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TITLE OF THE INVENTION
SURFACE ACOUSTIC WAVE DEVICE
BACKGROUND OF THE INVENTION
Field of the Invention
5 The present invention relates to a surface acoustic

wave device which has been improved both in propagation
velocity (V) of surface acoustic wave to be used
therein, and in electro-mechanical coupling coefficient
(Kz) thereof.

10 Related Background Art

A surface acoustic wave device (hereinafter, mainly
referred to as "SAW device"), i.e., a device which
utilizes surface acoﬁstic wave (hereinafter, mainly
referred to as "SAW") propagating along the surface of

15 a solid material, has various features or advantages
common to electro-mechanical functional parts or
‘devices. Such features are as follows:
(1) It has a small size and is light in weight.
(2) It has excellent resistance to vibration and to
20 impact to be applied thereto.

(3) It is liéblé to provide*iigtle dispersioﬁ or
scattering in product quality even in'the mass
production thereof, and therefore it is liable 'to
provide a high reliability.

25 (4) When a circuit including a SAW device is

constituted,. the SAW device may be mounted or assembled
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to such a circuit in a so-called "adjustment-free"
manner (or in a manner such that substantially no
adjustment of the SAW device is required), and
therefore tha actual mounting of the SAW device may
easily be automafad or simplified.

In addition to the above-mentioned features common
to the electro-mechanical functional parts or devices,
the SAW device further has various advantages such that
it has excellent stability tb temperature, has a long
life (or service life), and has an excellent phase
characteristic. Accordingly, the SAW device may
suitably be used for a wide variety of purposes such as
frequency filter, resonator, delay device, signal
processing device, convolver, and function element for
optoelectronic devices.

In the field of communication techrnology inclusive
of satellite communication system, mobile communication
system, etc., along with recent multi-channel and high-
frequency development, there has strongly been desired
the development of a SAW device which is operable in a
higher frequency region (e.g., GHz band) in the field
of the above-mentioned SAW device.

In general, the operating frequency (f) of a SAW
device may be determined on the basis of a relationship
of £ # V/ A, wherein V denotes the propagation velocity

of SAW to be used in the SAW device, and A denotes the
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wavelength of the SAW. The wavelength A depends on the
pitch (or period) of an interdigital transducer or
electrode having a comb-like shape (hereinafter,
referred to as "IDT") constitutiné the SAW device, as
described hereinafter. However, in view of a certain
limit in the field of microfabrication technique such
as photolithography, it is difficult to extremely
shorten the wavelength 1 of the SAW to be utilized in
the SAW device. Accordingly, for the purpose of high-
frequency development in the SAW device, it is
desirable to increase the propagation.velocity V of the
SAW.

In addition, in the field of communication
technology éuch as satellite communication system and

mobile communication system as described above, mainly

from a viewpoint of actual mounting of a SAW device, it

has been desired to improve the entirety of the device
so as to further reduce the energy consumption therein
and to attain further miniaturization thereof. As a
result, in addition to the high-frequency development
as described above, it has been desired to improve the
electro-mechanical coupling coefficient (K’) of the SAW
device, i.e., an index to conversion efficiency at the
time of the conversion of electric energy into
mechanical energy in the device.

Accordingly, particularly in a SAW device to be

act



constituted, the SAWdevice my be nounted or assenbl ed 2 to such a
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desirably used widely in recent years, it has strongly
been demanded that not only the propagation velocity V
of the SAW to be utilized in the SAW device should be
increased (for example, V Z about 7000 m/s), but also

5 the mechanical coupling ccefficient (X’) of the SAW
device should be increased (for example, K2 2 %).

There is known a SAW device having a laminate

structure comprising a diamond layer and an LiNbO, layer
disposed thereon (Japanese Laid-open Patent Application

10 (KOKAI) No. 6291171989 (i.e., Sho 64-62911). The
above-mentioned LiNbO, has an advantage such that the
chemical stability (i.e., resistance to acid,
resistance to alkali, etc.) thereof is superior to that
of another piezoelectric material such as ZnO.

15 However, in view of the crystallinity or crystal
structure of the LiNbO, material itself, it is not easy
to form a thin film of LiNbO, which is capable of
providing a desirable piezoelectric property as a
component constituting a SAW device. Particularly, in

20 the prior art, it has not been known what kind of LiNbO,
thin film may provide a desirable characteristic as a
SAW device in relation with a certain e1ectrode
arrangement or electrode structure (eléctrode width,
etc.). .

25 SUMMARY OF THE INVENTION

An object of the present invention is to provide a

4
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SAW device which has solved the above-mentioned
problems encountered in the prior art.
Another object of the present invention is to

provide a SAW device which is capable of providing a

w

desirable characteristic while using an LiNbQ,; layer as

a piezoelectric substance.

A further object of the present invention is to
provide a SAW device wherein the propagation velocity
(V) of SAW to be utilized has been increased, and the
10 electro-mechanical coupling coefficient (K’) has been

improved.

As a result of earnest study, the present inventors
have found that in a SAW device having an LiNbQO;/diamond
layer structure provided with an IDT (or an electrode

15 having a comb-like shape), a polycrystalline C-axis-
oriented LiNbO, layer in combination with a specific
parameter of kh, = 2n(t,/A) (wherein A denotes the
wavelength (pm) of SAW to be utilized in the device,
and t, denotes the thickness (um) of LiNbO; layer )

20 which has been controlled so as to fall within a
specific range, is extremely effective in achieving the
above-mentioned objects.

The SAW device according to the present invention
is based on the above discovery and comprises: at

25 least, diamond, an interdigital transducer disposéd on

the diamond, and a polycrystalline C-axis-oriented.
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LiNbO, layer disposed on the interdigital transducer;
the surface acoustic wave device utilizing surface
acoustic wave of zero-th mode having a wavelength of A
(pm), and having a parameter of kh, = 2m(t,/A)
5 satisfying a relationship of 0.7 £ kh, = 1.0 provided
that the thickness of the LiNbQ, layer is t,; (pm).
According to the present invention, there is

provided a SAW device having a desirable characteristic
while utilizing LiNbO,, which has heretofore been

10 considered as a piezoelectric substance capable of
hardly forming a thin film with a desirable
piezoelectric characteristic, and while effectively
alleviate the trouble to be caused in the case of
actual "trial and error" operation for fabricating a

15 largé number of SAW device samples. More specifically,
the SAW device having such a structure may provide a
SAW propagation velocity V satisfying a relationship of
7000 £ Vv £ 7500 m/s and an electro-mechanical coupling
coefficient K satisfying a relationship of K° 2 2 3.

20 The present invention also provides a surface’
acoustic wave device having the above structure,
wherein the diamond comprises a diamond layer disposed
on a base material, the surface acoustic wave device
having a parameter of kh, = 2u(t,/A) satisfying a

25 relationship of 4 £ kh, provided that the thickness of

the diamond layer is tg'(pm). The SAW device having

6
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such a structure may be provided on a substrate such as
silicon substrate, while attaining a SAW propagation
velocity V satisfying a relationship of 7000-§ v S

7500 m/s and an electro-mechanical coupling coefficient
K’ satisfying a relationship of K* 2 1 %.

The present invention further provides a surface
acoustic wave device, comprising: at least, diamond, an
interdigital transducer disposed on the diamond, and a
polycrystalline C-axis-oriented LiNbO,; layer disposed on
the interdigital transducer; the surface acoustic wave
device utilizing surface acoustic wave of lst-mode
having a wavelength of A (um), and having a parameter
of kh, = 2m(t,/\) satisfying a relationship of 0.5 = kh,
£ 1.5 provided that the thickness of the LiNbO,; layer
is t, (pm). The SAW device having such a structure may
provide a SAW pfopagation velocity V satisfying a
relationship of 7000 £ v £ 12000 m/s and an electro-
mechanical coupling coefficient K’ satisfying a
relationship of ¢ £ X° £ 9 %.

The present invention further provides a surface
acoustic wave device having the above structure,
wherein the parameter of kh, = 2n(t,/A) satisfies a
relationship of 0.5 £ kh, £ 1.0. The SAW device having
such a structure may provide a SAW propagation velocity

V satisfying a relationship of 9000 < V £ 12000 m/s

and an electro-mechanical coupling coefficient K’

7
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satisfying a relationship of 6 £ K° £ 9 %.
The present invention further provides a surface
acoustic wave device having the above structure,
wherein the diamond comprises a diamond layer disposed

on a base material, and a parameter of kh, = 2m(t,/A)

(&}

satisfies a relationship of 2 = kh, provided that the
ﬁhickness of the diamond layer is t, (pm). The SAW
device having such a structure may be provided on a
substrate such as silicon substrate, while attaining a

10 SAW propagation velocity V satisfying a relationship of
9000 £ V £ 12000 m/s and an electro-mechanical
coupling coefficient K satisfying a relationship of 6
S K S9s. |

The present invention further provides a surface

15 acoustic wave device having the above structure,
wherein the parameter of kh, = 2n(t,/A) satisfies a
relationship of 0.5 S kh, £ 0.8, and the parameter of
kh, = 2n(t,/A») satisfies a relationship of 2 £ kh, £ 3.
The SAW device having such a structure may provide a

20 SAW propagation velocity V satisfying a relationship of
10000 £ Vv £ 12000 m/s and an electro-mechanical
coupling coefficient X’ satisfying a relationship of 9
S K S 11 8.

The present invention further provides a surface
25 acoustic wave device, comprising: at least, diamond, a

polycrystalline C-axis-oriented LiNbO, layer disposed on

8
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As

the diamond, and an interdigital transducer disposed on

the LiNbO; layer; the surface acoustic wave device

utilizing surface acoustic wave of lst-mode having a

wavelength of A (um), and having a parameter of kh, =

w

2u(t,/A) satisfying a relationship of ¢.5 £ kh, £ 1.5

provided that the thickness of the LiNbO, layer is t,

(pm). The SAW device having such a structure may

provide a SAW propagation velocity V satisfying a

relationship of 7000 £ Vv £ 12000 m/s and an electro-

10 mechanical coupling coefficient K satisfying a

relationship of 2 £ X £ 9 %.

The present invention further provides a surface

acoustic wave having the above structure, wherein the

parameter of kh, = 2m(t,/A) satisfies a relationship of

15 0.5 £ kh, £ 1.0. The SAW device having such a

structure may provide a SAW propagation velocity V

satisfying a relationship of 9000 £ V = 12000 m/s and

an electro-mechanical coupling coefficient K’ satisfying

a relationship of 6 £ K £ 9 %.

20 _ - The present invention further provides a surface

acoustic wave device having the above structure,

wherein the diamond comprises a diamond layer disposed

on a base material, and a parameter of kh, = 2m(t,;/1)

satisfies a relationship of 2 £ kh, provided that the

25 thickness of the diamond layer is t, (pm).

The SAW

device having such a structure may be provided on a
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it has been desired to inprove the el ectromechani cal coup
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substrate such as silicon substrate, while attaining a

SAW propagation velocity V satisfying a relationship of

9000 £ V £ 12000 m/s and an electro-mechanical

coupling coefficient K’ satisfying a relationship of 6

5 £ x £ 09 3.

The present invention further provides a surface

acoustic wave device having the above structure,

wherein the parameter of kh, = 2un(t,/A) satisfies a

relationship of 0.5 £ kh, £ 0.8, and the parameter of

10 kh, = 2n(t,/A) satisfies a relationship of 2

< xh, £ 3.

The SAW device having such a structure may provide a

SAW propagation velocity V satisfying a relationship of

10000 £ V £ 12000 m/s and an electro-mechanical

coupling coefficient K’ satisfying a relationship of 8

15 < K £ 10 3.

The present invention further provides a surface

acoustic wave device, comprising: at least, diamond, a

polycrystalline C-axis-oriented LiNbO; layer disposed on

the diamond, and an interdigital transducer disposed on

20 the LiNbQ,; layer; the surface acoustic wave device

utilizing surface acoustic wave of 2nd-mode having a

wavelength of A (pm), and having a parameter of kh, =

<

2n(t,/A) satisfying a relationship of 1.4 = kh, = 3

provided that the thickness of the LiNbO; layer is t,;

25 (pm). The SAW device having such a structure may

provide a SAW propagation velocity V satisfying a

10
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having a | am nate

SEI 95-02

relationship of 8000 £ Vv £ 11000 m/s and an electro-
mechanical coupling coefficient X satisfying a
relationship of 2 < kK* £ ¢ %.

The present invention further provides a surface

5 . acoustic wave device having the above structure,
wherein the diamond comprises a diamond layer disposed
on a pase material, and a parameter of kh, = 2n(t,/A)
satisfies a relationship of 4 £ kh, provided that the
thickness of the diamond layer is t, (pm). The SAW

10 device having such a structure may be provided on a
substrate such as silicon substrate, while attaining a
SAW propagation velocity V satisfying a relationship of
8000 £ V £ 11000 m/s and an electro-mechanical
coupling coefficient K’ satisfying a relationship of 2
15 S K S 4%,

The present invention further provides a surface
acoustic wave device, comprising: at least, diamond, an
interdigital transducer disposed on the diamond, a
polycrystalline C-axis-oriented LiNbO, layer disposed on

20 the interdigital transducer, and a short-circuiting
electrode disposed on the LiNbO, layer ; the surface
acoustic wave device utilizing surface acoustic wave of
lst~mode having a wavelehgth-of A (pm), and having a
parameter of kh, = 2n(t,/A) satisfying a relationship of

25 0.5 £ kh, £ 1.5 provided that the thickness of the |

LiNbO, layer is t; (pm). The SAW device having such a

11



structure conprising a dianond |ayer and an Li NoG3 | ayer

osed t hereon
(Japanese Lai d-open Patent Application (KOKAI) No. 62911/ tHas Beep R Ged
64-62911). The above-nentioned [err] has an advantage su l _
chem cal stability (i.e., resistance to acid, resistance )
thereof is superior to that of another piezoelectric material such as ZnO.
However, in view of the crystallinity or crystal structure of the [err]

material itself, it is not easy
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structure may provide a SAW propagation velocity V
satisfying a relationship of 7000 = V £ 12000 m/s and
an electro-mechanical coupling coefficient K satisfying
a relationship of 2 £ X° £ 4 3.

5 The present invention further provides a surface
acoustic wave device having the above structure,
wherein the diamond comprises a diamond layer disposed
on a base material. The SAW device having such a
structure may be provided on a substrate such as

10 silicon substrate, while attaining a SAW propagation
velocity V satisfying a relationship of 7000 £ V =
12000 m/s and an electro-mechanical coupling
coefficient K satisfying a relationship of 2 S K £ 4
%.

15 The present invention further provides a surface
acoustic wave device, comprising: at least, diamond, an
interdigital transducer disposed on the diamond, a
polycrystalline C-axis-oriented LiNbO, layer disposed on
the interdigital transducer, and a short-circuiting

20 electrode disposed on the LiNbO, layer ; the surface
acoustic wave device utilizing surface acoustic wave of
2nd-mode having a wavelength of A (pm), and having a
parameter of kh, = 2u(t,/A) satisfying a relationship of
1.5 £ kh, £ 3 provided that the thickness of the LiNbO;

25 layer is t, (pm). The SAW device having such a

structure may provide a SAW propagation velocity V

12



to forma thin filmof LiNoG3 which is capable of prOV|d|nghgsﬂgﬁhsgﬂm%mlmmd.'

: pi ezoel ectric property as a conponent constituting a SAW|deyvj
Particularly, in the prior art, it has not been known wh t_gi "”H

thin filmnay provide a desirable characteristic as a S%NVd
relation with a certain electrode arrangenent or el ectrode structure
(electrode width, etc.). SUMVARY OF THE | NVENTI ON
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satisfying a relationship of 8000 = V = 10000 m/s and
an electro-mechanical coupling coefficient K’ satisfying
a relationship of 2 £ ¥* £ 2.6 %.
The present invention further provides a surface
5 acoustic wave device having the above structure,

wherein the diamond comprises a diamond layer disposed
on a base material. The SAW device having such a
structure may be provided on _.a substrate such as
silicon substrate, while attaining a SAW propagation

10 velocity V satisfying a reiationship of 8000 £ Vv <
10000 m/s and an electro-mechanical coupling
coefficient K’ satisfying a relationship of 2 £ K* <
2.6 3. |

The present invention further provides a surface

15 acoustic wave device, comprising: at least, diamond, a
short-circuiting electrode disposed on the diaménd, a
polycrystalline C-axis-oriented LiNbO, layer disposed on
th% short-circuiting electrode, and an interdigital
transducer disposed on the LiNbO, layer; the surface

20 acoustic wave device utilizing surface acoustic wave of
lst-mode having a wavelength of A {(um), and having a
parameter of kh;, = 2n(t;/A) satisfying a relationship of
0.5 = kh, £ 1.5 provided that the thickness of the
LiNbQO, layer is t, (pm). The SAW device having such a

25 structure may provide a SAW propagation velocity V

satisfying a relationship of 7000 £ V S 12000 m/s and

13
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an electro-mechanical coupling coefficlent K’ satisfying
a relationship of 1.4 £ k* £ 2.4 %.

The present invention further provides a surface
acoustic wave device having the above structure wherein
the diamond comprises a diamond layer disposed on a
base material. The SAW device having such a structure
may be provided on a substrate such as silicon
substrate, while attaining a SAW propagation velocity V
satisfying a relationship of 7000 £ Vv £ 12000 m/s and
an electro-mechanical coupling coefficient K satisfying
a relationship of 1.4 £ x* £ 2.4 %.

The present invention further provides a surface
acoustic wave device, comprising: at least, diamond, a
short-circuiting electrode disposed on the diamond, a-
polycrystalline C-axis-oriented LiNbO, layer disposed on
the short-circuiting electrode, and an interdigital
transdﬁcer disposed on the LiNbO, layer; the surface
acoustic wave device utilizing surface acoustic wave of
2nd-mode having a wavelength of 2 (pm), and having a
parameter of kh, = 2n(t,/A) satisfying a relationship of
1.5 S kh, S 3 provided that the thickness of the LiNbO,
layer is t; (pm). The SAW device having such a
structure may provide a SAW propagation velocity V
satisfying a relationship of 8000 £ V £ 10000 m/s and
an electro-mechanical coupling coefficient K’ satisfying

a relationship of 1.4 £ K* £ 3 &.

