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CE ACOUSTIC WAVE DEVICE
BACKGROUND OF THE INVENTION
1. Eiald of the Invention
The preserit invention relates to a surface acoustic wave device
6 using & quartz substrate. Mare particularly, the'lnventlon relates to
an improvement in a surface acoustic wave device using a surface
acoustic wave. substrate formed by etack'ing. & thin piezoslsctric fliim
on a quartz substratc._
2.  Description of the Related Art
10 L |
a Hitherto_Known, surface acoustic wave devices (hereinafter
referred to as “the SAW device") are widaly uged for a ba_ndpaas filter
of jn, for example,. a mobile communication abparatuc or the lika. The
SAW device has at Ieaat. one interdigital transducer (hereinafter
15 referred to és "the 1DT") formed of at least one pair of comb-like
slectrodes disposed te-we in contact with a plezoelestric membaer.
quther, various types of SAW devices gg&_ds'mg 2..thin
piezoelectrio .film have been suggested, for example, a SAW.device
using a surface mcoustic wave substrate (hereinafter referred to as
20 "the SAW substrate”) obtained by_ forming a thin piezaeloctrii: film on
a glass substrate or & piezoslectric substrate.
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As—s Four_tvoes of known SAW doviee devices using a

combination of the above-described thin piezoaelectric film and a glass

substrate—four-types-oi-atraetdres arg shown in Figs. 1A, 1B, 2A and .
2B ere—wown. More specifically, In a SAW device generally

designated by 1 iliustrated in Fig. 1A, a thin Zn0 fiim 3 is formed as a
thin piezoelsctric film on a glass substrate 2, and IDTs 4 are
deposited on the ZnO film 3 On the other hand, in a SAW davice
generally indicated by 5 shown in Fig. 18, the IDTs 4 are forfnad, on
the bottom surface of the Zn0 film 3, i.e., at the interface betwesn
the glass substrate 2 and the ZnO film 3.

Moraover, in 8 SAW device generelly designated by 6 shown in
Fig. 2A, a short-circult electrode 7 is formed on the glass substrate 2,
and the thin ZnO film 3 ia stacked on thfé short-circuit electrode 7
Fhe DTz 4 sre deposited on the ZnO film 3.-Nemely—the The SAW
device 6 is equel gimilar to the SAW devic..s.' 1 lllustrated in Fig, TA

gxcept for having the short-cirouit electrode 7 inserted at the interface

between the glass substrate 2 and the ZnO film 3. On the other hand,
in a SAW device generally indicated by 8 ghown ip Fia. 2B, the short-
circuit slectiade 7 is deposited on the ZnO film 3, and the IDTs 4 are

fermeod located at the intarface between the glase substrete 2 and the

ZnO film 3. That is, the SAW device B is equivelont: gimiler to the

P03
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SAW device § illustrated in Fig. 1B gxgept for having the short-circuit

slectrode 7 deposited on the top surface of the thin 2n0 film 3.

Fig. 3 illustrates the _olectromachajnical coupling coefficient.

obtained when the efereseid SAW devices 1, 5, 8 and 8 are
constructed in a manner aimilar to each other, except. for the

positions of forming the IDTs 4 and the presence of the short cireult

‘glectrode 7. Fig. 3 shows & change in the slectro-mechanical coupling

coefficient with respect to the ratio of the thickness H of the ZnO film
of the above-described four types ofISAW devices 1, 5, 6 and 8 tb a
wavelength A of a surface acoustic wave to be axcited (hereinafter
referrad to as "the normalized thickneaa- H/A%). Throughout this
spacification, H indicates the thickneas of the ZnO fim and A
represents a wévelength of the SAW to be excited. The solld line A
indicates a changs in H/A of the SAW device 1; the broken line B

designates @ change in H/A of the SAW device §; the one-dot-chain

line C reprasents a changs in H/A of the SAW device 8; and thé two- |

dot-chain line D depicts a change in H/A of the SAW davice 8.

Fig. 3 shows that the SAW devices 5 and 8 can achieva a large
electromechanical coupling coefficient ever compared o the SAW
devices 1 and 6 by sslecting the W/A. Accordingly, regarding the

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

Pl4
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the glass substrate 2, it has been- conventionally considered that a
larger elebtromechanical coupling coetficlant can be obtained by
iorming the IDTs 4 at the intarfaca betwesn the glass substrate 2 ah_d
ths ZnO film 3. The Sezawa wave shown In Fig. 316 a SAW in a
higher-order mode of tha Rayleigh SAW, |

Morsover, Jon. J. Appl. Phys. Vol. 32 (1993), page pagss

2333 to 2336 discioses a changs in the electro-mechanical coupling

ooefficient depending on the positions of the IDTs and the short-
circuit slectrode when a SAW eubstrate having & thin 2n0 film formed
on a LIN_bO, piezoslectric singls?cryata} substrate is used., This
change will now be expiained with reference to Figs. 4A, 4B, 5A and
58, |

