
-1-                  SURFACE ACOUSTIC WAVE DEVICE     BACKGROUND OF THE
INVENTION 1. Field of the Invention       The present invention relates to
a surface acoustic wave device having an interdigital transducer
(hereinafter referred to 



as IDT) disposed on a surface acoustic wave substrate and, more
particularly, to a surface acoustic wave device using Love waves.   2.
Description of the Related Art      A variety of surface acoustic wave
devices utilizing surface acoustic waves have been proposed. For example,
the Technical Report of the Institute of Electronics, Information and
Communication Engineers (IEICE), pp. 7-14, US 82-35, 1982 discloses a
surface acoustic wave device in which a thin layer of a slow acoustic speed
material is formed on a rotational Y-cut, X-propagated LiNbO3 substrate,
wherein a pseudo surface acoustic wave produced therein is a Love-wave type
surface acoustic wave which is free from transmission attenuation.
The Technical Report of Institute of Electronics, Information and
Communication Engineers, pp. 31-38, US 86-37, 1986 discloses a rotational
Y-cut, X-propagated LiNbO[err] substrate, which has no single uniformly
arranged film disposed thereon but has metal strips intermittently arranged
thereon to generate Love waves.      Japanese Laid-Open Patent Publication
No. 63-260213 discloses a surface acoustic wave device which uses Love
waves and 



which comprises a rotational Y-cut, X-propagated LiNbO[err] substrate
having an IDT constructed of a heavy metal such as gold, silver, or
platinum.                                         -2-         Japanese
Laid-open Patent Publication No. 8-125485 discloses a surface acoustic wave
device which uses Love waves and which comprises an IDT constructed of
tungsten or tantalum, provided on a surface acoustic wave substrate.
Japanese Laid-Open Patent Publication No. 8-250966 discloses a surface
acoustic wave device which uses Love waves and which 



comprises an IDT of two layers of Ta/Al provided on a surface acoustic
substrate.       Although Technical Reports US 82-35 and US 86-37, and
Japanese Laid-Open Patent Publication No. 63-260213 describe that the
surface acoustic wave device has an IDT constructed of gold, silver or
platinum, the device which was actually tested is a gold IDT. To generate
the Love wave, the use of the above-described heavy metals having large
mass is thought to be required, but the use of a heavy metal is very
costly.       According to Japanese Laid-Open Patent Publication No.
8-125485, the IDT is constructed of Ta or W, which are less costly than
gold and which provide a low Q factor and a relatively high specific
resistance, and can still work in a resonator but experiences great
difficulties and disadvantages when used in a filter.       According to
Japanese Laid-Open Patent Publication No. 8-250966, the IDT is constructed
of a two-layered structure of Ta/Al, resulting in a decreased specific
resistance. Even with the IDT of the two-layered structure of Ta/Al, the
specific resistance is not sufficiently low, and satisfactory performance
is not achieved when such a configuration is used as a filter. 



SUMMARY OF THE INVENTION       To overcome the problems described above,
the preferred embodiments of the present invention provide a surface
acoustic wave device including an IDT electrode and/or a reflector and
which has a low-cost construction without using an expensive heavy metal,
-3-   provides a high Q factor and a low specific resistance, and achieves
an excellent performance when the device is constructed as a resonator or a
bandpass filter. 



According to a preferred embodiment of the present invention, a surface
acoustic wave device includes a surface acoustic wave substrate and an
interdigital transducer provided on the surface acoustic wave substrate,
wherein the interdigital transducer includes a tungsten layer and an
aluminum layer. In such a preferred embodiment, it is preferable that the
laminated metal film has a structure in which a tungsten layer and an
aluminum layer are laminated together to form an integral metal film.
The aluminum layer may be provided on the surface acoustic wave substrate
and the tungsten layer is then preferably provided on the aluminum layer.
Alternatively, the tungsten layer may be provided on the surface acoustic
wave substrate and the aluminum layer is then preferably provided on the
tungsten layer.       The surface acoustic wave device may further comprise
a pair of reflectors made of a laminated metal film in which a tungsten
layer and an aluminum layer are laminated, the pair of reflectors being
disposed on both sides of the interdigital transducer.       In another
preferred embodiment of the present invention, a surface acoustic wave
device includes a surface acoustic wave substrate, an interdigital
transducer provided on the surface acoustic wave substrate and reflectors
disposed on both sides of 