14
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desirabl e characteristic while using an Li NbG3 | ayer as a plezoelectrlc

substance. A further object of the present invention is t 'nmﬁmmﬁﬁ l“”d
- devi ce wherein the propagation velocity (V) of SAWto be t||

i ncreased, and the el ectro-nechani cal coupling coefficient [
I nproved. As a result of earnest study, the present inventors ave f ound

that in a SAWdevice having an [err]
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The present invention further provides a surface
acoustic wave device having the above structure,
wherein the diamond comprises a diamond layer disposed
on a base material, and a parameter of kh, = 2n(t¢/k)

5 satisfies a relationship of 4 £ kh, provided that the
thickness of the diamond layer is t, (um). The SAW
device having such a structure may be provided on a
substrate such as silicon substrate, while attaining a
SAW propagation velocity V satisfying a relationship of

10 8000 £ V £ 10000 m/é and an electro-mechanical

coupling coefficient K satisfying a relationship of 1.4
S K £ 3 8.

Further scope of applicability of the present

invention will become apparent from the detailed

15 description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since
various changes and modifications within the spirit and

20 scope of the invention will become apparent to those
skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic plan view showing an example
of the planar shape of an IDT (single-type electrode)
25 constituting a SAW device.

Fig. 2 is a schematic plan view showing an example

15



-~ layer structure provided with an I DT (or an el ectrode havrn@ “
shape), a polycrystalline C-axis- oriented [err] |ayer e %ﬂ
. a specific paranmeter of [err] (wherein [err] denotes the ma

of SAWto be utilized in the device, and [err] denotes the
of Li NbG3 |ayer ) which has been controlled so as to fall mnthln a speC|f|c
range, is extrenely effective in achieving the above-nentioned objects.
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of the planar shape of an IDT (double-type electrode)
constituting a SAW device.

Fig. 3 is a schematic sectional view showing a
layer structure (Layer Structure 1) of an embodiment of

5 the SAW device according to the present invention.

Fig. 4 is a schematic sectional view showing a
layer structure (Layer Structure 2) of an embodiment of
the SAW device according to the present invention.

Fig. 5 is a schematic sectional view showing an

10 electrode arrangement (Electrode Arrangement A) of an
embodiment of the SAW device according to the present
invention.

Fig. 6 is a schematic sectional view showing an
electrode arrangement (Electrode Arrangement C) of an

.15 embodiment of the SAW device according to the present
invention. ‘

Fig. 7 is a schematic sectional view showing an
electrode arrangement (Electrode Arrangement E) of an
embodiment of the SAW device according to the present

20 invention.

Fig. 8 is a schematic sectional view showing an
electrode arrangement (Electrode Arrangement F) of an
embodiment of the SAW device according to the present
invention.

25 . Fig. 9 is a graph showing a relationship between

the propagation velocity V of SAW and the parameter kh,

16



The, SAW devi ce according to the present invention is bas e above
di scovery and conprises: at |east, dianond, an interdigi &yid dhavi HabuBzar Replaced

di sposed on the dianond, and a polycrystalline c-axis-or en“‘““ “‘“\“‘ﬂ\“\

. layer disposed on the |nterd|g|tal transducer;

in a SAW device having the above-mentioned "Layer
Structure 2" and the above—mentloned "Electrode
Arrangement A, C, E or F" {(the parameter kh, = 1.0).

Fig. 10 is a graph showing a relationship between

(9]

the propagation velocity V of SAW and the parameter kh,
in a SAW device having the above-mentioned "Layer
Structure 2" and the above-mentioned "Electrode
Arrangement A, C, E or F" (the parameter kh, = 2.0).
Fig. 11 is a graph showing a relationship between
10 the propagation velocity V of SAW and the parameter kh,
in a SAW device having the above-mentioned "Layer
Structure 2" and the above-mentioned "Electrode
Arrangement A, C, E or F" (the parameter kh, = 3.0).
Fig. 12 is a graph showing a relationship between
15 the propagation velocity V of SAW and the parameter kh,
in a SAW device having the above-mentioned "Layer
Structure 2" and the above-mentioned "Electrode
Arrangement A, é, E or F" (the parameter kh, = 4.0).
Fig. 13 is a graph showing a relatidnship between
20 the electro-mechanical coupling coefficient XK’ and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned-"Electrode
Arrangement A" (the parameter kh, = 1.0).
Fig. 14 is a graph showing a relationship between
25 the electro-mechanical coupling coefficient K’ and the

parameter kh, in a SAW device having the above-mentioned

17



satisfying a relationship of 0.7 [err] kh [err] 1.0 provj.de

t hi ckness of the LiNoG3 layer is [err] [err]. According to t
i nvention, there is provided a SAWdevice having a desirable characterlstlc.

whi | e ut|||2|ng [err] which has heretofore been considered as a
pi ezoel ectric substance capabl e of

t he.surface acoustic wave device utilizing surface acousfic vave g@e ?%
node having a wavel ength of X [err] and having a paranet r'ﬂm‘@& :

"Layer Structure 2" and the above-mentioned "Electrode
Arrangement A" (the parameter kh, = 2.0).
Fig. 15 is a graph showing a relationship between
the electro-mechanical coupling coefficient K° and the
5 parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement A" (the parameter kh, = 3.0).
Fig. 16 is a graph showing a relationship between
the electro-mechanical coupling coefficient K’ and the
10 parameter kh;, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement A" (the parameter kh, = 4.0).
Fig. 17 is a graph showing a relationship between
the electro-mechanical coupling coefficient K’ and the
15 parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement C" (the parameter kh, = 1.0).
Fig. 18 is a graph showing a relationship between
the electro-mechanical coupling coefficient K° and the
20 parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement C" (the parameter kh, = 2.0).
Fig. 19 is a graph showing a relationship between
the electro-mechanical coupling coefficient K® and the
25 parameter kh, in a SAW device having the above-mentioned

"Layer Structure 2" and the above-mentioned "Electrode

18



“hardly forming a thin filmwth a desirable piezoel ectric-characteristic,
and while effectively alleviate the trouble to be caused nThh&waébeB@ch

actual "tria
devi ce sanpl es.

and error" operation for fabricating a larg ;Mﬂ Iul

More specifically, the SAWdevi ce havi ngsu

laced
may provide a SAW propagation velocity V satisfying a relationship of ‘ iu
V [err] 7500 ms and an el ectro-nechani cal coupling coefficient [err]
satisfying a relationship of [err] [err] 2 %
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Arrangement C" (the parameter kh, = 3.0).

Fig. 20 is a graph showing a relationship between
the electro-mechanical coupling coefficient K and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement C" (the parameter kh, = 4.0).

Fig. 21 is a graph showing a relationship between
the electro-mechanical coupling coefficient K® and the
parameter kh, in a SAW device having the above-mentioned
“Layer Structure 2" and the above-mentioned "Electrode
Arrangement E" (the parameter kh, = 1.0).

Fig. 22 is a graph showing a relationship between
the electro-mechanical coupling coefficient K’ and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement E" (the parameter kh, = 2.0).

Fig. 23 is a graph showing a relationship between
the electro-mechanical coupling coefficient K’ and the
parameter kKh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement E" (the parameter kh, = 3.0).

Fig. 24 is a graph showing a relationship between

"the electro-mechanical coupling coefficient K® and the

parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode

Arrangement E" (the parameter kh, = 4.0).

19



The present invention also provides a surface acoustic e deV|ce havin

t he above structure, wherein the dianond conprises a dla Hmdk&pg@ gﬂ
~on a base material, the surface acoustic wave devi ce hav l”'la”’l

[err] = [err] satisfying a relationship of 4 [err] kh, prOVI
t hi ckness of the dianond |ayer is [err]. The SAW devi ce havi ng

SEI 95-02

Fig. 25 is a graph showing a relationship between
the electro-mechanical coupling coefficient K® and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode

.5 Arrangement F'" (the parameter kh, = 1.0).

Fig. 26 is a graph showing a relationship between
the electro-mechanical coupling coefficient K® and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode

10 Arrangement F" (the parameter kh, = 2.0).

Fig. 27 is a graph showing a relationship between
the electro-mechanical coupling coefficient X’ and the
parameter kh; in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode

15 Arrangement F" (the parameter kh, = 3.0).

Fig. 28 is a graph showing a relationship between
the electro-mechanical coupling coefficient K® and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode

20 Arrangement F" (the parameter kh, = 4.0).

Fig. 29 is a graph showing a relationship between
the propagation velocity V of SAW and the parameter kh,
in a SAW device having the above-mentioned "Layer
Structure 1" and the above-mentioned "Electrode

25 Arrangement A, C, E or F".

Fig. 30 is a graph showing a relationship between

20



REPLACEMENT SHEET 7 such a structure nmay be provided

silicon substrate, while attaining a SAW propagation vel oci. éhsB&yR
a relationship of 7000 [err] V [err] 7500 mis and an electro
coupling coefficient [err] satisfying a relationship of [err]

The present
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I nvention further provides a surface
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the electro-mechanical coupling coefficient K’ and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 1" and the above-mentioned "Electrode
Arrangement A".

Fig. 31 is a graph showing a relationship between

the electro-mechanical coupling coefficient K’ and the

parameter kh; in a SAW device having the above-mentioned
"Layer Structure 1" and the above-mentioned "Electrode
Arrangement C".

Fig. 32 is a graph showing a relationship between
the electro-mechanical coupling coefficient K’ and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 1" and the above-mentioned "Electrode
Arrangement E".

Fig. 33 is a graph showing a relationship between
the electro-mechanical coupling coefficient K® and the
parameter kh, in a SAW device having the above-mentioned
"Layer Structure 1" and the above-mentioned "Electrode
Arrangement F". |

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinbelow, the present invention will be
described in detail with reference to the accompanying
drawings, as desired.

(Mode of SAW)
In a SAW device having a structure comprising

diamond, an LiNbO; layer disposed thereon, and an IDT

21

on a ;%BgFrafgjﬂﬁﬂT7ﬁr-
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acoustic wave device, conprising: at |east, dianmond, an ingQ! gl een Replaced
transducer di sposed on the dianond, and a pol ycrystalling C |

[err] layer disposed on the interdigital transducer; the su;mylEllwﬂH L
wave device utilizing surface acoustic wave of 1st-node ppavi | h

of [err] [err], and having a paranmeter of kh = [err] sat¥sfying a
relationship of 0.5 [err] kh, [err] 1.5 provided that the thickness of the
[err] layer is [err] [err]. The SAWdevi ce having such a structure nmay

' SEI 95-02

disposed in the device so as to contact the LiNbO,
layer, when SAW is excited by using the IDT, a
plurality of kinds of SAWs respectively having
different propagation velccities V are produced. 1In
5 the present invention, among the thus produced plural
kinds of SAWs, a kind of SAW having the smallest
propagation velocity V is referred ﬁo as '"zero-th mode
SAW"”, a kind of SAW having the second smallest
propagation velocity V is referred to as "lst-mode
10 SAW", a kind of SAW having the third smallest
propagation velocity V is referred to as "2nd-mode
SAW", et seq.
Accordingly, the mode of SAW utilized in a SAW
device may be determined by measuring the propagation
15 velocity V of the SAW at an operating frequency of the
SAW device. For Example, the propagation velocity V
may be determined by using a relationship of V = fi,
wherein f denotes the center frequency, and A denotes
_ the wavelength which depends on the electrode (element)
20 width of the IDT. 1In a case where the IDT constituting
a SAW device comprises a single-type electrode having a
planar shape as shown in Fig. 1 (electrode element
width = d), A = 4d. On the other hand, in a case where
the IDT constituting a SAW device comprises a double-
25 type electrode having a planar shapé as shown in Fig. 2

(electrode element width = d), A = 84.

22



-provi de a SAW propagation velocity V satisfying a relationship of 7000

[erT]
[err]

V [err]

12000 nm's and an el ectro- mnechani cal coupllrmmgmmﬂ ep
satisfying a relationship of 4 [err] 9 % The present

further provides a surface acoustic wave devi ce having the
wherein the paraneter of kh = [err] satisfies a relatlonshlp o 5 [erw
1.0. The SAW devi ce havi ng such a structure may provide a S%NV
propagation velocity

[err]
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(Layer Structure)

Fig. 3 is a schematic sectional view showing an
example of the layer (or laminate) structure ("Layer
Structure 1") of a SAW device according to the present
invention. Referring to Fig. 3, the SAW device in this
embodiment comprises at least, diamond, an LiNbO, layer
disposed on the diamond, and an IDT {not shown)
dispoéed in the device so as to contact the LiNbO,
layer. This SaAW deviee utilizes SAW of an "n-th" mode
(n = 0, 1 or 2) having a wavelength of A, {pm). In the
SAW device in this embodiment, when the thickness of
the LiNbO, layer is denoted by t; (um), a parameter of
kh, = 2n(t,/A,) is in a specific range.

In an embodiment of the present invention (an
embodiment as shown in Fig. 4, i.e., Layer Structure 2)
wherein the above diamond comprises a diamond layer
disposed on another substrate (or base material), when
the thickness of such a diamond layer is denoted by t,
(um), a parameter of kh, = 2m(t,/i,) is in a specific
range.

(Electrode Arrangement)

In the SAW device according to the present
invention, it is preferred to use an electrode
arrangement of IDT (in addition, a short-circuiting
electrode, as desired) selected from those shown in the

schematic sectional views of Figs. 5 to 8.

23
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V satisfying a relationship of 9000 [err] V [err] 12000 M-s—and—an—

el ectronmechani cal coupling coefficient [err] REPLACEME §enR h“ﬂ
satisfying a relationship of 6 [err] 9 % The present inve I
provi des a surface || ;
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In the arrangement (Electrode Arrangement A) shown
in Fig. 5, the SAW device comprises diamond, an IDT
disposed on the diamond, and an LiNbQ,; layer disposed on
the IDT. The arrangement (Electrode Arrangement C)

5 shown in Fig. 6 further comprises a short-circuiting
electrode disposed on the LiNbO; layer constituting the
above-mentioned "Electrode Arrangement A".

In the arrangement (Electrode Arrangement E) shown
in Fig. 7, the SAW device comprises diamond, an LiNbO,

10 layer disposed on the diamond, and an IDT disposed on
the LiNbO,; layer. The arrangement (Electrode
Arrangement F) shown in Fig. 8 further comprises a
short-circuiting electrode disposed between the diamond
and the LiNbO, layer constituting the above-mentioned

15 | "Electrode Arrangément E".

(Constitution or Structure of Respective Layers)

Hereinbelow,_the respective layers constituting the
SAW device according to the present invention will be
described in detail.

20 (Diamond)

In the present invention, the diamond constituting
the SAW device may comprise monocrystalline diamond
and/or polycrystalline diamond. The process or method
for providing or producing such diamond is not

25 particularly limited. More specifically, for example,

the diamond may comprise monocrystalline diamond, or a

24



acoustic wave device having the above structure, wherein the di anond
compri ses a di anond | ayer di sposed on a base material, andhis mbéﬂfkeﬁced _

[err] = [err] satisfies a relationship of 2 [err] [err] pro
t hi ckness of the dianond layer is [err]. The SAWdevice h
ate,

structure may be provided on a substrate such as silicon substr ;H
attaining a SAW propagation velocity V satisfying a rel ationship of 9000
[err] V [err] 12000 m's and an el ectro-nechani cal

diamond film as a pélycrystalline film or epitaxial

film which has been grown on another material (base

material) by using a vapor-phase deposition process.
The base material for diamond film formation is not

particularly limited, but may appropriately be selected

($)]

depending on the usage of the SAW device. For example,
the base material to be usable in the present invention
may comprise semiconductor such as Si, metal, glass,
ceramic, etc.

10 ' In the present invention, in a case where the above
diamond comprises a diamond film, the process or method
for growing the diamond (thin) film is not particulaily
limited. More specifically, the growth process fo be
used for such a purpose may appropriately be selected

15 from known processes inclusive of: a CVD (Chemical
Vapor Deposition) method, a microwave ‘plasma CVD
method, a PVD (Physical Vapor Deposition) method, a
sputtering method, an ion plating method, a plasma jet

~ method, é flame method, a hot filament method, etc.

20 The plane orientation of the above diamond or
diamond film is not particularly limited. For example,
the plane orientation of the diamond (film) may be any
of (111), (100) and (110), etc., and may be any
combination of these plane orientations.

25 (Orientational Property of LiNbO; Film)

In the present ihvention, the LiNbO, film to be

25



coupling coefficient [err] satisfying a relationship Of—G—fﬁfTT_—jTr—~———’—

present invention further provides a surface acoustic ma umm?{ﬂ

t he above structure, wherein the paraneter of [err] satl
relationship of 0.5 [err]0.8, and the paraneter of [err] M‘\E“‘E
relationship of 2 [err] [err] 3. The SAW devi ce havi ng suc ure nay
provi de a SAW propagation velocity V satisfying a relatlonshlp of

SEI 95-02

disposed on the above-mentioned diamond is
polycrystalline, and comprises an LiNbO, film wherein
the (001) plane thereof is parallel to a base material
surface (so-called "C-axis-oriented film") in view of

5 piezoelectric property, etc.

In the present invention, the orientational

property of an LiNbO, film may be evaluated by, .e.g., an
X-ray rocking (curve) pattern method, as one of.the
methods of evaluating the orientational property of é

10 crystal face or crystal plane. More. specifically, the
orientational property (in-plane orientational
property) may be evaluated in the following manner.

(1) A sample to be measured is placed in a sample
holder of an X-ray diffractometer.

15 (2) The plane orientation of a face to be
evaluated is measured by using an X-ray diffraction
patte;n method utilizing the above-mentioned X-ray
diffractometer.
| (3) The 6-axis (corresponding to the rotation of

20 the sample to be measured) and the 28-axis
(corresponding to an X-ray counter of the X-ray
diffractometer) are rotated and then fixed so that the
8- and 286-axes provide a maximum output value in
orientation of the face to be evaluated. In the case

25 of an LiNbO, film of which C-axis is oriented

perpendicularly to a base substance on which the LiNbQ,

26



10000-[err] V [err] 12000 mis and an el ectro-nechani cal CUUﬁTTﬁ§~;————~————_

.coefficient [err] satisfying a rel ationship of 9 [err]. ThgmgmeﬂmmBmm huﬂ
i nvention further provides a surface acoustic wave devi ce,
| east, dianond, a polycrystalline Caxis-oriented [err] Ia

SEI 85-02

film is to be disposed, 28 is 39° with respect to the
(006) peak. |

(4) Only the sample (i.e., the B8-axis) is rotated
and a rocking curve is obtained by such measurement.

