TI TLE OF THE | NVENTI ON SURFACE ACOUSTI C WAVE DEVI CE AND FI LTER USI NG THE
SAME BACKGROUND OF THE INVENTION 1. Field of the invention The present

i nvention generally relates to surface acoustic wave devices and filters
equi pped with the sane such as a transmt filter, a receive filter and
dupl exer. 2. Description of the Related Art The SAWdevice is wdely
applied to the band-pass filter and dupl exer of the cellular phone. In

a

recent yeal$TLEnNOH iTHEr INVENT 10 SAWdevice is required to have higher

performance as the cellul ar phone has higher per formance. One of the
requirenents_for the SAWdevice is to inprove t e u tabjlity
because T enSEREAGE: ASRGES hobET ™ e CHeE. Bl F TR G PP Srilhe
filter. As is known, lithium tantalate (Li TaG3, hereinafter sinply
referred tongKdéeUmﬁ ArPhegoehestfre ot eri al having a large

el ectromech ich is advantageous for
real i zing broad fi1téreiharhct Bi dOVEDt3Rfhever, LT has a di sadvant age i
that it is inferi Thet prpmentz dnysrediom generaﬁlyteetetasumwsﬁwmfabEy.
The pi ezoel ect g g, Rt el '@éveaaeﬁg@eaﬁa E@ﬁme?guiﬁﬁ%@%i@hethe

characteristics such that materi having | ar ctromec aplcal
coupl i ng coeffﬁemgnﬁﬁ“gﬁdﬁsaé Lf%ﬂﬁP+FtﬁF ﬁﬁﬁﬂodﬁtﬁecFE
sinply referred Sopdexdd). have conparatively poor tenperature stability,

while materials jﬂavhj%&pgéitgggpgrfatﬁﬁg Q%Q.thldi[ yuslych as quartz crystal
ca

have conparatlvel ect romechani cou coefflgpgnts Thus,
pi ezoel ectric matels SFARadeNd Botdd N1Ae4¥ a@lpédtel"%n’é%hﬁﬁﬁc GRAFHg
coefficient anflidtgaodnd edppel ekere cft athid | tglhasd ahegrhaoeight Thorepearts.

There are varigus . onas@l §1§0erCUd A%y "BhE" 5AWS device is required to
have higher performance as the cellular phone has
higher performance. One of the requirements for the
SAW device is to improve the temperature stability
because temperature change moves the pass-band
frequency range of the filter. As is known, lithium
tantalate (LiTaOQO;, hereinafter simply referred to as
LT) is a piezoelectric material having a large
electromechanical coupling coefficient, which is
advantageous for realizing broad filter
characteristics. However, LT has a disadvantage in
that it is inferior to quartz crystal in terms of
temperature stability. The piezoelectric material has
a general tendency of incompatible characteristics
such that materials having large electromechanical
coupling coefficients such as LT and lithium niobate
(LiNbQO3, hereinafter simply referred to as LN} have
comparatively poor temperature stability, while
materials having good temperature stability such as
quartz crystal have comparatively small
electromechanical coupling coefficients. Thus, a
piezoelectric material having both a large
electromechanical coupling coefficient and a good
temperature stability has been sought for years.

There are various proposals tc realize materials
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- 1 having a |arge el ectronechani cal coupling coefficient and a good
tenperature stability. For exanple, Yamanouchi et al. propose a substrate
having an LN or LT substrate and an SiQ2 film which is grown thereon 5
and has a tenperature coefficient opposite to that of LN or LT (see |EEE
Trans. On Sonics and Utrasonics., vol. SU-31, pp. 51-57, 1984). Nakanura
et al. achieve inprovenents in tenperature stability by formng a
pol ari zati o |nvertedJh n.the LT subs Q surface_that has a

[

depth | ess aanlr{%e e‘ale%%T"SﬁB?Hl&ﬁ Ey? iM% i TRFIHECEFREt rost atic
short- ci rcmrtdafgsmdtmIe@fa’(:see 3bphnédeyRPat Bor Haamplﬁﬁl%l?) Oni shi et

al . propose vighd By aye é@ealteﬁPsﬁééers éhﬂ@ltk'attké h% nﬂgecatr{ ymh oLping a

thin 15 piezoel ectric substrat'e ahd anot trate t hi ck,
| ow expansi i MARTHEREQRNY RS F&91 r%ﬂrﬁ'ng"’ %‘éht%ﬁcgi'f@wnaﬁ@eéﬁ&&hy on due
to changg ofarichéhad enmesmben et ofet beeprezoehecbppositkstiatthdisass Japanese

i d- gl ., Proc. Of
I EEE Ul trasqly OF o%%hféﬁz;%%% 38"s9B5ef 0e, Moo to” proposs

to use adhé@l]vesf Jj:ou’-m-n :t\/\b9%€1bstrl‘bale@nléseeetYaﬂraneahhlevet al .
"Proc. of |Eﬁl%ﬂd|\ﬁé’n@?ﬂ:@ Cin b%ﬂ%é’ééﬂl’ﬂ:e Qeabﬁ%t% ¥QUSIRRY -a 1999)

Japanese ai_d- Qpen_ Pat ent lication proposes to
i mpr ove the‘P A Y b AR ‘5 f%gh?%gleBhﬂlFFe?@%?tq@qﬁB of
substrat@s ismrfelded-titeds ha=atdept h Hawy ethat hehabaneoierid oned proposal s

h bl s t has
difticulty F‘“%%&%ﬁ??ﬁ%ﬁ: iy, i LR A n0Ve YERRROUE B sii® | i s

resul ting i FiEcddbefEf Qﬁ4%ﬁ§ EﬁEQFQFEFW?ﬂ%vP€E§ntF§Pther t he
(pyoposal regaiesad)pr ovhdshg ehe adi.l ipropodd de fudlpm@sﬂetﬂeecorrb type

e ect ggglegn@ ALRL Akl TSP 5 o d Fde 1 § 1 818205 E" BRSO the SAW
15 piezoelectric substrate and another substrate made of a
thick, low-expansion material and thus restraining
contraction and expansion due to change of the
temperature of the piezoelectric substrate (see
Japanese Laid-Open Patent Application No. 11-55070, or
20 H. Sato et al., Proc. Of IEEE Ultrasonics Symposium, pp.
335-338, 1998). Yamanouchi et al. propose to use
adhesive for joining the two substrates (see,
Yamanouchi et al., “Proc. of IEEE Ultrasonics
Symposium”, pp. 239-242, November, 1999). Japanese
25 Laid-Open Patent Application No. 9-208399 proposes to
(_J improve the filter performance by joining two different
kinds of substrates in solid-phase reaction.
However, the above-mentioned proposals have
problems to be solved. The proposal by Yamanouchi et
30 al. has difficulty in controlling the thickness and
quality of the Si0, film, this resulting in fregquency
deviations of the SAW devices. Further, the proposal
requires providing the silicon oxide film on the comb-
type electrodes {interdigital transducers: IDT), this
35 increasing the SAW propagation loss. It follows that
the proposal may be applied to only limited SAW devices.
The proposal described in Japanese Patent No.



