~ctrcuit etectrode, a th1n piezoelectrlc 

film and IDTs are stacked on each other; -
Fig. 3 ie a diagram Indicating the ralationehip between the 

20 electromechanical coupHng coefficient and the normalized thicknase 

of 1 thin plezoelectrlo film for us• In the SAW device shown in Figa. 1 

and 2; 

-1s .. 
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'"""'aliaetl tt.iekAe•e ef a thiA 'ZA9 fil'" aAEI. ttite eteetref'JllaehaAieal 

Fig. 4A lltustratea the- i1'98'J1 fleaerilaatf Pelati•A•hlp I 

6 celltlpn9hip beSW•pn tba normalipQ thickgess qt I Zng film and Jhe 

el§lrom1ctJ1ni5al c~g'ina coaffiqigQt obtained In the structure of a 

conventional SAW device in which a thin plazoa1ectric film i1 formed 

on a LINb03 eubetrate and IDTs are disposed on ttie film; ..,.. 

Fig. 48 illustrates the at.eve de•ePilte.t rel1tie1t1hltt I 

10 ·t1t1tlagshtp btJWeag the normallzad tblc§nesa of a ZnO fllm tnd )Q' 

et1s;:trgmech1nic1t cgup'iga co1tticiant obtained In the atructura of a 

conventional SAW device in which a thin piazoetectric film is formed 

on • LiNb03 substrate and IOTs are disposed between the film and 

the substrate; 

15 Fil. i i• 8 eiagreM ilMlealiAI" tAe ••latief'thi' eatwaefl '"e 

A••FAal•ed thiek:Aea1 ef • thir. irtO fil"' IAB the 8'aet•e,,.eeha"leal 

ee.i19fiP19 •••Hf eieAtt 

Fig. ~A illu1trate1 the al9eW1 lleaerieed relatieAMitl a 
rt1at!onphip P'1W'I" thl normatizeg tblcknaaa gt a ZnO film tn~ th! 

20 11eairgmaphanjc11 iP'leDPP 5oeft1c;ent obtained In the structure of a 

SAW device having a thin ZnO film formed on a LiNb03 1ub1trate in 

II 
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which IDTs are formed an the film and a short-circuit electrode is 

inserted between the film and the substrate; 9ft4 

Fig. 68 illustrates the -elleve aHlfltHI rel1tieA1liii'9 J 

retjttgnshiD between the nerrpaJlzed thjckness of a zgo film eng the 

5 elaptrpmpanic.gl coygHng .aosffician1=obtafned in the structure of a 

SAW device ha"ing a thin ZnO film formed on a LiNb03 substrate in 

which IDTs are formed between the fiim and the substrate and a 

short .. circuit electrode is dl1posed on the film; 

Flg. 8 la a diagram represanttng the relatfonahip between the 

10 electromechanical coupling co1fficfent and. the normalized thickness 

of a thin ZnO film for use in three typee of SAW devices each having 

a thin p1azoelactrlc film end comb~lika electrodes variously formed on 

a ST-cut quartz substrata; 

Fig, 7 is 1 diegram designating the reletionshrp between the 

15 electromechanioal coupling coefficient and the normaliied thlckn••• 

20 

of a thin ZnO fllm for uaa in ihree types of SAW devic•a each having 

a thin ZnO film and comb .. l(ki electrode• variouafy formed on a quartz 

substrate MlltlRI rpt1ted at aboyt 185° in the Y direction and 

prop1g1tlrfg in the X direction; 

Fig. 8 ia a diagram Illustrating tha relationship between the 

electromechanical coupling ooafflcient and tha normalized thlakne•• 

·16· 
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11 (PRINTED PAGE 17) l • • 
PAGE ~ m KK1d~-t1t~v3 rr~t 1t~ 

of a thin ZnO film for use In three· types cf SAW devices each having 

a thin ZnO film and camb·like electrodes variously formed on a quartz 

substrate •M&,iAt tptUed at apout 115° in the 'f direction: 

