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SURFACE ACOUSTIC WAVE DEVICE AND COMMUNICATION DEVICE

BACKGROUND OF THE INVENTION
1. Eield of the Invention

The present invention relates to a surface acoustic wave device such as a
surface acoustic wave resonator, a surface acoustic wave filter, a duplexer, or other
such devices, and more particularly to a surface acoustic wave device using an Shear
Horizontal (SH) type wave.

2. Description of the Related Art

Surface acoustic wave devices have been widely used for band-pass filters in
mobile radio communication apparatuses and other types of communication devices.
Various types of surface acoustic wave devices are commercially produced for
various applications. Among such surface acoustic wave devices, a SH type
surface acoustic wave device including a quartz substrate and an interdigital
transducer (IDT) made of Ta, W or Au is disclosed in, for example, EPO860943A2.

In such a surface acoustic wave device, a metallic flm is formed on a
piezoelectric substrate that is made of quartz, or other suitable material, by
evaporating or sputtering a metal such as Ta, W, and Au, and then electrode fingers
defining the IDT of the surface acoustic wave device are generally formed by
producing patterns of the metallic flm by a method such as photo-etching.
Resonance frequency of the surface acoustic wave device is mostly determined by
the space between electrode fingers defining the IDT, the film thickness, and the
width of the electrode fingers. _ _

" When the surface acoustic wave device is manufactured by the above-
mentioned processes, a problem occurs in that the width of the electrode finger and
 the film thickness are different or varied in every wafer due to the lack of accuracy in
controlling process parameters. These variations cause variations in frequency of
the surface acoustic waves generated in the surface acoustic wave devices .
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depend on the density of material for the IDT. Thus, the frequency deviations
become very large even if the variations in thickness of the IDT are the same as the
variations in the case of an IDT made of Al '

in order to inhibit the frequency deviations, it may be proposed that the
thickness of a film made of Al having a small mass load is increased to such a degree
that an SH wave can begeherated. However, using the state of the art thin film
forming techniques, there arises the problem that the deviations in the electrode
finger width direction occurs, due to the distortion or the like of a resist film which is
caused by the limit of the thickness of a resist film. For this reason, when the IDT is
made of Al, it is difficult td increase the film thickness of the IDT to such a degree that
an SH wave can be excited. Even ifit is pdssible to form an IDT with a thickness
that is sufficient to excite an SH wave, an electromechanical boupling coefficient
obtained with such an IDT is too smali to be used practically.

Further, it is generally estimated that the film thickness H/A (electrode
thickness/wavelength of an SH wave to be excited) at which the electrode fingers of
the IDT can be formed with high accuracy is within 5%. Regarding the attenuation
constant (propagation loss) of a surface acoustic wave device of which the IDT is
made of Al and has the above-mentioned film thickness, there arises the problem that °
the attenuation constant does not become zero.

SUMMARY OF THE INVENTION |
In order to overcome the forgoing problems, preferred embodiments of the
present invention provide a surface acoustic wave device having a very small change
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acoustic wave device includes a quartz substrate having Euler angles (0°, 8, 90° +5°)

in which 114° < 8 =< 140° and an IDT for exciting an SH wave disposed on the
quartz substrate and made of an electrode material containing as a major component
at least one of Ag, Mo, Cu, Ni, Cr, and Zn and having a density of at least about
7g/cm®, wherein the film thickness of'the IDT is such that the attenuation constant is
approximately zero.

When Ag is used as a major component for the electrode material, it is
preferable that the normalized film thickness H/A of the IDT is about 0.021 to about
0.050.

When Mo is used as a major component for the electrode material, it is
preferable that the normalized film thickness 'HI)» of the IDT is about 0.016 to about
0.050. '

When Cu is used as a major component for the electrode material, it is
preferable that the normalized film thickness H/A of the IDT is about 0.027 to about
0.050.

When Ni is used as a major componeh't for the electrode material, it is
preferable that the normalized film thickness H/A of the IDT is about 0.019 to about
0.050.

When Cr is used as a major component for the electrode material, it is
preferable that the normalized film thickness H/A of the IDT is about 0.014 to about
0.050. _

When Zn is used as a major component for the electrode material, it is
preferable that the normalized film thickness H/A of the IDT is about 0.028 to about
0.050.

According to a preferred embodiment of the present invention, the IDT is
formed on a quartz substrate having Euler angles (0°, 114° < 8 < 140°, 90° +5°
using an electrode material having a density of at least about 7 g/fcm®. Accordingly,
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invention is not limited to the precise arrangements and instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a surface acoustic wave resonator illustrating a first
preferred embodiment of the present invention.

FIG. 2 is a plan view of a transversely coupled type surface acoustic wave filter
illustrating a second preferred embodiment of the present invention.

FIG. 3 is a plan view of a transversely coupled type surface acoustic wave filter
illustrating a third preferred embodiment of the present invention.

FIG. 4 is a plan view of a ladder type surface acoustic wave filter illustrating a
fourth preferred embodiment of the present invention.

FIG. 5 is a block diagram of a communication device illustrating fifth and sixth
preferred embodiments of the present invention.

FIG. 6 is a graph illustrating the relationship between the normalized film
thickness H/A of the IDT and the change of the SAW velocity of an SH wave.