the proposal may be applied to only Iimted SAWdevices. The proposal
descri bed in Japanese Patent No. - 2 2516817 has a problemthat the

pol ari zation inverted |ayer affects the performnce of the SAWdevice and
very fine depth control of the polarization inverted layer is required. 5
There are problens in the proposals described in Japanese Lai d- Open Patent
Application No. 11-55070 and taught by Onishi et al. The way of joining

the | ow ex ' substrate el ectric, s strate ires
o Corer st 6607 028 | R bErbR el ErBls Tk, By AR it oty s EeHe
substrates. layes @ﬁéeetareherequpemamwsﬁ tdee t3P | dew Bxpaasdon _
substrate, ez?)t-'bﬁiﬁét@eB@H'Bgnﬁr&me YouUNg dzlélé%%eufﬁvéf ghass in

order to preyv the wafer from bei ng broken during annea I ng process.
Thus, di st or]ﬁ}()‘?lrdh% ¥8d¥heeds difference in thernmal expansi on coefficient
between bhe substTiaimes dieispyaibhedsi snnohet panpbeaned dasdiid i in

substrate s Jo) t te r stability
cannot be ex“fg%%éa%é Jré q'llgl£|Iall %EBQ? §BF2|E€F%§° eNOp'l reﬁghge%c (I‘?I cmgubstrate
20 to the | dvdudtparky dinseipsteht@lat Fownvaenpér apdpéngy theediowof UV cure
adhesi ve re@iﬁﬁﬁl§id&5§u1§)§t££\€e adhepkvgiatokhadtaiint dJudAifpce. However,

this reduces _the deqgre rovenment. in.tenp ratur tabilit The way
of jOInIng1ﬁﬁagﬁﬁﬁﬁ§h&ig ??P$§Eagﬁf?dan§%aﬁﬁ8§e g?&i q%ed in
Japanes&0 Laisctettpemf Ret siming Apipé | sabsbnables. 9- 2O8BS9thegaifpee the t her mal
treatment  gle A00QLL Q4 Jg@heésaéh@hiséa aﬁbsheqoﬂ%%b@m aLt%< a Pl ace after

the step of jOInInq: This. may ch anfe sonme ~constants .of plezoelectrlc
substrate affHud Sblﬁﬁﬁﬁéi YetBR1L yYeHBAGE, medulkgt StdydéndLaryi ati ons
(ogcur. - SUMVARY dafdeiHE d NENAION tlie | 8afe gepeonl bebhgcilor@mgxhﬁzlumwnt
i nvention the annealing process. Thus, distortion due to the
15 difference in thermal expansion coefficient between the
substrates thus joined is not transferred to the main
substrate sufficiently, so that improvement in the
temperature stability cannot be exhibited well.
The method of joining the piezoelectric substrate
20 to the low-expansion substrate at room temperature by
means of UV cure adhesive reduces stress by the
adhesive at the joint interface. However, this reduces
the degree of improvement in temperature stability.
The way of joining the substrates in the solid-
25 phase reaction described in Japanese Laid-Open Patent
{ Application No. 9-208399 requires the thermal treatment
at 1000 °C or higher at which melting does not take
place after the step of joining. This may change some
constants of the piezoelectric substrate and thus
30 causes wvelocity change, so that frequency deviations

occur.

SUMMARY OF THE INVENTION
It is a general object of the present invention

35 to provide a surface acoustic wave device in which the
above disadvantages are eliminated.
A more specific object of the present invention



35 to provide a surface acoustic wave device in which the above

di sadvantages are elimnated. A nore specific object of the present
invention - 3 1is to provide a surface acoustic wave device that has
reduced frequency differences anong the devices, reduced propagation |oss,
| nproved frequency- tenperature characteristics, and inproved

productivity. A further object of the present invention is to provide a
filter equiigpetowptreude & ssuffesacaastist igavevitevdevicEhethbbvdras

obj ects of ddvg,pE@sanNteflLely 081 2ER rA¢BEBY (IndYga tHY f@seieistic wave
devi ce conprlilng: a glezoelectrlc substrate haélg%_a first surface on

whi ch conb 4§ HeCECe R T 9BBIH ECPorRRE + anlPE LEEEnd TSP PLESY ™ and a support
substrate jtEmpdriadcuhe sdeomcteurifscicef, tared pieposieedri c substrate, the
piezoelectr'foaﬂg%tnp£§ybeing made of lithiumtantalate, and the support

substrate beln nadé sapphire,,the foll owm ng expressi pns bein )
s;tisfied: IT/tg < ﬁsgvf)t*PgFIAC&) %CFz)O%mEyé* %JFég&I}%:&RNé‘s‘%‘I:bgntHes to

pi ezoel ect dwovidesta af é 1 ttet sequtihpédessiti shelsuppsnir subst aatesistand N
is a wavel gngtd gband DT form ng a resonator including the conb-like

el ectrodes-wherein g wave wth the wavelength k i s propagated al ong the
first surface of (I pRROYS CPPEC LS Er & BRES elg‘B’jeerb'stoBf e
present invanhiewved bgchi esedfbye dcbuetionnwave Mevace ezxoepedisding :
substrate hévgﬁ%of?élé%ttﬁi‘éfQﬁ%é)@r%'echiﬁﬁm' ke jelact g Qdes A eon

arranged so orma transmt filter and receLve filter, and
second sur f%R&CERPAPsHbF t S LEHSTPLES 3 Red NG Re i S&FHLL of
the piezoeteetfame subsid ad esuplpeopt ezadlsactate sushedt €ec the second

surface of the piezoelectric substrate, the
piezoelectric substrate being made of lithium tantalate,
and the support substrate being made of sapphire,
the following expressions being satisfied:
T/t < 1/3 (1)
T/A > 10 (2)
where T is a thickness of the piezoelectric
substrate, t is a thickness of the support substrate,
and N is a wavelength of an IDT forming a resonator
including the comb-1like electrodes-wherein a wave with
the wavelength A is propagated along the first surface of
the piezoelectric substrate.

The above objects of the present invention is
achieved by a filter comprising: a piezoelectric
substrate having a first surface on which comb-1like
electrodes are arranged so as to form a transmit filter
and a receive filter, and a second surface; and a support
substrate joined to the second surface of the
pliezoelectric substrate, the piezoelectric substrate
being made of lithium tantalate, and the support substrate
being made of sapphire,

the following expressions being satisfied:

T/t < 1/3 (1)