5 the 19re1eftt iftV9AtfBA~ 

10 

HS 

Fig. 9A is a achamatlc plan view of tfte & praf9rr!d emgodlrn1gS 

g,,_SAW device stlh• Rrt••nt laxentiag: M4f 

Fig. 98 is a partially cutaway sectional view of the portion of 

the SAW device Qf Cig. 96 in which comb-like electrodes are formed; 

Fig. 10 llluetrates the refationahlp of the Eulerian angles of a V • 

direction rotating quartz substrutt to the TCD and the propagation 

la1se1; 

Fig. 11 illustrates the _ relationship betwaan the propagation 

direction of a ST -cut quartz substrate and the TCD; 

Ag. 12 irru1tratea the refatlonship between the propagation 

direction of an X-eut quartz substrate and the TCO; 

Ffg, 13 Illustrate• the relationship between th• propagation 

direction of a Y·cut quartz substrate and the TCO; 

Fig. -14 Hluatrates the relationship between the propagation 

2Q direction of a Z·cut quartz substrate and the TCO: 

·. liiii~iiITi~ 
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Fig. 15 illustrates the relationship between the normallzed 

thickness of the _zno film and the TCD when a quartz subetrata 

ratMiAI rot1t1d at al?ouJ 166° ·1n the Y direction and propagating l_n 

the X direction and a quartz aubstrate propagating inclined f1 abo..q 

5 36° from the X direction are used; and 

10 

Fig. 16A illustrates the relationship between the 

eleotromechanlcal coupling coefficient and the Eulerian angles of a Y· 

direction rotating quartz eubstrate according to another preferred 

embodiment of the present invent;on; and 

Fig. 188 Ulu.-tratea the relationshlp of the EuJerlan angles to the 

TCD and the propagation lo99es. 

OfiAILio DESCRIPTION OF ff PBEFEBBED EMBQ.PJM~TS 

Aft A pref9crad embodfment of the preaent Invention will now 

16 be described through Hluatratlon of specific examples with reference 

to the drawings. 

Exampr11 

ST -cut quartz aubatratea propagating in the X direction and 

having a dfamattr of 1kout 78.2 mm and a thickness of abgut 0.6 

20 mm were used to produce the following three typa1 of SAW devices. 

-l7-
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A SAW d•vice 11 as showg in Flaa. SA and 98 was produced 

by the foftowlng procedure, A thin ZnO J.Lfllm waa formed on the 

e¥erall egtiW surface of the above·deacrlbed quartz aubt'trata.J.Q, and 

two IOTa 13 pod 1 A- were deposited on the ZnO fiJm so as te 1xiegg 

6 · · acroaa a predetermined •'91eiAI •• ea disteng to produce ·a SAW 

filter. Mora specificaUy, IDTs 13 and 14 having a pair of comb .. llke 

electrodes 13a and 13b and a pair of comb·like alectrodee 14a and 

14b, respectively, ware formed, as shown In Fig. SA, on a thin 

piezoelectric film 12 1e1ea9 agesed . trpm aacb qtbar by a 
. . . 

10 predetermined distance. Further, in this SAW device 11, a thin ZnO· 

film 12 was formed, aa ilfustrated In Fig. 98, on the above-deacrlbed 

quartz substrate 1 O. A SAW device 4-i- iO I not 1bewal waa then 

produced In a manner similar to tha SAW device 11, except that the 

rDTe 1 3 and 14 were formed between the quaru substrata 1 O and 

15 the thin ZnO film 12. Moreover, a SAW device 4a IQ fnpt shiwg.) 

was made in a manner eimilar to the SAW device 11, except that an 

20 In the SAW devices 11. 29.· 30 •~rett1ti. •,.a produced 11 

described abov•, tha thickness of the thin ZnO film waa varied to 

determine the relationshfp between the thickness of tha ZnO film and · 

-18-
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the electromechanical coupling coefficient. The re.suits are shown in 

Fig. 6. The horizontal axis of Fig. 6 indicates the normalized thickneaa 

of the ZnO fifm H/l., while the vertical axis repreaanta the 

alectromech1nlcaJ coupling coefficient. The broken line D, the solid 

5 llne E and the one dot-chain fine F designate tha charactaristice of the 

SAW devices 11, -141'Land +a.jg, respectively. 