FIG. 7 is a graph illustrating the relationship between the normalized film
thickness H/A of IDT and the attenuation constant.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the present invention are explained in
detail with reference to the drawings.
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FIG. 1 is a plan view showing a surface acoustic wave resonator defining a
surface acoustic wave device according to a first preferred embodiment of the
present invention.

As shown in FIG. 1, a surface acoustic wave resonator 1 preferably includes at

~least one IDT 3 and reflectors 4 on both sides of the IDT 3 on a piezoelectric
substrate 2 made of quartz having Euler angles (0°, 114° <8 =<140° 90° £5°). ltis
preferable that 6 is in the range from about 114° to about 140° so that the
temperature coefficient of group delay time (TCD) is about = 3 ppm/°C. It is more
preferable that 8 is in the range from about 119° to about 136° for the TCD of about +
2 ppmy/°C.

The IDT 3 is preferably made of an electrode material containing as a major
component at least one of Ag, Mo, Cu, Ni, Cr, and Zn and having a density of at least
about 7g/cm®. The IDT 3 is preferably configured such that the electrode fingers of
one set of interdigital electrodes are interdigitated with each other.

The electrode fingers constituting the electrode fingers of the IDT 3 are
arranged so that the normalized film thickness H/A is within about §%. That is, the
normalized film thickness is set so as to be in the range of H/A (the electrode
thickness/wavelength of an SH wave to be excited) < 0.050.

Next, a second preferred embodiment of the present invention will be
described. FIG. 2 is a plan view showing a longitudinally coupled type resonator
surface acoustic wave filter defining a surface acoustic wave device according to a
second preferred embodiment of the present invention.

As shown in FIG. 2, a longitudinally coupled type resonator surface acoustic
wave filter 11 includes at least two IDTs 13a and 13b, and reflectors 14 on both sides
of the IDTs on a piezoelectric substrate 12 made of quartz having Euler angles (0°,
114° <0 s 140° 90° +5°).

The IDT 13 is preferably made of .an electrode material containing as a major
component at least one of Ag, Mo, Cu, Ni, Cr, and Zn ')and having a density of at least
about 7g/em®. The IDT 13 is arranged so that the respective interdigital finger
portions of one set of interdigital electrodes are opposed to each other. Further, the
IDTs 13a and 13b are arranged to be substantially parallel to each other at a constant
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a maj or conpd¥extta third prefeeed ambadiment ef the present invention will be described.
FIG. 3 is a plan view showing a transversely coupled type resonator surface acoustic
wave filter according to the third preferred embodiment of the present invention.

As shown in FIG. 3, a surface acoustic wave filter 21 preferably includes at
least two IDTs 23a and 23b and reflectors 24a and 24b on both sides of the IDTs on a
piezoelectric substrate 22 made of quartz 'having Euler angles (0°, 114° <6 < 140°,
90° +5°).

The IDTs 23a and 23b are preferably made of an electrode material containing
as a major component at least one of Ag, Mo, Cu, Ni, Cr, and Zn and having a density
of at least about 7g/cm®. The IDTs 23a and 23b are arranged so that the respective
interdigital finger parts of one set of interdigital electrodes are opposed to each other.
Further, the IDTs 23a and 23b are arranged substantially perpendicularly to the

| surface acoustic wave propagation direction. Also in this preferred embodiment, the
electrode fingers constituting the interdigital finger parts of the IDTs 23a and 23b are
arranged such that the normalized film thickness H/A is within about 5%, that is, the
electrode fingers are so set that the H/A (the electrode thickness/wavelength of an SH

| wave to be excited) is in the range of H/A < 0.050. .

Next, a fourth preferred embodiment of the present invention will be described.
FIG. 4 is a plan view showing a ladder type surface acoustic wave filter defining a
surface acoustic wave device according to the fourth preferred embodiment of the
present invention. |

As shown in FIG. 4, a ladder type surface acoustic wave filter 31 preferably
includes at least IDTs 33a and 33b and reflectors 34a and 34b on both sides of the
IDTs on a piezoelectric substrate 32 made of quartz having Euler angles (0°, 114°< 0
< 140°, 90° +5°). |



preferable that the normalized filmthickness H[err] of the IDT is about
0.019 to about 0.050. Wien Cr is used as a maj or conponent for the
el ectrode material, it is preferable that the normalized filmthickness
H[err] of the IDT is about 0.014 to about 0.050. When Zn is used as
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3 electrodes are arranged such that the fespectiVe interdigital finger parts are opposed
to each other. The IDTs 33a are disposed in the series arms, and the IDTs 33b are
disposed in the parallel arms whereby the surface acoustic wave filter has a ladder
type configuration. Also, in this preferred embodiment, the electrode fingers
constituting the interdigital finger parts of the IDTs 33a and 33b are set such that the
normalized film thickness H/A is within about 5%, that is, the electrode fingers are set
such that the H/A (the electrode thickness/wavelengfh of SH wave to be excited) is in
the range of . .

H/\ < 0.050, as in the first to third preferred embodiments.

Next, fifth and sixth preferred embodiments of the present invention will be
described. FIG. 5 is a block diagram showing a duplexer according to the fourth
preferred embodiment and a communication device according to the fifth preferred
embodiment of the present invention.