the interdigital transducer, wherein the reflectors include a tungsten
layer and an aluminum layer. In such a preferred embodiment, it is
preferable that the laminated metal film used to form the reflectors has a
structure in which a tungsten layer and an aluminum layer are laminated
together to form an integral metal film. In this preferred embodiment, the
interdigital transducer may be preferably formed of aluminum or other
suitable material.       The surface acoustic wave substrate in preferred
embodiments of the present invention is preferably a Y-cut,
-4-   X-propagated LiNbO3 substrate, and the surface acoustic wave device 



is constructed to use Love waves.       The surface acoustic wave device
may further comprise a bonding electrode provided on the surface acoustic
wave substrate and connected to the interdigital transducer. The bonding
electrode may include a laminated metal film in which a tungsten layer and
an aluminum layer are laminated together.       Alternatively, the bonding
electrode may have a top layer made of aluminum. In this case, the bonding
electrode includes a single layer made of aluminum which is therefore a top
layer, or includes a top layer of aluminum disposed on top of a laminated
metal film including an aluminum layer and a tungsten layer laminated
together, such that the aluminum layer of the laminated metal layer is
provided on the surface acoustic wave substrate and the top aluminum layer
is provided on the tungsten layer of the laminated metal film.       For
the purpose of illustrating the invention, there are shown in the drawings
several embodiments and forms which are presently preferred, it being
understood, however, that the invention is not limited to the precise
arrangements and instrumentalities shown therein.  



BRIEF DESCRIPTION OF THE DRAWINGS       FIG. 1 is a diagrammatic plan view
showing a surface acoustic wave device according to a first preferred
embodiment of the present invention.       FIG. 2A is an enlarged
cross-sectional view showing part of the device taken along a line A-A in
FIG. 1.       FIG. 2B is an enlarged cross-sectional view showing part of
the device taken along a line B-B in FIG. 1.       FIG. 2C is an enlarged
cross-sectional view showing part of the device taken along a line B-B in
FIG. 1 according to a modification of the first preferred embodiment.



-5-         FIG. 2D is an enlarged cross-sectional view showing part of the
device taken along a line B-B in FIG. 1 according to another modification
of the first preferred embodiment.       FIG. 3 shows the
impedance-frequency characteristics of the surface acoustic wave device of
the first preferred embodiment.       FIG. 4 shows the impedance-frequency
characteristics of a first conventional device.       FIG. 5 shows the
impedance-frequency characteristics of a second conventional device.
FIG. 6 is a photograph taken by a scanning electron microscope which shows
the surface state of the IDT electrode of the surface acoustic wave device
according to preferred embodiments of the present invention.       FIG. 7
is a photograph taken by a scanning electron microscope which shows the
surface state of the IDT electrode of the first conventional device.
FIG. 8 is a equivalent circuit showing the ladder filter according to a
second preferred embodiment. 



FIG. 9 shows the attenuation-frequency characteristics of the ladder filter
of the second preferred embodiment.       FIG. 10 shows, for comparison,
the attenuation-frequency characteristics of the ladder filter which is
constructed of the first conventional surface acoustic wave device.
FIG. 11 shows, for comparison, the attenuation-frequency characteristics of
the ladder filter which is constructed of the second conventional surface
acoustic wave device.   DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the present invention are explained
in detail with reference to the drawings.       FIG. 1 is a schematic plan
view showing the surface acoustic wave device according to a first
preferred embodiment of the present invention, and FIG. 2 is an enlarged
cross-sectional view showing      