Fig. 8 reveals that by adjusting the thickne•a of the ZnO film 

12, the SAW device +3 m,_achieves the largest aJectramec:hanfcat 

coupling coefficient and the SAW davice 11 obtains the second 

1 O largest coefficient, but on the other hand, in the SAW device .+e 10i 

the coupling coefficient lleaeMea •MaHet ~1.crepag ae the thickness 

of the ZnO film is increased, More spaclfically, as ia seen from Fig. 6, 

by comparison of ST-cut X-dlrection propagatin; quartz substrates 

without dlspoaing a ZnO film thereon, the quartz substrate having 

15 IDTs formed between the substrate and the ZnO film exhibits only a 

smaller alectromechanrcal coupling coefficient, while th& quartz 

substrate having IOTa formed on the ZnO film achieves • larger 

coupling co.efficient. Further, an even larger electromechantcai 

coupling coefficient can be ilftrtl•fflefttM acb!aveg by inserting a 

20 ahort-circult electrode at tha lnterfa~ between the quartz substrate 

and the ZnO film. 

·19· 
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·Hence. contrary to tha conventional knowledge H!troiwee~ 

gitsYlftd in the Description of the Related Art, In the ST .. cut X­

direction-propagating quartz subatrate. IOTs, i.e.. ccmb·Uke 

electrodes, are formed on the thin ZnO film so as to obtain a large 

5 eJectromechanical coupling coefficient. 

Quart~ substrates Petatifll tPtal•d at a~out 185° in the Y 

direction and propagating in th• X direction (having Eulerian angles of 

1pprQ)(jm1Mlv 0°, 75°, 0°) having a diameter of aboy176.2 mm and 1 

10 thlckneas of pout O.S mm were used to produce the following three 

typee of SAW devices 1.t1 thre1:1gh i 8 405 60 apd 80 <ngS showg!. 

The SAW device 4-4 ~was produced in a manner timilar to 

the SAW device 11 of Example 1, except that the Y·directlon fetetiAI 

rpt•ted and X-dlrection·propagating quartz substrate was used 11 a 

16 quartz substrate. Further, the SAW device 4-1 AQ.wae made in 1 

manner similar to the SAW device 4.a ~of Example 1, except that 

the Y-dtrectlon·retMiAI rotgtad end X·direction-propagatlng quartz 

substrate wa• ueed es a quartz aubstrata. The SAW device 41 eo 
. -

was also made In a manner similar to the SAW device o4.a iQ_of 

20 Example 1, except that the V·dlrection-retl'liAI rpt!J•d and X· 

direction-propagating quarti substrate wee used as. a quartz 

·20· 
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substrate. In the above-described SAW dev;cea '-4 ttilirewgh 1 8~ 

§0 agd eo, the thickness of the ZnO film was varied to determine the 

relatlonship betwaan the thickness of the ZnO film and the 

eleatromechanlcar coupling coefficient. The resurta are ehown In Fig. 

5 7. 

Referring to Fig. 7, the broken Hne G, ·the solid line H and the 

one-dot-chain line I depict the charecterlstics of the SAW devices -4-4 

4Q, 45 aend 4t,Jg, respectively. Aa i,a seen from Fie. 7, by uaa of 

the v .. diraction ••tatiAI mt1teg
1 

and X-diractlon propagating quartz 

1 O aubatrete, as well as using the ST-out X·air.ection-propagating quartz 

substrate in Example · 1, a larger electromechanJcar coupling 

coefficient can be acquired when IOTS, i.e., comb-like electrod11, are 

formed on the ZnO film rather than when the electrodes are dJ1po11d 

between the ZnO film and the aubstrate. Additfon1lly, comparison 

15 between tile characteristics of the SAW devices 44 !Q.1nd 4-& §Q 

indiGated by the broken line G and the one-do1 chain llne I clearly 

20 

demonettatee that en even rarger electramechanlcar coupling 

coefficlent .can be obtained by further Inserting a 1hort-clrcuit 

electrode lf•tween the substrate and the Zno film. 