As shown in FIG.5, a communication device 41 has the configuration in which
the antenna terminal of a duplexer 44 containing a reception surface acoustic wave
filter 42 and a transmission surface acoustic wave filter 43 is connected to an antenna
45, the output terminal of the duplexer is connected to a reception circuit 46, and the .
input terminal of the duplexer is connected to a receiving circuit 47.  As the reception
surface acoustic wave filter 42 and the transmission surface acoustic wave filter 43 of
the above-described duplexer 44, any one of the surface acoustic wave filters 11 to
21 according to the second to fourth preferred embodiments or any combination
thereof may be preferably used. |

Next, the normalized thickness H/A (electrode thickness/wavelength of an SH
wave to be excited) of the IDT according to a preferred embodiment of the present
invention will be described by use of an example.

FIG. 6 is a graph showing the change of the SAW velocity of an SH wave
propagating in the biezoelectric substrate when the normalized film thickness H/A

(electrode thickness/wavelength of an SH wave to be excited) on the piezoelectric
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thickness H/A as compared with Au. Accordlngly, itis apparent that when Ag, Mo,
Cu, Ni, Cr, and Zn are used as an electrode material to form the IDT, the change of
the SAW velocitySAW velocity based on the film thickness of the IDT is small as
compared with Au or other materials. That is, a surface acoustic wave dewce
having a very small uneveness of frequency is obtained.

FIG. 7 is a graph showing the change of the attenuation constant caused when
the normalized thickness H/\ (electrode thickness/wavelength of an SH wave to be
excited) is varied in the range from about 0.000 to about 0.050, including the case in
which no electrode is formed on the piezoelec_tric substrate. In this case, the
measurement was carried out by use of a piezoelectric substrate having Euler angles
(0°, 127°,89°). The attenuation constant is defined as a value per A by which an SH
wave is attenuated while it propagates.

As seen in FIG. 7, it is understood that for any one of the materials, as the film
thickness is increased, the attenuation constant is gradually improved. However,
regarding Al, the attenuation constant is scarcely improved in the range of the
normalized thickness H/A exceeding 0.040.

On the other hand, as shown in FIG. 7, the attenuation constants are nearly
zero at H/A = 0.019 for Ag, H/A = 0.016 for Mo, H/A = 0.027 for Cu, H/A = 0.019 for Ni,
H/A = 0.014 for Cr, and H/A = 0.028 and higher for Zn. _

As described above, by forming the IDT electrodes so that they contain as a
major cpmponent at least one of Ag, Mo, Cu, Ni, Cr, and Zn, on a quartz substrate
having Euler angles (0°, 6, 90° +5°) in which (119° <8 =< 136°), a surface acoustic
wave device having a very small change in SAW velocity based on the film thickness,
and an attenuation constant that is nearly zero, measured after the electrodes have
been formed on the piezoelectric substrate, is obtained.

In this preferred embodiment Ag, Mo, Cu, Ni, Cr, and Zn are described. The
present invention is not limited to these materials. Their alloys such as
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acoustic wave resonator illustrating a first preferred enbodi nent of the
present invénti on. FIG 2 is a plan view of a transversely coupl ed
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enbodi nent of the present invention. : FIG 3 is a plan view of a
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incoloy800(density 7.05g/cm®), Incoloy825(density 8.14g/cm®), 36 Invar(density
8:15g/em®), 42 Invar(density 8.2g/cm®), Super-invar (density 8.2g/cm®), iron-chrome
10(density 7.78g/cm®), iron-chrome 30(density 7.2g/cm®), Kanthal(density 8.5g/cm®),
Manganin(density 8.4g/cm®, (Moleculoy)(density 8.11g/cm®, Monel(density
8.83g/cm®), Mumetal(density 8.8g/cm®), nickel-beryllium(density 8.74g/cm®), nickel-
chrome (density 8.41g/cm®), nickel-silver(density 8.72g/cm®), 45 Permalloy (density
8.25g/cm?), 78 Permalloy(density 8.6g/cm®, phosphor bronze (density 8.9g/cm?),
silvér-copper(density 10.1 _g/cm“), stainless SUS-301(density '7.99/cm"), stainless
SUS-302 (density 7.9g/cm®), stainless SUS¥304(density 7.9g/cm?), tin-lead(density
8.42g/cm®), molybdenum alloy (density 10.18g/cm®), Waspaloy (density 8.18g/cm?),
and so forth, having a density of at least 7.1 g/cm®, substantially at least 7 g/ém"'
provide for the same tendency as described above.

In the first to sixth preferred embodiments of the present invention, the surface
acoustic wave devices having reflectors are described. The present invention is not
limited to the above-described surface acoustic wave devices, and can be applied to
a surface acoustic wave device having no reflector.

| While preferred embodiments of the inven_tion have been disclosed, various
modes of carrying out the principles' disclosed herein are contemplated as being
within the scope of the following claims. Therefore, it is understood that the scope of
the invention is not to be limited except as otherwise set forth in the claims.
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4 4 FIG 1 is a plan view
showi ng a surface acoustic wave resonator defining a surface acoustic wave

device according to a first preferred enbodi ment of the
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What is daimed is:
1. A surface acoustic wave device comprising:
a substrate having Euler angles (0°, 8, 90° +5°) in which 8 is in the range of
119° < 6 = 140°; and
at least one IDT arranged to gen'erate a Shear Horizontal wave and disposed
on the substrate, the at least one IDT being made of an electrode 'material containing
as a major component at least one of Ag, Mo, Cuy, Ni, Cr, and Zn and having a density
of at least about 7g/cm?®; wherein
. the film thickness of the at least one IDT is such that the attenuation constant
is approximately zero.

