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(57) A surface acoustic wave device comprises a diamond layer (12) or a substrate (11) with a diamond layer (12)
formed thereon, an A1l electrode (13) formed on the diamond layer (12), and a ZnO piezoelectric thin film layer (14)
formed on the diamond layer (12) with the Al electrode (13) covered by the ZnO piezoelectric thin film layer (14).
The ZnO piezoelectric thin f1lm layer (14) has a thickness hl within a range defined by 0.65 <khl <0.75 while the Al
electrode (13) has a thickness h2 within a range defined by 0.03 <kh2 < 0.04, where k 1s given by k = 2.y /A and A

represents an electrode period.
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Abstract of the Disclosure:

A surface acoustic wave device comprises a
diamond layer (12) or a substrate (11) with a diamond
layer (12) formed thereon, an Al electrode (13) formed on
the diamond layer (12), and a ZnO piezoelectric thin film
layer (14) formed on the diamond layer (12) with the Al

electrode (13) covered by the Zn0O piezoelectric thin film
layer (14). The ZnO piezoelectric thin film layer (14)
has a thickness hl within a range defined by 0.65 =< khl =
0.75 while the Al electrode (13) has a thickness h?2
within a range defined by 0.03 = kh2 £ 0.04, where k 1is

given by k = 27 /A and A2 represents an electrode

period.
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SURFACE ACOUSTIC WAVE DEVICE

Background of the Invention:

This invention relates to a surface acoustic wave
device operable in a high-frequency band and, in
particular, to a surface acoustic wave device comprising
a Z2n0 plezoelectric thin film layer formed on a diamond
layer or a substrate with a diamond film formed thereon.

A conventional surface acoustic wave device
comprises a diamond layer or a substrate with a diamond
layer formed thereon, an Al (aluminum) electrode formed
on the diamond layer, and a ZnO (zinc oxide) piezo-
electric thin film layer formed on the diamond layer and

the Al electrode. The conventional surface acoustic wave

device has a propagation velocity as high as 10,000 m/s
and is therefore useful for exciting a high-frequency
surface acoustic wave of, for example, a center frequency
of 2.5 GHz or the like when an array of electrodes 1is
arranged at an electrode period corresponding to a
wavelength (for example, 44 m) of the surface acoustic
wave. Practically, the electrode period may be substan-
tially equivalent to the wavelength of the surface

acoustic wave.

In order to achieve a similar high-frequency

operation, another conventional surface acoustic wave
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device comprises a single crystal pilezoelectric substrate
and a metal thin film electrode formed on the substrate.
With this structure, a very fine machining process 1s
required to form electrode fingers of a dimension on the
order of submicrons. For example, the electrode period
must be as small as 1.3 I m énd 1.6 £ m in an ST-cut

quartz substrate and a 128° ¥Y-X LiNbO., (lithium niobate)

3
substrate, respectively.

On the other hand, such a very fine machining
process 1s not required in the first-mentioned
conventional surface acoustic.wave device comprising the
diamond layer or the substrate with the diamond layer
formed thereon, the Al electrode, and the ZnO piezo-
electric thin film layer. Such a surface acoustic wave
device is disclosed, for example, in Japanese Unexamined
Patent Publication (A) No. 83078/1993.

In the second-mentioned conventional surface
acoustic wave device using the single crystal piezo-
electric substrate, acoustic impedances of the metal thin
film electrode differ between a portion where the
electrode fingers are laid and a free surface portion
where no electrode finger is laid. This results in
occurrence of acOustic reflection of a surface acoustic
wave at the electrode fingers.

Likewise, in the first-mentioned conventional

surface acoustic wave device comprising the diamond layer

or the substrate with the diamond layer formed thereon,

the Al electrode, and the ZnO plezoelectric thin film
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layer, an acoustic impedance of the electrode portion of
the Al electrode is not matched with an acoustic
impedance of the free surface portion. Such disconti-
nuity of the acoustic impedance results in occurrence of
the acoustic reflection.

If addition, let an interdigital electrode
structure of single electrode fingers having a width of
A /4 be used in the first-mentioned conventional surface
acoustic wave device comprising the diamond layer or the
substrate with the diamond layer formed thereon, the Al
electrode, and the ZnO plezoelectric thin film layer. 1In
this event, the acoustic reflection at the electrode
portion causes a ripple to occur in a main lobe of an
‘attenuation characteristic of the device. 1In order to
~eliminate such acoustic internal reflection, it has been
proposed to use an interdigital electrode structure of
electrode fingers having a width of A /8. However, a
merit of a high propagation velocity can not be
effectively utilized.