5 (5) The thus obtained rocking curve is regarded as
one having a Gaussian distribution, and a standard
deviation ¢ thereof is determined (With respect to the
details of the rocking curve, a paper entitled
"Preparation of ZnO Films by an Activated Reactive

10 Evaporation Method" written by Yoshinari Miura et al.;
"ZAIRYO" (Materials), 40, No. 451 (April, 1991) may be
referred to).

As the standard deviation o of the rocking.curve
measured in the above-described manner has a smaller

15 value, it indicates a.higher orientational property of
the sample (LiNbO;) to be evaluated. In the SAW device
according to the present invention, the o value may
preferably be 8° or less (more preferably, 4° or less).
(IDT)

20 In the SAW device according to the present
invention, the substance to be used for the IDT is not
particularly limited, as long as it comprises an
electroconductive substance. In view of processability
or workability and production cost, Al (aluminum) may

25 . particularly preferably be used as the substance

constituting the IDT.
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'REPLACEMENT SHEET 9 the dianond, and an interdigital transduﬁef—drspvﬁéﬁ—"’——

"the [err] layer; the surface acoustic wave device utilizing ﬁgr @pﬁasBeenReiaced

~acoustic wave of 1st-node having a wavel ength of [err] [er
-parameter of [err] [err] satisfying a relationship of O. 5 mlmHmnu\lw
provi ded that the thickness of the [err] layer is [err]

devi ce having such a structure may

SEI 95-02

The thickness of the IDT is not particularly
limited, as long as it functions as an IDT of a SAW
device. In general, the thickness of the IDT may
preferably be in the range of about 100 to 5,000 A

5 (more preferably, about 100 to 500 A). wWhen the
thickness of the IDT is less than 100 A&, the.electrdde
resistivity is increased to cause an increase in loss.
On the other hand, when the thickness of the IDT
exceeds 5,000 A, it provides a considerable mass

10 addition effect which is liable to cause reflection of
SAW due to the thickness and height of the electrode,
and it becomes difficult to obtain a desired SAW
characteristic of the SAW device.

The planar or two-dimensional shaﬁe of the IDT is

15 not particularly limited, as long as it may function as
an IDT of the SAW device. As the IDT, a so-called
"single-type" electrode as shown in the schematic plan
view of Fig. 1 or a so-called "double-type" electrode
as shown in the schematic plan view of Fig. 2 may

20 preferably be used.

As desired, the above-mentioned IDT may be embedded
in a surface (e.g., a surface of diamond having a
specific orientational property such as (111)) on which
the IDT is to be disposed. More specifically, for

25 examplg, a recessed or indented portion having a shape

such as groove may be formed (or a predetermined
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. provi de a SAW propagation velocity V satisfying a r6|atluubulp of 0
‘[err] V [err] 12000 m's and an el ectro- nechani cal coupl i g gﬁilﬁ& H
[err] satisfying a relationship of 2 [err] 9 % The present “”d

further provides a surface acoustlc wave having the above B' l
wherein the. paraneter of [err]-= [err] satisfies a relat|
[err] [err] 1.0. The SAMVdeV|ce havi ng such a structure may provide a

SAW pr opagati on velocity V
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surface having a recessed portion may be formed in
advance), and at least a part of (i.e., all or a part
of) a conductive substance, such as Al, conétituting
the IDT may be embedded in the recessed portion. When
5 all or a part of the IDT is embedded in this manner,
for example, the surface level or height of the IDT can
be made substantially equal to the surface on which the
IDT is to be formed. As a result, an influence of SAW
reflection caused by the thickness of the IDT can be
10 reduced.
(Short-Circuiting Electrode)

In the SAW device according to the present .
invention, the short-circuiting electrode to be
disposed as desired, is an electrode having a function

15 of providing an equipotential state to an electric
field so as to change the SAW characteristic of the
device. This electrode may preferably comprise a
(thin) film of a metal such as Al, Au and Al-Cu. Since
the short-circuiting electrode has a function different

20 from that of the IDT as described above, the substance
constituting the short-circuiting electrode is not
necessarily the same as that of the IDT.

The thickness of the short-circuiting electrode is
not particularly limited, as long as it may function as

25 a short—circuitiﬁg-electrode of a SAW device. The

thickness of the short-circuiting electrode may
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"satisfying a relationship of 9000 [err] V [err] 12000 nf* and .an
. el ectro-nmechani cal coupling coefficient [err] satisfyi mlgsa.leaﬂhmwmkwl

.6 [err] [err] 9 % The present invention further provi uumﬁull\

~acoustic wave devi ce having the above structure, wherei

conprises a dianond | ayer disposed on a base material, and paraneter of
[err] = [err] satisfies arelationship of 2 [err] [err] provided that the
t hi ckness of the dianond layer is [err] [err]. The SAW
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preferably be in the range of about 50 to 3,000 A (more
preferably, about 100 to 5300 A). When the thickness is
less than 50 A, it is difficult to obtain an
equipotential state as described above. On the other

5 hand, when the thickness exceeds 3,000 A, it is liable
to affect the reflection of SAW.

- For example, the short-circuiting electrode may
preferably has a two-dimensional shape as a "solid
electrode" having an area substantially equal to that

10 of the IDT to be used in ccmbination therewith.
Hereinbelow, the present invention will be
described in more detail with reference to specific
Examples.
Example 1
15 A polycrystalline diamond film was formed on a
(100) face of monocrystalline silicon by use of the
following microwave plasma CVD method, and then the
resultant diamond surface was polished, thereby to form
four species of diamond films having a thickness of
20 1.3-5 pm.
<Diamond Film Formation Conditions>
Microwave power: 150 W
Reactant gas: CH, : H, = 1 : 100
Reaction pressure: 40 Torr
25 Film Formation Temperature: 850 °C

Film thickness (after the surface polishing): 1.3 um,

30
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*substrate such as silicon substrate, while attaining a SAMmeﬂﬂﬂgak&B%mRTﬁmmd-
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2.6 ym, 3.8 pm, and 5.1 pm

Then, on each of the thus formed diamond films, an
IDT (planer shape: double-type electrode as shown in
Fig. 2, electrode element width & = lpm, pitch =8pm)
having a thickness of 400 A was formed by use of Al,
and thereafter an LiNbQ; film (film thickness: 0.13-5.1
pm, 40 kinds) was formed by using an RF magnetron
sputtering method, thereby to fabricate SAW device
samples having a layer structure (Layer Structure 2) as
shown in Fig. 4, and an electrode arrangement
(Electrode Arrangement A) as shown in Fig. 5 (number of
electrode element pairs of input IDT: 30, number of
electrode element pairs of output IDT: 30, distance
between centers of input and output electrodes: 400
pum). All of the thus formed LiNbO, films were C-axis
oriented films, and the ¢ value of the X-ray rocking
curve of each LiNbO, film was 2-3 °
<RF Magnetron Sputtering Conditions>

Pressure: 1 x 107 Torr

Substrate temperature: 650 °C

Ar : 0, =1 : 1

RF power: 150 W

Target: ©Li : Nb = 1 : 1 sintered product (sintered
product produced from Li,Co, and Nb,O;)

Film thickness: film thicknesses corresponding to

values obtained by dividing the thickness of 0.13 pm to
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~coupling coefficient K satisfying a relationship of 6 [eLL;/Ihe’pr€§§ﬁT“’f’i

I nvention further provides a surface acoustic wave device ha Ln gendRe paed
wherein the paranmeter of [err] = [err] satisfi s '
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structure,
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5.1 pm (difference: 4.97 pm) into 40 equal parts (i.e.,
thicknesses of 0.13 pm, (0.13 + 4.97 x 1/40)pm, (0.13 +
4.97 x 2/40)pm, ....... , (0.13 + 4.97 x 39/40)pm, and
5.1 pm).

On the resultant SAW device (Electrode Arrangement
A) fabricated above, a short—circuitihg electrode
having a thickness of 100 A& was further formed by use
of Al, thereby to fabricate SAW devices having a layer

structure as shown in Fig. 4 (Layer Structure 2) and an

. electrode arrangement as shown in Fig. 6 (Electrode

Arrangement C)..
SAW devices having a layer structure as shown in

Fig. 4 (Layer Structure 2) and an electrode arrangement

- as shown in Fig. 7 (Electrode Arrangement E), and SAW

devices having a layer structure as shown in Fig. 4
(Layer Structure 2) and an electrode arréngement as
shown in Fig. 8 (Electrode Afrangement F) were
fabricated in the same manner as described above,
except for changing the order of the respective layer
formation.

With respect to each of the SAW devices as
fabricated above, radio frequency was applied to the
input IDT to generate SAW. At this time, the
propagation velocities V (m/s) of the thus generated
SAWs of respective modes were determined depending on a

relationship of V = £ x A (f: center frequency, A = 8d
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provi des a surface acoustic wave device, -conpri sing: at Ieas
polycrystalline C-axis-oriented [err] |ayer disposed on the

interdigital transducer disposed on the [err] layer; the surface acoustic
wave device utilizing surface acoustic wave of 2nd-node having a

10000 [err] V [err] 12000 m's.and an el ectromechani cal couplln L&%& de
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SEI 95-02

= 8 um).

On the other hand, the electromechanical coupling
coefficient (K’) was obtained by measuring the radiation
conductance (whérein the real part is denoted by "G")

5 of the IDT by using a commercially available network
analyzer (trade name: Network Analyzer 8719A, available
from Yokogawa-Hewlett-Packard (YHP) K.K.), and
calculating a coefficient X’ according to the foliowing
formula:

10 K = (G/8)-f,-C-N

(£,: center frequency, C: total electrostatic
capacitance of IDT, and N: number of electrode element
pairs constituting IDT).

The thickness t, (ym) of the LiNbO, layer

15 constituting eéch of the above SAW devices, and the
thickness t, (um) of the diamond layer constituting each
SAW device were measured by cutting off the device
after the measurement of various parameters as
described above, and observing the resultant section of

20 the device with a scanning electron microscope (SEM) at
a magnification of 1000-5000x.

On the basis of the thus obtained data, the values
of the parameters of kh, = 2n(t,/A) and kh, = 2u(t,/4)
were determined with respect to each of the SAW devices

25 having a layer structure (Layer Structure 2) shown in

Fig. 4, and an electrode arrangement (any of Electrode
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Arrangement A, C, E and F) shown in Figs. 5-8 (A =
8um).

The resultant relationships (dependency) between
the propagation velocity V and the parameteré kh, =
2n(t,;/A) and kh, = 2n(t,/A) which had been determined in
the above-described manner are shown in each of graphs
of Fig. 9 (kh, = 1.0), Fig. 10 (kh, ='2.0), Fig. 11 (kh,
= 3.0) and Fig. 12 (kh, = 4.0). It was also found that
SAW devices in the case of kh, = 6.0 or 8.0 showed a
similar tendency as that described above (i.e.,
tendency as shown in Figs. 9-12).

With respecf to the SAW devices fabricated above
(Fig. 5, Electrode Arrangement A), the resultant
relationships (dependency) between the electro-
mechanical coupling coefficient K, and the parameter kh,
are shown in each of the graphs of Fig. 13 (kh; = 1.0),
Fig. 14 (kh, = 2.0), Fig. 15 (kh, = 3.0) and Fig. 16
(kh, = 4.0). It was also found that SAW devices in the
case of kh, = 6.0 or 8.0 showed a similar tendency as
that described above (i.e., tendency as shown in Figs.
13-16).

With respect to the SAW devices fabricated above
(Fig. 6, Electrode Arrangement C), the resultant
relationships (dependency) between the electro-
mechanical coupling coefficient K, and the paraméter kh,

are shown in each of the graphs of Fig. 17 (kh, = 1.0),
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nmechani cal coupling coefficient [err] satisfying a relafrgﬁgﬁrﬁ‘a?_E—TETFT_
K [err] 4 The present invention further provides a surf achh b
devi ce having the above structure, wherein the dianond con* ,

| ayer di sposed on a base material, and a paranmeter of [err

satisfies a relationship of 4 [err] [err] provided that the thlckness of

the dianond layer is [err] [err]. The SAWdevi ce having such a structure
may be provided on a
SEI 95-02

Fig. 18 (kh, = 2.0), Fig. 19 (kh, = 3.0) and Fig. 20
(kh, = 4.0). It was also found that SAW devices in the
case of kh, = 6.0 or 8.0 showed a similar tendency as
that described above (i.e., tendency as shown in Figs.
5 17-20). |
With respect to the SAW devices fabricated above
(Fig. 7, Electrode Arrangement E), the resultant
relationships (dependency) between the electro-
mechanical coupling coefficient K, and the parameter kh,
10 are shown in each of the graphs of Fig. 21 (kh, = 1.0),
Fig. 22 (kh, = 2.0), Fig. 23 (kh, = 3.0) and Fig. 24
(kh, = 4.0). It was also found that SAW devices in the
case of kh, = 6.0 or 8.0 showed a similar tendency as
that described above (i.e., tendency as shown in Figs.
15 21-24).
With respect to the SAW devices fabricated above
(Fig. 8, Electrode Arrangement F), the resultant
relationships (dependency) between the electro-
mechanical coupling coefficient K, and the parameter kh,
20 are shown in each of the graphs of Fig. 25 (kh, = 1.0),
Fig. 26 (kh, = 2.0), Fig. 27 (kh, = 3.0) and Fig. 28
(kh, = 4.0). It was also found that SAW devices in the

6.0 or 8.0 showed a similar tendency as

case of kh,
that described above (i.e., tendency as shown in Figs.
25 25-28).

As described above, the SAW devices of this Example
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substrate such as silicon substrate, while attaining a SAmrprﬁﬁéﬁafraﬁ—’_ﬂ

velocity V satisfying a relationship of 8000 [err] V [err] ﬁﬁ@@ﬁe m‘“‘“’ﬂF

el ectromechani cal coupling coefficient [err] satisfying a re
[err]. The present invention further provides a surface adou

device, conprising: at |east, dianond, an interdigital trans |sposed
on the dianond, a polycrystalline C-axis-oriented [err] | ayer disposed on

SEI 95-02
1 achieved a good propagation velocity V of SAW (V =2
7000 m/s) and a good electro-mechanical coupling
coefficient K, (K; 2 1 %) in the case of any of various
LiNbO, layer thicknesses, diamond layer thicknesses, and
5 electrode arrangements.

Example 2

On a (160) surface of monocrystalline diamond
(natural type, Type-Ia), an IDT (planer shape: double-
type electrode as shown in Fig. 2, electrode element
10 width d = 1pm, pitch =8um) having a thickness of 400 A
was formed by use of Al, and thereafter an LiNbQ, £ilm
(£film thickness: 0.13-5.1 upm, 40 kinds) was formed by
using an RF magnetron sputtering method in the same
manner as in Example 1, thereby to fabricate SAW device
15 samples having a layer structure (Layer Structure 1) as
shown in Fig. 3, and an electrode arrangement
(Electrode Arrangement A) as shown in Fig. § (number of
electrode element pairs of input IDT: 30, number of
electrode element pairs of output IDT: 30, distance
20 between centers of input and output electrodes: 400
um). All of the thus formed LiNbO; films were C-axis-
oriented films, and the ¢ value of the X-ray rocking
curve of each LiNbO, film was 2-3 ° .
On the resultant SAW device (Electrode Arrangement
25 A) fabricated above, a short-circuiting electrode

having a thickness of 100 A was further formed by use
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the interdigital transducer, and a short-circuiting el ectr gesil$ROSER0

the [err] layer ; the surface acoustic wave device utilizint _ eqkmd
acoustic wave of 1st-node having a wavel ength of [err] [err yulm l& _
paranmeter of [err] = [err] satisfying a relationship of [er .

that the thickness of the LiNbG3 layer is [err]. The SAWdevi ce having
such a Lo _

SEI 95-02

of Al, thereby to fabricate SAW devices having a layer
structure as shown in Fig. 3 (Layer Structure 1) and an
electrode arrangement as shown in Fig. 6 (Electrode
Arrangement C).

5 SAW devices having a layer structure as shown in
Fig. 3 (Layer Structure 1) and an electrode arrangement
as shown in Fig. 7 (Electrode Arrangement E), and SAW
devices having a layer structure as shown in Fig. 3
(Layer Structure 1) and an electrode arrangement as

10 shown in Fig. 8 (Electrode Arrangement F) were
fabricated in the same manner as described above,
except for changing the order of the respective layer .
formation.

With respect to each of the SAW devices as

15 fabricated above, radio frequency was applied to the
input IDT to generate SAW in the same manner as in
Example 1. At this time, the propagation velocities V
(m/s) of the thus generated SAWs of respective modes,
the.electromechanical coupling coefficient (Kz), and the

20 thickness t; (pm) of the LiNbO, layer were determined in
the same manner as in Example 1.

On the basis of the thus obtained data, a parameter
of kh, = 2m(t,/A) was determined with respect to each of
the SAW devices having a layer structure (Layer

25 Strucﬁure 1) shown in Fig. 3, and an electrode

arrangement (any of Electrode Arrangements A, C, E and
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12 structure may provide a SAW propagation velocity V satisfying a o
relatlonshlp of 7000 [err] V [err] 12000 m's and an electrOHmﬁm Hwﬁ%wnRﬁlmxd
coupling coefficient [err] satisfying a relationship of 2 [ I‘f“t;

The present invention further provides a surface acoustic ma

havi ng the above structure, mhereln t he di anond conprises a dianond | ayer

di sposed

SET 95-02

F) shown in Figs. 5-8 (A = 8um).

The resultant relationships (dependency) between
the propagation velocity V and the parameter kh, =
2n(t,/A) which had been determined in the above-

5 described manner are shown in the graph of Fig. 29.

With respect to the SAW devices fabricated above
(Electrode Arrahgement A, C, E and F), the resultant
relationships (dependency) between the electro-
mechanical coupling coefficient X, and the parameter kh,

10 are shown in each of the graphs of Fig. 30 (Electrode
Arrangement A), Fig. 31.(Electrode Arrangement C), Fig.
32 (Electrode Arrangement E) and Fig. 33 (Electrode
Arrangement F). |

As described above, the SAW devices of this Example

15 2 achieved a good propagation velocity V of SAW (V 2
7000 m/s) and a good electro-mechanical coupling
coefficient K, (K, 2 1 %) in the case of any of various
electrode arrangements.

As described hereinabove, according to the present

20 invention, there is provided a SAW device which
comprises at least, diamond, an LiNbO, layer disposed on
the diamond, and an IDT provided so as to contact the
LiNbO; layer; and utilizes SAW of an "n-th" mode (n = O,
1 or 2) having a wavelength of A, (pm), wherein a

25 : parameter of kh; = 2u(t,/A,) is in a specific range

provided that the thickness of the LiNbO; layer is
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velocity V satisfying a relationship of 7000 [err] V [err]

el ect romechani cal coupling coefficient [err] satisfying a

[err] 4 The present invention further provides a surface acoustic

device, conprising: at |east, dianond, an interdigital transducer dlsposed

on the dianond, a
SEI 95-02

on a base material. The SAWdevice having such a structth y be provi
on a substrate such as silicon substrate, while attaining m a@ éegn

denoted by t;, (um).