2. A surface acoustic wave device according to claim 1, wherein the
substrate is made of quartz.

3. A surface acoustic wave device according to claim 1, wherein the
electrode material of the at least one IDT has Ag as a major component and the
normalized film thickness H/\ of the at least orie IDT is equal to about 0.021 to about
0.050. '

4. A surface acoustic wave device according to Claim 1, wherein the
electrode material of the at least one IDT has Mo as a major component and the
normalized film thickness H/\ of the at least one IDT is equal to about 0.016 to about
0.050.

5. A surface acoustic wave device according to Claim 1, wherein the
electrode material of the at least one IDT has Cu as a major component and the
normalized film thickness H/A of the at least one IDT is equal to about 0.027 to about
0.050. '

6. A surface acoustic wave device according to Claim 1, wherein the
electrode material of the at least one IDT has Ni as a major component and the
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second preferred enbodi nent of the present invention will be described.
FIG 2 is a plan view showing a |longitudinally coupled type resonator
surface acouss.i ¢ wavsurfadet acoubtici wavg device facverding ust Claimate whereire the
according to a .
electrode material of the at least one IDT has Zn as a major component and the
normalized film thickness H/A of the at least one IDT is equal to about 0.028 to about

0.050.

9. A surface acoustic wave device according to Claim 1, further
comprising a pair of reflectors provided on both sides of the at least one IDT on the
substrate.

10. A surface acoustic wave device according to Claim 1, wherein the
surface acoustic wave filter is a longitudinally coupled type surface acoustic wave
filter.

11. A surface acoustic wave device according to Claim 1, wherein the
surface acoustic wave filter is a transversely coupled type surface acoustic wave
filter.

12. A surface acoustic wave device according to Claim 1, wherein
the surface acoustic wave filter is a ladder type filter.

13. A surface acoustic wave device according to Claim 1, further
comprising at least two IDTs and reflectors on both sides of the IDTs.
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second preferred enbodi nent of the present invention. As shown in
FIG 2, a longitudinally coupled type resonator surface acoustic wave
filter 11 includes at least two |IDIs 13a and 13b, and reflectors 14 on both
sides of the IDTs on a piezoelectric substrate 12 made of quartz having

Eul er angles (Of[err], 114[err] < [err] < 140[err], 90[err] 5[err])

The IDT 13 is prefera nmade Qf an el.ectrode ter con |n| n
maj or conpondd atA §H€§¥e (ﬂﬁ?uﬁyc A(!?VQ\/S“"V'@G aq:q €° h Pn@e

densi ¥ oBhehid EHBPUSarEERSHhE Euler ditfod gﬁé%%"%eﬁf gmedg@msdyat the

respective i n I nger I ons set “of interdigital

el ectrodes are opposed to each ot her Further, the IDTs 13a and 13b are

arranged to he substan i all aral l el to, each ot her, nst a

5 J 15. ace dodustic wave device accordmg 8 Chaim {' further
comprising at least two IDTs which are arranged to be substantially parallel to each

‘other at a constant interval in the surface acoustic wave propagation direction.

16. A surface acoustic wave device according to Claim 1, further
comprising at least two IDTs which include electrode fingers that are arranged such

that the normalized film thickness H/A is within about 5%.

17.- A surface acoustic wave device according to Claim 1, further
comprising at least two IDTs which are arranged substantially perpendicularly to the
surface acoustic wave propagation direction.

18. A communication device comprising a surface acoustic wave device
according to Claim 1.

19. A communication device according to claim 18, wherein the
communication device is a duplexer.

RN O A I!llj
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interval in the surface acoustic wave propagation direction. Also in this
-preferred enbodi nent, the electrode fingers constituting the interdigital
finger parts of the IDT 13a and 13b are set such that the normalized film
thi ckness H[err] is within about 5% as in the first preferred enbodi nent,
that is, the electrode fingers are arranged so that the normalized film
thickness is in the range of HJerr t ect hi ckness/ wavel engt h of
an SH wave to be excited) A\BﬁTwaF(TWE ﬁLﬁnggeﬁ\érd preferred

enbodi nent of the present invention will be described. FIG 3 is a plan

vi ew showi ng a transversely coupled type resonator surface acoustic wave
filter according to the third preferred enbodi nent of the present

i nventi on. hown jn FIG 3, a surf ti filter 21
or et or abl y i b SHITRESS BOPERIE WeYE devieS JHULRR & SHielirsist e Brung JoUigR