-6-   part of the surface acoustic wave device taken along a line A-A in
FIG. 1.       A surface acoustic wave device 1 preferably includes a
surface acoustic wave substrate 2 of a Y-cut LiNbO3 substrate.       An IDT
electrode 3 is provided on the top surface of the surface acoustic wave
substrate 2 and may be arranged to be located substantially at a center
portion of the substrate 2. The IDT electrode 3 includes a comb-shaped
electrode 3a having a plurality of electrode fingers and a comb-shaped
electrode 3b having a plurality of electrode fingers, in which the two
comb-shaped electrodes 3a and 3b are interdigitated with each other. The
IDT electrode 3 is preferably subjected to apodization.       The plurality
of electrode fingers of the IDT electrode 3 extend in a direction that is
substantially perpendicular to an X-axis so that Love waves, which are
generated as the surface 



acoustic waves in the device 1, propagate in the direction of the X-axis on
the LiNbO[err] substrate 2       Reflectors 4 and 5 are preferably arranged
on both sides of the IDT electrode 3 in the direction of propagation of the
surface acoustic wave. Each of the reflectors 4 and 5 has a plurality of
electrode fingers which are short-circuited with each other. The reflectors
4 and 5 also extend in a direction that is substantially perpendicular to
the X-axis.       The surface acoustic wave device 1 of this preferred
embodiment is preferably constructed such that each of the IDT electrode 3
and reflectors 4 and 5 is made of a laminated metal film in which an
aluminum layer and a tungsten layer are laminated preferably in that order.
Specifically, the IDT electrode 3 is preferably constructed of a laminated
metal film 12 in which a tungsten layer 11 is laminated on top of an
aluminum layer 10, as shown in a cross-sectional view of part of the IDT
electrode 3 in FIG. 2A.     



-7-         The comb-shaped electrodes 3a and 3b may respectively be
connected to bonding electrodes 3c and 3d to which bonding wires (not
shown) are to be connected. As shown in FIG. 2B, the bonding electrodes 3c
and 3d are also preferably constructed of the laminated metal film 12. That
is, the bonding electrodes 3c and 3d are preferably constructed to include
the aluminum layer 10 on the surface acoustic wave substrate 2 and the
tungsten layer 11 on the aluminum layer 10.       It may be somewhat
difficult for the connecting electrodes 3c and 3d to establish excellent
contact or bonding with bonding wires due to the existence of the tungsten
layer 11 disposed at the outer surface thereof. In such a case, it is
preferable to construct the bonding electrodes 3c and 3d so that each of
the bonding 



electrodes 3c and 3d has a top layer made of aluminum. For example, as
shown in FIG. 2C, the bonding electrodes 3c and 3d may have only the
aluminum layer 10 by not providing the tungsten layer 11 on the aluminum
layer 10. Alternatively, another aluminum layer 13 may be provided on the
tungsten layer 11 which is disposed on the aluminum layer 10, as shown in
FIG. 2D, such that the tungsten layer 11 is disposed between the two
aluminum layers 10, 13.       According to the first preferred embodiment
of the present invention, since the surface acoustic wave device 1 has the
IDT electrode 3 and reflectors 4 and 5 each having the laminated metal film
having the construction described above, a surface acoustic wave device
with a high Q factor and a small resonance resistance is provided when a
voltage is applied to the IDT electrode 3 for generating resonance. This
operation is now discussed referring to a specific example.       An
example of the preferred embodiments of the surface acoustic wave device 1
was manufactured according to the following procedure. An Al layer having a
thickness of about 50 nm and a tungsten layer having a thickness of about
300 nm were formed in that order along the entire top surface of the
surface acoustic wave  