The SAW device according to the present invention
having the above structure may provide a good SAW
propagation velocity V satisfying a relationship of Vv 2

5 7000 m/s and a good electro-mechanical coupling
cdefficient K satisfying a relationship of K 2 2 %.

The basic foreign Applications filed on May 10,
1994, No. 096534/1994 (i.e., Hei 6-096534); and filed'
on September 2, 1994, No. 210113/1994 (i.e., Hel 6-

10 210113) in JAPAN are hereby incorporated by reference.

From the invention thus described, it will be
obvious that the invention may be varied in many ways..
Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all

15 such modifications as would be obvious to one skilled
in the art are intended to be included within the scope

of the following claims.
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polycrystalline C-axis-oriented [err] |ayer disposed on theThnmeﬁ INWd
transducer, and a short-circuiting el ectrode di sposed on the Wﬁ

the surface acoustic wave device utilizing surface acoustilc .

2nd- node havi ng .a wavel ength of [err] [err], and having a araneter of

[err] = [err] satisfying a relationship of 1.5 [err] [err]|3_pravided t-hat
the thickness of the [err] layer is [err] [err]. The SAWdevi ce havi ng such
a structure nmay provide a SAW propagation velocity V

SEI 95- 02 * % x

wiaT 15 CramMEp T: R ) ) ||III I

1. A surface acoustic wave device, comprising: at

least, diamond, an LiNbQO, layer disposed on the diamond,
and an interdigital transducer disposed so as to
5 contact the LiNbO, layer; the surface acoustic wave
device utilizing surface acoustic wave of an "n-th"
mode (n = 0, 1 or 2) having a wavelength of A, (pm),
wherein a parameter of kh;, = 2m(t,/A,) is in a
predetermined range provided that the thickness of the
10 LiNbO, layer is t, (pm).
2. A surface acoustic wave device according to
Claim 1, comprising: at least, diamond, an intefdigital
transducer disposed on the diémond, and a
polycrystalline C-axis-oriented LiNbO, layer disposed on
15 the interdigital transducer; the surface acoustic wave
device utilizing surface acoustic wave of zero-th mode
having a wavelength of A (pm), and having a parameter
of kh, = 2n(t,/A) satisfying a relationship of 0.7 = kh,
< 1.0 provided that the thickness of the LiNbO; layer
20 is t, (um).
3. A surface acoustic wave device according to
Claim 2, wherein the diamond comprises a diamond layer
disposed on a base material, the surface acoustic wave
device having a parameter of kh, = 2mn(t,/A) satisfying a
25 - relationship of 4 £ kh, provided that the thickness of

the diamond layer is t, (pm).

40



[ert] and an el ectromechani cal coupling coefficient [err]
rel-ationship of 2 [err] [err] 2.6 % The present |nvent|o

REPLACEMENT SHEET 13 satisfying a relationship of 8000 [ep, k
a surface rﬁmi

i

(T I

4. A surface acoustic wave device according to
Claim 1, comprising: at least, diamond, an interdigital
transducer disposed on the diamond, and a
polycrystalline C-axis-oriented LiNbO, layer disposed on

5 the interdigital transducer; the surface acoustic wave

device utilizing surface acoustic wave of lst-mode
having a wavelength of A (pm), and having a parameter
of kh; = 2m(t,/A) satisfying a relationship of 0.5 = kh,
= 1.5 provided that the thickness of the LiNbO; layer

10 is t, (um).

5. A surface acoustic wave device according to
Claim 4, wherein the parameter of kh;, = 2n(t,/1)
satisfies a relationship of 0.5 £ kh, £ 1.0.

6. A surface acoustic wave device according to

15 Claim 5, wherein the diamond comprises a diamond layer
disposed on a base material, the surface acoustic wave
device having a parameter of kh, = 2u(t,/A) satisfying a
.relationship of 2 = kh, provided that the thickness of
the diamond layer is t, (pm).

20 7. A surface acoustic wave device according to
Claim 6, wherein the parameter of kh, = 2m(t;/A)
satisfies a relationship of 0.5 £ kh, £ 0.8, and the
parameter of kh, = 2n(t,/A) satisfies a relationship of
2 £ kh, £ 3.

25 8. A surface acoustic wave device according to

Claim 1, comprising: at least, diaﬁond, a
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_acoustlc wave device having the above structure, MhEFEInnﬁﬂﬁmQ

conpri ses a dianond | ayer disposed on a base materi al .

havi ng such a structure may be provided on a substrate su

-substrate, while attaining a SAW propagation velocity V s

rel ati onship of 8000 [err] V [err] 10000 ms and an electronechanlcal
coupling coefficient [err] ~satisfying a relationship of 2 [err] 2.6 %

10

15

20

25
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polycrystalline C-axis-oriented LiNbO, layer disposed on

the diamond, and an interdigital transducer disposed on

the LiNbQO; layer; the surface acoustic wave device
utilizing surface acoustic wave of 1st-mode having a
wavelength of A (pm), and having a parameter of kh; =
2n(t,/A) satisfying a relationship of 0.5 £ kh, £ 1.5
provided that the thickness of the LiNbO; layer is t,
(pm).

9. A surface acoustic wave device according to
Claim 8, wherein the parameter of kh, = 2m(t,/A)
satisfies a relationship of 0.5 = kh, £ 1.0.

10. A surface acoustic wave device according to
Claim 9, wherein the diamond comprises a diamond layer

disposed on a base material, the surface acoustic wave

device having a parameter of kh, = 2u(t,/A) satisfying a

relationship of 2 = kh, provided that the thickness of
the diamond layer is t, (um).

11. A surface acoustic wave device according to
Claim 10, wherein the parameter of kh, = 2n(t,/A)
satisfies a relationship of 0.5 £ kh; = 0.8, and the
parameter of kh, = 2n(t,/A) satisfies a relationship of
2 £ kh, £ 3.

12. A surface acoustic wave device accdrding to

Claim 1, comprising: at least, diamond, a

polycrystalline C-axis-oriented LiNbO, layer disposed on

the diamond, and an interdigital transducer disposed on
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The_ present invention further provides a surface acoustic mave devi ce,

conprising: at |least, diampond, a short-circuiting electrodB H&&dmﬂ&
di anond, a polycrystalline C-axis-oriented [err] |ayer di sp

short-ci rcuiting electrode, and an interdigital transducer: m
[err] layer; the surface ageus%fﬁ~mave—6€VTEe utilizing surface aco

\S?er(r)];] 1st[gtr)(rjia 2:;/: ggy?nﬁ\‘/‘m ﬂﬁ“‘““ﬂl‘ m‘ [err]SEIangds--r(l)zzv|*r:‘gjr a paraneter

the LiNbO; layer; the surface acoustic wave device
utilizing surface acoustic wave of 2nd-mode having a

wavelength of A (pum), and having a parameter of kh, =

2n(t,/A) satisfying a relationship of 1.4 = kh, = 3
5 provided that the thickness of the LiNbO, layer is t,
(pm) .

13. A surface acoustic wave device according to
Claim 12, wherein the diamond comprises a diamond layer
disposed on a base material, the surface acoustic wave
10 device having a parameter of kh, = 2n(t,/A) satisfying a
relationship of 4 £ kh, provided that the thickness of
the diamond layer is t, (pm).
14. A surface acoustic wave device according to
Claim 1, comprising; at least, diamond, an interdigital
15 transducer disposed on the diamond, a polycrystalline
C-axis-oriented LiNbQO, layer disposed on the
interdigital transducer, and a short-circuiting
electrode disposed on the LiNbO,; layer ; the surface
acoustic wave device utilizing surface acoustic wave of
20 1st-mode having a wavelength of A (pm), and having a
parameter of kh, = 2n(t,/A) satisfying a relationship of
0.5 = kh; £ 1.5 provided that the thickness of the
LiNbO; layer is t; (pm).
15. A surface acoustic wave devicé according to
25 Claim 1, éomprising: at least, diamond, an interdigital

transducer disposed on the diamond, a polycrystalline

43
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. Thi,
0.5 [err] 1.5 provided that the thickness of the [err] layer 4 een Replaced
[err]. The SAWdevi ce having such a structure may provide af / l””, :
propagati.on velocity V satisfying a relationship of 7000 [err !”
12000 m's and 14 an el ectronechani cal coupling coefficient [err]
sati sfying .

~
TLLUTE T

C-axis-oriented LiNbO, layer disposed on the
interdigital transducer, and a short-circuiting
electrode disposed on the LiNbO, layer ; the surface
acoustic wave device utilizing surface acoustic wave of
5 2nd-mode having a wavelength of i (um), and having a
parameter of kh, = 2n(t,/A) satisfying a relationship of
1.5 £ kh;, £ 3 provided that the thickness of the LiNbO,
layer is t; (um).
16. A surface acoustic wave device according to
10 Claim 1, comprising: at least, diamond, a short-
circuiting electrode disposed on the diamond, a
polycrystalline C-axis-oriented LiNbO,; layer disposed on
the short-circuiting electrode, and an interdigital
transducer disposed on the LiNbQ, layer; the surface
15 acoustic wave device utilizing surface acoustic wave of
lst-mode having a wavelength of A (um), and having a
parameter of kh;, = 2n(t,/A) satisfying a relationship of
0.5 £ kh, £ 1.5 provided that the thickness Qf.the
LiNbO; layer is t, (pm).
20 : 17. A surface acoustic wave device according to
Claim 1, comprising: at least, diamond, a short-
circuiting electrode disposed on the diamond, a
polycrystalline C-axis-oriented LiNbO, layer disposed on
the short-circuiting elecﬁrode, and an interdigital
25 transducer disposed on the LiNbO, layer; the surface

acoustic wave device utilizing surface acoustic wave of
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a kplationship of 1.4 [err] The present invention furt er provides a
surface acoustic wave device having the above structure m%;,@emastga&gtﬂmnd

conprises a dianond | ayer disposed on a base material. | Th _ :

havi ng such a structure nay be provided on a substrateLFUEu

substrate, while attaini ng—a-SAW.propagati on velocity S naw _
12000

and an el ectronechani cal

rel ationship of 7000 [err] err
coupling coefficient [err]”ﬁﬂ”ﬂ"ﬁ"”ﬁ""”m’ SET 95-02 xxx

2nd-mode having a wavelength of A (um), and having a
parameter of kh, = 2n(t,/A) satisfying a relationship of
1.5 = kh; £ 3 provided that the thickness of the LiNbO,
layer is t, (um).

5 18. A surface acoustic wave device according to
Claim 17, wherein the diamond comprises a diamond layer
disposed on a base material, the surface acoustic wave
dev_ice having a parameter of kh, = 2n(t,/A) satisfying a
relationship of 4 £ kh, provided that the thickness of

10 the diamond layer is t, (pm).
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a relgtlonshlp of 1.4 [err] [err] 2.4 % The present |nve@hgggﬂ ;éag mmd
prOV|des a surface acoustic wave device, conprising: at Ie
short-circuiting el ectrode di sposed on the dianond, a pon I .
C-aXis-oriented [err] layer disposed on the short-circuiti nd
an interdigital transducer disposed on the Li NoG3 | ayer;: the surface
acoustic wave device utilizing surface acoustic wave of 2nd-node having a
wavel ength of [err] [err], and having a

' SEI 95-02

ABSTRACT OF THE DISCLOSURE

A SAW device which includes at least, diamond, an
LiNbO; layer disposed on the diamond, and an IDT
provided so as to contact the LiNbQO, layer; and utilizes
5 SAW of an "n-th" mode (n = 0, 1 or 2) having a
wavelength of A, (gm), wherein a parameter of kh, =
2n(t,/A,) is in a specific range provided that the

thickness of the LiNbQ, layer is denoted by t; (pm).



paranmeter of [err] = [err]satisfying a relationship of 1.5 [err err] 3

. provided that the thickness of the [err] layer is [err] ct L 8 ed -
devi ce having such a structure may provide a SAW propagat i} ’ . N
satisfying a relationship of 8000 [err] V [err] 10000 nis

el ect ronechani cal coupling coefficient [err] satisfying a relationship of =
1.4 [err] [err] 3 % - | /29
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15 The present invention further provides a surface acoustic wave device
- havi ng the above structure, wherein the dianond conpri ses anﬁggy,@plggg,ay@ﬁlaced

di sposed on a base material, and a paranmeter of [err] = [ert [ :
relationship of 4 [err] [err], provided that the thickness o , m I

| ayer is [err] (pm. The SAWdevice having such a structure
provi ded on a 2/29

Fig. 3

LiNbOz FILM

MONOCRYSTALLINE DIAMOND

( LAYER STRUCTURE 1)

Fig. 4

LiNDO3 FILM

POLYCRYSTALLINE DIAMOND FILM

MONOCRYSTALLINE Si

( LAYER STRUCTURE 2)
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velocity V satisfying a relationship of 8000 [err] V [err]
el ectronechani cal coupling coefficient [err] satisfying a
1.4 [err] [err] 3 % Further scope of applicability of the esent
I nvention wll beconme apparent fromthe detail ed description given

herei nafter. However, it should be underst%od that the detail ed
description and specific /29

substrate such as silicon substrate, while attaining a S@Ng{e@tm

Fig. 5

LiNbO3 INTERDIGITAL

TRANSDUCER

P73 V70 P7)  prA~yier

DIAMOND

( ELECTRODE ARRANGEMENT A)

Fig. 6

SHORT -
S S S AT~ CIRCUITING
. ELECTRODE
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exanpl es, while indicating preferred enbodiments of the invention, are

given by way of illustration only, since various changd&s - | cEdn

wWithin the spirit and scope of the invention wll becorrﬂ hosj
E

skillled in the art fromthis detailed description. BRI THE
DRAWNGS Fig. 1 is a schematic plan view showi ng an exanple of the planar
shape of an IDT (single-type el ectrode) cogsbigtuting a SAWdevice.

Fig. 7

A A v A"
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Fig. 8
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Fig. 2 is a schematic plan view show ng an exanpl e
shape of an I DT (double-type electrode) constituting a
is a schematic sectional view showi ng a

5/29
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| ayer structure (Layer Structure 1) of an enbodi nent of-Lhe~SA___eV|ce
Fig. 4is a schenatlc sectional view —

according to the present invention.
showi ng a | ayer structure (Layer Structure 2) of an enbo H@&B&mem
device according to the present invention. Fig. 5is a sc
vi ew showi ng an el ectrode arrangenent (Electrode Arrangel

enbodi nent of the SAWdevi ce according to the present |nvent|on
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Fig. 6 is a schematic sectional

vi ew showi ng an el ectrode arrangenent

(El ectrode Arrangenent C) of an enbodi nent of the SAWdevice according to

the present invention. Fig. 7 is a schematic sectional Vi enisSRQVIRBed Replaced
el ectrode arrangenent (El ectrode Arrangenent E) of an enpod

devi ce according
Vi ew show ng an

Velocity (m/s)

| AW
to the present invention. Fig. 8 is a sche ml ﬁ |

7129

Fig. ||
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el ectrode arrangenment (Electrode Arrangenent F) of an enbodi ment of the SAW
Fig. 9 is a graph showing a

devi ce according to the present invention. :
-relationship between the propagation velocity V of SAWand the—parareter
[err] 17 H ThlsSheetHas

LT
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in a SAWdevi ce having the above-nentioned "Layer Structure 2" and the
[err] =

above-nentioned "El ectrode Arrangenent A, C, E or F' (the paraneter
[err]). Fig. 10 is a graph showing a relationship between—the—propagation

velocity V of SAWand the paraneter [err] in a SAWdevic .le' LibdHen Replaced
above-nentioned "Layer Structure 2" and the above-nentione

Arrangenent A, C, E or F' (the paraneter [err] =2.0). Fi 5 nmﬁa‘“wumﬂl
showi ng a rel ationshi p between g/
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t he propagation velocity V of SAWand the parameter [err] in a SAWdevice
havi ng the above-nentioned "Layer Structure 2" and the above-nentioned

"El ectrode Arrangenent A C, E or Fog—32——

(the~parandter [err] =3-0)—Fi
is a graph showing a relationship between the propagation Vﬁhs%‘i.la& aqﬁiee fae

and the paraneter [err] in a SAWdevice having the above-
Structure 2" and the above-nenti oned "El ectrode Arrangerre Imn

(the paraneter [err] = 4.0).
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Fig. 13 is a graph showing a relationship between the el ectro-nechani cal
coupling coefficient [err] and the paraneter [err] in a SAWdevi ce having
t he above-nentioned "Layer Structure 2" and the above-nentioned "El ectrode
Arrangenent A" (the paraneter [err] = 1.0). Fig. 14 is a graph show ng a‘“

rel ati onshi.p between 2 the el ectro-nechani cal coupling co#lifSheétdlas Beén
the paraneter [err] in a SAWdevi ce having the above mentlr”"m,,"l ml l, I
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18 "Layer Structure 2" and the above-nentioned "El ectrode Arrangenent A"

(the paranmeter [err]
bet ween the el ectronmechani ca
in a SAWdevi ce having the above-nenti oned

[err]

K2 (%)

= 2.0).

Fig. 15 is a graph showing a relationship
coupling coefficient [err] and the paraneter

i Sheet Has Been R laced
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"Layer Structure 2" and the above-nentioned "El ectrode Arrangenent A
parameter [err]= 3.0). Fig. 16 is a graph show ng a relml—n‘p’ﬁt’v_v(égﬂb
"the el ectromechani cal coupling coefficient [err] and the rS &Fﬁgme&ﬁtelceﬂn
a SAW devi ce having the above-nentioned "Layer Structur ‘5

above-nentioned "El ectrode Arrangenent A" (the par arrete mm‘\b
17 is a graph show ng a rel ati onshi p betvveen t he el ectr oupl I

coefficient [err] and the
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Fig. 17
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parameter [err] in a SAWdevi ce having the above-nentioned "Layer Structure

2" and the above-nentioned "El ectrode Arrangenent C' (the_paraneter [err] =
1.0). Fig. 18 is a graph showing a rel ationship between the
el ectro-nmechani cal coupling coefficient K a he par anet efhi§ She

nd t ag BeemR
devi ce havi ng the above- nenti oned "Layer Structure 2" and t
above-nentioned "El ectrode Arrangenent C' (the paraneter
19 is a graph showing a rel ationship between
147129
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the el ectro-mechani cal coupling coefficient [err] and thw
I n a SAWdevi ce having the above-nentioned "Layer Structure 2" and the

above-nenti oned "El ectrode Arrangenent C' (the par affet eFhif $heet HasBedn placed
Fig. 20 is a graph showing a relationship between the _Ié’c_t-1 i
coupling coefficient [err] and the : : ,I -
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paraneter [err] in a SAWdevice having the above-nenti ored—Layer Structure

Has Been Re laced

2" and the above-nentioned "El ectrode Arrangenent C' (theﬁ1 asli]ameter [err]
4.0). Fig. 21 is a graph showing a relationship between t

el‘ectromechani cal coupling coefficient [err] and the paranE ” 1
SAW devi ce having the above-nentioned "Layer Structure 2"

above-nentioned "El ectrode Arrangenent E' (the paraneter [err] = 1.

