1?’@9"; f:csw:
519078y
o0t -5

REPLACED SHEETS SG
& Description : paged .. 1o paged .M.
LT Claim(s)  :paged 1% 10 paged . .

' Draving(s) - p)g_-etr ' to paged gﬂ i)

& Abstract  :paged .M. to paged . T....

SURFACE ACOUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the invention
The present invention relates to a surface acoustic wave device having a

quartz substrate.

2. Description of the Related Art

There has been a great demand for filters which have a middle frequency
bandwidth for use in mobile communication equipment and other consumer
electronic Hevices. In general, a bandwidth of a surface acoustic wave device is
proportional to a square of an electromechanical coefficient K (K?) of the device.

A surface acoustic wave device having a quartz substrate is desirable
because a temperature coefficient of group delay time (TCD) thereof is nearly zero.
However, quartz substrates essentially have a low K? value, and a band width of a
surface acoustic wave device including a quartz substrate is therefore narrow. More
specifically, a component including a plurality of conventional surface acoustic wave
devices each having an interdigital transducer (IDT) and disposed on a conventional
quartz substrate has a K value of about 0.14 %.

Substrates made of materials such as LiTaO, have large values of K, but the
bandwidth of a surface acoustic wave device having such a substrate is too wide to

satisfy the above-described demand, since the K? value is too large. In addition, the
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substrates made of LiTaO, and the like have a high TCD value, which causes the
characteristics to change greatly depending on temperature.

To solve these problems, a surface acoustic wave device having an enhanced
K2 value has been proposed. This surface acoustic wave device is produced by
forming a piezoelectric thin film on a quartz substrate and forming an interdigital
transducer on the piezoelectric thin film.

This conventional surface acoustic wave device 110 will be now described
with reference to FIGs. 10 and 11. FIG. 10 is a schematic plan view of the
conventional surface acoustic wave device 110. FIG. 11 is a cross-section taken
along line W-W of FIG. 10.

As shown in FIGs. 10 and 11, the conventional surface acoustic wave device
110 is constructed by forming a piezoelectric thin film 112 such as a ZnO film and the
like on a quartz substrate 111. On the piezoelectric thin film 112, an interdigital
transducer 113 having a pair of comb-shaped electrodes which are interdigitated with
each other is formed of Al. A pair of reflectors 114 are provided on opposite sides of
the interdigital transducer 113. The reflectors 114 are provided to reflect surface
acoustic waves propagated thereto and to confine the energy of the surface acoustic
waves. Thus, the surface acoustic wave device 110 functions as aresonator. One
or a plurality of the surface acoustic devices are used to form a band-pass filter.
The K2 value of the surface acoustic wave device 110 can be enhanced by use of the
quartz substrate 111 having a cut angle and a propagation directi.on selected to
achieve a negative TCD value. By using the piezoelectric thin film 112 which has a

positive TCD value, the TCD values of the quartz substrate 111 and the piezoelectric
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thin film 112 can be canceled. Accordingly, the TCD value of the surface acoustic
wave device 110 can be adjusted to be close to zero.

The K?value of the surface acoustic wave device 110 can be enhanced by
providing a short circuiting electrode made of Al or the like, between the quariz
substrate 111 and the piezoelectric thin film 112.

Thus, the conventional surface acoustic wave device 110 has a desired K2
value of about 1 % in addition to a TCD value of about zero, thereby realizing a
surface acoustic wave device having a middie bandwidth.

Although the conventional surface acoustic wave device 110 has successfully
realized a middle bandwidth as explained above, there is another major problem
associated with the conventional surface acoustic wave device 110. That is, the
conventioﬁal surface acoustic wave device 110 has a small impedance ratio Za/Zr.
This small impedance ratio presents a problem in that, when the surface acoustic
wave device 110 is used as a resonator, the surface acoustic wave device 110
cannot oscillate easily. Moreover, when a filter is constructed using the surface
acoustic wave device 110, the filter experiences the disadvantages of a large

insertion loss and gradual frequency characteristics at the band ends.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred embodiments of the
present invention provide a surface acoustic wave device having a quartz substrate
and a piezoelectric film provided thereon and a large impedance ratio Za/Zr, thereby

achieving excellent oscillation characteristics, a small insertion loss and abrupt
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frequency characteristics at the band ends.