24b on [ ot hgoy DT, o] 1998 d?ﬁi f

quart z Eéiﬁ ?1% (gﬁ?égoarfgﬁe?sﬂ(%?@ﬁr Isoiﬁigs'lfgér&)f 1(291%?5 ﬁ@o’ég] 5 '?D? for The

| DTs 23aexgitthg’dip Sk waye & formbdontheaquairtzesubstrate by dse wh ar eiedtrodethateriahg
containing as a major component at least one of Ag, Mo, Cu, Ni, Cr, and Zn and
having a density of at least about 7g/cm®. The film thickness of the IDT is such that

the attenuation constant is approximately zero.
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as a mmj or conponent at |east one of Ag, Mb, Cu, Ni, Cr, and Zn and havi ng
a density of at |east about 7g/cnB. The | DTs 23a and 23b are arranged so
that the respective interdigital finger parts of one set of interdigital

el ectrodes are opposed to each other. Further, the |IDIs 23a and 23b are
arranged substantially perpendicularly to the surface acoustic wave
propagation direction. Also in this preferred enbodi nent, the el ectrode
fingers constituting the interdigital finger parts of the IDITs 23a and 23b
are arrangeﬁ:ﬁéfh1that the normalized filmthickness H[err] is within
about 5% that™s ! the electrode fingers are so set that the H[err] (the
el ectrode thickness/wavel engthh of an SH wave to be excited) is in the range
of H[err] < 0.050.- NeXt~ fourth.preferred enbodi ment of the
present invention will be describe FIG 4 is a plan view showi ng a | adder
type surface acq@stic wave filter definifg azﬁurf-;e acoustic wave device
according to theyfourth preferre@Qenbodi Ment5of theé present invention.

As shown in FI G \4

goyeTic wave - filter 31
preferably includ§g Ad refl ectors 34a and 34b on
bot h sides of the

té 32 nmade of quartz
havi ng Eul er angl ¢§ O[err] +5)

NN NN NN N
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6 The | DTs 33a and 33b are preferably nmade of an el ectrode
mat erial containing as a maj or conponent at |east one of Ag, Mo, Cu, Ni,
Cr, and Zn and having a density of at |east about 7g/cnierr], and have the
configuration in which one set of interdigital electrodes are arranged such
that the respective interdigital finger parts are opposed to each other.
The | DTs 33a _are disposed in the series arns, and the |IDIs 33b are di sposed
in the paral FeJ(Gar8s whereby the surface acoustic wave filter has a | adder
type configuration. Also, in this preferred enbodi nent, the el ectrode
fingers 21

24q ZSQ éz 24a
N .

h
N

NS NN NN
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constituting the interdigital finger parts of the IDIs 33a and 33b are set
such that the normalized filmthickness H[err] is wthin about 5% that

i's, the electrode fingers are set such that the H[err] (the electrode .

t hi ckness/ wavel ength of SH wave to be excited) is in the range of Herr] <
0.050, as in the first to third preferred enbodi nents. Next, fifth
and sixth preferred enbodi nents of the present invention will be described.
FIG 5is aJEI k‘ﬂiagran1shomﬁng a duplexer according to the fourth
preferred e Ag$NE t and a conmmuni cati on device according to the fifth
preferred enbodi nent of the present invention. As shown in FIG 5, a
conmuni cati on deV|gg 41 has the configuration in which the antenna term na
of a duplexer 44 c ﬂ&hﬂ%ng a reception surface acoustic wave filter 42 and
a transm ssion surface acousti ve filter 43 is connected to an antenna
45, "the output terni-ga oﬁsqqéagﬁ)emer "‘Egnnected to a reception circuit

46, and the input t 1 nal e TDre Xe) connected to a receiving
circuit 47. As the recépy mqoybtic wave filter 42 and the
F h er 43 of the above-descri bed

f
dupl exer 44, any o e LJ ‘1 stic wave filters 11 to 21
accordi ng to t he seco [jpf' )| prayedy 1 edl embodi nents or any conbi nation

t her eof may be pr f exT, the normalized thickness
Herr] (el ectrode thICk . ulu : .

transm ssion surfa @;iJsu :ﬁf‘
n

of-Fd- GH

-34b - -

4'1' r
34b\. " Hiin it :
330~ ﬁ'bﬂ 33b
34a it
o 34q
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wave to be excited) of the IDT according to a preferred enbodi nent of the
present invention will be described by use of an exanple. FIG 6 is
a graph showi ng the change of the SAWvelocity of an SH wave propagating in
t he piezoelectric substrate when the normalized filmthickness H[err]

(el ectrode thickness/wavel ength of an SH wave to be excited) on the

pi ezoel ectric _ 7
FIG.5
41~ Y45
447
a2 1T 4
\: L,/
] k % [ )
o A
47
4sv\ )Rz 1>; )
\-'
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substrate is changed in the range from about 0.000 to about 0.050, the
graph including the case in which no electrode is forned on the

pi ezoel ectric substrate. As seen in FIG 6, it is understood. that Ag,
Mo, Cu, N, C, and Zn present the SAWvel ocitySAWvel ocity of an SH wave
changing gently with the normalized filmthickness-H [err] as conpared with
Au. Accordingly, tt is apparent that when Ag, Mo, Cu, NI, Cr, and Zn are
used as an eh@ e material to formthe IDT, the change of the SAW

vel ocitySAWvel ocity based on the filmthickness of the IDT is small as
conpared with Au or other materials. That is, a surface acoustic wave

devi ce having a very snmall uneveness of frequency i s obtained. - Fl G
7 is a graph showi ng the change of the attenuation constant caused when the
normal i zed thickness H[err] (electrode thickness/wavel ength of an SH wave
to be excited) is varied i'n the range from about 0.000 to about 0.050,
including the case5@Q4i ch no el ectrode is formed on the piezoelectric

substrate. In t8 s casej=ddageQEasur enent was carried out by use of a
pi ezoel ectric SEBYE 23 @lgas éjg[err] 127[err], 89[err]).
The attenuatioggconstans I\ squ §§1 [err] by mhrch an SH
wave iIs attenu Wghé it pre~a. B 7 it is
under st ood t hat=f oﬁ' one ‘of t %ﬁt 3 1, 25~ t hickness is
i ncreased, the Jtt ijon cogst anN\_i SNG™NUW 1 ed. However,
regardi ng Al, tme atjon gonsta i‘\s“cd It he range of
t he o A Cr '