Summary of the Invention:

It 1s therefore an object of this invention to
provide a surface acoustic wave device which 1is capable
of eliminating acoustic reflection of a surface wave and,
as a result, achieving a ripple-free single-peak
characteristic in a main lobe of an attenuation

characteristic even when an interdigital electrode

structure 1s used which 1s composed of electrode fingers

of a width of 1 /4.
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It i1s another object of this invention to provide
a sgrface acoustic wave device of the type described,
wherein a benefit of a high propagation velocity of the
surface wave can be effectively utilized as a character-
istic of the device.

A surface acoustic wave device to which this
invention is applicable is for use in propagating a
surface wave of a surface wavelength and which has a
base, an electrode arranged on the base at an electrode
period related to the surface wavelength, and a plezo-
electric layer coated on the electrode and the

plezoelectric layer. According to an aspect of this
invention, the piezoelectric layer and the electrode has

first and second thicknesses both of which are determined
in relation to the wavelength of the surface wave with
the electrode period kept substantially equal to the
wavelength.

The base may include a diamond layer while the
electrode and the piezoelectric layer may be composed of
Al and ZnO.

According to another aspect of this invention,
the ZnO plezoelectric layer has a thickness hl within a
range defined by 0.65 = khl = 0.75 while the Al electrode
has a thickness h2 within a range defined by 0.03 = kh2 =
0.04, where k is given by k = 27 /A and A represents

the electrode period.
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Brief Description of the Drawing:

Fig. 1 1s a sectional view of a surface acoustic
wave device according to one embodiment of this
invention;

Fig. 2 shows, as an experimental result, an

dattenuation characteristic of the surface acoustic wave

device in Fig. 1;

Fig. 3 shows, as a simulation result, the
attenuatlion characteristic of the surface acoustic wave

device in Fig. 1;

Fig. 4 shows, as a calculation result, the

attenuation characteristic in case where an acoustic
impedance ratio between an Al electrode portion and a

free surface portion is smaller than unity;

Fig. 5 shows, as a calculation result, the
attenuation characteristic in case where the acoustic
impedance ratio is equal to unity;

Fig. 6 shows, as a calculation result, the
attenuation characteristic in case where the acoustic
lmpedance ratio is greater than unity;

Fig. 7 shows a relationship between a ripple
depth and the acoustic impedance ratio;

Fig. 8 shows a relationship between the ripple
depth and kh2 corresponding to an electrode film
thickness (h2) of the Al electrode portion in case where
a Zn0 piezoelectric thin film layer has a predetermined

thickness (hl) determined by khl = 0.7;
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Fig. 9 shows, as an experimental result, an
attenuation characteristic of a comparative surface
acoustic wave device with an Al electrode portion having
a thickness different from that specified in this

invention; and
Fig. 10 shows, as a simulation result, the
attenuation characteristic of the comparative surface

acoustic wave device described in conjunction with
Fig. 9.

Description of the Preferred Embodiment:

Now, description will be made as regards an
embodiment of this invention with reference to the
drawing.

Referring to Fig. 1, a surface acoustic wave
device according to this invention utilizes a primary
mode of an excited surface acoustic wave and comprises a
Si (silicon) substrate 11, a diamond layer 12 formed on
the Si substrate 11, and an Al electrode portion 13 of an
interdigital electrode structure arranged‘on the diamond
layer 12, and a ZnO pilezoelectric thin film layer 14
formed on the diamond layer 12 and the Al electrode
portion 13.

In this embodiment, the ZnO piezoelectric thin
film layer 14 has a thickness hl within a range defined
by 0.65 = khl = 0.75 while the Al electrode portion 13

has a thickness h2 within a range defined by 0.03 < kh2 <

0.04, where k is given by k = 27 /1 and may be called a

wave number where in turn A represents a surface pitch.
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Next, a structural feature of the surface acous-
tic wave device will be described. Generally, when the
interdigital electrode structure is composed of single
electrode fingers of a width of 1 /4, a ripple is caused
to occur in a main lobe of an attenuation characteristic

Of the device if acoustic reflection is caused at the
electrode portion. Such acoustic reflection results from

discontinuity of an acoustic impedance between the Al

electrode portion 13 and a free surface portion where no
electrode finger 1is present. Specifically, the acoustic

reflection objectionably occurs when an acoustic impe-
dance ratio v between the Al electrode portion 13 and
the free surface portion is not equal to unity (v # 1).
Herein, the acoustic impedance ratio 7 1is given by:

T = Zm/Zo % 1 + a,
where Zm represents the acoustic impedance of the Al
electrode portion; Zo, the acoustic impedance of the free
surface ﬁortion; and a , a discontinuous impedance

coefficient.

In the interim, the acoustic impedance ratio r
will be described with reference to Figs. 4 through 8 for
a better understanding of this invention.