-8-   substrate 2 made of the Y-cut LiNbO[err] material, using a sputtering
technique. A photoresist was applied on the laminated metal film thus
formed using a spin coating technique, and was then subjected to exposure
and development using a photomask.       An etchant was used to remove the
portion of the laminated metal film other than portions where the IDT
electrode 3 and reflectors 4 and 5 were to be formed. The etchant that was
used in the etching operation was a mixture of hydrofluoric acid of 63% by
weight, nitric acid, and pure water, mixed by a weight ratio of 1:2:1.
The width of each electrode finger and the pitch between the 



electrode fingers in the IDT electrode 3 were designed so that the Love
wave had a wavelength [err] of about [err]=12 [err]m, and the number of
pairs of electrode fingers in the IDT electrode 3 was set to be 50, and the
weighted interdigital coextensive lengths were set to be generally rhomboid
as shown in FIG. 1. The reflectors 4 and 5 had the electrode finger width
and electrode finger pitch for the same wavelength of the IDT electrode 3,
and the number of electrode fingers was 10 in each reflector.       The
impedance-frequency characteristics of the surface acoustic wave device 1
of this example of preferred embodiments thus constructed are shown in FIG.
3. As shown, the impedance at a resonance frequency is 2.73 [err], while
the impedance at an anti-  resonance frequency is 2.13 k[err].       For
comparison, two types of conventional surface acoustic wave devices, having
an electrode material and construction that are different from the
electrode material and construction for the surface acoustic wave device 1,
were manufactured so that the remaining physical characteristics,
compositions and conditions were the same as that in the example of the
preferred embodiments described above. 



A first conventional device was manufactured in the same manner as the
above surface acoustic wave device according to an
-9-   example of preferred embodiments of the present invention, except
that a tantalum layer was formed via a sputtering technique, instead of the
tungsten layer in the above-described example of preferred embodiments of
the surface acoustic wave device, with the tantalum layer in the first
conventional device having the same thickness as that of the tungsten layer
of the example of preferred embodiments of the present invention. The
impedance-frequency characteristics of the first conventional device are
shown in FIG. 



4.       A second conventional device was manufactured by sputtering
tungsten on a surface acoustic wave substrate to form a tungsten layer of
350 nm. The IDT electrode 3 and reflectors 4 and 5 were formed of only a
tungsten layer in the second conventional device. The impedance-frequency
characteristics of the second conventional device are shown in FIG. 5.
As seen from FIG. 4 and FIG. 5, the first conventional device in which the
IDT electrode 3 and reflectors 4 and 5 were constructed of Ta/Al laminated
metal film provided a resonance resistance of 5.46[err] and an
anti-resonance resistance of 2.42 k[err], and the second conventional
device provided a resonance resistance of 7.73 [err] and  an anti-resonance
resistance of 1.51 k[err].       As understood from the comparison of the
impedance-frequency characteristics of the surface acoustic wave device of
the example of the preferred embodiments shown in FIG. 3 with the
impedance-frequency characteristics of the conventional devices shown in
FIG. 4 and FIG. 5, the IDT electrode 3 and reflectors 4 and 5, which are
constructed of the laminated metal film of W/Al according to the example of
preferred embodiments of the present 



invention, provides a lower resonance resistance than any case of the Ta/Al
laminated metal film structure and the tungsten-only structure according to
the conventional examples. By constructing the IDT electrode 3 and
reflectors 4 and 5 of the laminated metal film in which the aluminum layer
and the tungsten layer are                                       - 10 -
laminated together according to preferred embodiments of the present
invention, a high Q factor and a significantly lower resonance resistance
are achieved. The surface acoustic wave device 1 according to preferred
embodiments of the present invention is preferably used for a piezoelectric
resonance 



component such as a resonator and a bandpass filter using Love waves.
Generally speaking, the reflectors 4 and 5 constructed of a large mass
electrode material increases the reflection coefficient per reflector, and
the reflectors 4 and 5 constructed of the W/Al laminated metal film in such
a case as this example of preferred embodiments, reduces the number of
electrode fingers in each reflector. With this arrangement, a compact
surface acoustic wave device including a reflector is thus provided.
The IDT electrode 3 constructed of the W/Al laminated metal film according
to preferred embodiments of the present invention provides a low resonance
resistance compared with the IDT electrode of the Ta/Al laminated metal
film according to the conventional device, because the specific resistance
of Ta is 12.3 [err]m while the  specific resistance of W is as small as 4.9
[err]m. It is also considered unlikely that side etching occurs during wet
etching when the IDT constructed according to preferred embodiments of the
present invention is formed through photolithography. This is discussed
referring to FIG. 6 and FIG. 7. 