T/A > 10 (2)

where T is a thickness of the piezoelectric

substrate, t is a thickness of the support substrate,
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being made of lithiumtantal ate, and the support substrate being nade of
sapphire, the follow ng expressions being satisfied: T/t <1/3 (1) T/ A >
10 (2) where T is a thickness of the piezoelectric substrate, t is a

thi ckness of the support substrate, 4 and X is a wavelength of an IDT

f ] I I
orming a I eSpRAt el ;o np ‘ygbeqé,{%ﬁggg] dierBhedtd Aighg e ehbra vy e

with the wav he first face of

i's propaga
pi ezoel ectri cl%%ggfiﬂé’t‘ié %ﬁBRFBﬂ‘kDE!SBﬁIePﬁ BECHES DRX L Re™®F ect s
features and wadyAntagesvatelleagtiekedts ipwepagated | & loegpneheofd appar ent

fromthe fol d I in conjunction wth the
é :‘%Q% %ﬁnﬂ:m% Q}}E‘egf%%l@ W60 heAd |

acconpanyi ng avm ngs, ig. 1 1s a perspective view of a nodel
of a joint substrate used to explain an enbodi nent of the present

i nventio F qran t results of analysis sinulation
usi ng therbflbgjﬂ% b@’i@ Y L%Nizjogm'ﬂ% H'ER‘W‘IEG‘ Pnt substrate equi pped with a
pi ezoel ectric subsPthes Ohaecng aftemmk:rmar(d')a@v}aﬁﬁﬁgpm offi ghe3 is a

graph showi ngrgasn&e%%at% mllnS'b%cﬁhM%éOnggggggtC*}%Jﬂ'1! & el ement

nmet hod for t oi,nt substrate equi tric substrate 20
having a t hi Rhégylm‘) 8Fasé85'mdeﬁcgflmﬂr%n a‘”@ﬁ‘apﬁeéﬁowng’oﬁﬁé‘f}%ﬂﬂs of
anal ysi s siwithtthe mstogphhgibignidewelefentifeyhoghtor the joint

subst ratg equi pped thya; piez ubstrate. havi hi.ckness (T)
of 30 pm% 25 Fig Y\é L7 ngggﬁgltﬁgiuﬁlsewofc’f rfal %‘fqgl %n‘ﬁl ation for

raph
j oi nt subst rh‘?b@tmﬁﬂhsﬁrégspaﬁ?d $9b el meare @ﬁb@dpphnteofﬁtgle 6is a
graph of thepf&saneneyverspense of a

(:} Fig. 2 is a graph showing the results of analysis
simulation using the finite element method for the
15 joint substrate equipped with a piezoelectric substrate
having a thickness (T) of 100 pm;

Fig. 3 is a graph showing the results of analysis
simulation using the finite element method for the

_ joint substrate equipped with a piezoelectric substrate
20 having a thickness (T) of 50 upm;

Fig. 4 is a graph showing the results of analysis
simulation using the finite element method for the
joint substrate equipped with a piezoelectric substrate
having a thickness (T) of 30 um;

25 Fig. 5 is a graph of the results of analysis
(:z simulation for joint substrates with a support
‘ substrate made of sapphire;

Fig. 6 is a graph of the frequency response of a

SAW device having a 1.9 GHz-band SAW resonator on a

30 joint substrate having a 42° Y-cut LT substrate having
a thickness of 21 pm and a sapphire support substrate
having a thickness of 300 um;

Fig. 7 is a graph of the frequency response of a
conventional SAW device; |

35 Fig. 8 is a graph showing that the amplitude of a
spurjious response observed in Fig. 6 depends on the
thickness of the piezoelectric substrate;



SAW devi ce having a 1.9 GHz-band SAWresonator on a 30 joint substrate
having a 42 Y-cut LT substrate having a thickness of 21 pmand a sapphire
support substrate having a thickness of 300 pm Fig. 7 is a graph of the
frequency response of a conventional SAWdevice; 35 Fig. 8 is a graph
showi ng that the anplitude of a spurious response observed in Fig. 6
depends on the thickness of the piezoelectric substrate; 5 F}g.h9 s a
perspective view of,a SpWdevice according . to an enbodi ment of the present
i nvention; Fig. 10£%%’a gt 8pft BFTCRE F@ﬁhgﬁév’ﬁﬁgﬁbﬁgﬂﬂggev%ﬁ@ SAW devi ce
shown in Fi gac@prdndg5thi gn ehbicslimertockt dilagrgre oéna ﬂﬁ’ﬂbﬁk&bn;a(écordl ng
to anot her enbodi nept ofpt pr lenyent i-gn, | Pl

PREFERRED ENBODI VE 10 A?%esc??gpboﬁ wﬂﬁgliﬁ%q%§%ﬂ éﬁ d%géégoggnents of
the present FhveMtiofSHAeR BBPEMerdde fig-t % amtonpanying drawings. Fig. 1
is a perspective Wiy of1 aigndebl@f:kadijaglh::atn LS Eﬁipﬁé}@é’rh A used in a I! rslt
enbodi nent o : esent..invention. Figs..2.throu .are respectively
graphs t hat é%%af?ﬁ%érgéugﬁg£8 raﬁ?%ﬁ%%?%ﬁﬁnﬂ%ﬁ%QﬁuPré%ﬁnFhe j oi nt
substrate 100"H§NEHenfinite el ement nethod. Referring to Fig. 1, the nodel
of the joint 20 substrate 100 has a support substrate 20 gnd a ITB.IZ(I’)I <10
substrate or |ez CLLI ubstrate 10. The support substrate s 1.
nmlong in t-H& SR é@d@gtfﬁﬁ PB?FEEEEBnEFQQQI 3§H0, 0.6 mmlong in the
directi df (Y dir éctdemnrigsrjpemdi£ll anotobehgi SAW plfole&gﬁidimﬁ&;‘:s db £ ecti on,
and 0.3 mm tdy | | Lrectl di,rection). The

pi ezoel ectriﬂgiés: bfse'gbr%l?g %%&%lﬁ?afe'éﬁagug g%\?gﬁeg’ﬁz'iec%r?eg%% s joined to the
(E?in sur f ac@SORRANYing drawings.

Fig. 1 is a perspective view of a model of a

joint substrate 100 used in a first embodiment of the

15 present invention. Figs. 2 through 4 are respectively
graphs that show the results of analysis simulations
for the joint substrate 100 by the finite element
method.

Referring to Fig. 1, the model of the joint

20 substrate 100 has a support substrate 20 and a main
substrate or a piezoelectric substrate 10. The support
substrate 20 is 1.0 mm long in the SAW propagation
direction (X direction)}, 0.6 mm long in the direction
(Y direction) perpendicular to the SAW propagation

25 direction, and 0.3 mm thick in the thickness direction

(. (Z direction). The piezoelectric substrate 20 that has

a given thickness is joined to the main surface of the
support substrate 20. The piezoelectric substrate 20
has a first surface on which a SAW resonator 30 (see

30 Fig. 9) is formed, and a second surface that is
opposite to the first surface and is joined to the
support substrate 20. The analysis simulation using
the finite element method utilizes the symmetry of the
structure of the model, and computes thermal stress at