't has been confirmed by Exampfee 1 end 2 that SAW 

subetrates having ZnO film formed on the quartz aubatratee, 

whichever cut anglee the aubstrates have, can be used to achieve a 

-21-
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large etactromachanicat coupling coefficient by forming comb·like 

etectrodes on the ZnO film. 

A quertz substrate reteti1111 'otat•d at 115° in the Y dtrectlon 

5 having a diameter of abput 76,2 mm and a thlckness of aboyt 0.6 

10 

mm was used. Thie quartz substrata having the above-mentioned cut 

angle is one of 1he substrate materials that are known to exert the 

largest electromechanical coupling coefficient when the feaky SAW, 

which propagates ln the X direction, is excited. 

The aforesaid quartz tubetrates were employed to prod,uce the 

following SAW devices 1-1 th•et11h 1 e zo. sg ind 90 uaing the leaky 

SAW. The SAW devfce ~ zg.was made in a manner similar to the 

SAW devica 11 of Example 1. except that the quartz substrate 

P&latiftl rgtptad at about 115° in the Y direction was used. The SAW 

19 device 48 jg.waa also formed in a manner similar to the SAW device 

.+a 2.Q.of Example 1, except that the above-described quartz subetrata 

was used. Funher, the SAW device 49 iQ.wae made in • manner 

similar to the SAW device 4i m._of Example 1, except that the 

-above-described quartz substrate waa u11d. 

20 Th• thickness of the ZnO film of the above-deecribed ·SAW 

davicas 1 ~ t-.rewah 49 zg, §g Ind 99 wa1 vatied to determine the 

·22· 
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relationship between the thickness of the film and the 

electromechanical coupling coefficient. The results ar• shown in Fig. 

8. In Fig, 8, the broken line J, the solid Hne K and the one·dot chain 

Une L Indicate the charaoterlatics of the SAW device• ~-1, 1 I arsll 19 

6 ZQ.19· 9Q, reapectlvaly. 

Further, the charactertatics shown in Fig. 8 are differentiated by 

the case where the excited SAW is a leaky SAW or a normal Raylelgn 

SAW. More 1peciffcally, Fig. 8 reveals that the leaky SAW 

accompanied by attenuatfon l• excited when the normalized thickne11 

10 of the thin ZnO film HA is le•• than fbPYJ O. 14 (equal to the position 

indicated by 1he two dot-chain line M), and thus, the resulting SAW 

substrate ia not suitable for tranavarsal~type SAW devices requiring 

propagation. However, the above type of SAW aubatrates may be 

ueed for a SAW device that does not require propagation. As a 

15 consequence, the normalized thickness HI~ of the ZnO film is aet to 

be 1boyt 0.14 or greater so as to aohieve a SAW device having a 

large electromechanfcar coupling coefflclent that ja free from 

attenuation,· 

-
·Fig. 8 also shows that the leaky SAW cannot be effectively 

20 excited fn tha SAW device 48 ~having IDTS, i.e.,. comb-like 

electrodes, f11rmed between tha quanz substrata and the ZnO film. In 

-23 .. 
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contrast, according to the SAW devices '4+-70 and 4& IR..having 

comb·like electrodee disposed on the ZnO film. there can be provided 

SAW device• making uae of a leaky SAW that exhibit 1 large 

electromechenlcal coupling caatflclent free from attenuation. The 

6 leaky SAW has. as shown in FJg. 10, different propagation constants 

indicating the attenuation by the cut angle of the sub1trat1. Although 

attenuation of abgut 0.2 dB/A is caused by the quartz substrate 

•etatiAI retpted 
11
at gboui · 115° In the V direction and propagating in 

the X direction employed in this axample, there is no attenuation at all 

1 o depending on the cut angle (for example, a substrate retatiAI rgi•t6 

at tbgyt 1 06° fn the y direction and propagating in the x direction 

and a substrate MtftAt rotatad at 1ba141
1 
30° fn the Y dfrecticn and 

propagating In the X direction}. The quartz substrates having such 

cut angle• achieve a large elec'tromechanJcat coupling coefficient, 

1. 5 since no attenuation ,,.._.,. ~CSMtl when the normalized thickneae of 

the ZnO H/1 la great1r than pb9Wl
1
0.05. 