> 36001 .

o L o <

% 3200 >

> 28001 3

g : ' T~

(D 2 2 ) 2

2000, 550 5.610 ~ 0.020 © 00530 ©— 0040 — 0.050
H /A (IDT THICKNESS / WAVE LENGTH OF HA WAVE)
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normal i zed thickness H[err] exceeding 0.040. On the other hand, as
shown in FIG 7, the attenuation constants are nearly zero at H[err] =
0.019 for Ag, H[err] = 0.016 for Mo, H[err] = 0.027 for Cu, Herr] =
0.019 for Ni, H[err] = 0.014 for C, and HJ[err] = 0.028 and hi gher for
Zn. As descri bed above, by form ng the IDT el ectrodes so that they
contain as aﬂg orrponent at |least one of Ag, Mo, Cu, N, C, and Zn, on
a quartz subs t 'having Euler angles (O[err], [err], 90[err] +5[err]) in
whi ch (119< [err < 136[err]), a surface acoustic wave device having a very
smal | change in=SAWvel ocity based on the filmthickness, and an
attenuation .conggant that is nearly zero, neasured after the el ectrodes

have been formedon_the p| ezoel ectric substrate, is obtained. In
this preferred &rbo8 % Mo, Cu, Ni, C, and Zn are described. The
present inventi &n IS no 1Mt d to these materials. Their alloys such as

8

. 0.030 0.040  0.050
H/A (IDT THICKNESS / WAVE LENGTH OF HA WAVE)

Sheet Has Been Replaced

T I

THIS SHEET HAS BEEN
< - : REPLACED




Advance(density 8.9g/cnferr]), Al chrone(density 7.1g/cnferr]),

Alumel (density 8.7g/cnferr]), Brass(density 8.43g/cnferr]), (Ceramaw re)
(density 8.92g/cnjerr]), Chronmel (density 8.5g/cnferr]),
Constantan(density 8.9g/cnferr]), beryllium copper(density 8. 239/ cnjerr]),”
copper tungsten(density 13 8g/cnB), Dunet(density 89/cn{ err]), Glding
netal (density 8. 75g/cnferr] Hast el | oy(densi t 8.9g/cnferr]),

(Herber) (density 8. 3g/ SBSTRACT Qﬁcﬂﬁé Mﬁ 8.42g/cnferr]),

| nconel 601(densit )/ « Inconel625(den3|ty 8. 44g/cn8)

| nconel 690 (der YR DHF L WAYH DE R [CRUMUNICAEHN PEVITEDSg/ cnferr]),

I ncol oy800(density 7. 059/ cni err]) I ncol oy825(density 8.14g/cnferr]), 36
| nvar (density 8.15g/cnferr]), 42 Invar(den5|ty 8.2g/cnferr]), Super-invar
(density 8.2& §H{fa¢e]qcousmmwavmdwqa)@m $9 \A nuagg/s,umtra te rhaving rieuler

o. agl onbobies O fopEei % 0 ST o) RaA beng pPATHY 0 %wé?‘a%ﬁﬁséfﬁ‘ﬁf o

8.83g/c @k@thI: Jan S W\iﬂ ic48maéd ¥n Qhéqbaf&%ubkﬁatewﬁ@é oP&h ¥ldctrediedRateriay

8.74g/cnjerr ni ckel -
contammg as a major component at least one of Ag, Mo, Cu, Ni, Cr, and Zn and

having a density of at least about 7g/cm®. The film thickness of the IDT is such that

the attenuation constant is approximately zero.

FIGURE. 1
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chronme (density 8.41g/cnferr]), ni ckel - sllver(den5|ty 8.72g/cnferr]), 45
Permal | oy (density 8.25g/cnferr]), 78 Permalloy(density 8.6g/cnferr]),
phosphor bronze (density 8.9g/cnferr]), silver-copper(density 10,1, g/.cn8),
stai nl ess SUS-301 (density 7.9g/cnferr]), stainless SUS-302 (density
7.99/cnferr]), stainless SUS-304(dengity 7.9g/cnferr]), tin-lead(density
8.42g/cnferr]), nolybdenum all oy (ee#mss=tsy 10.18g/cnferr]), Waspal oy
(density 8.18g/cnferr]), and so forth, having a density of at least 7.1
g/cnerr], J%ng agtially at least 7 g/cnferr] provide for the sane tendency
as describ ove. In the first to sixth preferred enbodi nents of
the present invention, the sy face acoustic wave devi ces having reflectors
are described. The-present igLEﬂthn is not limted to the above-descri bed
surface acoustic wave devi ces, and\can Sﬁhapplied to a surface acoustic
wave device hav4ng no reflector. |I2 premrred enbodi nents of the

I nventi on have Reen di scl osed, V@i ous e rrying out the principles
di scl osed herei ' '

e contenplatec n the scope of the

foll owi ng clains.[eH S y pt the scope of the .
i nvention is not h A be set forth in the clains.