35 points measured from the origin (X, Y, Z) that is the
center of the first surface of the piezoelectric
substrate 10. That is, the origin has coordinates (0,



support substrate 20. The piezoelectric substrate 20 has a first surface
on which a SAWresonator 30 (see 30 Fig. 9) is forned, and a second surface
that is opposite to the first surface and is joined to the support
substrate 20. The analysis sinulation using the finite el enent nethod
utilizes 6he ymretry of the structure of the nodel, and conputes thernal
stress at 35 bints neasured fromthe origin (X, Y, 2Z2) that is the center
of the first surface of the piezoelectric substrate 10. That is, the
origin has coohdi pateselfctrib slbs@rateThe AnezoR aciddlc waithadadd e 10 in

t he node u nt &%g), I
expanS|oéfm%%5 ﬁ@lgﬁkthgggg gh&§ %h g oﬁhgﬁggmwghlu é?%?xg? 233 GPa.
The suppSP?f§66§?P§t@f2é5|ﬁ PH@ nﬁdéﬁ Yopand ' SofMmasiplaig ®f addi ti on,
mat eri al 330t bea.t The sapplvvte sMﬁtﬁrMS@dZKNﬂnﬁhth&V&odelll ReRy nRxeansi on

coefficigpt Y u e I h|n the
range of855 gé§h§r 882%9&Tﬁ%d% (%H%bfi%g%eéyﬁg%e%héﬁ g%§$h§&& In

first ca§%retH§e¢aWhéchhﬁﬁé $o&ﬁ§e§r mﬁ&ﬂﬂﬁ§qg(ﬂOQﬁﬁ§q%Q§$oéﬂ%ctrlc
substrat®.16 ppmfhe ¥adng' Youngdul wedalok t(ee Fandrg sihdHiratthe20 (E/ e)

1 o nangflos P28 &Ba! 0o0aB8- oEAS, PERART 1825 Rl BLoLRC yERAD Nl On ©f

I|th|un1tan | ate an or ‘'the g ‘substrate Further, in
the si mufafibatedne {Rik ﬁeésr{str)caﬁeth hepFé'z‘é@l et khe ¥guBElEte 10 was
stepmnsemoﬁahgsdEtﬁfB@hﬁ]pléﬁoﬁlaadr1605p53t¥baé 19, toh&heatyoumef' & he

thi cknesgoll g0l bbechLegaebselrLansibatiase 18/L0 Lhe &{#,ﬁkg(gss (1) of

t he support sub wW'se c ange d 0.33. In
the si muF&®TOR; 5@h@@n%|3%tré§%eaﬂﬁc@h@ @ﬁ%ﬁn@se@fth@f@@ﬁh#héhl@ﬁaﬁfoccur

when t hel1eﬁp&ﬂhatalﬂ6a1§téaaﬁ@dséppth@ Eolrr emet Ho inwnetibt riagrper at ure
i nvol ved; 45 the piezoelectric substrate 10 and the support substrate 20

(in the abSence of stress and deformation).
Further, in the simulation, the thickness (T) of the

piezoelectric substrate 10 was stepwise changed to 30 um,

50 uym and 100 pum. That is, the ratio of the thickness (T)
of the piezoelectric substrate 10 to the thickness (t) of
the support substrate 20 was stepwise changed to 0.10, 0.17
and 0.33. In the simulation, thermal stress and the amount
of deformation that occur when the temperature is raised by
100 °C from the junction temperature involved in the
piezoelectric substrate 10 and the support substrate 20 (in
the absence of stress and deformation) .

Fig. 2 is a graph that shows thermal stress obtained
by simulation of analyzing the joint substrate 100 with the
thickness (T) of the piezoelectric substrate 10 equal to
100 uym. Fig. 3 is a graph that shows thermal stress
obtained by simulation of analyzing the joint substrate 100
with the thickness (T) of the piezoelectric substrate 10
equal to 50 pum. Fig. 4 is a graph that shows thermal stress
obtained by

simulation of analyzing the joint substrate 100
with the thickness (T) of the piezoelectric substrate 10
equal to 30 um. In the negative (minus sign) regions



Fig. 2 is a graph that shows thermal stress obtained by sinulation of
analyzing the joint substrate 100 wwth the thickness (T) of the

pi ezoel ectric substrate 10 equal to 100 M Fig. 3 is a graph that shows
thermal stress obtained by sinulation of analyzing the joint substrate 100
with the thickness (T) of the piezoelectric substrate 10 equal to 50 m
Fig. 4 is a graph that shows thermal stress obtained ?y sipulﬁtion of

anal yzing the,joint. substrate_ 100 wth the thickness (T) of the

pi ezgel egt ri %léﬁﬁsh‘ﬁt geIGicadudreso FELAST n(fkr) he@%t?%% BRPRBS /si gn)
regions 7 atlhegsuhbpovér subalt raxes 2(stihess i(dvRa)Yo afesbeagnaphs, tlhe _
support subs fypctians . r I ' L ezoel ectric
suggtrate 1dé%€%ﬁ?%gntggpgpgtE%%9ﬂ€§§aﬁﬂ¥énﬁﬁggﬁgﬁﬁg,Pétéggsgéccurs in the
5 direction {¥BRBFATERE BiFi-n) IRnoWARENWEXPERsiSEFEsS Rcuns eZvetheetric

substrat & 10disetesbhaiBedaid the oregain)var NS ehSasho¥n be Ehe 2,
for T/t equal.to0 0O nt substrates, 100 ot her than the

1§3' mpst ., of the é@i
joint 10 subdtFaPeArthIThaBEFEFE dibdtr &8 TR L adphii®  show t hat
thermal strewgathbyeoreaisnat positions close to X = 400 pm nanely, at

positions that areg %mimlt@j_g. 1@? %}:ngi/geetﬁa%tt@e da.tr%s' Hodtre oil_ﬂ_t
substrates 100 is approximtely equal. to zero or _posj t]ve val ues. i's
means t hat éﬁ??dﬁgb?ttggb55¥358§Ié@prPEb§6b§ﬁ@ﬂ(¥hﬁ)lﬂlmksitions in the

vicinit§0 ofsubstddle paitls tbé Beppbatnedb@thralﬂmlz(Btdﬁséadﬂﬁziﬁ@r o) or ish
facilitated r S a siiLye lLue)... lLh arder to_ jnprove the
t enperat ure 421%&@0%? c%%%ﬁ%? $Fga§gn{é§g)éf. of%gr%A\ﬂFdé)\%sclet]bcip%s?jh(gg? he
'@g_i nt subst rigt & TOA NP tiMposaReVE, t Abr RAPLSEpass thalte arSAW r esonat or 30

ig. 9) shagptdeidoteard im0 aumeghsndel Brvfi ehet Ramalo SRS S| d shthegat i ve,
or a region fhal rdfed WIS, s' Ipp a0 h0EPYSLELIDS (L3 31 &, 100 pm i nside

15 positive values. This means that expansion of the
piezoelectric substrate 10 at positions in the vicinity
of X = 400 ym is not restrained (thermal stress is
zero) or is facilitated (thermal stress has a positive
value). In order to improve the temperature

20 coefficient of freguency of the SAW device by using the
joint substrate 100 with positive thermal stress, the
SAW resonator 30 (Fig. 9) should be formed in a region
in which thermal stress is negative, or a region that
is further in than the positions that are 100 um inside

25 from the chip ends. However, this arrangement prevents

(o downsizing of the SAW device.
Further, as shown in Figs. 3 and 4, even when the

ratio T/t is set to comparatively small values, if the
Young’ modulus is small, that is, the ratio E/e is

30 large, thermal stress that occurs from the chip ends (X
= 500 um) is small at positions of X = 400 um (100 um
inside from the chip ends).