The compari•on between th• ch8'acteriatlcs of the SAW 

d•vioes Hfustrated in Figs. 8 through 8 clearly 1ndicetea that the 

normanzad thickneas H/~ of tha ZnO film that causes the SAW to be 

20 excited is varied depending on the cut angle of the quartz substrate to 

be used. More spaclflcally, the Hn. 1hould be abgyt o.05 or greater 

-24-
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when the R~yleigh SAW is excited on the ST·cut X-direction .. 

propagating quartz substrate and the quartz substrate retetiJ1t9 rotate~ 

at aboui 165° in the Y direction and propagating in the X direction.­

On the other hand, the H/A should be pbou\ 0.14 or greater when the 

5 leaky SAW ie excited on tha quartz substrate retetiAt rcllatad at thout 

1 1 s• in the V direction and propagating In the X direction, whHe the 

H/1 ahould ba 1bout 0.06 or greater when the leiky SAW is excited 

on the quartz substrata petatiAI 'cWfd at ahQUS 105° in the v· 

direction and propagating In the X direction. Accordingty, when tha 

1 O thln ZnO film is disposed an the quartz substrate, the normalized 

thlcknesa H/l of the ZnO film is desirably 1gual tq abaut 0.05 or 

greeter. 

A.a described above, since the various V-direction .. retatiAO 

rot&ted substrite1 having different Eulerian angles were used for the 

16 quart& substrate, a large number of SAW davicea using th!' above 

20 

quarts substrates having different Eularlan anglee were produced. 

The ralatlonshlp betwe1n the EulerJ1n 1ngla1 cf the SAW devices and 

the electromechanical coupling coefficient K2 ie indicated by th• mark 

0 shown In Ffg. 18A. 

Referring to Fig. 16A, the solid line N and the broken line P 

represent the eleCttomechanlcal coupling coefficient fnherant in th• V-

-26· 
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dlrection-FeteliAt iotatad • and X-direction propagating quartz 

substrates using the leaky SAW and the Rayleigh SAW, raspectlvely. 

The marks O and • in Flg. 16A indicate the aquarea of the 

electromechanical coupling coefficients K2 of the SAW devices using 

S the Rayleigh SAW and 1he leaky SAW, respectively, when the SAW 

devices are constructed in such a manner that the ZnO film Is formed 

on the quartz substrate and the IDT s are disposed on the fitm. On the 

other hand, th• marks A and A designate tha squaraa of the 

electromechanical coupling coefffcfenta K2 of the SAW devices uaing 

10 the Rayleigh SAW. and the leaky SAW, respectively, when the S~W 

devices are construc:ted in such a manner that a short-circuit 

electrod• Is further disposed at the interface between the ZnO film 

and the quartz substrate. In this manner, there Is a slight varfation In 

the K2 depending on the cut angle. Fig. 16! ie. the aame diagram of 

16 Fig. 10 and is given for the purpose of providing a oomparfson with 

Fig. 16A. 

~x1mpl1 ! 

As hos been explained by referring to Fig. 10, for forming a 

SAW devi~e using a quartz substrate, a quartz substrate having such 

20 a cut anale as to exhibit a TCD of approximately zero is 

conventionally used for improving temperature cn1racterlatics, 

1iiiiii~ii 
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However, a sufficiently large electromechanical coupling coefficient 

cannot be obtained. The present Inventor featna ~jgcoyered that a 

quartz substrate having a negative TCO and a thin ZnO film are 

combined to obtatn good TCO and a large electromech1nical caupHng 

6 ooafficlent, based on the ratationship between the Eulerian angles and 

the TCD shown in Fig. 1 O. It should be noted that the cut angle and 

the propagation direction of the quartz substrata be related to the 

TCD eo th•t there ia a region In which the TCD of any qvar.tz 

substrate has a negative velue. Thia wiU be explained with refer9noe 

10 to Figs. 11 th.rough 14. 