/ 4

/

/ /

/ Y/

/] V/

/ d

Y/

7/ /727
FIG. 2
11
14 13a \13b 14
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A surface acoustic wave device

. What is clained is:

g;

_(_:orrpri si ng:

FIG. 3
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a. substrate having Euler angles (O[err], [err], 90[err] 5[err]) in which
[err] is in the range of 119 < [err]. < 140; and at | east one | DT
‘arranged to generate a Shear Horizontal wave and di sposed on the
substrate, the at | east one |IDT being nade of an el ectrode materi al
containing as a major conponent at | &ast one of Ag, Mo, Cu, Ni, C, and Zn

and having a density of at |east about 7g/cn{err]; wherein afilm
t hi ckness oF ge %t | east one IDT is such that an attenuation constant is
appr oxi mat e J er 2. A surface acoustic wave devi ce according
to claim1, wherein the substrate is nade of quartz. BERCH A

-surface acoustic V\g/i devi ce according to claim1l, wherein the el ectrode
material of the at a-s%one | DT has Ag as a mmj or conponent and the

normal i zed filmthicknes H/[s bof the at |least one IDT is equal to about
0. 021 to about 0. 05 ~wherF f|| i ckness of the at |east one

| DT, and [err] is & vel eng)h Hori zontal wave.
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4. - A surface acoustic wave device accordlng to CQaim1l, wherein the -

el ectrode material of the at |east one |IDT has M as a maj or .conponent and
‘the normalized filmthickness H[err] of the at |east one IDT is equal to

about 0.016 to about 0.050, where His the filmthickness of the at |east

one IDT, and [err] is a wavel ength of the Shear Horizontal wave. 5.
A surface acoustic wave device according to Claim1l, wherein the el ectrode
mat eri al of | east one IDT has Cu as a major conponent and the

normal i zed f|In1th|ckness H[err] of the at least one IDT is equal to about
0.027 to about 0.050, where His the filmthickness of the at |east one
| DT, and [err] is a wavel ength of the Shear Horizontal -wave.

41~ WL45
44]

I a—
42\: - L)
'—-L-—r—-l——_‘
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6.+ A surface acoustic wave device according to Caim1, wherein the : - -
el ectrode material of the at |east one IDT has Ni as a mmjor conponent and
‘the normalized filmthickness H[err] of the at |least one IDT is equal to
about 0.019 to about 0.050, where His the filmthickness of the at |east
one IDT, and [err] is a wavelength of the Shear Horizontal wave.

7. A surface acoustic wave devicea8carding to Caim1, wherein the

el ectrode r’rﬁf@faﬁ of the at |east one IDT has O as a nmjor conponent and
the normalized til'mthickness H[err] of the at | east one IDT is equal to

about 0.014 to about 0.050, where His the filmthickness of the at |east

one IDT, and [err] is a wavel ength of the Shear Horizontal wave.

SOUND VELOCITY OF SH WAVE (m/s)

veny

0.050

2000, 500+ 0.610 ~ 0020 ~ 0.30 '
H /A (IDT THICKNESS / WAVE LENGTH OF HA WAVE)

0.040
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8.+ A surface acoustic wave device according to Caim1, wherein the

el ectrode material of the at |east one IDT has Zn as a nmjor conponent and
the normalized filmthickness H[err] of the at |east one IDT is equal to_
about 0.028 to about 0.050, where His the filmthickness of .the at-:least:"
one IDT, and [err] is a wavel ength ofe the Shear Horizontal wave.

9. A surfa ozstic wave devicéaccording to Claim 1, further

conpri si ng a% f reflectors provided on both sides of the at |east one

| DT on the substrate. 10. A surface acoustic wave device
according to @& m 1, wherein the surface acoustic wave filter is a

| ongi tudinally Boupl'ed type surface acoustic wave filter. 11. A
surface acousti® wave device according to Claim1l, wherein the

67 Ag

ATTENUATION CONSTANT (X10*

0.040 ' 0.050
H /A (IDT THICKNESS / WAVE LENGTH OF HA WAVE)
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surface acoustic wave filter is a transversely coupled type surface
11

acoustic wave filter. 12.
surface acoustic wave device according to Claim1l, wherej

m
vt 1€ veve fowt oo oot to e S turher  corl lllﬁlﬁlﬂllrlﬂmmu
two:1DTs and refl ectors on both sides of the | DTs.

What is claimed is:
1. A surface acoustic'wave device comprising:
a substrate having Euler angles (0°, 0, 90° £5°) in which 0 is in the range of
119° <6 < 140°; and - h |
at least one IDT arranged to generate a Shear Horizontal wave and disposed
on the substrate, the at least one IDT being made of an electrode material contain'ing
- asa major oomponent at: least one of Ag Mo Cu Nl Cr, and Zn and havnng a dens:ty'

of at least about 7glcm whereln .
a fil Im thickness of the at Ieast one IDT is such that an attenuatlon constant is

W, approximately zero.