It can be seen from the above that thermal stress

that functions to facilitate the thermal expansion of

35 the piezoelectric substrate 10 as the support substrate
20 has a smaller Young’s modulus (e) and a reduced
thickness (t), in other words, as the ratio E/e becomes



25 fromthe chip ends. However, this arrangenent prevents downsizing of
the SAWdevice. Further, as shown in Figs. 3 and 4, even when the ratio
T/t is set to conparatively small values, if the Young' nodulus is small,
that is, the ratio Efe is 30 large, thermal stress that occurs fromthe
chip ends (X = 500 pm) is small at positions of X =400 pm (100 pm inside
fromthe chip ends). It can be seen fromthe above that thermal stress

that functions_ to facilitate the rnal  expansi on of 5 the piezoelectric
substrate 1OT3§g?ﬁea§Hp§ Ftr§ﬁﬂ§ihgﬁéq%5’ gﬁ%ﬂﬁ?Fer %g' s nodul us (e)
and a reducepherbinehknasss( djistiimastlherexinitds;edswhére thei eaEie Bgeones - 8
l'arger and the £g8hL9 Iéterﬁggﬁ%rl%Eﬁﬁ(Q This phenonenon is distinctly

lo Ee i a

exhi bited when the_ ratio ~i's_equ to or larger than 2. In contrast,
when the support stbsEPRtE22b/j ¥henphhe SUPPYFFhisubstrrte ned ndf expansi on
that occlrs miédeany papphioes haewesrrila higarteindertiead bbeuehi prends

h ti This,shows that the combinati { LT and_sapphi
for tho ol rt LugetTai aEoREERERR, Bk, ChEa REHTEE (4l lhe copBRerBARD 1 he

pi ezoel ect rikad02 spgatrave Y6lu®hi sThaa bboweebhhtomhe graniroit oy, 5,
whi ch shows cmemnaﬁ@lgag B bEORYCRBRASRGS tOfs /B e B €SE5HGL OcCcCurs

in the joint_substrate ornmed b t he contynation of LT and, sapphire.
Fur ther. CFf r SR HORat DR et PAETR L SHPRTIOTo S SRS FRELRREFLEne 15

condi ti A t atbstieaipe ek0el etiis ccaulisé ratenlbromda afraphl dfs Fily pre t hi ck.
1 eson oo S CMARE SROVER ULt BBk DR s AR ET 1 e
pi ezoel ect r i LGBt FAe 20cRES20NnhEe dPIDT, sEpsth@tsupkf tfeumedriaye 20 is
(mhde of  sapph reomsisa8)ok heft hir cknassapphiek .t heusuppent Figubgrate 20 is
lar ger thanéﬁgﬁgaéﬂém?eégftghéfkgggfysis simulation under the
15 condition that the piezoelectric substrate 10 made of
LT is 40 um thick.
It can be seen from the above that the thermal
expansion of the piezoelectric substrate 10 can stably
be restrained when 1) the piezoelectric substrate 10 is
20 made of LT, 2) the support substrate 20 is made of
sapphire, and 3) the thickness (t) of the support
substrate 20 is larger than three times the thickness
(T) of the piezoelectric substrate 10 (T/t < 1/3).
Next, a description will be given of a spurious
25 component that may be caused when the joint substrate
100 is formed by the combination of different kinds of
substrates. Fig. 6 is a frequency response of a SAW
device 110 having the following specification. The
piezoelectric substrate 10, which is a part of the
30 joint substrate of the SAW device 110, is a 42° Y-cut
LT substrate having a cut angle of 42°, and has a
thickness (T) of 21 um. The support substrate 20,
which is another part of the joint substrate, is a
sapphire substrate having a thickness (t) of 300 um.
35 The SAW resonator 30 (see Fig. 9) formed on the
piezoelectric substrate 10 has a 1.9 GHz band. For the
purpose of comparison, Fig. 7 showing the frequency



(T) of the piezoelectric substrate 10 (T/t < 1/3). Next, a description wll
be given of a spurious 25 conponent that may be caused when the joint
substrate 100 is fornmed by the conbination of different kinds of
substrates. Fig. 6 is a frequency response of a SAW device 110 having the
foll owi ng specification. The piezoelectric substrate 10, which is a part
of the 30 joint substrate of the SAWdevice 110, is a 42 Y-cut LT
substrate havi ng a cut ang nd,_has a . thickness (T) of 21 pm The

support substTa %9 °f ﬂmPéraﬁc}tVﬁe;SA&aﬂeVdqu HETHIMEL1URsLYate, is a
sapphire substedtis hmrfegradt hobckness (t) of 300 pm 35 The SAWresonator

S0 (see Fig. 9) formedhpiod Noecpi 286! gshf,agléﬁﬂ% et A
band. For the _purpose of conpa e fr uency - 9
response of aé’%o-frp‘étf*%*%l%eSES‘AWGB\?l éésé’@ﬁfi@nﬁc@t‘ﬁlﬂ 3Pn LI-‘SI’E%I higheferred to.

It can bé Se‘BJ’ECilI@mﬁosTI)@éh |@ﬁmf:b@t waen- Eeg&naﬁfce?rﬂeﬁdé}?éy a(SpEy Lous
response oc 0 e_hi 5. fregue e 0 e esonance

f requency (C&[rss- ér}%é% nce of H @ égqugé’uéﬁéfoPﬁsep&é Slb“? A% saw
device 110 $a5iire nt 119 gsh@me E‘pgrl 6us Tespopseioussukbpohisem a bul k

acoustic wave LBAW . £ M & Bal ki gubastYe WAGLYBRR3COURLLE wave s emtted
at the 10 sane t. e SAWis emtted, and propagated into the

p|ezoelectrl@ﬁﬁﬂéﬁiﬁﬁ%yﬂiﬁhQTﬁpiﬁl%C%BﬁﬁéFlUaﬂﬁvés eq ®atedh® the
i nterfat@e betaneertinee g8 edoe| SAWris emiibsédat eandliang rohagsipprintssibstrat e

20, which h C | dapnce lLected 15 bul k
acoust:g V\B.?/:\eh%l gllé;]{of‘é gﬁtrtalo@t e}%%}r:r%%)? gﬁl #e%ﬁ%%%sgg?ugﬁé “sK#’ Fesonat or
(ﬁg Thus, asst Keflgsracdat ridipoiree FEaee chebgeenet prepdsizostiaat rigubst rat e

i s thi ckelubsaidten T0Urahd IS eageSo S shibstBatBi DOEr wha@rArdRRLr i ption
wi 1 now bedﬁ@@%reﬂ@1&%3&§§¥éﬁ¥§iedance values. The reflected

15 bulk acoustic wave is incident to the comb-like
-electrodes of the SAW resonator 30. Thus, as the
spurious response reduces as the piezoelectric
substrate 10 is thicker, and in turn, increases as it
is thinner.