Fig. 11 illustrates the relationship between the TCD and the 

angte & from the X axis of the propagation direction of a ST-cut 

quartz substrate; Fig. 12 indfcates the relationship between t.h• TCD 

and the angle e from the Y axis of the propagation direction of a X-

15 cut quartz aubstrate; Fig. 1 3 dealgnatas the relatlonahJp betw11n the 

TCD and ·the angle 8 from the X axis of the propagation direction of a 

Y-cut quartz eubatrate: end Fig. 14. Ulu_stra~a the relationship 

between th• TCD and the angte e from the X 1xla of the propagation 

direction of a Z·cut quartz sub1trate. Figs. 11 through 14 

20 demonstrate that ther• are regions ln whtch the TCD of the quartz 

·. 
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substrates has negative values by changing the angle 9 of the 

propagation direction. 

According to another ae19eet erafeued ,,.odimcg+ of ~he 

pre1ent invention, a quartz substrate having 1uch a cut angle or a 

propagation direction as to exhibit a negative value of TCD le 

combined wlth such a thin piezoelectric film as to present 1 positive 

value of TCD, thereby implementing good TCD end 1 large 

afectromachanlcal coupling coafflclent. This will now be explained by 

way of a y .. dlraction tretating ml!Sed quartz. substrate as an example, 

10 white referring to Fig. 1 6. 

A substrate retMifll £~9tad at pbp\1.1 166° in the Y direction 

and propagating in the X direction and a sr .. cut substrate propaaating 

Inclined at abqug 35° from the X direction, both having a diameter of 

abput 76.2 mm end e thickness of aboyl 0.5 mm, wera uaed. A ZnO 

16 film having a normalized thickness H/l.. of a rang.a from about 0 to 

a~a\(t · 0.5 was formed en each of tha quartz substrates, and tDTs 

were formed on 1he film along the 1bov&-daecribed propagation 

directions •• SAW devices were thus produoed. The temperature 

characteriitfcs (three points at 1 e•c, 26°C and 35°C) indicated by the 

20 TCD of the resulting SAW devices ware measured. The raaulta are 

shown Jn Fig. 16. Fig. 16 clearly ehowe that tha TCO bacom11 zero 

·28-
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when the Hf1', is around 0.35 in the substrate retat1flt ro~ated at about 
186° in tne V direction and propagating in the X direction and when 
the H/A is around 0.16 in the ST -cut 35° .. propagating substrata. At 
discussed above, a large electromechanlcal coupUn; coefficient can 
be eMertea achjeyed 

0
by the SAW eubetratea having the above-

detoribed levels of H/A. More specifically, in th• subetrete ratatin1 
r2tat9d at 1bput 185° ln tho Y direction and· propagatfng in the X 
direction, the electromechanical coupling coefficient K2 was increased 
from 0.2% ta 1.04%, which le about five times 11 large 11 the 

1 O conventional value, and TCD waa raised from ·30 ppm/°C ta 0 pm/•C 
by forming the ZnO film havtng a normali2ed thickness HI~ of 
approximately 0.35 on the quartz substrate and disposing IOT1 on the 
film. Moreover, by providing • short·cirouit electrode between the 
ZnO film and the quartz substrate, tha TCD ree.ohed O ppm/OC, and 

15 the coupling coefficient IC2 was further increased to 1.36%, 

On the other hand, Jn the ST-cut 35°-propagating substrate, as 
waU 11 fn the sub1tr1te •etl1iAI rptated at about 1 85° In the Y 
dJreotion and propagating In the X dlractlon, the etactromechanfcal - . 
coupling coefflciant K2 was increased from O. 140Jt to b. 77%, which is 

20 4.8 timee. as large as the conv.entionar varue, and the TCD was raiaed 
from ·20 ppml°C to 0 ppml°C by forming the ZnO fUm having a 
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normalized thickness H/A of approximately o. 18 on the quartz 

subattate and disposing the IDTe on the film. Moreovar, a ahort­

clrcuit electrode wae further inserted between the ZnO film and tha 

quartz substrate to obtain 0.89% coupling coefficient K2 and 0 

5 ppm/"C of the TCD. 