Fig. 4A lllustrates the relationship between the elactro-
mechanical éoupllng coefficient K and the relative thickness kh (_k
indicates 2xn/\, Snd h designates the thickness of a thin Zn0 film) of
the thin ZnO film of the SAW device constructed by cubﬂm'\g
feplacing the gless substrate 2 of the SAW device 1 shown in Fig. 1A
with a NbOj.piezoslectrie Sin§|e~crystul substrate. The solid lin;
indicated by "+ represents characteristics obtained when the ZnO film

is formed on the positive surface on the LINDO, substrate, while the

broken line indicated by - designates characteristics obtained when
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the ZnQ film is deposited on the negative surface of the LiNbO,
substrate. Similariy, Fig. 4B illustrates the relationship between the

efectromechanical coupling coefficient K2 and the relativa thickness

kh of the SAW davice conatructed by substituting raplacing the glass
5 substrate 2 of the SAW device 6 shown in Fig. 1B with a LiNbO,

piezoelectric single-crystal substrate. The solid line indicated by +
designates characteristice obtniﬁed when the ZnO #ilm is formed on
the positive surface of the LINbO,; substrate, while the broken line.
reprosonﬁd by indlcates eharaqtarisﬁcs obtalned when the ZnO film is
10 daposited on the negative surface of tha substrate. Further, Figs. 5A
and 5B respectively illustrate a change in the electromechanical
coupling coefficient K* resulting whan the glass substrates 2 of the
SAW devﬁees 8 and 8 illustrated in i;-‘ig. 2A and 2B aro respectively
oubstituted rsplaced with LiNbO, piazoeléctric single-crystal
18 substrates,

Figs; 4 and 5 revesl that In the SAW devices constructe& by |
depositing & thin Zn0O film on the LiNbOg. piezoelectric sindla-cryctal
substrate used as a piezoelectric thin film, as well @8 on the glass
substrate, a-large electromechanical coupling coefficient K* can be

20 implemented achievad by forming the lDTs. at the interface between
the substrate and the ZnO film, as shown in Figs. 4B and 88,
‘Namely, it has besn conventionally considered that by uss of a SAW

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

piezoelsctric substrate, DTz should be formed between the

piezoslactric film and the substrate in order to achieve a large

slactromachanical coupling coefficient. |

5 ' bn‘ the other hand, for the application be SAW devlces_to'

specific purpese-—of-uses, there Is an increasing demand for SAW

substratas having not only & large electromechenical coupling

~ coefficient but also good temperature characteristics, i.9., exhibiting

good characteristics in which a minimai m:ahange inthe

10 gubstrate is ensured In response to temperature changes. Quartz is,

| on one hand, known as & substrate material having good tempersture

characteristics, but on the other hand, has & compa_ratively small
electromechanical coupling coefficisnt.

Ona of the ways to overcome the above drawback is & SAW

15 device using a SAW: substrate constructed by stacking a thin

piszoelectric film, such as & thin 2n0 film, on a quartz substrate. A#

déncribéd above, it has heen considered that IDTs should be disposed

at the interface betwsen ths plezosisctric substrate and the

piezoelsctric thin film in ordar to obtain 2 large electromechanical

20 coupling codfﬁclent. In reality, however, not o—grea%—mbor—-oi

npeﬁa—hawe—beeﬁ-huné_—d—-mSAw devices using use _a SAW

substrate formed by stacking a thin Zn0O fitm on a quartz substrate. it
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has been validated that a larger electromachanical coupliﬁg coefficient
cannot ba exhibited even by constructing the SAW devices in such a -
manner that a thin ZnO film is formed on the quartz substrate end
with t0Ts s&-’diapoaed between the film and the substrate. Thus, &
B SAW substrats having a larger cleétromechanical_ coupling coefficiont
Is still-demnnded pesded. |
On the other hand, the quartz substrate possesses good
temperatura eharaaferist_ics, as discussed above, For example, a Y-
cut retating Mquarfz substrata is known to have tha relationship
10 shown In Fig. 10 of the Eulerian angles to the temperature coefficient
delay time (TCD} (ppm/°C) and the propagation losses. Refarring to
Fig. 10, the solid line A indicatas the TCD obtained wheh a laaky
SAW Is excited on ths Y-cut reteting rotated quartz substrate; the
éolid line B rsprasanfs propagetion losses; and the broken iine C
15 designates the TCD of the Rayleigh SAW. it shou!d be noted that the
propagation Iaséas of the Rayleigh SAW is 2era,
| Based on the known TCD and the propagation loss -
characteristics illustrated in Fig. 10, a Y-cut reteting m_guam
substrats hag;ng an Eulerlan angle at apprdximately 130 degrees
20 Qhov&n in Pig. 19 fs conventionally used. In other words, a quartz

substrate having such a cut angle as to exhibit approxihaﬁly zoro

//
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TCD is used, and iDTs. are disposed on the quartz substrate, A

resulting SAW device is considered to exhibit good temperature
characteristics.