20 A description will now be given, with reference
to Fig. 8, of a fact such that the amplitude of the
spurious response defined in Fig. 6 depends on the
thickness of the piezoelectric substrate. Fig. 8 is a
graph in which the horizontal axis thereof denotes {(the

25 thickness of the piezoelectric substrate)/(the

(' wavelength of SAW), namely, T/A, and the vertical axis

denotes the spurious amplitude. Fig. 8 exhibits that
the spurious amplitude increases abruptly when the
ratio T/A becomes smaller than 10. This means that the

30 bulk acoustic wave is greatly reflected at the
interface between the piezoelectric substrate 10 and
the support substrate 20. The spurious response would
not cause a serious problem when the single SAW
resonator 30 is used. However, when multiple SAW

35 rescnators are used to form a filter such as a duplexer,
the spurious response may affect the adjacent pass band.
Thus, it is desired to restrain the spurious response.
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to Fig. 8 of a fact such that the anplitude of the spurious response
defined in Fig. 6 depends on the thickness of the piezoelectric substrate.
Fig. 8 is a graph in which the horizontal axis thereof denotes (the 25

thi ckness of the piezoelectric substrate)/(the wavelength of SAW, nanely,
T/ X, and the vertical axis denotes the spurious anplitude. Fig. 8 exhibits
that the spurious anplitude increases abruptly when the ratio T/ A becones

smal l er than_10, This nmeans_that the 30 bul k acoustic wave is greatly:
refl ect ed atI%héS Fh‘t‘ﬁr FQEEngFﬂeé?ﬁ‘atthé:hpﬁ dAdetect 44 cigupsefgrabiy and the

support subssetteq2dl Theosplairges nésporite wist duuloipTaUSEWA Serious
problen1mhenréggngtggge3§AM4erﬁggga%@jfg}ﬂ5%£ﬁ¥?¥e£ty@gﬁrasmhen mul tiple

SAW 35 resonators are used to ma filter as a dupl exer, the
spurious resP¥NLRXPHY affect the adjacent pass band. Thus, it is desired

to restrain the spurdessriespenseili ABw bk b3 vehus rcad ushad ddgicthe
ratio TA is @f&rabl sgt eﬁgak to_or Lagﬁfr than 10 when nul ti pl e SAW
resonat or s 3€faree%§%%e?o FEFRPaCPEI FRPTIQUY £ESPOMYIRIHXE?. 5 A

descri ption aensideeabioni ven of the SAWdevice 110 designed taking the
Spuri ous Tesponse g 0 9 consd dskad poRe s FLOy 8yl 5:aAE! SHRELIN ol ew of the

SAW devi ce 0, jch enpl oys a 42_Y-cut X-propagation ubstrate 11
which is the Mrﬁﬁhﬁ%t? Y8l 44 RY-FP&n&-PagpRdas iubdiFate 21, which
is the 30ppontbststdss ril £. wHheh LTIssthst matia slbkasatd, naad &%ﬁ%FSIOU )
coefficient of . &Bp%%%i op L.on Lrection i rection).
The sapphir §ﬁ%£f%§.e h§%$€§r§%¥Y%%arag$%gn ?o%?ﬁbéﬁﬁ&ﬁ %t_of 5.3
%rﬂ C in theWRNrropadds T duksizare (I diaecei bhireaThexgAWsrdesonat or

3

i's provi detmdivnt isst16Ul f@sR/0f 1Aethd BHRSPrBRgatlionlhe SAW

resonat or 3%f¥%%€¥%ﬂr?f”é&é%éé&on). The sapphire substrate 21 has

15 a linear expansion coefficient of 5.3 ppm/°C in the SAW
propagation direction (X direction). The SAW resonator
30 is provided on the first surface of the LT substrate
11. The SAW resconator 30 has an interdigital
transducer having comb-like electrodes that is

20 interpcosed between two reflection electrodes.

The elastic stiffness (C;;) of LT is 233 GPa, and
the elastic stiffness (Ciy) of sapphire is 497 GPa.
Thus, the ratio E/e is as very small as approximately
0.47. The SAW resonator 30 formed on the LT substrate

25 11 functions as a 1.9 GHz bandpass filter. The SAW has
(: a wavelength of approximately 2.1 um. The LT substrate
11 is 30 pm thick, and the sapphire substrate 21 is 300
pum thick. In this case, the ratio T/A is 14 and the
thickness of the piezoelectric substrate 11 is as large
30 as 14 times the SAW wavelength A.

Fig. 10 shows a frequency response of the SAW
device 110 shown in Fig. 9. A spurious response due to
the reflection of the bulk acoustic wave caused by the
interface is observed on the high-frequency side of the

35 resonance point. However, it should be appreciated
that the spurious response is not close to the
resonance points and the anti-resonance point and the
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transducer having conb-like electrodes that is 20 interposed between two
reflection el ectrodes. The elastic stiffness (Cl1) of LT is 233 GPa, and
the elastic stiffness (Cl1l) of sapphire is 497 GPa. Thus, the ratio E/le is
as very small as approximately 0.47. The SAWresonator 30 formed on the LT
substrate 25 11 functions as a 1.9 Gz bandpass filter. The SAWhas a
wavel ength of approximately 2.1 pm The LT substrate 11 is 30 pmthi ck,
and the sapphire, substrate 21 is 300 pmthick. In this case, the ratio T/ X
's 14 and { FIPTHTUIRERE BhE; ABUBAEAGCIESHATES (hE 1T ELEAeE LS | arge 30
as 14 tines sreel SAWhaveaengs Aoe Fegid 16hahowhea Shme gisanicye rE]rs](pons?l of the
SAW devi ce J4,sh ko Fho . A ri q@gp ‘ o - the reflection
of the bulk acodzt?%nag e gaﬁggd?bgggﬁefggﬁ¥%i_ cgggggﬁﬁzéfved on the

hi gh-frequency si de&® dihe heABsdeekehahte pbPHR. iRoWdwer 9. tthsoul d be

appr eci ated térdrpérdmrép@@éﬁﬂsci_@ﬁﬂoaief&ﬁq@%ﬁ O(SIQ:?)Qtéthdeth? e%sﬁa@nce _

poi nt's and the anti-resonance point_a the - a itu 0, e _spurious
response,is%&ﬁ?ﬁéﬁ%%t??lngnﬁfl9S[Fm33g Fﬁuszgégﬁﬂ4F§¢uﬂn kﬁ@%ﬁW@BeV|ce
110 shown itheFigpsondapce apgbotsf teqaenspaldspensd.0 IpprihEC SAWevi ce 110

shown in Fi gortrddie, 5i4 eoper abnient98hhickant qefyifdeaugney (TCF) at the
anti- resonance point is as 20 m C, and that at the resonance

points is ad anﬂ¥@JEP?$£¥%%é?ﬁsogbﬁf?gg?PC&haﬁhéhﬁmﬂﬂﬁﬁTonal SAW
device,lﬁheraayq&nqﬂLﬁfﬁQMEﬁé?Cien%4ofp§m¢QUen@ﬁda&ddﬁa&ﬁnﬂh%S rei?génff
can Do soen romi e RHAE oy thePl(y ovi bo G40 asorap buat
t enper at ur e ¥iGeiiefthat the R cgevieeot dPnhaso impaoyessent enbodi ment
(o the 15 i neapldrerutdiadefprs péni eo£0eF&iabaAY .Of frequency can be
I mproved by USingAE%%gd¥Hg é%”%ﬁé‘%é%é&%@'Ehé@&iﬁgﬁt of the
15 invention, the temperature coefficient of frequency can
be improved by using the joint substrate having the LT
substrate and sapphire substrate and satisfying
expression (1):
T/t < 1/3 (1).
20 According to the present invention, thermal expansion
and contraction of the piezoelectric substrate can be
reliably controlled within the chip.