Consequently, the following can be validated from the above .. 

described exarnpJe. A quartz substrata having auch Eulerian angJes aa 

to exhibit 1 large electromechanical coupling coefficient is u1ed, in 

which case. a negative TCD of the aubstrate can be offeet by a 

1 O_ positive TCD of a thin ZnO film disposed on the aubatrate, and IOTs 

are formed on the film. This eaPI ,.,e'til.,• pro:tides 
1
1 SAW device 

exhibiting a very large electromechanloal coupling coefficient and 

possessing good temperature characteristic1. 

Atthough an explanat;on has been given of the aforesaid 

1 5 example o"ly by uee of the two types of eubetrates, other types of 

quartz subatrat88 retMiAI ratat@d ln the Y direction and other cut 

angles, auch 11 shown Jn Figs. 1 1 through 14, mav be uaact, in which 

case, 1dVantage1 similar to those aohieved in the above-described 

e>eample can be obtained. More specffically, as Hlustrated in Pig. 1 O, 

20 in the Y-dlrectio,,,.,atetiAI rosatad and X·dlrectlon•propagatlng 

substrate, by use of the Rayleigh SAW, the TCD becomaa negative In 
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a region in whlch the Eulerian angles ranga from (0, 0, 0) to (0, 135, 

0), while by use of the laaky SAW, the TCO becomes negative in 

regions In which the Eulerian angles range from (0, 0, 0) to (0, 20, 0), 

from {0, 45, O~ to (0, 65, 0), and from (0, 135, 0) to (0, 180, 0). On 

5 the other hand, by use of the ST·cut quartz substrate, as shown in 

Fig. 11, the TCD becomes negative in regions in which the Euferian 

angles range from (0, 132.75:5, 0) to (0, 132.75:t5, 60), and from 

(0, 132.76:6, 130) to (O, 132.75:1:5, 180). 

Moreover, by the use of the rMatien rotated X-cut quartz 

10 aubatrate, as IHustrated in Fig. 12, the TCD bacomet negative in 

regions in which the Eulerlan angles range from (90, 90, Ol to {90, 

90, 36) and from (90, 90, 145) to (90, 90, 1 SO). 

SimU1rly, witn the use of the Mtetiel\ rottted Y·cut quartz 

substrate, 11 illustrated in Fjg. 13, the TCC becomee negative in 

16 regions Jn which the Eulerian angles ·range from (0, 90, O) to (O~ 90, 

35) and from (O, 90, 146) to (0, 90, 180). Further, by using the Z· 

cut quartz substrate, as shown in Ffg. 14, the TCO becomes neg1tlve 

when the velue + of the Eulerian angJaa fO, 0, f) i1 other than 0, 80, 

-120 and 180. · 

In this manner, the TCD exhibits negative values in the above-

described ranges of the Eulerian anolet. Even in such ranges, 
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however, the cut angle is aetectad 10 as to obtain a large 

etectroniechanicaJ ooupllng coefficient. and a thin ZnO film having a 

positive TCD is formed on each of the quartz substrates in order to 

cancel the negative values of the iCO. Then, IOTa are further formed 

5 on the film. It le thus possible to provide SAW davlces axhlbltfng a 

large electromechanical coupHng coefficient and po1sesalng good 

temperature oh11r1cteriatlca. 

Although in the above-described example the thin ZnO film was 

used aa a thin piezoeleotric fllm, other types of piezoelectric film 

10 formed of, tor example, AIN, Ta20 6, CdS, may be used as requfred. 

Additionally, either of the positive or negativa surface of th• quartz 

eubstrate may be amploved. 

As will be clearly understood from the foregoing description, 

the ptflftned tmbgdjmenSJ ot the present inventlon effeN offer the 

16 following advantages. 