However, only a small electromechanical coupling coefficient
can be obtained even by use of the SAW device using the quartz
substrate constructed as described abova. This makes it difficult to
obtain filter characteristics having low insertion losses or @ wide band
range when the aforeseid SAW dsvice is for use in, for example, a

SAW fiiter.

s T [

invention te provide a SAW devica using a SAW substrate formed by

stacking a thin piezoelectric film on a quartz substrate so as to have a
structure in which an improvement ls made to obtain & gubstantially

higher efectromechanical coupiing coefficient gs_

#-lo-snether-objest The preferred embodiments of the presant

_Invention te-gisg provide a SAW devies having good temparature

characteristics emd——slee  oxhibiting &  sybstantigily larger
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electromechanical coupling coefficient as compared to priar art

invention, there is provided a surfacs scoustic wave device

comprising & quartz sul_:strate. a thin piezoelectric film disposed on
the quartz substrate, and comb-like electrodes disposed on the thiﬁ
piezoalectric film, |

In this surface acoustic wave devies, the thin piezoelectric film
is formed on the quartz substrate, and the comb-like electrodes are
disposed on the piszoelectric film. More spscifically, it has been
conventionally considered that sy—vee—ef when using a surface
acoustic wave substrate formed by stacking a thin pieinalectric film
on a non-piezoelectric substrats or a piezoelectric substrate, 1DTs and
comb-like electrodes should be disposed between the substrate and

the film. This may aéhieve a large electromechanical coupling

coefflcient. Howaver, the present inventor discovered that an slectro-

mechanical coupling coefficient can be improved by forming 2 thin

piszoslectric -film on a piezdeloetric quartz substrate and further

disposing comb-like slectrodes on the film. The first sepeet preferrad '

gmbediment of the present invention was thus accomplished based
on the gbave-noted discovery mads by the present inventor,
-8-
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In the aforesaid surface acoustic wave dev:cesgi_tm_;gg |

MLMMo a short-circuit electrode may preferably be

disposed between the quertz substrate and the piezoelectric film,

According to a—speeifie~form—ei-thefirst—sopoet 2. further

__of the present

invention, 8 normalized thickness H/A of the thin _plazoalactrie film

may be MO.os or greater where the thickness of the piezoelectric

" film is H and a wavelength of a surface acoustic wave Is A, thereby

10

16

20

e A -

further enhencing an electro-mechanicat coupiing cosfficiant.
According to a brese—dorm—oi—s second sepeet preferred
pmbediment of the present invention, there is provided a surface
acoustic wave device comprising, & gquartz substrate, a thin
piezoelectric film disposed on the quartz substrate, and comb-like
electrodes disposed to contact the thin piezoelsctric film, Where‘:ﬁ the

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

. & propagation diraction as to exhibit o negative value of the

temperaturs coefficient delay time (TCD).
in—in_the above-described surface acoustic wave device, & quartz
substrate having -such a cut angle and a propagation direction as to

exhibit a negative value of the tem_parétura coefficient delay time

e —
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(TCD) is preferably used, and a thin piezoelectric film, normally having

a posltive value of the TCD, is stacked on- the quartz substrate.

Hence, in this devics, the TCD of the plezoslectric film is offset by

that of the quartz substrate, thereby achieving good temperature

characteristics,

On the other hand, as will be described below, a quartz.

.substrate having such a cut engls and a propagation direction as to

exhibit & negative value of the TCD possesses a larger
aiabtromechanieal coupling coefficient over quartz sub_étr'ates having
such cut angies and propagation dirsctions as t0 exhibit
approximatsly g_zero yalug ef for the TCD., I is thus possible to
provide a surf_aco acoustic wave device heving good temperature
characteristics and also exhibiting a larger electromechanical coupling

coeffigient.

According to e—opecifie—form—eof—the—sseond—aapest 3

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

plezoelectric ﬁlm, and thus, a larger electromechanical coupling
coefficient ¢3n be impiemented gchieved by this device, as wall as
the davice of the first eapeet grefarred smbodiment of the present

invention.
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Further, according to another specific ferm gggi_ﬁggg,,of the
second WMMQLM thé present invention, the
surface acoust_ic wave device may further comprise a short-circuit
electrode gggggg__g___batwsqn the quartz substrata and th§ thin
piezoalectric film, tharaby enhanting the eléétromeehanical coupling
cosfiicient.

Moriovar, according to e—durther poother specific ferm
mﬂ the second espest preferred_emhodiment of the
present in\'vsntion. a normalized thidkness H/A of the thin piezoelectric

fiim may bs gbout 0.03 or greater whers the thickness of the thin

piezoelectric film is H and a wavelength of a surface acoustic wave is -

AQ

In the first and second wepeste prefarred embodiments of the

present invention, the thin piezoelectric film m:;omprisaa one
of ;ngcombounds selected from the group consisting of Zn0, AIN,
Ta,04 and CdS. Alternatively, other types of thin plazoelsctric film
may be employed. Accordingly, in the second sepeet preforred
m& the present invention, the piezoslactric film Is
preferably férmed of one of the above-describ.ed cémpounds. thereby
providing a surface scoustic wave device having good 'temperat.ure

characteristics.
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The surface scoustic wave devices of the first and sacond

sepeets preforred embodiments of the present invention are applicable

to various SAW devices, such as SAW filters, SAW resonators, SAW’

delay lines, etc,

Tt T

Fig34—whioh—la—oomprised—of Figs. 1A and 1B—e—e afe
ssctional view yigws of the structure of a conventional SAW device in
which a glass substrate, a thin piezoélectric film and iDTs are stacked
on sach other; |