FIG. 6 is a photograph taken by a scanning electron microscope showing
major portions of the IDT electrodes of the surface acoustic wave devices
constructed according to preferred embodiments as described above, and FIG.
7 is the photograph taken by the scanning electron microscope of the IDT
electrode of the first conventional device that uses the Ta/Al laminated
metal film.       As seen from the comparison of FIG. 6 with FIG. 7, a
small surface irregularity is observed on the surface of the tungsten
-11- layer, namely on the surface of laminated metal film in the IDT
electrode of the W/Al laminated metal film according to preferred 



embodiments of the present invention. In contrast, such irregularity is
substantially less on the surface of the IDT electrode of the Ta/Al
laminated metal film. Because of its surface irregularity, the IDT
electrode of the W/Al laminated metal film according to preferred
embodiments of the present invention increases the adhesive strength of the
photoresist thereby preventing side etching from occurring during the wet
etching process, and the side surface of each electrode finger is closer to
the surface acoustic wave substrate in a direction that is substantially
perpendicular to the surface acoustic wave substrate.       In the IDT
electrode of the Ta/Al laminated metal film according to the conventional
example, such irregularity is so small as to be negligible, and the
adhesive strength of the photoresist is low such that side etching is
likely to occur during the wet etching process. As a result of such side
etching, the electrode side surface is tapered at a large angle with
respect to a direction that is substantially perpendicular to the surface
acoustic wave substrate. Consequently, the electrode finger becomes
substantially trapezoidal in cross section.       Thus, the surface
acoustic wave device of preferred 



embodiments of the present invention having the IDT electrode constructed
of the W/Al laminated metal film prevents side etching from occurring,
thereby increasing the Q factor and lowering the resonance resistance.
The surface acoustic wave device of preferred embodiments of the present
invention can be applied not only in a surface acoustic wave resonator but
also in a large number of piezoelectric resonance components such as a
bandpass filter. A second preferred embodiment is an embodiment in which
the present invention is implemented in a ladder filter shown in FIG. 8.
FIG. 8 shows the schematic diagram
-12-   



of the ladder filter, wherein three serial resonators S1 to S3 are
connected in series in a series arm connecting an input to an output. Six
parallel resonators P1-P6 are connected between the series arm  and the
ground potential.  Specifically, three [err]-type filters are  provided in
a ladder filter, in which each [err]-type filter is made up of a single
serial resonator and two parallel resonators on both sides of the serial
resonator.       The ladder filter in the second preferred embodiment uses
the surface acoustic wave device 1 shown in FIG. 1 for the serial
resonators S1 to S3 and the parallel resonators P1 to P6, which are
configured as shown in FIG. 8. The ladder filter thus constructed provides
the attenuation-frequency characteristics as shown in FIG. 9.       For
comparison, FIG. 10 shows the attenuation-frequency characteristics of a
ladder filter using the first conventional device, namely, the surface
acoustic wave device that is constructed of the IDT electrode and
reflector, each formed of the Ta/Al laminated metal film. FIG. 11 shows the
attenuation- frequency characteristics of a ladder filter incorporating the



second conventional device, namely, the surface acoustic wave device that
includes the IDT electrode and reflector, each formed of the tungsten layer
only.       As clearly seen from FIG. 9, the ladder filter of the second
preferred embodiment of the present invention results in a minimum
insertion loss of 1.17 dB. In contrast, the ladder filter incorporating the
first conventional surface acoustic wave device has a minimum insertion
loss of 2.69 dB, and the ladder filter incorporating the second
conventional surface acoustic wave device has a minimum insertion loss of
3.14 dB.       The ladder filter incorporating the surface acoustic wave
device 1 according to preferred embodiments of the present invention
achieves a significantly lower insertion loss, compared with the ladder
filters respectively incorporating the first and        