In addition to the above, the spurious response

that affects the adjacent pass band can be restrained
25 by satisfying expression (2):
(- T/A > 10 (2).

The SAW device 110 with the support substrate 21
made of sapphire is useful to enhance the power
durability, particularly, for the duplexer having the

30 function of separating the transmit and receive signals
from each other in the cellular phone. Since sapphire
having the thermal conductivity (about 40 W/mK) more
than ten times that of LT (about 3 W/mK) is used to
form the support substrate 21, thermal energy generated

35 at the comb-like electrodes of the SAW resonator 30 is
likely to escape through the support substrate 21.

This realizes enhanced power durability, as compared to

- 12 -



substrate and sapphire substrate and satisfying expression (1): T/t < 1/3
(1). 20 According to the present invention, thernmal expansion and
contraction of the piezoelectric substrate can be reliably controlled
within the chip. In addition to the above, the spurious response that
affects the adjacent pass band can be restrained 25 by satisfying
expression (2): T/N > 10 (2). The SAWdevice 110 with the support

SuDStrate DrengRdeyPLosRRRl the T SEiile SG LUNANGE | P URIon LS} LY

particul arly, e duplexer "havin f'uncti on t he
transmt andhﬁ%%eﬁvéférgﬁél§ha¢r6@@e W(ﬁHﬁHSAW1dwel%éeruhaleHoﬁ@e Si nce

sapphi rﬁ haj/¢il@tt§gb§{a@éﬁal (f;)m,d‘l)’%fa ppHire ath a?re btpfgt teeg1
t1 mes that I'S US 0] e SU 0] SuUpns
tLernaI ener% %@+g¥eﬁg§§ gF St &7 ﬁﬁ%HQQGQeAQRi?%%ES F t hBeshily

resonatoﬁ:Mbubsttakelglbneescape t hrough the support substrate 21. This
real i zes enhanced Mrgﬁéﬁpl ih{r¥nti’8nc9§pﬁ6‘?:d th)[u aac{lﬁt?t - device with
a

the LT substrate al one e Inventors have con |rne e 1.9 GHz SAW
dupl exer hairgPreHerej of ntheupbersraest ionegh sFRadingrt e §heke pover
durability tihererdtiononvind i prédesitiplexent wohhikheokT 1 imitebtdatnal one

The present e Jo [ t the structure of,th

abovg nentléﬁgﬁ‘g%% %e élPH ?h?gggggnégntFgﬁonfﬁéIbrégﬁ%tl?%g%ﬂ??on IS not
limtedlPo thelSmdeletr erabenabarg, onbishwneys beatasmndaited ned udes 10
nul tiple SAWg eﬁ&mt@rﬁada@rcbyﬁayf@@teennsCh%l@l&%ﬁe O dOFEMBng a

e ot VB st Sl n e MR FRee b LBFvpho AezBeRum: BRE subst e due to

thermal stresmtimactsin abfietheopeeebbiettvélby sabstrate due to
thermal stress is restrained more effectively at

15 positions further away from the chip ends. This
enables multiple SAW resonators to be arranged on the
single chip to achieve a desired filter characteristic.
For example, a transmit filter and a receive filter may
be arranged on the single chip. Fig. 11 shows a

20 duplexer 1 having a transmit filter la and a receive
filter 1b, these filters being formed on a single chip
1A.

As described above, the support substrate is made

of sapphire that has the Young’s modulus egual to or

25 larger than 1/2 of that of the piezoelectric substrate,
and the thickness of the piezoelectric substrate is set
equal to or less than 1/3 of that of the support
substrate. This enables distortion due to temperature
change to be transmitted to the piezoelectric substrate.

30 Thus, the velocity of the SAW is changed so that the
temperature stability can be achieved. Particularly,
when the piezoelectric substrate is made of LT, the
temperature stability of the SAW device is further
improved.

35 Warping may occur in a joint substrate in which
the piezoelectric substrate is joined to the support
substrate having a relatively small Young’s modulus

- 13 -



15 positions further away fromthe chip ends. This enables mltiple SAW
resonators to be arranged on the single chip to achieve a desired filter
characteristic. For exanple, a transmt filter and a receive filter may
.be arranged on the single chip. Fig. 11 shows a 20 duplexer 1 having a
transmt filter la and a receive filter Ib, these filters being forned on
a single chip 1A As descri bed above the support substrate is nmade of

sapphire that has e Young' s no s equal to or 25 larger than 1/2 of
thgf of thegpl %?gel &t B c?C%Lfbsst t %’é’n‘aa'fh’égtHPEkﬁ@?sd@f"% piE@Xoel ectri ¢

substrate |SXéepleeqwalrptl(mgounalyesmcuhzamri/Bahinghaf ekstike Suppdd
bstrat ta.t e u
Cransmitts iﬁ%ﬁo@@%ﬁb@%a@;‘lﬁ}?{l c.su g b égg Ellgg E%Cﬁﬁp@g%om ey§so’f t he

transmtted_to i ézoel éc strate.
SAW i s chanfR@dt ESSFhBFOFﬁéseFenﬁé‘reatlﬂ@%t%bh’ﬁif?t@aﬁeﬁ@lé(@m eved.
Par ti culsar | yempahanutrbe chiazeel ewhkps ngubist Ihsds pRdenef LT, the

emmer atur s DLLLLY 5F WA GGt 4d, |WCLBELC LD BYEd, 39 Yarpino

may occur {_ﬂ stra
joined to t"n‘éb% F)é‘éfﬂﬁ J@@lb@tdr atﬁhﬁaOCﬁgra‘en@leatQﬁ/mawmIma(pung s modul us

el pi g My ot 0 hekr o or g g A %I?’?ﬁog‘?ésﬁ???‘él:iss or
may_QCccur_jn resi st i

Yﬁrfhggdryxgﬁ% ﬁ%£ ro§§§§gve¥h Y%@s@r3588§s§&¥eq N Gt substrate

recei vé8 5 utehperaes utbechangénaiopi of 1T caubeshpphihe idi Eapablee in

t her nmal esta@@lapﬁgftﬁéeaﬁobst gﬁsﬁﬂe prog g,ag, t g3, iQided. The

occurrence of margln may, degrad I'o ylel or damage t he

joint subdti/Aa® }Hbﬁ%vé?lnf- h%‘”ﬁ?é§éﬁ? iCemd ditgtizained ut iThe AW he
conbi nat i ordesfidd wabich selpehLT gsapphapableindf surH ik then apove probl em

Viarping i n g ddd SEPPEAL & E QLA sS¥RS! Lake SAN NG & T Ao ThELSAW
15 with a high production yield.

The thickness of the piezoelectric substrate
defined according to the present invention improves the
frequency response. The piezoelectric substrate and
the support substrate respectively have mirror surfaces

20 for obtaining strong joining force. The bulk acoustic
wave is reflected at the interface formed by the joined
mirror surfaces, and is incident to the comb-like
electrodes. This causes the spurious component, which
degrades the frequency response. The thinner the

25 piezoelectric substrate, the stronger the reflected
bulk acoustic wave incident to the comb-like electrodes.
However, the piezoelectric substrate according to the
present invention is set relatively thick and has the
reduced spurious response. Thus, the SAW device has

30 the good frequency response.