In one preferred embodiment of the present invention, a surface acoustic wave
device includes a quartz substrate, a reflector disposed on the quartz substrate, a
piezoelectric thin film disposed on an area of the quartz substrate which excludes at
least a part of the quartz substrate on which the reflector is disposed and an
interdigital transducer disposed in contact with the piezoelectric thin film.

The interdigital transducer may be disposed on the piezoelectric thin film.
Alternatively, the interdigital transducer may be disposed between the piezoelectric
thin film and the quartz substrate.

The surface acoustic wave device may further include a short-circuiting
electrode disposed on the side of the piezoelectric thin film opposite to the side
thereof on 'which the interdigital transducer is disposed.

The quartz substrate preferably has a cut angle and a propagation direction
selected so as to acHieve a negative temperature characteristic of group delay time.
Further, the piezoelectric thin film is preferably made of a material selected from the
group consisting of ZnO, AIN, Ta,0,, and CdS.

According to the surface acoustic wave device of preferred embodiments of
the present invention, the reflectors are preferably disposed directly on the quartz
substrate. Thus, it is possible to eliminate the reduction of the reflection coefficient
and reduce the propagation loss at the reflector, thereby increasing the impedance
ratio Za/Zr of the surface acoustic wave device. As a result, the surface acoustic
wave device achieves excellent oscillation characteristics, and a filter construgted to

include the surface acoustic wave device 10 exhibits a small insertion loss and abrupt
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frequency characteristics at the band ends.
For the purpose of illustrating the invention, there are shown in the drawings
several forms which are presently preferred, it being understood, however, that the

invention is not limited to the precise arrangements and instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic plan view of a surface acoustic wave device according to
a preferred gmbodiment of the present invention.

FIG. 2 is a cross-section taken along line X-X of FIG. 1.

FIG. 3 is a schematic plan view of a modification of the surface acoustic wave
device of the first preferred embodiment of the present invention.

F IG-. 4 is a cross-section taken along line Y=Y of FIG. 3.

FIG. 5 is a cross-sectional view illustrating a variation of the surface acoustic
wave device shown in FIG. 1.

FIG. 6 is a cross-sectional view illustrating a variation of the surface acoustic
wave device shown in FIG. 3.

FiG. 7 is a schematic plan view of a surface acoustic wave device according to
a second preferred embodiment of the present invention.

FIG. 8 is a cross-section taken along line Z-Z of FIG. 7.

FIG. 9 is a cross-sectional view illustrating a variation of the surface acoustic
wave device shown'in FIG. 7.

FIG. 10 is a schematic plan view of a conventional surface acoustic wave

device.
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FIG. 11 is a cross-section taken along line W-W of FIG. 10.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

After discovering the problem with conventional devices described above, the
inventor of the present invention intensively studied the causes of the small
impedance ratio in the conventional surface acoustic wave devices having a quartz
substrate and a piezoelectric film thereon. The inventor discovered that the small
impedance _ratio relates to a large propagation loss of a surface acoustic wave.
More specifically, for the surface acoustic wave device having the structure in which
the piezoelectric thin film such as a ZnO film is disposed on the quartz substrate, and
the interdigital transducer and the reflectors are disposed on the piezoelectric thin
film, the pr'opagation loss of the surface acoustic wave is larger than that of a surface
acoustic wave device having a structure in which an interdigital transducer and
reflectors are disposéd directly on a quartz substrate.

For example, in a surface acoustic wave device having a structure in which a
piezoelectric thin film such as ZnO film is disposed on an ST-cut, 35° propagation
quartz substrate, and an interdigital transducer and reflectors are disposed on the
piezoelectric film, the propagation loss is 2.4 dB/cm at 220 MHz and 7.5 dB/cm at 630
MHz. Note that the ST-cut, 35° propagation quartz substrate mentioned in this
specification includes a 25 to 35° rotated Y-cut 35+1° X-propagation quartz
substrate. On the other hand, the surface acoustic wave device having the structure
in which the interdigital electrode transducer and the reflectors are formed directly on

the quartz substrate has a propagation loss of 0.05 dB/cm at 220 MHz and 0.38
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dB/cm at 630 MHz.