According to one ••'9eet advgpt19• pt the prg~rred 

emb9dlmtntf of the present invention, it Ja poealbla to provide a SAW 

device having a large electromechanical coupling ooefflctent. since 

comb-lik• electrodes are dleposad on a thin ptezoelactric film formed 

20 on a quartz substrata. This structure can aignifioantly Improve the 

electromechanfcal coupling coefficient over the conventional structure 

in which comb-like electrodes are disposed batwaen the quartz 
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substrete and the plezoalactric· film, whioh used to be considered to 

be affective for attafning a large coupfing coefficient. 

According to another aatteet agwmtase pf the ereterred 

ambod!menta of the praaent invention, a quartz substrate having such 

- 5 a cut angle and a propagation direction as to exhibit a negative value 

of the TCD rs employed, 1nd a thin plezoelectrjc film is formed on the 

substrate. Consequently, a piezoelectric filmt normally having a 

positive TCD, can offset a negative TCD inherent In th• quartz 

substrate, thereby achieving a SAW device having goad temperature 

10 char1cteri1tica. tn this manner, a negetive TCO can be overcome by 

the uae of a quartz substrate having euch a cut angle 1nd a 

propagation direction as to present a large electromechanlcal coupling 

coefficient and by farming a piezoelectric film on the subetrate. This 

makat it possible to provide a SAW device po11eesing good 

15 tamperatu~a characteristics and exhibiting a large olectromechanlcal 

coupfin9 coefficient, which cannot be achieved by the conventional 

SAW devices. 

)Ybilt the jnventlon bas beep g1n;cul1rty abpwg pnd dusrietd 

wjtb grf![•pp• tq ar!f•rttd agibodlmenta th a mot I It wm b1 

20 ynder1mgd R¥ thqaa pk!llfd In thl •[$ th1t tha fowaeing 1nd mb•r 
chanpa In fQfm apsl dataga mil' be made U>&re\n ytltbpyJ d191a!ng 

from lbe. spirit .apd scoav gf the rnvantiog. 
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WHAT IS CLAIMED IS: 

1. A surface acoustic wave device comprising: 

a quartz substrate; -

I lllllll llllll lllll lllll II llll 
* C L . M S * 

a piezoelectric film disposed o_n said quartz substrate; 

and 

a plurality of comb-like electrodes disposed to contact 

said piezoelectric film, 

wherein said quartz substrate comprises a quartz 

substrate having a cut angle and a propagation direction which 

provide a negative value of temperature coefficient group delay 

time. 

2. A surface acoustic wave device according to claim 1, 

wherein said plurality of comb-like electrods are disposed on 

said piezoelectric film. 

3 . A surf ace acoutic wave device according to claim 2, 

further comprising a short-circuit electrode disposed between 

said quartz substrate and said piezoelectric film. 

4. A surface acoustic wave device according to claim 1, 

wherein a normalized thicknes_s H/~ of said peiezoelectric film 

is about 0.03 or greater where a thickness of said piezoelectric 

film is Hand.a wavelength of a surface acoustic wave is A. 

5. A surface avoustic .wave device according to claim 1, 

wherein said piezoelectric film comprises one of a compound 

selected from the group consisting of ZnO, Ta20 5 and eds. 
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-4 2. 6 swrf1ee aepttstt; w1r1 deyjce 1sco .. djrig 5 j . 11 
}' 8 ~ '"'' ; 

wb1rele 11Jsl X;lirteJian i:gtlJed and )$:dirapt!Rn-proqpe1tpd 9911t.-

1t1hft'IS' 1' mtlt!" M IP !"P'' 91 ·-@lilt 1 ] 5~ 

ame•eftlng 9u1nz sub13c1te. 

~.d$ A f · j.. . SU[ esp fCQYltjR \YIVf device ag;ordjgg to clalm.L 

w.lll'fn 1•1d n11anz b " 11u at'Jt' comcri91s I Y·direptjon .. rptpted 1nq X· 

diractjon prop19atln9 qyartz substratt. 

--sr. u:= ~ A •urraee apouatjc wave dayJoe aceordina )-. - _ ----- __ to c111w& lj 

h I ' w ere 0 said X·dir1ctjon routed and X·diceclign-prpp1e•S•d awartz 

sypatratr i1 rqtgpd at ap angle of about , 86~ 
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