-13-   second conventional surface acoustic wave devices. This is because
the Q factor of each surface acoustic wave device defining the ladder
filter is increased and because the resonance resistance of each surface
acoustic wave device is decreased in the preferred embodiments of the
present invention.       The insertion loss is thus efficiently lowered by
constructing a bandpass filter of a plurality of surface acoustic wave
devices arranged according to preferred embodiments of the present
invention.       As already described, when the reflectors 4 and 5 are
constructed of a large mass electrode material, the reflection coefficient
per reflector is increased, reducing the number of electrode fingers
required in each reflector. Since a resonance filter such as the above
ladder filter works with a reduced number of electrode fingers in the
reflector, the entire filter is constructed to be much more compact than
conventional filters.       The surface acoustic wave device 1 of the first
preferred 



embodiment incorporates the laminated metal film in which the aluminum
layer and the tungsten layer in that order are laminated on the surface
acoustic wave substrate 2, but the IDT electrode may be constructed of the
laminated metal film in which the tungsten layer and the aluminum layer in
that order are laminated on the surface acoustic wave substrate, and it was
also discovered that such a surface acoustic wave device increases the Q
factor and decreases the resonance resistance. In such a case, although the
surface of the laminated metal film is made of the aluminum layer, the
tungsten layer having a small irregularity on its surface causes an
irregularity on the surface of the aluminum layer disposed on top of the
tungsten layer, increasing the bonding strength of the photoresist, and
thereby preventing side etching during the wet etching.       The ratio of
the thicknesses of the tungsten layer and the aluminum layer is preferably
as follows: the tungsten layer      



-14-   thickness to the aluminum layer thickness = 10 : 1 to 2:1, and in
this case, the range of the ratio is not dependent on which layer is
arranged to be a top layer. The aluminum layer, if too thick and outside of
the above range, fails to fully exploit the effect of the lamination of the
tungsten layer for improving the Q factor, and conversely, the aluminum
layer, if too thin and outside of the above range, fails to fully exploit
the resonance resistance lowering feature.       The reflection of the
surface acoustic wave from the electrode finger of the IDT electrode may be
utilized to increase the trapping efficiency of the surface acoustic wave
in the IDT electrode 3, and in such a case, the reflectors 4 and 5 are
dispensed with. In other words, the reflectors 4 and 5 are not necessarily
required in the surface acoustic wave device of preferred embodiments of
the present invention. 



In such a preferred embodiment, the IDT electrode 3, having a structure
including the laminated film of tungsten and aluminum, is provided on the
substrate 2 without being surrounded by any reflectors.       Although the
surface acoustic wave substrate 2 is preferably constructed of the Y-cut,
X-propagated LiNbO[err] substrate in the above preferred embodiments, the
material of the surface acoustic wave substrate 2 is not limited to this,
and other piezoelectric single crystal substrates with other cut angles and
other propagation directions, for example, rotational Y-cut, X-propagated
LiNbO[err], rotational Y-cut, X-propagated LiTaO[err], and rotational Y-cut
crystal, may be used.       Although the surface acoustic wave device 1 of
the first preferred embodiment has the IDT electrode 3 and reflectors 4 and
5, each of which is constructed of the laminated metal film in which the
aluminum layer and the tungsten layer are laminated in that order, the
surface acoustic wave device 1 may have the reflectors 4 and 5 constructed
of the above-described laminated metal film but    