22 is a graph showing a relationship between
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coupling coeff|0|ent [err] and the paranmeter [err]
St ruct urks ﬁleetaaadséemeﬁjced i‘

~the el ectronechani ca
:a SAW devi ce having t he above-nenti oned "Layer

" above- menti oned "El ect rode Arrangenent E" (the paraneter Fi g.
23 is a graph showing a relationship between the electr

coupling coefficient [err] and the paraneter [err] in a |ng
t he above-nentioned "Layer Structure 2" and the above-nentioned "El ectrode

Arrangenment E' (the paraneter [err] = 3.0).
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coupling coefficient [err]
t he above-nentioned "Layer Structure 2" and the above- nentlo ebee 1&& o]

Fig. 24 is a graph showing a relationship between the el ectronechanic
I Ci and the paraneter [err] in ce haV|n%%

Arrangenent E' (the paraneter [err] = 4.0). 20
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Fig. 25 is a graph showing a relationship between the el ectro-nechani cal
coupling coefficient K and the paraneter [err] in a SAWdWI—ceﬁﬂaw—ng—t_h&\

above-nmentioned "Layer Structure 2" and the above-nenti of eﬁ,,sgigg :
Arrangenent F' (the paraneter [err] = 1.0). Fig. 26 is a} gr aced!
rel ati onship between the el ectro-nechani cal coupling coe f| "E ”
paraneter [err] in a SAWdevi ce having the above-nentioned re

2" and the above-nmenti oned "El ectrode
| 19/29
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Arrangement F' (the parameter [err] = 2.0). Fig. 27 is a graph showi ng a

rel ati onshi p between the el ectro-nechanical coupling

the paranmeter [err] in a SAWdevice having the above- megLd ne " Layer
Structure 2" and the above-nentioned "El ectrode Arrange 2 eplaced
paranmeter [err] = 3.0). Fig. 28 is a graph showing a rerB' ﬁ e
the el ectro-nmechani cal coupling coefficient [err] and th 1

in a SAWdevi ce having the above-nenti ?8%
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"Layer Structure 2" and the above-nentioned "El ectrode Arrangenent F" (the
parameter [err] = 4.0). Fig. 29 is a graph showing a rel tionship bet ween
t he propagation veI ocity V of SAWand the paraneter [err]
havi ng the above-nenti oned "Layer Structure 1" and the a

ov
"El ectrode Arrangenment A, C, Eor F'. Fig. 30 is a graph shtﬂlmg'" ’Iﬂﬁ"

rel ati onshi p between
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aﬁpheter [err] TN
© Been RTlaced

.the el ectronechani cal coupling coefficient [err] and the p
~a SAWdevi ce having the above-nentioned "Layer Structure 1"

- above-nentioned "El ectrode Arrangement A". Fig. 31 is a grap
rel atronshi p between the el ectronechani cal coupling coeffici
paranmeter [err] in a SAWdevice having the above-nentioned

22729
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“Layer Structure 1" and the above-nentioned "El ectrode Am

32 is a graph showing a relationship between the el ectro- MHQS%? Tﬁ

coupling coefficient [err] and the paraneter [err] in a S
t he above-nentioned "Layer Structure 1" and the above- nent
Arrangenent E'. Fig. 33 is a graph show ng a relationship bet
el ectronmechani cal coupling coefficient [éaarlrz]9 and the _
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paranmeter [err] in a SAWdeV| ce having the above- rrentloned‘*"l_’aVEr tructure
1" and the above-nentioned "El ectrode Arrangenent F" E}tﬁmmﬁ

OF PREFERRED EMBCDI MENTS Her ei nbel ow, the present i nvent | o
described in detail with reference to the acconpanyi ng dra

-desired. (Mdde of SAW In a SAWdevice having a structure

24]29
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di anond, an [err] layer disposed thereon,
i when SAW i s exCig,& dndadad Bedi Replived

device so as to contact the Li NboGB | ayer,
TS

-IDT a plurality of kinds of SAWS respectively having diffe
velocities V are produced. In [

and an | DT m“
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the present invention, anmong the thus produced plural kinds of SAW, a kind
of SAW havi ng the smal | est propagation velocity Vis referr
"zero-th node SAW, a kind of SAWhaving the second snal | r a atlon
velocity Vis referred to as "1st-node SAW, a kind of S ¢ Re aced '-
smal | est propagation velocity Vis referred to as "2nd- If
Accordingly, the node of SAWutilized in a SAW

26/29
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device nmay be determ ned by neasuring the propagation velecity V of the SAW
“at an operating frequency of the SAWdevice. For Exanple,, the pr%agatlon '
velocity V may be determ ned by using a-kekatik@anshi p of = as

f denofes the center frequency, and [err] denotes the wa eI

depends on the electrode (element) width of the IDT. 1In a _

| DT constituting a SAW devi ce conprises a single-type el ectrode havi ng a
pl anar shape as shown in Fig. 1 (el ectrogfe,ﬁ errent
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consti tut| ng a SAW devi ce conprises a double- type el ect I’qﬂﬁsﬁb@t\ﬂaﬂgeeﬂRe laced

pl anar shape as shown in Fi g. 2 (electrode elenent width = Hllll [|III|”||”I “r

width = d), [err] = 4d. On the ot heBEH&T; 02 a .case where the TDT
23 (Layer Structure) &
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Fig. 3 is a schematic sectional view showi ng an exanple of_the |ayer (or
| ani nat e) structure ("Layer Structure 1") of a SAWdevice' accorm\
‘present.invention. Referring to Fig. 3, the SAWdevice i n Thisﬁﬁeeﬁﬂ&%@é,/?fb

conprises at |east, dianond, an [err] |ayer disposed on the

| DT (not shown) di sposed In the device so as to contact the

This SAWdevice utilizes SAWof an "n- théélr?rgde (n =0, 1 or

wavel ength of [err]. In the
Fig. 33
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SAW devdi ce tn this enbodi nent, when the thickness of t

he [err] | ayer is

denoted by [err], a parameter of [err] = [err] is in,
an enbodi nent of the present invention.(an enbodi nent

REPERCEMENT SH T

i.e., Layer Structure 2) wherein the above dianond cdhpri seb5aMdRa

| ayer di sposed on another substrate (or .base nateri al

Datéhien..t-he--¢-hi-ckn

e

of . such a di amgnd Iayer I's denoted by [err] [err], a
in a speC|f|c : 1

am—

_TITLE OF THE TNVENTION

SURFACE ACOUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a

Tt —0o1 [el’l’j

surface acoustic

wave device which has been improved both in propagation

velocity (V) of surface acoustic wave to be used

therein, and in ‘electro-mechanical coupling coefficient

(K ) thereof

Related Backgﬁound Art

A surface acoustlc wave devrce (herelnafter, malnly

referred to as “SAW dev1ce"), i.e., a dev1ce which

Ltl‘lzes surface acoustic wave (herelnafter, malnly

referred to as "SAW") prooagatlng along the surFace of

a SOlld materlal,_has various features

or advantagee

common to electro-mechanical functional parts or

devices. Such features are as follows:

(1) It has a small size and is llght 1n weight.

(2) It has excellent resistance to
impact to be applied thereto.

(3) It is liable to provide little

vvbratlon and to

diSpersion or

scatterlng in product quallty even 1n the mass

production thereof and therefore 1t 1s llable to

provide a high reliablllty

(4) When a c1rcu1t 1nclud1ng a SAW

dev1ce is

constltuted the SAW device may ‘be mounted or assembled

SS

S



rrange. (El ectrode Arrangenent) In the SAWdevi ce according to the present

invention, it is.preferred to use an el ectrode arrang EET

addition, a short-circuiting electrode, ds desired) s n@%%%é?ﬁM%ﬂTfh

shown in the schematic sectional views of Figs. 5 to 'Daw.m"""ﬂéﬁjggﬁ _____
_ _ ) o

—n—

.to_such a circuit in a so-called "adjuStment—free""
.'manner (or in a manner such that substantially no
-adjustment of the SAW device is required), and
therefore the'actual_mounting of the SAQ device mayl
'easily'beiautomated'or simplified.

In addition to the above-mentioned features common
‘to the electro—mechanical functional parts'or devices,
the SAW deyice further has various advantages such that

.it has excellent stab111ty to temneratare, has a long
life (or service llfe), and has an excellent phase
characterlstlc. Accordlngly, the SAW device may
suitably be used for a wide variety of purposes such as
frequency filter, resonator, delay dev1ce, 51gnal
proce351ng dev1ce, convolver, and functlon element for
optoelectronlc dev1ces.

In the fleld of communlcat_on -echnolocy 1nclu51ve
of satelllte communlcatlon system, mobile communlcatlon
system, etc.,"-along w1th recent multl—channel and hlgh—
frequency deyelopment 'there has strongly been deslred
the development of a SAW dev1ce which 1s operable in a

"hlgher frequency reglon (e. g., GHz band) in the f1e1d '
of the above—mentloned SAW dev1ce
. 'In general, the operatlng frequencv (£) of a SAW
.'device may be determ1ned on the bas1s of a relatlonshlp
rof £ ;.V/ A, wherein V_denotes the propagatlon veloc1ty

of SAW to be used in the SAW device, and i denotes the



24 In the arrangenent (Electrode Arrangenment A) shown in
devi ce conprises dianond, an |IDT di sposed on the di anond,
| ayer di sposed on the I DT. The arrangenent (El ectrode Arr

ﬁiﬁbZBL he.SAM(
“?%%Eﬁgf%m

in Fig. 6 further conprises a short-circuiting el ectrode

dcﬁﬁpsed on t

[err] layer constituting the above-nentioned "El ectrode

3

————

wavelength of the SAW. The wavelength l'depende on the

pitch (or perlod) of an interdigital transducer or

‘electrode having a comb-like shape (hereinafter,
referred to as "IDT") constituting the SAW device, as

described hereinafter. However, in view of a certain

limit in the field of m"crofabrication technique such

as photolwthogranhy, it is dlrflctlt'to extremely

_shorten the wavelength l of the SAW to ne utlllzed 1n

tne SAW device. Acco:dlngly,-ror the purpose of high-
frequency development in the SAW deviee, it is
desirable te increase the propagation veloeity V of the
Saw. N _ :

Tn-addition; in the field of communication-
tecbnologv such as satellite communicaction system and
obﬂle communlcatlon system as descrlbed above, mainly -
from a viewpoint of actual mounting of a SAW device, it

has been desired to improve the entirety of the device

so as to further reduce the energy consumption therein

and to attain further miniaturiZation.thereof. As a
result, in addition to the high-frequency development
as described above, it has been desired to improve the
electro-mechanical eoupling coefficient (K?)-of the SAW
device, i.e., an index to conversion efficiency at the
time of the eonversion of:electric'energy into |
mechanical energy in the device.

Accordingly, particularly in a SAW device to be’



In the arrangenent (El ectrode Arrangenent E) shown in-
devi ce conprises dianond, an [err] layer disposed on t e BF@N@HHENESHEEM
| DT di sposed on the LiNbCB | ayer . The arrangenent (Ele
shown in Fig. 8 further conprises a short-circuiting e
bet ween the dianond and the [err] layer constituting t
-"El ectrode Arrangenent E".. (Constitutiongor Structure of Respectlve Layers)

desirably nsed widely in recent vears, it haa strongiy"
_been demanded that not only the propagatlon ve‘ocxty v

of the SAW to be utlllzed in the SAW dev*ce should be
1ncreased (for examnle, V-Z about_?OOO m/s), but also
the mechanical coupling coefficient_(K:) of the SAW
device should be increased (for example, X' Z 2 %).

There is known a SAW device having a laminate

structure cbmprising a diamond layer and an LiNbOsllaya:'

' disposed thereon'(Jananaéé Laidvopeh Patent Application
:(KOKAI) No. 62911/1989 (i.e., Sho 64-62911). The
.above—menaloned LiNbO; has an advantage such that the

. chemical StabllltY (i.e., resistance to acid, |
resistance to alkali, etc.) thereof is superior to that
of another piaibeleétric material such as ZnO. |
Ho&ever, in viewléf the crystallinity or crYstal
structure of the LiNbO, material itself, it is not easy
to form a thin film of LiNbO, which is capable of

~ providing a desifable piezoeléctrid property as a
éomponent constituting a SAW device. Particularly, in_
the prior art, it has not been known what kind of LiNbO_3
thin:film may provide a desirable characteristic as a
aSAW'deviCe in relafion Qith a certain electrode
arrangement or electrodé structure (eléctrbde.ﬁidfh,
etc.). '

SUMMARY OF THE INVENTION

An object of the present invention is to provide a



Her ei nbel ow, the respective |layers constituting the SAW device according to
the present invention will be described in detail. (D amin %Pédbtiu: :
i nvention, the dianmond constituting the SAWdevice may c | EMENT SHEET -

-nonocrystal line di anond and/ or pol ycrystalline-di anond. .niﬁﬁiagiaﬁﬂfggﬁkd

met hod for providing or producing such dianond is not pa
More specifically, for exanple, - 5 .

SAW device which hés_éblved_the ab@vg-méntioned _
problems encountered in the prior art. |
. Another object of the presént ihVention is to
provide a SAW devicé which is capable of providing a
"-désirable characteristic while using an LiNDbQO; layer as.
a piezoelectric substénce; |
A further object'bf-the_préséﬁt'invention is to
provide a SAw.device whereiﬁ the prqpagation velocity
| (V) of SAW to be utilized has been increased, and the
-electro—mechanical'coupling coefficient_(Kz) has been
.improved,- | . B
T_As_a result of earhest stﬁdy, thé'present inventors
haveifoﬁnd_that in a SAﬁ device having an LiNbO,/diamond
léyer structure_p;ovided.with an IDT (or an electrode
having a comb-like shape), a polycrystalline C-axis-
oriented. LiNbO, layer in combinétioﬁiwith a specific
parameter of kh, = 2m(t,/A) (wherein A dénotes the
wavelength (pm) of SAW to be utilized in the device,
and ti denotés the thickneés (pm) of LiNDbO, iayer )
whiéh has been controlled SOIas to fall within a
specific range, is extremely effectivé in achievingithe
.abéve-mentioneﬁ pbjécts. |
The SAW device §ccording to the present invention
s based on the above discovery_and comprises: at |
"least, diamond; an interdigital transducer.disposed on

' the diamond, and a polycrystalline C-axis-oriented



t he di amond may conprise nonocrystalline dianmond, or a
as a polycrystalline filmor epitaxial fl|ﬁ1mhICh has. be Hﬂﬁ%ﬁﬁﬁMﬁNEﬁHEﬂer
material (base material) by using a vapor-phase depositi
base material for dianmond filmformation is not &% et 0T

6

—

~ LiNbO, layer disposed on the interdigital transducer;
the surfacé.acdustic wave device utilizihg surface
_acoustic wave of zero-tﬂ modé'hAVihg a wévelength of A
-(ph), and having a parameter of Xh, = 2m(t,/A)
satiSfying-é rélationship of 0.7 £ kh. £ 1.0 prov1ded
thatlthe_thiéknesé of the LiNbO, layer is t, (pm).
According'to the nreéent invention, there is
provided a SAW dev1ce hav1ng a de51ranle characterlstlc
while utlllZlng L1Nb03, whlch has heretofore been
con51dered as_a plezoelectrlc substance capable of
hafdly forminé a thin film with a desirable
piézoelectric cﬁarééteristic, and whiie effectively '
"alleviaﬁe the trouble to be caused in the case of |
actual."trial and.error“ operation fbr fabricating_a
large number of SAW de&icé samples. “More specifically,
the SAW dev1ce hav1ng such a structure may prov1de a
SAW propagatlon velocity V S&tlS;Ylng a ralationship of.
7000 S Vv S 7500 m/s and an electro—mechanical coupling
coefficient K satiéfying a rélationship of K* 2 2 %.
The present invention also p:ovidesla'surface
acoustic wave devicé having the above structﬁre,
 wheréin the diamond comprises a diamond léyer disposed
on a baée material, the surface acoﬁstic wave devibe “
héving a parameter qf kh, = Zn(tq/l).satisfying a | |
relationship of_4 < kthrovided'that the thickness of

' the diamond layer is t, (pmi...The SAW_devige having:



particularly Iimted, but may appropriately be selected de
usage of the SAW device. For exanple, the base material t
present -invention may conprise seni conductor such as Si, t al Wﬁg§“§ﬁ
‘ceramic, etc. In the present invention, in a case where t Dabségn +-arpnd

REPLAGBMENT SHEES

conprises a dianond film the process -or_nethod for. growi F —aoa
(thin) filmis not particularly Iinited_ZNbre-specificalIy, the grow h
process to be . .

such a structure'mey be provided on a substrate-such as

silicoh substrate, while attaining a SAW.propegation

velocity V satisfying a relaﬁicnship of 7000 £ V £

7500 m/s and an electro-mechanical“coupiiug coefficieut
- ¥° satisfying a relationship of K' 2 1 %;.