In addition, it has been further discovered by the inventor that a reflector
disposed on a piezoelectric film which is formed on a quartz substrate has one half of
an amount of a reflection coefficient compared to that of a reflector directly disposed
on a quartz substrate. The decrease of the reflection coefficient is caused by the
phase difference of the reflected surface produced between the reflector and the
piezoelectric film.

In vigw of the foregoing, the inventor has discovered and conceived of the
following novel surface acoustic wave devices. Hereinafter, preferred embodiments
of the present invention will be described with reference to the drawings.

As shown in FIGs. 1, 2, in a surface acoustic wave device 10 according to a
preferred émbodiment of the present invention, a piezoelectric thin film 12 which is
preferably a ZnO film or the like, is disposed on an ST-cut, 35° propagation quartz
substrate 11, excepf for a portion of the quartz substrate 11 On the piezoelectric
thin film 12, an interdigital transducer 13 including a pair of comb-shaped electrodes,
which are preferably metallic electrodes made of Al or the like and which are
arranged so as to oppose each other, is formed by photolithograpy and other
processes. On the portion of the quartz substrate 11 on which the piezoelectric thin
film 12 is not formed, that is, on the opposite sides of the interdigital transducer 13,
reflectors 14, which are preferably metallic electrodes made of Al and the like, are
formed.

The surface acoustic wave device 10 may be sealed in a package made of

ceramic or the like (not shown). A pad 15 of the interdigital transducer 13 is
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connected to an electrode for external connection outside of the package, via wire
bonding. Thus, the surface acoustic wave device 10 functions as a resonator. Itis
understood that a plurality of the surface acoustic wave devices 10 may be disposed
on a single quartz substrate 11 to define a filter.

According to the surface acoustic wave device 10, the reflectors 14 are
preferably disposed directly on the quartz substrate. Thus, it is possible to eliminate
the reduction of the reflection coefficient. In addition, the propagation loss at the
reflector 14 is also reduced.

Note that the propagation path of the surface acoustic wave in the surface
acoustic wave device 10 generally includes a region where the interdigital transducer
is formed and a region between the interdigital transducer 13 and the reflector 14
other than' the region where the reflectors 14 are disposed. Since the regions where
the reflectors 14 are disposed are generally larger than the other region, the effect of
reducing propagatioh loss is great even though the piezoelectric film is removed only
at the region where the reflectors are disposed. It is further noted that the
piezoelectric film between the interdigital transducer 13 and the quartz substrate 11
is necessary to increase the K? value. The piezoelectric film located in the regions
between the interdigital transducer 13 and the reflectors 14 may be removed.

According to an example of preferred embodiments of the present invention,
the impedance ratio Za/Zr of the surface acoustic wave device 10 is improved to 50-
60dB, while the conventional surface acoustic wave device has an impedance ratio
ZafZr of about 30-40dB. As a result, the surface acoustic wave device 10 of

preferred embodiments of the present invention achieves excellent oscillation
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characteristics, and a filter constructed using the surface acoustic wave device 10
exhibits a small insertion loss and abrupt frequency characteristics at the band ends.
In addition, since the piezoelectric film is provided on the quartz substrate 11
at the region where the interdigital transducer 13 is disposed, the K? value of the
surface acoustic wave device 10 becomes about 1%, whereby the surface acoustic
wave device 1 has a middle bandwidth and a TCD value of approximately zero.

In the structure of the above preferred embodiment, a piezoelectric thin film 12
is formed only on the portion of the quartz substrate which is disposed beneath the
reflectors 14. However, as shown in FiGs. 3 and 4, the surface acoustic wave
device 10a is suitable for this present invention, which has a structure in which the
piezoelectric thin film 12 is provided substantially beneath the interdigital transducer
13 andis ébsent_on the other portions of the quartz substrate 11. Further, as shown
in FIGs. 5 and 6, the interdigital transducer 13 may be provided between the
piezoelectric film 12 énd the quartz substrate 11.