Figr—2;—whish—le—~cempiised—of Figs. 2A and 2B, ie—e are
sectional visw vigws of the struatur§ of a conventional SAW device in
which a glass substrate, a short-circuit electrode, a thin piszoelectric
film and IDTs are stacked on ea_ch other;

Fig. 3. is a diagram indicating. the relationship between the
electromechanical coupling coefficient and the normalized thickness
of o thin piezoslectric film for use in the SAW devlcé shown in Figs. 1

and 2;

P14
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Fig. 4A lllustrates tho~—above-deseribod——rolationshlp 2

: convehtional SAW device in which a thin piezoalectric film is formed

on a LiINbO3 substrate and IDTs are disposed on the film; and
Fig. 4B illustrates the—ebeve-deseribad—relatienship 2

~ conventional SAW device in which a thin piszoelectric film is formed

on & LiNbO, substrate and [DTs are disposed between the fiim and
the substrate;
Fla—§4 i ndieoting-3 lationship—Bet "
Fig. 8A Illlusirates tho——abovo-desoribed—relationship g

W@Lﬂmmd In the structure of a

SAW device having a thin ZnO film formed on a LiNbO, substrate in

-14-
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which IDTs ars formed on the film and a shart-circuit eloctrode is

inserted between the film and the substrate; end

Fig. BB illustrates the——abeve-doseribod—rolationship 3

SAW device having a thin Zn0O film formed on a LiNbO, substra_te in
which IDTs are formed betwun the film and the substrate and a
short-cireuit electrods is disposed on the film;
Fig. 6 iz a diagram representing the relationship ‘bet'ween the
10 electromechanical coupling coefficient and the normaiized thickness
of 8 thin ZnO film for use in thres types of SAW devices each having
a thin plazoelnctrlc film and comb-lika electrodes variously formed on
a ST-cut quartz substrate;
Fig. 7 is & diagram designatfng the relationship between the
15 slectromachanical coupling coefficient and the normalized thickness
of a thin ZnO flim for use in three types of SAW devices sach having
a thin ZnQ film and comb-like slectrodes variously formed on & quartz‘
substrate reieting rotated at gbout 185° in the Y direction and
#ropagatin’g in the X direction;
20 . Fig. 8 is a dlagrem Illustrating the relationship between the

electromechanical coupling coefficient and the normalized thickness -

\‘
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of a thin ZnO film for use in three types of SAW devicas each having

a thin Zn0O film and comb-like electrodes variously formed on a quartz

substrate reteting [otgted at gggg_g 15° in the Y direction;

%ﬁo—pmont—imoﬁﬁem

Fig. 8A is a schamatic pian view of the g preferred embodiment
gt SAW device of the pressnt invention; ene -

Fig. 9B is a partially cutaway sectional view of the partion of

the SAW device o Fig, 94.in which comb-iike electrodes are formed;

Fig. 10 illustrates the-rélationship of the Eulerian angles of a. Y-
direction rotating gquartz éubstrate io the TCD Qnd the pré'pag.aticn
Ioieos: |

Fig. 11 illustrates the relationship betwaen the propagatian
dlreetmn of a ST-cut quartz substrate and the TCD;

Fig. 12 illustrates the relationship bstween the propagation
direction of an X-eut quartz substrate and the TCD;

Fig. 13 lllustrates the relationship between th'o propagation
direction of . Y-out quarfz substrate and the TCD; |

Fig. 14 illuatrafos the relationship l;etween the propagation

direction of a Z-cut quartz substrate and the TCD;
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Fig. 15 Hiustrates the relationship between the normaﬂzed
thickness of the ZnO film ﬁnd the TCD when a quartz substrate
rotating Mat!ggga‘l 86° in the Y direction and propagating in
the X direction and a quartz substrate propapating .inclinad at.apout

5 35° from the X dirsction are used; and

Fig. 16A illustrates the relationship between the
electromechanical coupling coefficient and the Eulerian angles of a Y-
direction rotating quartz cubsirate according to another pre_ferrqd
embodii-nant of the present irivention; and

10 Fig. 188 ilustrates the relationship of the Eularian angles to tha

TCD and the propagation losses.

RIPTION ' EF BQDIM
An A preferred embodiment of the present invention will naw
16 be described thrcﬁgh illustration of specific examples with refasrence
to the drawings.
Example 1 |
ST-cut quartz substrates propagsting in the X direction and
 having a dTameter.of gbout 78.2 mm and e thickness of aboyt 0.5

20 mm were ussd to produce the following thres types of SAW devices.
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A SAW device 11 gs shown in Figs, 8A and 98 was produced
bv the following procedure. A thin ZnO 12 film was formed on the

everall entire surface of the above-described quartz substrate 10, and

P19

two IDTs 13 and 14 were deposited on the ZnO film go_gs to extend

across a predetermined spaeing—ee—a= distance to produce a SAW
filter. Mora specifically, IDTs 13 and 14 having a pair of comb-like

electrodes 13e and 13b and a pair of comb-!ike electrodes 14a and

14b, respectively, were formed, as shown in Fig. 9A, on a thin

piezoslectric film 12 eerees gpaced from each other by e

predetermined distance. Further, in this SAW device 11, a thin'Z‘nO

film 12 was formed, as illustrated In Fié. 9B, on the above-described

quertz substrate 10. A SAW device +2 20 {not ghown) waa then

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

[DTe 13 and 14 were formed between the quartz substrate 10 and

the thin ZnO film 12. Morsover, a SAW device 43 30 (not shown)