2. A surface acoustic wave device according to claim 1, wherein the
substrate is made of quartz. | '

3. A surface acoustic wave device according to claim 1, wherein the
electrode material of the at least one IDT has Ag as a major component and the
normallzed film thlckness H/A of the at least one IDT is equal to about 0.021 to about
-0 050 where H is the film thickness of the at least one IDT, and A is a wavelength of

the Shear Horizontal wave.

N 4. A surface acoustic wave device according to Claim 1, wherein the
electrode material of the at least one lDT has Mo as a major component and the
normalized film thlckness H/A of the at least one IDT is equal to about 0.016 to about

- 0.050, where H is the film thickness of the at least one IDT, and Alsa wavelength of
the Shear Honzontal wave.

5. . A surface acoustic wave d_evioe.according fo _l:laim 1, wherein the
electrode' material of the at least one IDT has Cu as a major component and the
normallzed film thlckness H/2. of the at least one lDT is equal to about 0.027 to about
0.050, where H is the f Im thickness of the at least one IDT, and A is a wavelength of

the Shear Horizontal wave.. . o _REPLACEMENT SHEET
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14, TA surface acoustic wave device accor di ng to CI aim 13, V\,herel n the
substrate is made of quartz having Euler angles (0, 1l14[err] < [err] < 140,
90[err] 5[err]). © 15. A surface acoustic wave device according to

Claim 1, further conprising at least two | DTs whic to be
substéntial ly parallel to each other at a constant Jwﬁﬂ,’ﬂﬂﬁa ace
acotisti ¢ wave propagation direction of the generate -wave.
16. A surface acoustic wave device according to Claim 1, further !

conprising at least two I DTs which include el ectrode fingers that are’

arranged such g hat AhqmpiemBbodstit Wave HEVEE”QééorBHﬁ;eM ICainM t WHer H’ie
5% where His the filmthickness of the at |east T, and [err
wavel engtelectfoden enaibriak ofithe abrieast omdDT has Ni asa majos nofmmaeatcam the

nave dev'n%?m% lized ?im ?hlcgnessai-lm of'L fhe at Ieast one IDT is equal to about 0. 019 to about
0.050, where H is the film thickness of the at least one IDT, and A is a wavelength of

i

the Shear Horizontal wave.

7. A surfaoe aooustlc wave devuce accordmg to Clalm 1 wherem the |
: electrode matenal of the at least one IDT has Cr as a major component and the
\_~ _ hormalized film thickness H/A of the at least one IDT is equal to about 0.014 to abou_t
| 0.050, where H is the film thickness of the at least ooe ID;T, and x is a wevelength of
the Shear Horizontal wave. |

8. A surface acoustic wave device accordlng to Claim 1, wherein the
electrode material of the at least one IDT has Zn as a major component and the
normalized film thickness H/A of the at least one IDT is equal to about 0.028 to about
0.050, where H is the film thickness of the at least one IDT, and A is a wavelength of

the Shear Horizontal wave.

9. A surface acoustic wave device according to Claim 1, further
N\ comprising a pair of reflectors provided on both sides of the at least one IDT on the

substrate.

10. A surface aooustlc wave devnce according to Claim 1, wherein the
surface acoustlc wave filter is a longltudlnally coupled type surface acoustic wave
filter.

1. A surfaoe -aooustic wave device according to Claim 1, wherein the
surface acoustic wave fi Iter is a transversely coupled type surface acoustic wave
filter.

11 . _
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conprlm ng at | east two 1 DTs which are arranged substantially

perpendicul arly to a surface acoustic wave—propagation—di+rection of the

generated Shear Horizontal wave. . 11 n n device .
conprising a surface acoustic wave device mll uﬂmmmll':ﬂm ' 19.
A cormmuni cation device according to claim *18f whert®irsthe cormunl cation
devi‘ce i s a dupl exer-.. 12

12. A surface acoustic wave dewce accordlng to Claim 1, wherein the

surface acoustlc wave filter is a ladder type filter.

13. A surface acoustic wave device according to Claim 1, further
comprising at least two IDTs and reflectors on both sides of the IDTs. .

14, ~ A surface acoustlc wave devnce according. to Clalm 13, whereln the
substrate is made of quartz havmg Euler angles (0°, 114° <0 < 140°, 90° £5°).

15. ~ A surface acoustic wave device according to Claim 1, further
compnsmg at least two IDTs which are arranged to be substantially parallel to each
other at'a constant mterval in a surface acoustic wave propagation direction of the

generated Shear Horizontal wave.

16. A surface aceustic ‘wave device according to Claim 1, further
comprising at least two IDTs which include electrode fingers that are arranQéd such

- that the normalized film thickne_ss H/A is within about 5%, where H is the film
thickness of the at least one IDT, and A is a wavelength of the Shear Horizontal wave.

17. A surface- ‘acoustic wave device according to Claim 1; further
comprising at least two IDTs which are arranged substantially perpendicularly to a
surface acoustic wave propagation direction of the generated Shear Horizontal wave.

18. A commumcatlon devnoe compnsmg a surface acoustic wave dev:oe

accordmg to Claim 1,

19. A commumcatlon device accordlng to claim 18, wherein the

communication device is a duplexer.
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