A second preferred embodiment of the present invention will be now
described. Like parts in this and the above-described preferred embodiments are
designated by like reference numerals, and the detailed description of like parts is
omitted. FIG. 7 is a schematic view of a surface acoustic wave device according to
the second preferred embodiment. FIG. 8 is a cross-section taken on line Z-Z of
FIG. 7.

in the surface acoustic wave device 20 according to this preferred
embodiment, a short-circuiting electrode 16, which is preferably a metallic electrode

made of Al or the like, is disposed on the quartz substrate 11, except for a portion of
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the quartz substrate 11. The piezoelectric thin film 12 is disposed on the short-
circuiting electrode 16,. On the piezoelectric thin film 12, the interdigital transducer
13 including a set of metallic electrodes made of Al or the like and arranged to be
opposed to each other, is disposed. On the portion of the quartz substrate 11 on
which the piezoelectric thin film 12 is not disposed, that is, on the opposite sides of
the interdigital transducer 13, the reflectors 14 which are preferably metallic
electrodes made of Al or the like, are disposed.

Providing the short-circuiting electrode 16 between the quartz substrate 11
and the piezoelectric thin film 12, as described above, the K? value of this surface
acoustic wave device is even further enhanced, as compared with that of the surface
acoustic wave device 10 according to the first preferred embodiment.

In tﬁis preferred embodiment, the short-circuiting electrode is disposed on the
quartz substrate, the piezoelectric thin film is disposed on the short-circuiting
electrode, and further the interdigital transduceris disposed thereon. However, as
shown in FIG. 9, the interdigital transducer 13 may be formed on the quartz substrate
11, and the piezoelectric thin film 12 and further the short-circuiting electrode 16 may
be formed on the interdigital transducer 13. With this structure, the propagation loss
is greatly reduced.

In these preferred embodiments, the ZnO film is preferably used as the
piezoelectric thin film. However, AIN, Ta,0,, CdS, and the like may be used for the
piezoelectric thin film.

Although some of the preferred embodiments described above include an ST-

cut, 35° propagation direction quartz substrate, other preferred embodiments of the
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present invention may include other types of quartz substrates having a plurality of
different cut angles and propagation directions.

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.
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What is claimed is:

1. A surface acoustic wave device comprising:

a quartz substrate;

a reflector disposed on the quartz substrate;

a piezoelectric thin film located in an area of the quartz substrate which
excludes at least a portion of the quartz substrate on which the reflector is disposed;
and

an interdigital transducer arranged to contact the piezoelectric thin fiim.

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

transducer is disposed on the piezoelectric thin film.

3. A surface acoustic wave device according to claim 1, wherein the interdigital

transducer is disposed between the piezoelectric thin film and the quartz substrate.

4. A surface acoustic wave device according to claim 1, further comprising a
short-circuiting electrode disposed on the side of the piezoelectric thin film opposite

to the side thereof on which the interdigital transducer is disposed.

5. A surface acoustic wave device according to claim 1, wherein the quartz
substrate has a cut angle and a propagation direction selected to produce a negative

temperature characteristic of group delay time.
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6. A surface acoustic wave device according to claim 1, wherein the

piezoelectric thin film is made of a material selected from the group consisting of
Zn0, AN, Ta,0;, and CdS.

7. A surface acoustic wave device according to claim 1, wherein the quartz
substrate comprises an ST-cut 35° propagation quartz substrate.

8. A surface acoustic wave device according to claim 1, wherein the interdigital
transducer comprises at least two metallic electrodes.

9. A surface acoustic wave device according to claim 8, wherein the metallic
electrodes are made of Al.

10. A surface acoustic wave device according to claim 1, wherein the reflector
is disposed directly on the quartz substrate.

11, A surface acoustic wave device according to claim 1, further comprising a
plurality of reflectors disposed on the quartz substrate.

12. A surface acoustic wave device according to claim 11, wherein the plurality
of reflectors are disposed on opposite sides of the interdigital transducer.

13. A surface acoustic wave device according to claim 11, wherein the
reflectors comprise metallic electrodes.

14. A surface acoustic wave device according to claim 13, wherein the metallic

electrodes are made of Al.
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