‘was made in a mannear similar to the SAW device 11, sxcept that an

Abformed Aluminum short-circuit elactrode was formed em gt the

overelt interface between the ZnO fiim 12 and the quartz substrate

10, T
in the SAW devices 11,_20, 30 threugh—+3 produced as

described above, the thickness of the thin ZnQ film was varied to

determine the relationship between the thickness of the ZnO film and -

-18-
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the electromechanical coupling coefficient. The rasuits are shown in
Fig. 6. The horizontal axis of Fig. -6 indicates tha normalized thickn;ss
of the ZnO ﬂlrh H/A, while the wvertical axis represents the
electromechanical coupling cosefficient. The broken line D, the soll&
line E and the one dot-chain line F designate the characteristics of the
SAW devices 11, 42 20 and 43_30, respactively. -

Fig. 6 revaa!s_that by adjusting the thickness of the Zn0 film

12, the SAW device 43 30 _achieves the largest slectramechanical

coupling coefficient and the SAW device 11 obtains the second
largest coefficient, bui on the other hand, in the SAW device 2 20
the coupling coefficlent beeemes—emalier decrezags as the thickness
of tha ZnO ﬁlm is increased, More specifically, as is seen from Fig. 6,

by comparison of §T-cut X-direction propagating quartz substrates

~without disposing & ZnO film thereon, the quartz substrate having

IDTs formed betwean the substrate and the Zn0O film exhibits only &

smaller alectromachanical coupling coefficient, while the quartz

substrate having IDTs formed on the ZnO film achieves a larger

coupling coefficient,  Further, an even larger electromechanicei

coupling cBefficient cen be implemented achigved by inserting a
ghort-circult slectrode at tha interface between the quartz substrate

and the ZnO film.
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‘Hence, contrary to the conventional knowledge introguend
discussed in the Dascription of the Relsted Art, in the ST-gut X-

direction-propagsting quartz substrate, |DTs, i.e., comb-like

P2l

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

electromechanical coupling coefficient.
Example 2
Quartz substrates reteting [otated at about 185° in the Y

direction and propagating in the X direction (having Eulerian anglea of

gpproximately 0°, 76°, 0°) having a diameter of gbout 76.2 mm and &

thickness of ghout 0.6 mm were used to produce the following three
types of SAW devices +4-threugh-18_40, 50 and 60 (not shown).
The SAW device 44 40 wes preduced in a manner similar to
the SAW davice 11 of Example 1, except that the Y-direction retating
mg_;tg_g_and X-direction-propagating quartz substrate was used as @
quartz substrate. Further, the SAW device 4% 50 was made in 8
manner similar to the SAW device 32 20 of Example 1, except that
the Y-direction-retsting rotated and X-direction-propagating quartz
substrate was ussd s  quartz substrate. The SAW device 38 80
was also made in & manner similar to the SAW device 43 3Q of
Exaﬁ-.tpla' 1, except that the Y-directinﬁ-re'ming Mand X-

direction-propagating quartz substrate was used as. B quartz

-20-
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substrate. in the sbove-described SAW devices +4-threugh—3-8_40,
80 and 60, the thickness of the Zno film was varied to determine the

relationship be_twean the thickness of the ZnO film and the

sleatromechanical coupling coefficiant. The results are shown in Fig. |

7'

Referring to Fig. 7, the broken line G, 'the solid line H and the
ene-dot-chain line | depict the .characteristics of the SAW devices 14
g_g,.-ﬁggand +8 60, raapebtively. As is seen from Fig.. 7, by use of
the Y-direction-retating [otated and X-direction propagating quartz
substrate, as wall as using the ST-cut X-#directior;-propugating quartz
substrate in Example 1, & larger electromechanical c.oupling
coefficiant can be acquired when IDTS, i.e., comb-like electrodes, are
formed on the ZnO film rather than when the slectrades are disposed

between the ZnO film and the substrate. Additionally, comparison

between the characteristics of the SAW devices +4 40 end 48 80

indicated by the broken line G and the one-dot chain line | clearly
dsmonstrates that an eaven larger electramechanical coupling
coefficient .can be obtained by further inserting 2 short-cireuit
elactrode between the substrate and the ZnO film. |

It has been confirmed by Examples 1 and 2 that SAW
substrates having ZnO f#im formed on the quartz cubstrétea.,
whichaver cut anglo_s the substrates have, can be used to achieve a

-21-
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large electromechanical coupling coefficisnt by forming comb-like
electrodes on the ZnO film.