-15-   with the IDT electrode 3 constructed of a material other than the
above-described laminated metal film having the laminated arrangement of
the tungsten layer and the aluminum layer.       The IDT electrode may be
formed of a single metal layer such as aluminum which is commonly used as
an electrode material in the surface acoustic wave device, and only the
reflectors 4 and 5 may be constructed of the laminated metal film including
the tungsten and aluminum layers. In this case, the reflection coefficient
of the reflectors 4 and 5 of the above laminated metal film is increased,
permitting a compact design and arrangement of the reflectors 4 and 5, and
thereby permitting a compact design and arrangement of the entire surface
acoustic wave device.       When only the reflectors 4 and 5 are
constructed of the 



laminated metal film as described above, the tungsten layer and the
aluminum layer may be formed in that order on the surface acoustic wave
substrate.       Since the reflector, constructed of the laminated metal
film of the aluminum layer and the tungsten layer, produces a high
reflection coefficient, permitting a compact design and arrangement of the
reflector and consequently, of the surface acoustic wave device, the
reflector has applications not only in the surface acoustic wave device 1
shown in FIG. 1 but also in known conventional surface acoustic wave
devices with reflectors. For example, a surface acoustic wave filter with a
reflector utilizing the Rayleigh wave may be made much more compact by
constructing the reflector of the above-described laminated metal film.
In yet another preferred embodiment, only the IDT electrode 3 may have the
laminated metal film construction including the laminated tungsten and
aluminum layers, and the reflectors 4, 5 may be formed of some conventional
material such as aluminum only.       As has been explained above, since
the surface acoustic wave device of preferred embodiments of the present
invention has the IDT electrode that is constructed of the laminated metal
film in  



-16-   which the tungsten layer and the aluminum layer are laminated
together, the surface acoustic wave device achieves an increased Q factor
and a low resonance resistance. This arrangement provides a surface
acoustic wave device which has applications in a variety of piezoelectric
resonance components including a piezoelectric resonator and a bandpass
filter, using Love waves. Since the use of the laminated metal film results
in an increased reflection coefficient of the electrode finger, the IDT
electrode has a substantially reduced and thin thickness compared with the
IDT electrode of Al only, and machining of the electrode finger is easy.
The cost of the surface acoustic wave device is reduced, because 



there is no need for the use of expensive and heavy metals such as gold,
silver and platinum.       The laminated metal film of the tungsten layer
and the aluminum layer may be formed through reactive ion etching.
Specifically, it is very difficult to form the tantalum layer through
reactive ion etching, while the tungsten layer is preferably formed in a
plasma of fluorine-based gas through reactive ion etching, and the Al layer
is preferably formed in a plasma of chlorine-based gas through reactive ion
etching. In order to construct the IDT electrode of the tungsten layer and
the aluminum layer, the same vacuum chamber may be used with the gas
replaced, and the laminated metal film is easily formed through reactive
ion etching. According to preferred embodiments of the present invention,
the IDT electrode is efficiently formed through reactive ion etching while
a wide choice of electrode forming techniques is available.       In the
case where the surface acoustic wave substrate has thereon the IDT
electrode in which the aluminum layer and the tungsten layer are preferably
laminated together in that order, the tungsten layer has, on its surface, a
small irregularity. Thus, the adhesive strength of the photoresist in
photolithography is 



increased by the small irregularity, effectively preventing side
-17-   etching during the wet etching. The Q factor is therefore increased
and the resonance resistance is thus lowered.       In the case where the
surface acoustic wave substrate has thereon the IDT electrode in which the
tungsten layer and the aluminum layer are laminated together in that order,
the tungsten layer having a small irregularity on its surface causes an
irregularity on the surface of the aluminum layer disposed on top of the
tungsten layer. Therefore, the adhesive strength of the photoresist is
significantly increased, thereby controlling side 



etching during the wet etching. As a result, the Q factor is thus increased
and the resonance resistance is thus lowered.       When the reflector
constructed of the laminated metal film in which the tungsten layer and the
aluminum layer are laminated together in that order is further provided,
the reflection coefficient is significantly increased and the number of
electrode fingers in the reflector is significantly reduced. Thus, the
surface acoustic wave device with the reflector is extremely compact,
compared with the conventional surface acoustic wave device.       In
addition, when the surface acoustic wave substrate is made of the Y-cut,
X-propagated LiNbO[err] substrate, a surface acoustic wave device having a
low resonance resistance using Love waves can be provided.      While
preferred embodiments of the invention 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.   