Consideration is made about an influence of the
acoustic impedance ratio 7 wupon the attenuation
characteristic. In Figs. 4 through 6, the influence has
been simulated using equivalent circuit models each of
which is specified by the acoustic impedance ratio

Figs. 4, 5, and 6 show, as simulation results, the
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attenuation characteristics obtained when the acoustic
impedance ratio 7 1is smaller than unity (7 < 1), equal
to unity (7 = 1), and greater than unity (v > 1),

respectively. As will be understood by comparing Figs. 4

through 6 with one another, the ripple appears in the
main lobe in dependence upon the value of the acoustic

impedance ratio 7 . Specifically, when the acoustic

impedance ratio 7 1is equal to 1 (<t

N

1) as shown in Fig.
5, the main lobe exhibits a single-peak characteristic
without the ripple. On the other hand, when the acoustic
impedance ratio 7t 1s smaller and greater than unity

(z <1 and 7 > 1) as shown in Figs. 4 and 6, the ripple
appears in the main lobe.

Referring to Fig. 7, a relationship between a
ripple depth and the acoustic impedance ratio 7 1is
illustrated which is obtained as a result of calculation.
Let a range be defined wherein no consideration may be
made about a substantial influence of the ripple upon the
aﬁtenuation characteristic because the ripple depth is
substantially negligible. Under the circumstances, the
acoustic impedance ratio 7 has a specific zone which
corresponds to the above-mentioned range and which may be
effectively regarded as "1" for convenience of descrip-
tion. In Fig. 7, when the ripple depth is as small as 2
dB in the above-mentioned range, the specific zone of the

acoustic impedance ratio 7 1is defined between "a"

(= 0.988) and "b" (= 1.012). Thus, the acoustic

impedance ratio 7 within the above-mentioned range takes
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the effective "unity" value which causes no ripple to
occur in the main lobe.

' Referring to Fig. 8, a relationship between the
ripple depth and kh2 (corresponding to the thickness h2
of the Al electrode portion 13) has been experimentally
obtained for the ZnO piezoelectric thin film layer 14

having a thickness hl defined by khl

0.7. 1In Fig. 8,
the value of kh2 corresponding to the sufficiently small
ripple depth having no substantial influence approxi-

mately falls within a range defined by 0.03 =< kh2 = 0.04.
Accordingly, it will be understood that the above-
mentioned range of kh2 corresponds to the acoustic

impedance ratio 7 having the effective "unity" value

(7 1). The similar result has been obtained in another
experiment similar to Fig. 8 but fdr the Zn0O piezo-
electric thin film layer 14 with the thickness hl varied
within a range defined by 0.65 £ khl = 0.75.

As described above, in case where the inter-
digital electrode structure is composed of the electrode
fingers of a width of A /4, the ripple is caused to occur

in the main lobe of the attenuation characteristic if the

acoustic reflection is produced at the electrode portion.

According to this invention, the surface acoustic wave
device comprises the diamond layer or the Si substrate

1l with the diamond layer formed thereon, the Al
electrode portion 13 formed on the diamond layer, and the

ZnO0 piezoelectric thin film layer 14 formed on the

diamond layer and the Al electrode portion 13. The ZnO
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plezoelectric thin film layer 14 has the thickness hl
defined by 0.65 = khl £ 0.75 while the Al electrode

portion 13 has the thickness h2 defined by 0.03 = kh2 <

0.04, where k is given by k = 27 /2 and A represents
the electrode period. With this structure, the acoustic
ilmpedance ratio 7t between the Al electrode portion 13
and the free surface portion has the effective "unity"”
value so that no acoustic reflection is caused to occur.
As a result, the main lobe of the attenuation
characteristic exhibits a ripple-free characteristic.
Referring to Fig. 2, the attenuation charac-
teristic of the surface acoustic wave device of this
invention is shown as an experimental result. As seen
from the figure, the main lobe has a single-peak
characteristic without the ripple resulting from the
acoustic reflection at the electrode fingers (Al
electrode portion 13). The experiment was carried out
under the condition which will presently be described.
(A) Input/Output Interdigital Electrode Structure
Wavelength (24 ): 8 um
Eledtrode Width: A /4
Number of Finger Pairs: 40
Width of Interdigital Structure: 50242 (400 &« m)
Electrode Film Thickness (h2):
kh2 = 0.035 (0.045 u m)
(B) Diamond Thin Film

Polycrystalline Diamond Film (Hot-Filament CVD)

Film Thickness: 20 4 m
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(C) ZnO Thin Film
C-axls Orientation Film (Sputtering)

(0 value = 2° in evaluation by the use of

an X-ray rocking curve)

Film Thickness (hl): khl 0.7 (0.89 4« m)

Referring to Fig. 3, the attenuation character-
istic of the surface acoustic wave device of this
invention is simulated as a result of calculation. As
seen from the figure, the single-peak characteristic
without the ripple is reproduced in the main lobe. The
calculation was carried out under the condition set forth
below;