A quartz substrate retating rotated at 118° in the Y direction

having a diameter of gbout 76,2 mm and a thickness of gbgut 0.5
rmm wae used. This quartz substrate having the above-mentioned cut
angle is one of the substrate materiala that are known 1o exert the
largest electromechanical coupling coefficient when the leaky SAW,
which propagates in the X direction, is excited.
. The a_foresaid quartz substrates were employed to produce the
following SAW devices +-threugh-+9 &Muaing the leaky
SAW. The SAW device 33 JO was mede in a manner similar to the
SAW device 11 of Example 1, 'axcept that the quartz substrate
roaamg [otated at aboyt 118° in the Y direction was used. The SAW
device 48 80 wes also formaed in a manner similar to the SAW device
42 20 of Example 1, except that the above-described quartz substrate
was used. Further, the SAW device +8 30 was made in a manner
similar to the SAW device 43 30 of Example 1, except that the
above-described quartz substrate was usad.

The thickness of the ZnO film of the above-described SAW
devicas +7-threugh~38 2080 and B0 was varied to determine the

- -22-
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relationship between the thickness of the fiim and the

alectromech'anical coupling coefficient. The resuits are shown in Fig.
B. In Fig. 8, the broken line J, the §olid line K and the one-dot chain

line L Indicate the characteristics of the SAW devices-47,—18-and-18

5 20, 80, 90, reapactively.

Further, the characteristics shown in Fig. 8 are dlffarentiatad_ by

s the case where the axcited SAW is a lsaky SAW or a normal Rayleigh
SAW. More speci'fieally. Fig. 8 roveals that the lesaky SAW

accompanied by attenuation is excited when the normalized thickness

10 of the thin ZnO film H/A is less than ghout 0.14 {equal to the position
indicated by the two dot-chain line M), and thus, the resulting SAW

substrate is not suitable for transversal-type SAW devices reﬁuiring

.prop.agation. However, the ebove type of SAW substrates may be

veed for a SAW device that does not réquire prohagation. As a

15 | consequence, the norinaﬁzad thicknass H/A of the ZnO film is set to

be gbout 0.14 or greater so as to achieve a SAW device having a

large electromechanical coupling coefficlent that is fres from

attenuation. |
| ‘Fig. 'a also shows that the leaky SAW cannot be effectively
20 sxcited in the SAW device 48 B0 having IDTS, i.e., ¢omb-iike

slectrodes, fyrmed between the quartz substrate and the ZnO film, In

-23.
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contrast, acdording 1o the SAW davices +7—70 and +& S0 having
comb-like electrodes disposed on the Zn0 film, there ¢an be provided

SAW devices making uee of a lsaky SAW that exhibit & large
electromechanical coupling coefficlent free from attenuation. The
5 | leaky SAW has, as shown in Fig. 10, different propagation constants
indicating the attenuation by the cut angle of the substrate. Although
attenuation of ghout 0.2 dB/A is caused by the quartz substrate
roteting rotated ut ghout 115° in the Y direction and propagating in
the X dirsction em.ployed in this example, there is no attenuation ét all
10 ‘depending on the cut angle {for example, a substrate retating rotgted
| at about 1 05° in the Y direction and ﬁrbpagating in the X direction
~ and a substrate éﬁﬁng—;mg_at gboyt 30° in the Y direction and
propagating in the X direction}. The quertz substrates having such
cut engles achieve a large electromechanical coupling coefficient,
15 since no attenuation Gneure gccyrs when the normalized thickness of

the ZnO H/A Is greater than gbout 0.05.

The comparison betwesn the characteristics of the SAW
devices {llustrated in Figs. 6 through 8 clearly indicates that the
. ncrmaﬁzeﬁ thickness H/A of the ZnO film that causes the SAW to be
20 excited is varied depending on tha cut angle of the cluuartz substrate to

be used. More specifically, the H/A should be gboyt 0.05 or greater

24 | :
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when the Rayisigh SAW is excited on the ST-cut X-direction-
propagating quartz substrate and the quertz substrate reteting rotated
ot gboyt 165° in the Y direction and propagating in the X direction.
On the ofher hand, the H/A should be about 0.14 or greater when the
leaky SAW is excited on the quartz substrate reteting rotatad at gbout
115* in the Y direction and propagating In th_e X direction, while the

H/A should be gbout 0.05 or greater when the {saky SAW Iis excited

on the quariz substrata seteting [otated ot gbout 105° in the Y

direction and propagating in the X direction. Accordingly, when the
thin ZnO film is disposed on the quartz substrate, the normalized
thickness H/A of the ZnQ film is desirably gqual to gbout 0.05 or

greater.

As described ahove, since the various Y-direction-retating
Msubstm'tas having different Eulerian angles were used for the
quartz substrate, a large number of SAW devices using the above
quarts substrates having different Eulerian angles were produced.
The ralaﬂonshlp bstween the Eulerian angles of the SAW devices and
the slectromechanical coupling coefficient Kz. is indicated by the mark
0 shown In Fig. 18A.