The'present invention further.nrovides a surface
acbustic wave device, compr1s1 19 at 'east; diaand( an
interdigital trensducer diqused on.the diamond, and a
polycr?stalline CQaXis—oriented LiNDbO, layer dispcsed.gn
the interdigital transducer:.the surface accustic wave

. device utlllZlng surface acousrlc wave of lst—mode ,
hav1ng a wavelengtn of A (pm), and hav1ng a narameter
cf kh1_= Zn(tq/k) satisfying a relatlpnshlp of 0.5 £ kh,

= i.S provided_that the thickness of the LiNbOs_layer
is tll(um). The SAW device having such a structure may

provide a SAW propagatien_veIOCity V satisfying a
relationship of 7000 £ V S iZOOQ m/s and an electro-
mechanical cdhpling coefficieht k2 satisfying a’
relaticnship cf 4 £ ¥ £09 %. |

The present invention further provides a surface
‘acoustic wave device having the above structure,
wherein the parameter of kh, = 2m(t,/A) satisfies a

urelacionship-of 0.5 S kh1 éil.o. The'SAw device having
such a structure may prov1de a SAW pronagatlon velocity

v satlsfylng a relatlonshln of 9000 £ vV £ 12000 m/s

and an electro-mechanical coupling coefficient K




used for such a purpose may appropriately be selected from known processes
‘inclusive of: -a CVD (Chem.cal Vapor Deposition) nethod, Y SITH
CVD net hod, a PVD (Physi cal Vapor Deposition) -nethod, a 5@%@é§pﬁ5ﬁ S -
an ion plating nethod, a plasnma jet:- nethod, a flane et H
nmet hod, etc. The plane orientation of the above di anond

:rUL,

not particularly limted. For exanple, the plane orlentatlon of the'dlannnd
(filn) may be any | 8 .

satisfying a relatlonshlo of 6§ £ K £ 9 3.

The present invention further prov1des a surface
acoustlc wave dev1ce having the above structure,
wherein the diamond comprlses a dlamond layer disposed
on a base matefial, and a naramefe* of'kh; = 2n(tﬁ/£)
satisfies a relationship of 2 S kh,'orovided_that the
thickhess of the diamend layer is t, (pm). The SAW
device having such a_strueture may be provided oa a

_ substrate such as silicqﬁ substrate, while atﬁaining a
- SAW propagation veloéitv V'satisffing a relationship of
9000 = Vné 12000 m/s ard an electro-mechan1cal '
coupling coeff1c1ent K satlsfylng a relatlonshlp of 6

S K S 9s. |

The present inventioﬁ further provides a surface
acoustic wave“device having the above structure,
#hereih.the parameter of khl = Zﬁ(t1/l) satiSfies au
relationship of 0.5 S kh, = 0.8, and the parametef of
kh, = 2n(t1/zjlsatisfies a_relatiqﬁehip of 2 S kh;.§ 3.
The SAw.device having'such a structure may provide a

'.SAW propagatien velocity v satisfying a relatiOnship'of

: 1oobo’S v £ 12000 m/s and an elec*ro—mechanlcal
coupling coefrlc1ent'K satlsFylng a relatlonshlp of 9
< KOS 11 8.

The'p:esent,invention further §rovidee a surface
acousticlwave device, comprising: at least, diamond; a

polyerystalline,C-axis-oriented LiNbO3 layer disposed on



of (111), (100) and (110), etc., and nay be any conbi natfea—of
orientations. (Orientational Property of [err] Film In IREWWQ%WWWTSHEET
i nvention, the [err] filmto be 26 dlsposed on 't he abpve- nept

di anond is R o | Date: TQWBSS

the'diamond,'and an in‘erdigitaT'transducer disposed'on-
the LiNDbO; layer; the surface acoustic wave device
utilizing surface acoustlc wave of 1st—mode nav1ng a
wavelength of A (pm), and having a parameter of khl =
2u(t./X) satisfying a relatienship of .5 é;khx S 1.5
provided that the thickness of the LiNbO, layer is t,
(um). The SAW dev1ce hav1ng such a structure may
provide a SAW nropagatlon veloc1ty \' satrsfylng a -
relatlonshlp of 7000 = v < 12000 m/s and an electro-

'mechanical.coupling coefficient K satisfying a
relationship of 2 S K £ 9 3. |

The present invention further provides'a surfaee_
acoustic wave'having'the aboﬁe structure; wherein the
parameter of kh, = 2u(t;/A) satisfies a relationship of
0.5 £ kh, £ 1.0. The SAW device having'such a

'_structure may provide a SaAW p“onagat1on velocity V
satisfying a relationship of 9000 < v £ 12000 m/s and

-an electro—mebhanical_coupling coefficient K’ satisfyingt
a relatlonshlp of 6 £ K £ 9'%.

The present ‘invention further prov1des a surface
acoustlc wave device hav1ng the above structure,

' whereln the alamond comprises a alamona layer dlsnosed
on a base material, ‘and a parameter of kh, = Zn(tall)
satisfies a r'elationship of 2 S kh, prov1ded that cthe
thlckness of the dlamond layer is tz (pm). The SAW

device hav1ng such a structure may be prov1ded on a



|||||

pblycrystalline, and conpfises an [err] filmwherein thg

thereof is parallel to a base material surface (so-call hEE}éﬁﬁﬁEﬂTﬁéﬁﬁgd
film') in view of piezoelectric property, etc. In the pilesent SVﬂIARIQ“S

the orientational property of an [err] filmmay be eval WaPe§: Qb ergaan

“X-ray rocking (curve) pattern nethod, as one of the nethods of evaluaiing

the orientational property of a crystal face or c¢rystal plane.. Nbre
.specifically, the _ . 10 > ' .

_subst*ate such as 5111con substr=te, whilé'attainiﬁg a
SAW prppagationlvelocity'v satiSfying é relationship of .
9000 £ V £ 12000 m/s and an _electr_o—mechaf_lical |
'coupling_éoeffiCient Kzsatisfying a relationship of 6
<K S o9s. o o
The present inventicn.fuitheﬁ provides a surface
“acoustic wave de§ice haVing the above structure,
wherein the parémeter of kh, =.2ﬁ(ti/l) satisfies a
‘relationship of 0.5 £ kh, £ 0.8, and the parameter of
kh, = 2u(tq/x).sati$fies a relationship of 2 < kh, £ 3.
The SAW device having sﬁéh a Structufe may provide a
SAW propagatlon veloc1tv v satlsfylng a relatlonshlp of
10000 S Vv £ 12000 m/s. and an electro-mechanical
cbdpliﬁg coefficient K“satiSfying[a_relationsnlp df_s
< xS 10 8. ' |
The present ihvent101 further nrovideé a surface
acoustlc wave device, - compr151ng at least, dlamond a
_-polycrystalllne C-ax1s—or1ented LiNbO,; layer dlsnosed on
the diamond, and an 1nterd1g1tal transducer dlsposed on
the LiNbO, layer;.the surface acoustic wdveidevide
utilizing surface acoustiq wave of 2nd-mode having.a
wavelength_of A (pm)t-and having a pérameﬁer of'kh1'=
Zn(th/l)'éaﬁisfyihg a relationship of 154 < kh, £ 3 :
provided that the thickness of the LiNbO, layer is £
“(pm). The SAW'device having such a struéture may

‘provide a SAW propagation velocity V satisfying a



orientational property (in-plane orientational property) may be eval uated

in the following manner. (1) A sanple to be neasured is | ?'
hol der of an X-ray diffractoneter. (2) The plane orlentailon%dém%}f:glﬁ?‘E

“be evaluated is neasured by using an X-ray diffraction pattﬁ%t rM*B;ES@G'
utilizing the above-nentioned X-ray diffractonmeter. (3) T} BEPTEAX]
~(corresponding to the rotation of . 11 -

relationship_of 8000 é'v S 11000 m/s and an electro;.
mechanical coupling coefficient K satlsfylng a
relationship of 2 £ K* £ 4 5.

The present invention'fgrther p:ovides a surface .
acoustic waﬁe de&ice having tHe above stfuctﬁre,.
whereln the dlamond comprlses a diamond layer dlsposea

| on a base material, and a Darameter of kh, = Zn(tb/l)
satlsfles a relationship of 4 kh, provided that the
thickness of the diamond layer is tgi(gm).'.rhe SAW
_deviee having such a structure_mey'be provided on a
'substfate such as silicon substrate, while attaining a

£

‘SAW propagation velocity V satisfying a relationship of
8000 £ Vv £ 11000 m/s and en electrofmechahical
coupling cqefficient K: Satieinn§ a relationshib'of 2
S K S 4s. |

| The present invention further p*ovidee a surface
acoustlc wave device, comnrlslng at least, dlamond an
1nterd1g1tal transduce* dlsnosed on tbe diamond, a
polycrystalline C-ax1sfor;ented L;.Nbo3 layer disposed on
the interdigital transducer, and a short-circuiting
‘electrode dieposed on the LiNbO, layer ; the surface
_acoustic.wave'device utiliZing Surféce acQustic wave of
1st-mode ﬁaving'a.wavelength of A {pm), aﬁd having &
parameter of kh, ='2n(t1/A) satisfying a relationship of
0.5 £ kh; £ 1.5 provided that the thickness of the

LiNbO, layer is t, (pm).. The SAW device heving such a



the sanple to be neasured) and the [err] (corresponding to an X—ray count er
of the X-ray diffractometer) are rotated and then fixeg=se e\
and [err]- provide a nmaxi num output value in orientati gy
evaluated. In the case of an [err] filmof which Caxils is _
.perpendlcularly to a base substance on which:the [err] L ARSI

12

structure @ay provide a SAW_propagationlvelocity v
satisfying a relationship of 7000 £ V £ 12000 m/s ana
ian electrc-mechanicalscoupiing coefficient X’ satisfying
a reiatiouship of 2 S ¥ £ 4 3.
The present invention further provides a surface
acoustlc wave device hav1ng the above structure,
' whereln the dlamond comprises a diamond rayer dlsposed
‘on a base material. The SAW device having such a
structure may be prcvided on a substrate such as |
.silicon substrate, while attaining a SAW'propagation
"velocity V satisfying a relationship of 7000 £ V £
12000 m/s and an'electrofmechanical coupling

coefficient K’ satisfying a relationship of 2 £ K?

- WA
>

%.
The.preSent invention further pro#ides.a surfacet
. acoustic wave device; comprising- at lsast, diamond an’
1nterd1g1tal transducer disposed on the dlamond a
polycrystalllne C—ax1s-or1ented LJ.NbOJ 1ayer dlsposed on.
the 1nterdlgltal transducer, and a short—c1rcu1t1ng
electrode disposed on the LiNbO3_1ayer ; the surface
-acoustic Wave device'utilizing surface acoustic wave of
-2nd-mode hav1ng a wavelengtn of l (pm), and hav1ng a
parameter of kh, = Zn(tqll) satisfying a relatlonshln of
1.5 £ khy §_3_prcv1ded that the thickness of the LJ.NbO3
layer is t, (pm). The SAW device having_such_a |

structure may provide a SAW propagation velocity V. .



27 .filmis to be disposed, [err] is [err] with respect to the (006) peak.
(4) Only the sanple (i.e., the [err]-axis) is rotatedand _a rocking curyv

i s obtained by such neasurenent. (5) The thus obtaine ﬁgﬁﬂﬂdgméwwgﬁthf
‘regarded as one having a Gaussian distribution, and a §tandard devi ation
[err] thereof is deternmined (Wth respect to t he Date‘\SMAR‘QQS
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satisfying a relationship of'SOOO pS v < 10000 m/s and
an electro;mecﬁauical coupling coefficieut Ka_setisfying
a relatlonshlp of 2 £ Kz £ 2.6 %. | |
| The nresent invention further prov1des a surFace
acoustic wave device havlng the above structure,
wherein'the diamond comprises a diamond 1eyer.dis§osed
on a base material. ‘The SAW device having such a
-struCture mey be provided on a'substrate such'as-
silicon’ substrate, whlle atta1n1ng a Saw propagatlon'
veloc1ty \ satlsfylng a relationship of 8000 = V-é_
10000 m/s and an electro—mechanical coupling
coefficient K’ satisfying a relationship of 2 S kf_é
2.6 %. | | | |
The present’ 1nventlon further nrov1des a surface
acoustic wave dev1ce, comnrls1ng at least, dlamond a
short-circuiiting electrode disposed on the'dlamond, a
pelycrystallihe C?axis—oriented LiNbO, layer disposed on
the short—circuiting electrede, and.an_interdigital
transducer disposed on the_LiNbbs'laYer;_the surface
'acoustic wave device utilizihg-surface acoustic_wave of
'_lst—modeuhaving'a wavelength of A (pm), and having a
'parameter of'kh1 = Zn(tq/l)Vsatisfving a relationship:qf
0-5r$'khx-§ 1.5 prov1ded that the thlckness of the
LiNbog ieyer is t1 (pm). The SAW dev1ce hav1ng such a
structure may provide a SAW nronagatlon velocity V

satlsfylng a relationship of 7000 S V = 12000 m/S and



details of the rocking curve, a paper entitled "Preparation of ZnO Fllns by
~an Activated Reactive Evaporation Method" witten by péeshirs Bt -
al.; "ZAIRYO' (Materials), 40, No. 451 (April, 1991) nﬂﬁPh@CEMﬁﬁTEEEEfo.

above-descri bed manner has a smaller value, it indic the -------------
orientational property of the sanple[err] to be eval
devi ce S - 14 :

i ——

»2

an electro-mechanlcal coupl*ng coet_lcient X" 'satisfying

a relatlonshlp o; *.4 é k'S 2.4 %.
| The pfesent inventioh.further provides a surface
acoustic wave device havihg-the'above sttuctufe'wherein
the diamond compriées a diémond layer'dispbséd on a
pase material. The”SAW'device naving such a structure
may be prov1ded on a subst*ate such as 3111con
substrate, whlle attalnlng a SAW propagation velocxty v
satlsfylng-a relatlonshlp of 7000 £ V S 12000 m/s and
an eléctro-meChanical coupling coefficient K satisfying'
a_relationship of 1.4 = ¥ §.2.4_%t |

The ?résent invention -further provides_a surface
acoustic wave devicé,_tomprising: at least, diamond,_a'
shbft-circuiting electrode disposed on the diamond, a
polycrystalline C-éxié—oriented Li’\rbo3 layer disposed on
the short-circuiting eleCLrode, and an 1nterd1g1tal
transducer dlsposed on the L:LNbO3 layer the surface
‘acoustic wave device utilizing surface acousth wave of
an—mode'haviné a'waveiength of A (ﬁm), and having a
parametér of kh1 = Zﬁ(t‘/l) satisfying a relationship of
1.5 £ kh, £ 3 nrov1ded that the thickness of the LJ.NbO3
layer is ¢, (pm) The SAW device hav1ng such a
'structure may prov1de a SAW pronagatlon veloc1ty V
satisfying a relationship ‘of 8000 S V £ 10000 m/s and
an.electro-mechanical toupling coefficient Kt satisfying

a relationship of 1.4 £ K* £ 3 &.



according to the present invention, the a value may preferably be [err] or
| ess (nmore - preferably, [err] or less). (IDT) In the SAMVdevice according to
the present invention, the substance to be used for the NPT SHEET
particularly linited, as long as it conprises an electr:d@ﬁﬂdﬁ%'@ T SR
“substance. In view of processability or workability ang @%} iugtmm \gg&t
Al (alum num) may particularly preferabrgépe used as the Botrnce

" The present invention further protides a su:face_
acoustic Wave]devite having the-above'strueture,
wherein the diamond.compriSes a diamond layer dispesed'
on a base material,'ahd a parameter of kh, s Zn(tﬂ/l)
satisfies a relationship"o1= 4 £ kh, provided that the
thickness of the dlamond layer is T, (pm) The SAW"
.device hav1ng such a structure may be prov1ded on a
- substrate such as 3111eon substrate, ‘while attalnlng a
SAW propagatlon veloc1ty V satlsrylng a reTatlonshlp of
8000 £ V £ 10000 m/s and an electro-mechanical

' coupliag coeffiCient_Kﬂsatisfying a relationship'of 1.4
<% <38 | | | |

 Further scope.of applicability of the present
lnvention_will_become a?pareﬁt from the detailed
descriptioa given herelnafter. Howevef, it should be

. understood that the detailed description and °DeCifiC
examples, whlle 1nd1cat1ng nreferred emnodlments of the
invention, are given by way of -1lust*atlon only, since
varlous,changes and modlrlcatlons within the sp1r1t and-
'scope of the invention will become abparent to those.

skllled in the art from this detailed descrlptlon.

: BRIEF DESCRIPTION OF THE DRAWINGS

| Flg. 1is a schematlc_plan view shoWlng an example
of the planar shape of an IDT (single-type electrode)
constituting a SAW device.

Fig. 2 is a schematic plan view showing an example



~constituting the IDT. 28 The thickness of the IDT is not particularly

limted, as long as it functions as an ILDT of a SAWd :
the thickness of the IDT may preferably be in the ran e REPLAGIHE 1 GHEES

5,000 A a5 MR 86

of the nlanar shape of an ID” (doun e—tyne electrode)
_constltutlng a SAW dev1ce |

Fig. 3 is a schématic sect10na1 view show1ng a

layer structure (Layer Structure-r) o:_an embodlment,ef
: the SAW device.aCCordihg to the preSent invention. |

_Fig. 4 is a schematic sectional.view showing a
layer structure (Leyer Structure 2) of an embodiment of
the SAW device according to the present invention.

Fig. 5 is a schematic sectional.viem ehowing'an
eiectrode_arrangement (EleCtrode_Arrangement A) of an
embodiment of the SAW device aceording to the present
invention. | | -
| 'Fig. 6 is a schematic sectional view showing an
electrode arrengement_(Electrode Arrangement C) of an
embodiment of the SAW device according to the present
invention.

Fig. 7 is a schemetie sectional.view showing an
electrode arrengement (Electrode.Arrangement E) of an
',embodiment of the Saw device according to the present

.invention._ |

Fig. 8 is a schematie sectional view ehowimg an
electrode arrangement (Electrode Arrangement F) of an
embodiment of the SAW device eccqrdimg to the present"
invention. | | |

- Fig. 9 is a graph show1ng a relatlonshlp between'

the propagation veloc1ty V of SAW and the parameter khf



(nmore preferably, about 100 to 500 A). When the thickness of the IDT is
| ess than 100 A, the electrode resistivity is i ncreased to cause an

increase in loss. On the other hand, when the thicknes(§ #Eﬁﬁ%g%Ji ceds
5,000 A, it provides a consi derabl e mass addition ef f et efto

- cause reflection of SAWdue .to the thickness and hei gh D%;ejr&MMB de,
‘and it becones dlfflcult to obtain a desiyed SAMVchar 1 eri Srieof T He "SAW

‘devi ce. —_

in a SAW device hafing the above-mentioned "Layer
 Structure 2" and the above—mentioned'"Eiectrode
Arrangement A, C, E or E" (the.parameter kh, = i.O).