(A) Input/Output Interdigital Electrode Structure
Electrode Width: A /4
Number of Finger Pairs: 40
Width of Interdigital Structure: 50 2
Acoustic Impedance Ratio (7t ): 1.0

Referring to Fig. 9, an experimental result was
obtained in a comparative surface acoustic wave device
having a different dimensional value. Specifically, the
Zn0 plezoelectric thin film layer 14 has a thickness hi
defined by khl = 0.7 which is equal to that in the
experiment of Fig. 2 while the Al electrode portion 13
has a thickness h2 defined by kh2 = 0.47. The other
conditions are quite similar to those described in
conjunction with Fig. 2. As seen from Fig. 9, the
ripple appears in the main lobe of the attenuation

characteristic.
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Referring to Fig. 10, the attenuation character-
istic of the comparative surface acoustic wave device was

obtained as a result of calculation. The acoustic

impedance ratio 7 1is varied from 1 to 1.027. The ripple
having the depth similar to the experimental value in
Fig. 9 is reproduced when the acoustic impedance ratio

i1s equal to 1.027.

As described above, in the surface acoustic wave
device of this invention, the acoustic impedance ratio
between the Al electrode portion and the free surface
portion is made to have the effectlve "unity" wvalue.
Therefore, the acoustic reflection of the surface wave is
eliminated so that the main lobe of the attenuation
characteristic exhibits the single-peak characteristic
without the ripple even if the Al electrode portion has
the interdigital electrode structure composed of the
electrode fingers of a width of A /4. It is therefore
unnecessary to use, as in the conventional device, the
interdigital electrode structure composed of the
electrode fingers of a width of 2 /8 in order to
eliminate the acoustic reflection. Accordingly, it is
possible to effectively utilize, as a characteristic of
the surface acoustic wave device, the benefit of the high
propagation velocity of the surface wave.

While this invention has thus far been described

in conjunction with the single preferred embodiment

thereof, it will readily be understood for those skilled
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in the art to put this invention in various other

manners.
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WHAT IS CLAIMED IS:

1. A surface acoustic wave device comprising a
base including a diamond layer, an Al electrode arranged
on said diamond layer at an electrode period, and a ZnO

pilezoelectric thin film layer formed on said diamond

layer with said Al electrode covered with said ZnO
pilezoelectric thin film layer, wherein:

said Zn0O piezoelectric thin film layer has a
thickness hl within a range defined by 0.65 = khl = 0.75
while sald Al electrode has a thickness h2 within a
range defined by 0.03 = kh2 = 0.04, where k is given by
k = 272 /A and A represents the electrode period.

2. ‘A surface acoustic wave device as claimed in
claim 1, wherein said base is formed by a selected one of
sald diamond layer alone and a substrate covered with
said diamond laver.

3. A surface acoustic wave device comprising a

base including a diamond layer, an Al electrode formed on

sald diamond layer, and a ZnO plezoelectric thin film
layer formed on said diamond layer with said Al electrode

covered with said ZnO piezoelectric thin film layer,

wherein:

said ZnO piezoelectric thin film layer has a
predetermined thickness while said Al electrode has a
thickness within a range such that acoustic reflection at

said Al electrode is substantially equal to zero.
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4. A surface acoustic wave device as claimed in
claim 3, wherein said base is formed by a selected one of
said diamond layer alone and a substrate covered with

saild diamond layer.

5. A surface acoustic wave device as claimed in
claim 3, wherein said ZnO piezoelectric thin film layer
has a thickness hl defined by khl = 0.70 while said Al
electrode has a thickness h2 within a range defined by
0.03 = kh2 = 0.04, where k is given by k = 27 /A , and
A represents an electrode period.

6. A surface acoustic wave device which is for
use 1in propagating a surface wave of a surface wavelength
and which has a base, an electrode arranged on said base
at an electrode period related to the surface wavelength,
and a plezoelectric layer coated on said electrode and
sald piezoelectric layer, wherein:

said piezoelectric layer and said electrode have
first and second thicknesses both of which are determined
in relation to the wavelength of the surface wave with
the electrode period kept substantially equal to the

wavelength.

7. A surface acoustic wave device as claimed in
claim 6, wherein said base is formed by a selected one of
a diamond layer and a substrate covered with a diamond

layer while said electrode and said piezoelectric layer

are attached to said diamond layer.

8. A surface acoustic wave device as claimed in

claim 7, wherein said piezoelectric layer is formed by
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ZnO0 while said electrode is formed by Al.

9. A surface acoustic wave device as claimed in

claim 8, wherein said piezoelectric layer has a thickness

hi within a range defined by 0.65 < khl < 0.75 while said
electrode has a thickness h2 within a range defined by
0.03 = kh2 = 0.04, where k is given by k = 27 /A2 and 2

represents the wavelength.
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