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

reprasent the elec¢tromachanical coupling coefficient inherant in the Y-

- -28-
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direction-reteting g_:ggg=and X-direction propagating quartz
substrates using the leaky SAW and the Rayleigh SAW, respectively.
The marks O and e in Fig. 16A indlcate the squarea aof the

slectromechanical coupling coefficients K* of the SAW devices using

the Raylsigh SAW and the leaky SAW, respectively, when the SAW

devices are coristructed in such 8 menner that the Zn0 film is formed

on the quartz substrate and the IDTs are disposed on the film. On the

‘other hand, the marks A and A designate the squares of the

slectromechanical coupling coefficients k’ of the SAW devices using
the Rayleigh SAW and the leaky SAW, raapectivsly, when the SAW
deQices are constructed in such @ hanner that a short-cirouit
electrods is further disposed at the intsrface between the Zn0 film

and the quartz substrate. In this manner, there is a slight variation in

| the K* depending on the cut ahgla. Fig. 16B is. the same diagram of

1%

20

Fig. 10 and is given for the purpose of providing a comparison with
Fig. 16A.
Example 4

As hps been explained by refarring to Fig. 10, for forming a.

SAW deviTe using 8 quertz substrate, 8 quartz substrate having such

@ cut angle as to exhibit a TCD of approximately zero is

sonventionally used for improving temperature characteristics,

-28-
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However, a sufficiently iarge electromechanical coupling coefficient

_ cannot be obtained, The present inventor feund digcavered that a
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quartz substrate having a neéativo TCD and a thin ZnO film are

combined to obtain good TCD and a lerge electromechanical coupling
caafficlont, based on tha reiationship between the Eulerian angles and
the TCD shown in Fig. 10. It should be noted that the cut angle and

the propagation direction of the quartz substrate be related to the

TCD so that there is a region .In which the TCD of any quartz

substrate has a negative value. This will be explained with refersnce
to Figs. 11 through 14, | |

Fig. 11 illustrates the relationship between the TCD and the
angle & from the X axis of the propagation direction of a $T-cut
quartz substrate; Fig. 12 indicates the relationship between the TCD
and the angle © from the Y axis of the propqgatipn direction of a X-
cut quartz substrate; Flg. 13 designates the relationship betwean the
TCD and the angle 8 from the X axis of the propagation direction of @
Y-cut quartz substrate; and Fig. 14 illustrates the relationship
between the TCD and the angle 8 from the X axis of the propagation

direction ©of & Z-cut quartz substrate. Figs. 11 through 14

‘demonstrate thet there are reglons in which the TCD of the quirtz

‘ Thls Sheet Has Been Replaced
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substrates has negative values by changing the angle © of the

propagation directian.

According to another eepeet praferred smbodiment of the

prasent invention, e gquartz substrate having such a cut angle or @
propagation direction as to exhibit a negative value of TCD Is
combined with such a thin piszoelectric film .as'to present a positive
valus of TCD, thereby implementing good TCD end a large
electromechanieal coupling coefficient, This will now be explained by
way of a Y-diraction-reteting Mquartz.. substrate as an example,
while refarring to Fig. 15.

A substrate reteting fotsted at gbout 166° in the Y direction
and propagating in the X direction and a ST-cut substrate propagating
Inclined at sbout 35° from the X direction, both having a diameter of
about 76.2 mm and a thickness of ggaut 0.5 mm, were used. A ZnO

film having a normalized thickness H/A of & range from about O to

ghout 0.5 was formed on each of the quartz substrates, and IDTs

were formed on the film along the above-daséribed propagation
directions. . SAW davices were thus produced. Ths temperature
characteristics (three points at 15°C, 25°C and 35°C) indicated by the

TCD of the resulting SAW devices were measured. The results are

shown in Fig. 15, Fig. 16 cloarlv'shows that tha TCD bacomes 2ero

P29
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when the H/A is around 0.35 in the Substrate retating rotated at gbout
185° in the Y direction and propagating in the X direction and when
the H/M is around 0.16 in the ST-cut 356°%propagating substrate. A's
discussed above, a large slsctromechanica coupling coefficient can
be exerted pchigved by thse SAW substrates having the above-
described levels of H/A. More specn‘rcally. in the substrate rotating
fotated at gbout 185° in tha Y dlractnon and propagating in the X
direction, the slectromechanical couplinu coefﬂcient K? was mcreasad

frem 0.2% to 1.04%, which Is about five times as large as the

conventional value, and TCD was raised from -30 pPM/°C to O pm/°C

by forming the Zn0 film heving a normalized thickness H/A of
approximately 0.35 on the quartz substrate and disposing IDTs on the

film. Moreover, by providing a short-sireuit electrode betwoen the

ZnO film and the quartz subatrate, the TCD reached O PpmMIC, and

the coupling coefficlent k? was further increased to 1.35%,

On the other hand, in the ST-cut 35°-propagat|ng substrate, as
well as in the substrate roteting rotated at about 165° in the Y
direction arid Propagating in the X direction, the electromechanical
coupling c;efﬂciant K? "Na-s. increased from 0.149% to 0.77%, whieh is

4.8 times us large as the conventional value, and the TCD was raised

from -20 ppm/°C to 0 pPM/°C by forming the ZnO film having a

-29-
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normalized thickness H/A of approximately 0.16 on the quartz

substrate and disposing the |DTs on the film. Moreover, a short-

circuit alectrode was further inserted batween the ZnO film and the

quartz substrate to obtain 0;89% coupling coefficient K’_ and -O
8 ppm/*C of the .TCD.