Fig. 10 is a_graph_shoﬁing a relationship between_
the propagation velocity V. of SAW and the pafameter.khl.
in a SAW deviCe'haVing the above-mentioned "Zayer,
Structure 2" and the above—mentloned "Electrode
Arrangement A, C, E or F" (the parameter khm = 2. 0)

Fig. 11 is a grapn show1ng a re1at10nsh1p between
the pronagatlon veloc1 y v of SAW and the parameter kh,
'in-a SAW dev1ceghaving the above-mentloned "Layer
Sﬁructure 2" and the above—mentioned "Electrode
Arrangemeht é; C, E or F" (the patameter kh, = 3.0).

- Fig. 12 is a graph_sheﬁing a relationship between
~.the propagation velocity V of_SAW.and the parameter kh,
in a SAW device having the above-mentioned "Layer
_Structure 2" and the above-mentioned "Electrode
Arrangement A, C, E or F" (the parameter kh, = 4. 0)

Fig. 13 is a graph show1ng a relatlonshlp between
the electro—mechanlcal coupllng coefF1c1ent K’ and the
parameter kh, in a saw dev1ce hav1ng the above-mentloned
"Layer Structure 2" and the above-ment;oned "Electrode
Arranéement é"-(the éafameter kh, = 1.0).

“ ‘Fig. 14 is'a graph showing a.relatienship between
the elect;o—mechanicai_couplinglcoefficient K and'the

_ parameter kh, in a SAW device'having the above-mentioned



The pl anar or two- di mensi onal shape of the IDT is not particularly limted,
as long as it may function as an |.DT of the SAWdevice. As the_IDI,ra-L;
so-called "single-type" electrode as shown in the schep E% xY#e@l-i i
Fig. 1 or a so-called "doubl e-type" electrode as. shownl||i FERUFEEHENRTT

plan view of Fig. 2 may preferably be used. As desiredj the a _LQ d
1 DT 'may be enbedded in a surface (e.q. agsurface of dilaR# ﬁd VCHGa- :

"Layer Structure 2" and the above—meﬁtioned "“lectrode
"Arrangement A" (the. Darameter kn, = 2 0‘

- Fig. 15 is a graph show1ng a reratlonshln between
the electro- mechanlcal coupling ‘coefficient X’ and the
parameter khl in a SAW device having the above-mentioned
"LéYer Structure 2" aﬁd'the ebove-men*ioned "Electrdde_

'Arrangement A" (the parameter. kh2 = 3. 0)
| F1g 16 is a graph sbow1ng a relatlonshlp between
the electro-mechanical coupling coefficient K: and the
parameter kh, in a SAW device having the above~mentiened
"Layer Structure 2",and the abOvefmentioned "Electrbde
Arr angement A" (the parameter khz = 4.0).

Flg 17 1s a graph showxng a relationship between
the electro—mechanlcal coupling coeificient K® and the
'parameter kh, in a SAW device hav1ng the above—mentloned
_"Iayer Structure 2" ard the above—mentloned "Electrode
:Arrangement C" (the parameter khz = 1.0).

'. Fig. 18 is a greph showing a relationship between
the electro-mechanical coupling coefficient K® and the .
parameter kh, in a SAW device haviﬁg the above-mentioned_
"Layer Structure 2" and the above—mentloned "Electrode
Arrangement C" (the parameter kn, = 2. 0)

Fig. 19 1s a granh showing a relatlonshlp between
the electro-mechanlca1 counllng coefF1c1ent XK’ and the
parameter kh, in a SAW device_having the above-mentioned.

"Layer StruCtureIZ" and the above-mentioned "Electrode



specific orientational property such as (111)) on which the IDT is to be
di sposed. More specifically, for exanple, a recessed or |ndenteq;90FLJon
havi.ng a shape such as groove may be formed (or a predeternrﬁ' Lo Nﬁuﬁtatéf
having a recessed portion nay be forned in advance) BEPHREET  a t o

(i.e., all or a part 1 Date‘5MR.3 ............

Arrangement C" (the.parameter kh, = 3.0);
| Fig. 20'is a graph showing a relationship between
+he electro-mechanlcal coupllﬁg coefficient K -and the
parameter khl in a SAW device having the above—mentloned
"Layer Structure 2" and _he anove—mentloned "Electrode
_Arrangement c" (the parameter kh, = 4.0).
| Fig_'T 21 is a-graph.showing-a re;ationship between
the eleCtro-mechanical couplihg'ceefficient K® and the
parameter kh, in a SAW device havihg the above-mentioned
"Layer Structure 2" and the abeve?mentiOned "Electrode
Arrangement E" (the parameter kh, = 1.0).
- Fig. 22 is a graph showing_a relationship between
'.:the'electro—mechanical'ceupling coefficient K’ and the
‘parameter kh, in a SAW device having_the abeve4mehtioned
"Layer strueture 2" and the above-mentioned "Electrode
Arrangement E" (the parameter kh, =.2.D).

'Fig. 23 is a graph showing'a reiationship between
the electro—ﬁéchanical coupling COefficient KF and the
narameter kh, in a SAW device hav*ng the above- mentloned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement E" (the parameter Kh, = 3.0).

Fig. 24 is a graph show1ng a relatlonshlp between
the electro—mechanlcal coupling coeff1c1ent K’ and the
parameter kh, in a SAW device hav1ng the above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode'.

Arrangement E" (the parameter kh, = 4.0).



of ) a conductive substance, such as Al -, constituting the IDT nmay be
enbedded in the recessed portion. \Wen all or apart of the IDT is
enbedded in this manner, for exanple, the surface |evel & '

I DT can be nmade substantially equal to the surface on (ﬁEpLhGEMEﬁﬂﬁfﬁﬁf
be formed. As a result, an influence of SAWreflection
‘thi ckness of the IDT can be reduced. (Shegrt-Circuiting Frreremanoraernanenes

Fig. 25nis'a_graph-shOWing a:relationsnip-between

the.electre-mechanical cenpling coefficient K’ and the

- parameter kh, in a SAW device having the_above-mentioned
"Layer Structure 2" and the above-mentioned "Electrode
Arrangement F".(the naramefer kh, = .O). .

Fig. 26 is a graph showing a relationship between '

.+he electro-mechanical coun11ng coefficient K’ and the
.pa meter kh,.ln a SAW device having the above-mentloned
"Layer Structure 2" and the above—mentioned "Electrode

'Arrangement F" (the parameter kh, = 2 0) |
Fig. 27 1is a graph show1ng a relatlonshln between
the electro—mechanlcal coupling coefflc1ent K* and the
| parameter kh; in a SAW device having the above-mentioned
."Layer Structnre 2" and the above—mentioned "“lectrode.
'Arrangement F" (the paramet'erlklh2 = 3.0).
Fig. 28 is a graph showing a relationship betveen
 the electro-mecnanical coupling coefficient K’ and the
parameter kh, 'in a SAW device hawing the above-mentioned
"Layer Structure 2" and the abowe-mentioned "Electrode
Arrangement F" (the paraneter kh, = 4.0).

Fig. 29 is a graph showing a relationship between
the propagatlon veloc1ty V of SAW and the parameter kh,_
in a SAW dev1ce hav1ng the above-mentloned "Layer '
Structure 1"'and the above-mentloned "Electrode

| Arrangement A, C, E or P“

Flg 30 is a graph show1ng a relatlonshlp between



I'n the SAWdevice according to the present invention, the short- circuiting
el ectrode to be disposed as desired, is an el ectrode having a function of -

|

providing an equi potential state to an electric field so "“‘ﬁﬁj}fﬂ.
SAW characteristic of the device. This el ectrode may pref preHpCENR S8 ||
(thin) filmof a netal such as Al, Au .and Al-Cu. Since thg . “R\V,B RE
short-circuiting electrode has a funct;gp dlfferent fronltﬂama .nﬁhe DT a8

descri bed above,. the subst ance

the e‘ectro—mechanieaT'counling eoef‘icient'Kz and the
parameter kh, in a SAW dev1ce hav1ng the above-mentloned
"Layer’ Structure " and the above-mentioned "Electrode
Arrangement é"; |

Fig. 31 is a graph showing a relationship between
the electro-mechanical coupliné coefficient K° and the
parameter kh, in a SAW device haﬁing the above—mentioned
"Layer Structure 1" and the above—mentloned "Electrode
Arrangement c". |

Fig. 32 is a graph showing a relationship between
the electro-mechanical coupling ceefficient K* and the
parameter kh, in a SAW device having the above-mentioned
“Layer Structure 1" and the above-mentioned "Electrode
Arrangement E". | | |

figf 33 is a graph showing a relationehip between
the electro-medhanical coupling coefficient K® and the
parameter kh, in a SAW device having the above—mentioned
“"Layer Structure 1" and.the above-mentioned “Electrode
'Arrangement F“. |

DETAILED DESCRIPTION OF PREFERREﬁ EMBODIMENTS

Herelnbelow, the present lnventlon w1ll be
described - 1n detail with reference to the accompanylng
draw1ngs, as de51red.

{Mode of SAW)
In a.SAW device having a structure comprising

diamond, an LiNbO, layer disposed thereon, and an IDT



constituting the short-circuiting electrode is not necessarily the sane as
that of the IDI. The thickness of the short-circuiting electrode is _no
particularly limted, as Tong as it may function as a sho M LAOSHEET

el ectrode of a SAW device. The thickness of the short-ci eag rode
my - - - | o an MAR IR
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e

-disoosed in the device so as to oontaot'the LiNbO,
' 1ayer when SAW is excited by us1ng ‘the IDT, a |
.Dluralitv of kinds of SAWs respectively having
different propagation velocities V- are produced. 1In
the p:esent_invention, among the thue.produced plural
" kinds of SAWS,'a kind of SAW having the smallest
propagation velocity V is referred to as "zero-th mode
SAW", a kind of SAW having the second smallest
'oropagation_velocity V.is referred to as "lst-mode
SAW", a kind of SAW having the third smallest
propagation velooity'V is referred to as "2nd-mode
.'SAW"' et seq.
| Accordingly, the mode of SAW utilized in a SAW
dev1ce may be determined by measuring the propagation
veloc1ty V of the SAW at an operating frequency of the
SAW device. . For Example, the propagation.velocity v
may be determined by using a relationship of V = fA,
wherein f denotes the center frequency, and i denotes_.
‘the wavelength which depends on the electrode (element)
Width_of the IDT. 1In a case where the IDT constituting
a'SAW.device comorises a.singie#tyne'electrode havihg a
" planar shape as shown in Fig 1 (electrode element
width = d), = 4d. On the other hand, in a case where _
the IDT constituting a SAW device comprises a double-
. type eiectrode having a planar ehape'ae shown in Fig. 2

(electrode element width = d), A = 8d. | -



REPLACEMENT SHEET preferably be in the range of about 50 to 3,000 A (nDre
preferably about 100 to 500 A). When the thickness is |ess_t
is difficult to obtain an equipotential state as descri be
ot her hand, when the thickness exceeds 3,000 A it is |i
reflection of SAW For exanple, the short- C|rCU|t|ng el ec qgﬂg\d& esrameneee
preferably has a tmn di mensi onal shape a§3a "solid .

(Layer Structure)

Fig. 3 is a sehematic sectional view showing an
example of the layer (or laminate) structure ('Layer
Structure 1") of a SAW device a;cording to the preeent
invention. Referring to Fig. 3, the-SAW_device in this
embodiment comprises at least, diamond, an LiNbO; layer
disposed on the diamond, and an IDT {not shown)
disposed in the device so as to centact the LiNbO,
layer. This SAW device utilizes SAW of an "nFth" mode
(n = 0, 1 or 2) having a anelength of A, {pm). In the
SAW device in this embodiment, when the thickness of
the LleO, layer is denoted by t, (pm), a parameter of
kh, = Zn(t /Ay) is in a spec1f1c range.

In an embodiment of the present 1nventlon (an
.embodlment as shown in Fig. 4, i.e., Jayer Structure 2)
wherein the above diamond comprises a diamond layer
disposed on anether.substrate (or base material), when
the thicknessiof such a diamond layer is denoted by t;
(gm), a parameter of kh, = 2u(t,/4,) is in a spec1f1c
range.

(Electrode Arrangement)

In the SAW device according to the present
invention, it is preferred to use an electrode
arrangement-of IDT-(ia addition, a'short¥circuiting
-electrode, as desired) selectedlfrom those shown in the

schematic sectional views of Figs. 5 to 8.



el ectrode” having an area substantially equal to that of ,i;ﬂiieeﬁe;ff§d\

in conmbination therew th. Hereinbel ow, the present |nven_|aepMA¢EME%? Svik

described in nore detail with reference to specific Exa

pol ycrystalline dianmond filmwas forned on a (100) face

siticon by use of the faollowi ng mcrowave plasm CVD neth
24

In the arrangement (Elect ode Arrangement A) shown
in Fig. 5, the SAW device comprises diamond, an IDT
disposed on the diamond, and-an l.iNbO3 layer disposed on
the IDT. ‘The arrangement (Electrode Arrangement C)
shown.in Fig. 6 further COmprises a short-circuiting
electrode disposed on the LiNbO; layer constituting the
above-mentioned "Electrode Arrangement A".

.In the arrangement (Electrode Arrangement E) shown
in Fig. 7, the'SAW'device comprises diamond, an LiNbO,
layer.disposed on the diamond, and an IDT disposed on
the LiNbO, layer. The arrangement (Electrode-
Arrangement F)_showniin Fig. 8 further comprises a .
short-circuiting electrode disposed between the diamond
and the LiNbO, layer constituting the above-mentioned
"Electrode Arrangement E".

(Constitution or Structure of Respective Layers)

Hereinbelow, the respective layers constituting tne'
SAW device acéording to the present invention will.be
described in detail.

(Diamond)

In the present invention, the diamond constituting
the SAW dev1ce nay comprise monocrystalline diamond
and/or polycrystalline diamond. The process or method
for providing or produc1ng such diamond is not
particularly limited. More spec1f1caily, for examnle,

the diamond may c0mprise monocrystalline diamond, or a



‘resultant diamond surface was polished, thereby to formf
dianond filnms having a thickness of 1.3-5 [err]. <Dianpre
Condi ti ons> M crowave power: 150 W Reactant gas: CH4

Reaction pressure: 40 Torr Film Formation Tenperature: I [Neeeerses™” \
t hi ckness (after the surface polishing): 1.3 [err],
| | 25

diamond fiim as-a polycryétalline film or epitaxial
£ilm which has been grown on another material (base
material) by using a vapbr—phase deposition process.

The base material for diamond film formation is not
particularly limited, but may appropriately be selectad
dépending on the usage of the SAW device. For example,

" the base material to be'usable in the present invention
may comprise sémiconductor such as Si, metai, glass,
ceramic, etc. |

In the present invention, in a case where the above
diamond comprises a diamond f£ilm, the process or method
for growing the diamond (thin) film is not particularly
limited. Mofe,specifiCally, the growth process to be-
used for such a purpose may‘appropri;tely‘be selected.

- from -known processes inclusive of: a CVD (Chemical
Vapor Deposition) method, a miérowave plasma CVD
method, a PVD (Physical Vapor Deposition) method, a
sputtering mékhod, an ion plating method, a plasma jet
method, a flame method, a hot fiiament method, etc.

The plane orientatioﬁ of the above diamond or
diamond film is not particularly limited. For example;'
the plane_ofientation of the_diamohd (film) may be any
of (111), (100) and (110); etc., and may be any
combination of these plane orientations.

(Orientational Property of LiNbO; Film)

In the present invention, the LiNbO, film to be



pm 3.8 [err], and 5.1 [err] Then, on each of the thus forned di anpnd
nms, an | DT (pIaner shape doubl e-type el ectrode as shogr—TFiQ

trode elenment width d = [err], pitch =[err]) haV|ng aj\ thk
A was fornmed by.use of Al, and thereafter an [err] (film hlckne I
0.13-5.1 . . . a ) Date 1.t et .

2.6
fil
el ec
A
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disposed on_the'above—mentioned'diamond is
'polfcrystailine,jand comprisee an.iiNboz film wherein

the (001)_§lane.thereof is varallel to a base material
surface (so-called "C-axis-oriented film") in view of
piezoelectric property, etc. o

In the present invention, the orien ntational
property of an LiNDbO; film may be evaluated by, e.g., an
X-ray rocklng (curve) pattern method as one of the
methods of evaluat1ng the orlentatlonal property of a
.crystal face or crystal p‘ane. More soec1f1cally, the

. orientational propertv (1n-nlane orwentatlona1
pronerty) may be evaluated in the followrag manner

(1) A sample to be measured is placed in a sample o
holder of an X-ray d4if actometer,

(2)“ The plane orientation of a face to_be
evaluated is measured by using an Xeray diffraction
pattern method utilizing the.aDOVefmentioned X-ray
diffractometer-_ - | |

(3) The 6-axis (corresoond ng to the rotation of
the sample to be measured) and the’ Za—axls
(corresponding_to an Xeray'counter‘of the X-ray
'diffractometer) are rotated and then fixed so that the
8- and ZBJaxes provide a_maximum'outpdt value in

- orientation of the face'to be eva‘uated In the case
of an L1Nb03 fllm of which. C—ax1s is orlented

.-perpendlcularly to a base substance on whlch the LleO3



[err], 40 kinds) was fornmed by using an RF magnetron sputtering nethod,
thereby to fabricate SAWdevice sanpl es having a | ayer structure (Layer'
‘Structure-2) as shown in Fig. -4, and an el ectrode arrangene

Arrangenent A) as shown in Fig. 5 (number of electrode ele rRERSACEMET SHEET
i nput | DT:- 30, nunber of electrode el enment pairs of output JjDT: SQ‘5 MAR 1996 _
di stance between centers of input and out?ut electrodes 40 Qﬁﬁ ------- of ----------
the thus formed [err], filnms were C axi 21 —

film is to be d1sncsed 26.is 39° wlth-res?ect_to the
(006) peak. | |
'(4) Only the sample (i.e;, ;ﬁe 8-axis) is rotated
and a rocking turve_is obtained by such measurement.
(5) The thus obtaiued rocking'curve is regarded as
one having a Gaussian distribution, and a standard |
deviation o thereof is de*ermlned (With respect to the
details of the rocklng curve, paner ent1tled
"Preparatien of'ZnO Fllﬁs by anh Activated Reactive
_'Evaporatiqn.Method" written by Yoshinari Miura et al.;
“ZAIRYO”_(Materials);-ég, No. 451 (April, 1991) may be
referred to) o | | “ | |
As the standard deviation g of the rocklng curve
measured in the above-described manner has a smaller
value, it 1nd1cates a hlgher orlentatlonal property of
the sample (LleOs) to be evaluated In the SAW dev1ce
according to the present 1nvent10n, the o value may '
preferably be 8° or less (more preferably, 4 or less)
(IDT _ | _ _
In-the_SAw device_accerding o ‘the present
invention, the'substance to be used for.the IDT is not
Dartlcularly llmlted as long as 1t comprises an |
electroconductlve substance. In v1ew of processabllwty
or workablllty and prouuctlon cost, al (aluminum) may
partlcularly preferably be used as the substance

:constltutlng the IDT



oriented filnms, and the a value of the X-ray rocking curve of each L|NbCB
filmwas [err] <RF. Magnetron Sputtering Cbndltlons> Pressur e:
Substrate tenperature: 650 [err] Ar : [err] - 1 RF.
Target: Li : Nb= 1 : 1 sintered product (sinterediproduct
[err] and [err]) . E

e

The-thiCkness~of the-IDT is:not particularly.
limited, as long as it functions as an IDT of a SAW
device.- In general, the *hickness of the IDT may

'preferably be in the range of about 100 to 5, 000 A
{more preferably, about 100 to 500 i} When the

: thickness.of the IPT_is less.than 100 i, the electrode
resistivity is increased to cause’ an increase 1n loss..
Cn the other hand when the thickness of the IDT
exceeds 5, 000 & it provides a considerabTe mass’
addition effect Wthh is liable to cause reflection of
_ AW due to- the thickness and height oF the- electrode,
and it becomes dlfficult to obtain a des’red SAW
characteristic of the SAW dev*ce

The olanar or two-dimenSional shape of the IDT is
not particularly limited as long as it may functlon as

"an IDT of.tn_e_SAw device. As the IDT, a so-called
"single—typetzelectrode'as shown in the schematic plan
Vview of Fig. 1 or a so—called'"double—type"-electrode
as shown in the schematic plan &iew.of.Fig. 2 may |
_preferably'be used.