The use of the sapphire support substrate
realizes the SAW device having the superior temperature
stability without degrading the original
electromechanical coupling coefficient of LT.

35 The present invention does not use the silicon
oxide layer and the polarization inverted layer, these
layers having difficulty in the production process.
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device with the LT/ sapphire joint substrate can be produced by the process
for the conventional SAWdevice 15 with a high production yield. The

t hi ckness of the piezoelectric substrate defined according to the present
invention inproves the frequency response. The piezoelectric substrate and
t he support substrate respectively have mrror surfaces 20 for obtaining
strong joining force. The bulk acoustic wave is reflected at the interface
formed by th$%+o i ned r or surfaces, and is |nC|dent to the conb-Ilike

el ect rodes spﬁﬁﬁgg L REeR5dPPo GOS0 MAtn &t L 1#f chhe jegt AdsRhaRe
frequency respamseonThg thintberthé propieazael Eblusi,c the)giredent t he
stronger th d Kk o] C - 'k
el ectrodes. elﬁHﬁ%\ﬁéggéﬁ dﬁgg Fggo&e{?g(b:t rf?’%&;ﬁe@%&r %fév%éc%%‘?%?n%‘?&g#% pr esent
|nvent|on|:P%Rﬁag%#%?PvéP§sthl%meamﬁeﬁﬁﬁtthéveﬂééa@e@QﬁﬁﬂnQﬁuhatgponse

Thus, the S%BNﬂEi/ct@Btj;-laan3@héhprgaadtfibﬁq B JLS PR prEdise of the
sapphlre su t he_superi or

bst r at al d h
tenperaturegﬁgqé%ﬁﬁl ége%hoa Eéé?iaEHS tﬁgg5%¥Q$%ﬁT%¥%$ %@r%ﬂeEﬁ%nlcal
coupl i ng coéﬂfﬁm@ﬂcblﬁl@TSUBstTheepbeteﬁtabﬂ\yemarmrcmﬂmesthmtthsﬂnahe
silicon OXIéiﬁaalrﬁé’f‘dn amﬂtﬁbﬁ EHéa&hiatb9nubm&%”t%% éﬁ:vﬁ{t dfi5Serat@yers

having diffic in t ucti Qn process resent |nvent|on does

not ut|I|zecf (ﬁWQi?ﬁﬁé@lr?eﬁﬁﬂlﬁﬁsﬁ9n%ﬁ€ FﬁérﬁﬂwgﬁQﬂﬂQS;SQTﬂ% t he

present10|nWmﬂsaﬁnsﬁyﬁexpmehayenérenueany devi.at whas ahé gre@at

pr opagati on T. t 1 ffi uIt in the
deiite WIS DULPEDLOYE0LI O (o9 BRE URVG 2l Ldgiidde ' N

production process. e present- Inven flo€s ™n acl
expansi on OFQHuPe[ﬁQ§ﬁ%ﬂ%R§¢1C substrate but stably controls the thernal

ekpansi on wi t h| n rhe Prigsdnt Lh&hﬂﬁ:ﬁi‘&llpé Nosubshiata tef thE and sapphire
and desi o0l G WP ALE 0688 efodfnSEsS EnF RLITTh Y (2)-
15 modifications may be made without departing from the
scope of the present invention.
The present invention is based on Japanese Patent
Application No. 2002-349749 filed on December 2, 2002,

the entire disclosure of which is hereby incorporated
20 by reference.
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device satisfies expression (2), the spurious response can be restrained.
The present invention is not limted to the specifically disclosed

enbodi ments, and variations and 15 nodifications may be made w t hout
departing fromthe scope of the present invention. The present invention is
based on Japanese Patent Application No. 2002-349749 filed on Decenber 2,

2002, the ﬁgggﬂf d!ggléﬁgée gf whi ch is hereby incorporated 20 by
r ef er ence. =D IS: 1. A surface acoustic wave device
conprising: a piezoelectric substrate having a first surface on which

conb-like el ectrodes are forned, and a second surface; and a support

substrate joined toat B@rsﬁ?@éd acﬁ:bhﬁé@fa‘.% ofatree quezeel %émp&:.sélzbﬁérat e, the
plezoelectrlc substrat éir unltantalg and t@e supgor

P betrat e hei ® S bt rars haTin ShoCBELas

sati sfi edwhig eom 41)ke Wkestﬂoo@gp awer §ormeda tamcl:k@e§§clﬂn¢1he

pi ezoel ectyu€rsubstram@, t is a thlckness of the support substrat e, and 2
is a wavel ength of an | DT_form nat or i ncl.udi t he .conb- Li

el ectrodes, wherein a Swavel'BRGH A ?3 ropagat é‘&”rﬂ% e f"ﬁ?%t ?3&0&%
of the pi e9uEfeqe | of mtpae@oezlecrhglwrsubsta@mm|c wave device as

gznnnd in claiml, wiesep &é{?bpéﬁﬁ¥ﬂ@CEUﬁb§#§E@%B@1h§ %dﬁéubf
X P opagel SOILROLRS LI SrBUDUAR! £ o IBB M B AR s Spiee
filter. of sapphire,
the following expressions being satisfied:
T/t < 1/3 {1)
T/X > 10 (2)
where T is a thickness of the piezoelectric
substrate, t is a thickness of the support substrate, and
A is a wavelength of an IDT forming a resonator including
the comb-like electrodes, wherein a wavelength A is
propagated along the first surface of the piezcelectric
substrate.

2. The surface acoustic wave device as claimed in
claim 1, wherein the piezoelectric substrate is a Y-cut
X-propagation piezoelectric substrate.

3. The surface acoustic wave device as
claimed in claim 1, wherein the surface acoustic wave
device is a filter.

4. A filter comprising:

a piezoelectric substrate having a first surface on
which comb-like electrodes are arranged so as to form a
transmit filter and a receive filter, and a second
surface; and

a support substrate joined to the second surface of
the piezoelectric substrate, _

the piezoelectric substrate being made of
lithium tantalate, and the support substrate being

made of
- 16 -



4. Afilter conprising: a piezoelectric substrate having a first surface on
whi ch conb-li ke electrodes are arranged so as to forma transmt filter
and a receive filter, and a second surface; and a support substrate joi ned
to the second surface of the piezoelectric substrate, the piezoelectric
substrate being nmade of I|ithiumtantalate, and the support substrate being
made of 16 sapphire, the follow ng expressions being satisfied: T/t <
1/3 (1) T/ X=sapwhie®., where T is a thickness of the piezoelectric

substrate, t is a thieckngss Rfihdeesyprostiviistbaiag dWridfisda

wavel ength of an | 'P for n%?% a resonator including the conb-1i k@
el ectrodes, wherei & vav ith the wavelength is propagated al ﬁg t he
first surface of tA&X ptekBelectric substrate. - 17 ' (2)

where T is a thickness of the piezoelectric
substrate, t is a thickness of the support substrate, and
A is a wavelength of an IDT forming a resonator including
the comb-like electrodes, wherein a wave with the
wavelength is propagated along the first surface of the
piezoelectric substrate.