Consequently, the following can be validated from the above-
described example. A quartz substrate having such Eulerian anélos as
to exhibit a large electromechanical coupling coefficient is used, in
which.case. a negative TCD of the s&bstra_te can be offset by .a

10 positive TCD of a thin ZnO film dispossd on the substrate, and IDTs
are formed on the film. This ean—previde provides a SAW davice
exhibiting a very large electromechanical coupling coefficient and
possessing good terﬁperature characteristics.

Although an explanation has been given of the aforesaid

15 example only by use of the two types of substrates, other types of

 quartz substrates reteting rotated In the Y direction and.other cut
angies, such ag shawn in Figs. 11 thro&gh 14, may be usad, in which
case, advantaﬁes sifnilar to those achieved in the above-described
example can be obtained. More specifically, as ilustrated in Fig; 10,
20 in the Y-direction-retating fotgted and X-direction-propagsting -

substrate, by use of the Rayleigh SAW, the TCD becomes negative In

-30-
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a region in which the Eulerian angles rangs from {0, C, 0) to0 {0, 1385,
0}, while by use of the leaky SAW, the TCD bscomes negative in
regions in which the Eulsrien angles range from {0, 0, O} to (0, 20, Q),

from {0, 45, 0} 1o {0, 65, O), and from (0, 135, 0} to (0, 180, 0). On

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

Fig. 11, the T(fD becomes negative in regions in which the Eulerian
angles range from (0, 132,75+5, 0) to (0, 132,755, 50), and from
(0, 132,768, 130} to (0, 132,755, 180).

Moreover, by the use of the rotetion rotated X-cut quartz
substrate, as Illustrhted in Fig. 12, the TCD becomss negative in
regions in which the Eulerian angles range from (90, 80, Q) to {90,
80, 38) and from {90, 80, 145) ta (90, 90, 180).

Similarly, with the. use of the retetien rotsted Y-cut quartz

substrate, as illustrated in Fig. 13, the TCD becomes negative in

regions in which the Eulerian angles range from (0, 90, 0) to (0, 90,

35) and from (0, 80, 145) ta (0, 90, 180}, Further, by using the 2-

cut guartz substrate, as shown in Fig. 14, the TCD becomes negative

~ when the vaiue ¢ of the Eulerian anglas (0, 0, ¢) is other than '0, 80,

120 and 180, -
in this manher. the TCD exhibits negative values in the ébove-

describad ranges of the Eulerian angles. Even in such ranges,
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'howevar, the cut angle is' selected so0 as to obtain a large

elactromechanical coupling coefficient, and a thin ZnO film having a
pasitive TCD is formed on each of the quartz substrates in order to
cancel the negative values of the TCD. Then, IDTs are further formed

on the film. l_t is thus possible to provide SAW devices sxhibiting a

“iarge electromachanical coupling coefficient and possesaing good

temperature characteristics.

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

ugsed as a thin piezoslectric fiim, other types of plezoelectric film -

formed of, tor axample, AIN, Ta,05, CdS, may be used as requiréd.

Additionally, either of the positive or negative surface of ths quartz

~ substrate may be employed.

As will ba clearly understood from the foregoing description,

f the present invantion effere offer the

foilnwlng advantaqes.

According 1o one aspeet M

emboadiments of the present invention, it Is possibie to provide a2 SAW

device having a large e!ect_romechahieal coupling coefficient, since
comb-like electrodes are disposad on.a thin piezoslectrio film formed
on a quartz substrats. This structura can significantly improve the
slectromechanical coupling coefficient over the conventional strueture
in which comb-like slectrodes are dispbs‘ad between the quartz

-
—_—
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substrate and the plezaelectric film, which used to be considersd to

be effective for attaining a large coupling coefficient.

Accdrding to ancother espeet advaptgoe of the Dpreferred

gmbodiments of the present invention, a quartz substrate having such

g cut angle and a propagation direction as to exhibit a negative value
of the TCD is employed, and e thin plgzoalectric film is formed on the
substrate. Consequently, a piezoelactric fllm, normally havirig a

positive TCD, can offset a nepative TCD. inherer_\t in the queartz

substrate, thereby achleving 8 SAW device having good temperéture '

characteristics, In this nianner. a negative TCD can be overcome by
the use of a quartz substrate having such a cut angle snd a
propégation diraction as to present a large slectromechanical coupling
coefficient u-nd by forming a piezoelectric flim on the substréte. This
makes it possible to provide a8 SAW device possessing good
temparature characteristics and exhibiting a large electromechenical
eoupling coefficiant, which cannot be achieved by the conventionat

SAW devices.

heet Has Been Replaced.
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WHAT IS CLAIMED IS:

1. A surface acoustic wave device comprising:

a quartz substrate;

a piezoelectric film disposed on said quartz substrate;
and

a p1ura1ity'of comb-like electrodes disposed to contact
-said piezoelectric £ilm, '

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 surface 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 thickness H/X of said peiezoelectric film
is about 0.03 or greater where a thickness of said piezoelectric

film is H and.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, Ta,0; and CdS.
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