-18- What is claimed is:      1.   A surface acoustic wave device,
comprising:      a surface acoustic wave substrate; and      an
interdigital transducer provided on the surface acoustic wave substrate and
including a tungsten layer and an aluminum layer.        2.   A surface
acoustic wave device according to claim 1, wherein the tungsten layer and
the aluminum layer are laminated together to define an integral laminated
metal film.   



3.   A surface acoustic wave device according to claim 1, wherein the
aluminum layer is provided on the surface acoustic wave substrate and the
tungsten layer is provided on the aluminum layer.        4.   A surface
acoustic wave device according to claim 1, wherein the tungsten layer is
provided on the surface acoustic wave substrate and the aluminum layer is
provided on the tungsten layer.        5.   A surface acoustic wave device
according to claim 1, further comprising a pair of reflectors disposed on
both sides of the interdigital transducer.        6.   A surface acoustic
wave device according to claim 5, wherein at least one of the reflectors
includes a tungsten layer and an aluminum layer.        7.   A surface
acoustic wave device according to claim 6, 



wherein the tungsten layer and the aluminum layer of the at least one of
the reflectors are laminated together to define an integral laminated metal
film.                                     - 19 -         8.   A surface
acoustic wave device according to claim 5, wherein each the reflectors
includes a tungsten layer and an aluminum layer.         9.   A surface
acoustic wave device according to claim 8, wherein the tungsten layer and
the aluminum layer of each of the 



reflectors are laminated together to define an integral laminated metal
film.         10.  A surface acoustic wave device according to claim 1,
wherein the surface acoustic wave substrate is a Y-cut, X-propagated
LiNbO[err] substrate.         11.  A surface acoustic wave device according
to claim 10, wherein the surface acoustic wave device is adapted to use a
Love wave.         12.  A surface acoustic wave device according to claim
1, further comprising a bonding electrode provided on the surface acoustic
wave substrate and connected to the interdigital transducer, the bonding
electrode including a tungsten layer and an aluminum layer.   



13.  A surface acoustic wave device according to claim 12, wherein the
tungsten layer and the aluminum layer of the bonding electrode are
laminated together to define an integral laminated metal film.         14.
A surface acoustic wave device according to claim 1, further comprising a
bonding electrode provided on the surface acoustic wave substrate and
connected to the interdigital transducer, the bonding electrode having a
top layer made of aluminum.                                     -20-  



15.  A surface acoustic wave device according to claim 1, further
comprising a bonding electrode provided on the surface acoustic wave
substrate and connected to the interdigital transducer, the bonding
electrode including a top layer made of aluminum and a laminated metal film
in which an aluminum layer and a tungsten layer are laminated together and
arranged such that the aluminum layer of the laminated metal film is
provided on the surface acoustic wave substrate and the top aluminum layer
is provided on the tungsten layer of the laminated metal film.         16.
A surface acoustic wave device, comprising:       a surface acoustic wave
substrate;       an interdigital transducer provided on the surface
acoustic wave substrate; and       at least two reflectors disposed on
opposite sides of the interdigital transducer, at least one of the least
two reflectors including a tungsten layer and an aluminum layer.  



17.  A surface acoustic wave device according to claim 16, wherein the
tungsten layer and the aluminum layer are laminated together to define an
integral laminated metal film.         18.  A surface acoustic wave device
according to claim 16, wherein each of the at least two reflectors includes
a tungsten layer and an aluminum layer.         19.  A surface acoustic
wave device according to claim 18, wherein the tungsten layer and the
aluminum layer of each of the at least two reflectors are laminated
together to define an integral laminated metal film.       



-21-    20.   A surface acoustic wave device according to claim 16, wherein
the interdigital transducer is made of aluminum.    