As de51red the above-mentioned IDT may be embedded
in a surface (e g., a surface of diamond having a
spec1fic orientational property such as (111)) on which
the IDT is to be disposed - More spec1rically, for
‘example, a recessed or inderited portion hav1ng a shane

lsuch as groove may be formed (or a predetermined



Fi I m t hi ckness: |
dividing the thickness of 0.13 [err] to 32 5.1 [err]i

[err]) into 40 equal parts (i.e., thicknesses of 0.13 pn ‘ﬁ Hé 9%93
[err]) (0.13 + 4.97 x 2/40)[err], ......... (0.13 + 4, 975 @33@ &) Br an

filmthicknesses corresponding to val ue

(,@pﬁ hermus:s 4&"@7

surface having a recessed portion may be formed in .

~advance), and at least a part of (i.e., all or a part.

of) a conduetive substance, such as Al, constituting
the IDT may be embedded in the recessed nortioh. When
all or a part of the TDT is embedded in this manner,
for examp‘e, the sur:ace ‘level or nelght of the TDT can
be made substantlally equar to the surface on wh1ch the
IDT is to be formed. As a result, an influence of-SAW

reflection caused by the thickness of the IDT can be.

.redueed

.(Short—clrcultlng Flectrode)

_the short-circuiting electrode has a function different

In the SAW dev1ce accordlng to tne nresent -
inventlon, the-short—c1rcu1t1ng electrode to be
dlsposed as de51red is an °lect*ode hav1ug a functicn
of prov1d1ng an equlpotentlal state to an electrlc
field so as to_change the SAW characterlstrc of the

device. This electrode may preferably comprise a

(thin) fiim ef a'metal_such as'Al, Au and Al-Cu} Since

from that of the IDT as described above,'the substance

constituting the short-circuiting electrcde is not

necesserily.the same as that of the IDT.
‘The thickness of the short-circuiting electrode is

not particularly'limited as long as it may function as

L short—c1rcu1t1ng electrode of a SAW dev1ce The

thlckness of the short—c1rcu1t1ng electrode may

B
).



5.1 [err]). On the resultant SAW devi ce (El ectrode Arrangenent. A
fabricated above, a short-circuiting el ectrode having a thi '
‘was further formed by use of Al, thereby to fabricate SAWd RE?EA@@MEﬂﬂsﬁE

| ayer structure as shown in Fig. 4 (Layer Structure 2) and @n ele “ﬁﬁ
ar¥angenent as shown in Fig. 6 (Electrode Arrangement C). S Vbﬂ@%iéi&ﬂ@i _____________

having a |ayer structure as shown in . 30

preferably be iﬁ the range of about 50 to 3;000.ﬁ (mere
preferably, about 100_td'506_i)."When the fhickness is
less than 50 &, it is difficult t¢'obtain-an- .
‘equipotential Steteeas.described above. on the_other
hand,'when the thiekness exceeds 3,000 A, it is_Iiabie
to affect the reflection of SAW. |
For -example, the snort-c1rcu1t1ng electrode may
nreFerably has a two-dlmenSJ.ona1 shape as a "solid
elect*ode" hav1ng an area substantially equal to that
of the IDT to be used in ccmbination therew1tn
' -Herelnbelow, the present invention will be

described in more detail with reference To speeifie
Examples. | | .

Example i_ _

A pol ycrystalllne diamond film was formed on e.

(100) face-of monocrystalline silicor bv use of'the
_follow1ng mlcrowave plasma CVD method, and then the
resultant dlamond surface was nollshed thereby to form
four spec1es of diamond films having a thlckness of
1.3-5 pm. | -
<Diamond Film fermatiqn Conditions>

Microwave powerg 150 w | “

Reecﬁant gas: CHy : H, = 1 : 160

Reaetion pressure: 40 Torr

Pllm Formatlon Temnerature 850 C

Film thlckness (after the su*face polishing): 1.3 pm,



Fig. 4 (Layer Structure 2) and an el ectrode arrangenent as ; Fg=
(Electrode Arrangenent E), and SAWdevices having a | ayer tRERLADEMERS SHEET
showmn in Fig. 4 (Layer Structure 2) and an el ectrode arran enenﬁdsjygpqgm
in Fig. 8 (El ectrode Arrangement F) were fabricated in thel Sze:nater. a5
. descri bed above, except for changing the order of the resp
formation. Wth respect to each of the Sé devi ces as

—ay el

2.6 pm, 3}8'pm, ahdhsml pm
Then, on each of the thus formed diamond films, an
' IDT_(plener.shape: double-tfpe electrcde.as shqwn in
Fig._Z; electrode element widtﬁ dl= lpm, pitch =8pm)'
having a thickness of 400 A Qas formed by use of Al,
and thereafter an LiNbOSfiln (£ilm thickness: 0.13-5.1
um, 40 kinds) was formediby using an Rs.megnetron
*'Sputtering method, thereby.to fabricate SAW device
samples having a layer structure (Layer Structure 2) as
shown in Flg 4 and an electrode arrangement
(Electrode Arrangement A) as shown in Fig._S (number of
electrode element.pairs of input IDT: 30, numberlof |
electrode element pairs of output IDT: 30, distance |
hetween centers of input end output electrodes: 400
um). All of the thus formed LiNb0, films were C-axis
oriented films, end the o value of the X-ray rocking.
curve of each LiNbO; film was 2-3 °
' <RF Magnetronlsputtering Conditions>
Pressure: 1 x 10~ Torr _' |
Substrate temperature: 650 °C
Ar : 0, =1 :1
RF power: 150 W '
Target: Li : Nb.=1:1 sintered product (sintered
| product produced from Li,Co, and Nb,0;) ' | |
Film thickness: film thicknesses correspondiug to

values obtained by dividing the thickneSs'of b.13 pm'to



fabricated above, radio frequency was applied to the input .
SAW At this tinme, the propagation velocities V (n's) of t @EbnﬂéEME&qugggf
‘generated SAW of respective nodes were deterni ned dependi on e

relationship of V =1 x [err] (f: center frequency, [err] .
REPLACEMENT SHEET . o L o S !

2
5.1 pm (differénce:'4,97 pmx into 40 equal parts (i?e.}__”
thicknesses of 0.13 pm, {0.13 + 4.97 x 1/4Q)pm, (0.13 +
4.97 x 2/40)pm,'....ﬁ.., (0.13 + 4.97 x 39/40)pm,_and
5.1 pm) . -
| On the resultant SAW'deyice (ElectfodelArrangémeﬁt
é)'fabricated above, a short?cirquiting électrodé
'haVing a thickness of 100 A was further formed by use
-of Al,_thereby'to fabricate SAW dévices havin§ a layer
‘structure as_shcwﬁ in Fig. 4 (Layer Stfuqture 2) and an
‘electrode arrangement as shown in Fig. 6 (Electrode |
Afrahgement c). | |
SAW.devices havihgza'layer struétu:e_as shown in
Fig, 4-(Layér Structufe_é):and an électrode arrangément
n_aé'shown.in Fig. 7 (Ele&trdde Arrangémént_E)} and SAW
devices having a layer structﬁré_as:shown in Fig. 4
(Layer Structure 2):énd an electrode'arrangement as
shown in Fig. 8 (Electrode Arrangement F) were
fabricated in the same manner as described above,
.éxcépt for'qhangiﬁg the or@er of the respective layer
formétion} |
With respéét to each.of-the.SAWﬁdévices as
jfabri;ated above, radio“frequency was applied to the
input IDT to generate_sAW; At this time, the
propagation velocities V (m/s) of thelthus generated
SAWs of respective'modes'were determinéa'depéndinglon a

relationéhip of V= f x A (f: cenfér frequency, A = 8a



33 =8 [err]). On the other hand, the el ectronmechani cal coupling

coeff|C|ent [err] was obtained by measuring the radiati TCe

(wherein the real part is denoted by "G') of the |DT by. ﬁEr?drAQEMENTSH_EET
I’k l
)Dateand czﬂﬁ uﬁgg-'r-n

- commercially avail abl e network anal yzer (trade name: Net
8719A, avail abl'e from Yokogawa- Hew ett - Packard (YHP) K.

a coeff|C|ent [err] according to the foléomﬁng
: - 33

= 8 pm). o -

- On the other hand, the electromechanical coupling .
.coefficient (K?) was_obtained'by_measuring the.radiatioﬁ_
conductance (wherein the real part is dencted by_"G")
'of the IDT by uSing a commercially available network
analyzer (trade name: Network Analyzer 8719A, ava*lable )
from Yokogawa—Hewlett Pacxard (YHP) K.K.), and |
calculatlng a coeff1c1ent K “accordlng to the following
formula: | | ” |

(6/8) £,-C-N |
(f,: center frequency, C: total electrostatic
_.capacitahce of IDT and N: number of_electrode element
lpalrs constituting IDT) |
| The thickness t, (gm) of the Lz.NbO3 layer
constltutlng each of the above SAW deV1ces, and the
" thickness t; (um) of theidiamond layer constltuting'each'
SAW device were measured by cuttihg off.the device
after'the meaeurement of various parameteré as
describedlaboue, and-observiug'the resultant section of
the device with a scanhing'electron'microacope (SEM) at
a magniflcation of iOOO—SOOOx; | _

On'the.basis of the thus_cbtained data{ the.values
'of the'parameters of kh, = 2'1'[.(12,_/3..) and kh, = 2u(t,/A)
were determlned with respect to each of the SAN dev1ces
having a layer structure (Layer Structure 2) shown 1n

Fig. 4, and an electrode arrangement (any of Electrode



formula: [err] . = (G8) [err] ([err] center frequency, C tota

el ectrostatic capaC|tance of IDT, and N: nunber of el ect 2]
constituting IDT). The thickness [err] of the [err] |aydf REBHASFHMENT R
of the above SAW devices, and the thickness [err] [err] jof the1d5dmﬂhq 996

-

layer constituting each SAMVdevice were measured by cutth @moff the devrce

Arrangement_é,lc,lE7and F) shown in Figs. 5-8 (A'=
Bpm) : : | | - _..

The resultant relatlonshlns 'dependency) between
the propagat1on veloc ty V and the parameters kh1 =
2m(t,/A) and kh, = 2n(t,/i) which had been determined in

the above-described manner are shown in each of graphs
'of'f'ig_. 9. (’kh2 = 1.0), Fig. 10 (kh, = 2.0), Fig. 11 (kh,
.='3,O):and.Fig5 12 (kh, = 4.0). It was also found that
SAW devices in the.c'a'.se'of_khz = é;olor S.Olshowed a
similar tendencY as that described above (i.e.,
tendency as shown rn Flgs é -12).

With respect to the SAW dev1ces rabrlcated above

(Fig. S, Electrode Arrangement é), the resultant
': relationships (dependency)_between the electro- |
mechanical coupling coefficient Kz.and.the parameter kh,
are shown in each of the granhs of F*g. 13 (kh, ='1.0),
Fig. 14 (kh, = 2. 0), Fig. 15 (kh, = 3. 0) and Fig. 16
- (kh, = 4.0). "It was also found that SAW dev1ces in the
case of-k_h2 =_6.0_or 8.0 showed a 51m11ar tendency as
| that described'above'(i.e., tendency'as shown in-Figs.
13-16). A |
| Wlth respect to the SAW devices fabrlcated above
(Flg 6, Electrode Arrangement C), the resultant
relationships (dependency) between the electro—
mechanical coupling'coefficient K, and the_parameter khl.

are shown in each-of:the graphs of Fig. 17 (kh, = 1.0),



after the neasurement of various parameters as described above, and

observing the resultant section of the device with a scan tron

‘m croscope (SEN} at a magni fication of 1000-5000x. On the bggp@A@émEneap@ge
obt ai ned data ‘the values of the parameters of [err] = [er r

..............................

‘layer structure (Layer Structure 2) shomgsln Flg 4 and
-arrangenent (any of Electrode: - it .

Fig. 18 (kh, = 2.0), Fig. 19 (khg__; 3_.6) and Fig. 20
- (khg-=-4.0); It was also found that'sAW.deVices in.the'
c_a_se'o'f‘kh2 = 6.0 or's;O_showed a simiiar tendency as

" that described above (i.e., tendency as:shown in Figs.

- 17-20). | | | | |
| W1th respect to the SAW dev1ces fabricated above
(Fig. 7, Electrode Arrangemept E), the resultant
'relaticnships (dependency) between_the electro-
mechanicallcoupling coefficient K, and the parametef kh,
‘are shown in each of the graphs of Fig. 21 (kh, = 1.0);
Fig. 22 (kh, = 2.0), Fig. 23 (kh, = 3.0) and Fig. 24

(kh, = 4;0)._.It was also'fcund_that SAW devices in the
, cdse of kh, = 5L0.or 8.0 showed a similar tendenchas_
that deecribed above (i.e.,ptendency as:shown in Figs.
21-24). | | |

With respect to the SAW devices fabricated above

(Fig. .8 Electrode Afrangement F), tﬁe reeultant
relatlonshlps (dependency) between the electro-
mechanical coupllng'coeff1c1ent K, and the parameter khl
are shown in each of the graphs of Fig. 25 (kh, = 1.0),
Fig. 26 (kh, = 2.0), Fig. 27 (kh, = 3.0) and Fig. 28

(kh, = 4.0). It was also_fcund that SAW devices in the
case of khzr= 6.0 op 8.0 shcwed a simiief tendency as
that described above (i.e:,'tendency as.shown in'Figs.
25-28). 'f |

As described_above, the SAW devices of this Example



34 Arrangenent A, C, E and F) shown in Figs. 5-8 (A =[err] The resul t ant
rel’ati onshi ps (dependency) between the propagation vel oci ' EET
paraneters [err] = [err] ‘and [err] [err] which had bee E §ﬁ
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1 achieved a good propagation velocity V of SAW (V 2

7000 m/s) and a good electro?meChanical'coupling '

coefficient K, (K, Z 1 %) in the case of any of various

..,1Nb01 layer thlcknesses, diamond laye* thlcknesses,.and
- electrode arrangements

Example 2

On a (100) surface of monocry5talllne dlamond
(natural type, TypefIa), an IDT (planer shape. double-
type electrode as shown in Fig. é,ielectrode element -

. width 4 = 1lum, pitcn =8nm) having a thickness of 400 A

 was formed by use of Al, andmthereafter an LiNbdsfllm
_(fllm thickness: 0.13?5.1 pm, 40 kinds) was formed by
_using an RF magnetron sputtering method in tbe.same

| manner as in Example 1, thereby to fabricate SAW device
samples having a layer structure (Layer Structure 1) ase
shown in Fig. 3, and an electrode arrangement
(Electrode_Arrangement A) as shown in Fig. 5 (number of
electrode element pairs of input IDT; 30, number of
.electrode element pairs'of Output_IDT: 30;'distance
between centers of inpnt'and'output electrodes: 400H
‘um). All of the thus formed LiNbOQ films were C-axis-
oriented films,'and the o value'of_the X-ray rocking
curve of each LiNbO, f11m was 2 3°

On the resultant SAW dev1ce (Electrode Arrangement

A) fabrlcated above, a short—c1rcu1t1ng electrode

having a thlckness of 100 A was further formed by use



t he above descri bed manner are shown in each of graphs of

Flg_ 9 ([err] =

1.0), Fig. 10 ([err] = 2.0), Fig. 11 [err] = 3.0) and Fi
4.0). It was also found that SAWdevices in the case of
showed a simlar tendency as that described above (i.e.,

B5FF

aemeﬁmwem

in Figs. 9-12). Wth respect to the SAWdevices fabricate

ziﬁgggﬁeyqéﬁdgaﬁeﬂ.

El ectrode Arrangerment A), the resultant" gelatlonshlps (d

Ndency) DEtWEET.

the el ectro- -

of AL, thereby to fabricate SAW devices having a layer

structure as shown inIPig. 3 (Laver Structure 1) and an
~electrode arrangement as'shown in Fig. 6 (Electrode
Arrangement C). ' |

'_sAw derices having a layer.stracture as'shown'in

Fig. 3 (Layer Structure 1) and an electrode arrangement

as shown in Fig. 7 (Electrode Arrangement E), and SAW _'

devices having a layer structure as shown'ih Fig. 3
(Layer Structure i) and an electrode arrangement as
‘shown in Fig. 8-(Electrede Arrangement F) were |
fabricated in the same manner'as_described above,
except for changing_theeorder of.the-respective 1ayera
formation. _ | ' '_ | |

With respect to each .of the SAW devices-as |
 fabricated above, radio frequency'was applied to the
input'IDT to generate SAW in ﬁhe_same ﬁanner as in
Example 1. At this time, the propagation velocities V
(h/s) of thexthus generated SAWs of respectiye ﬁodes;_
the electromechanical.coupling eoeffieient'(Kz), and the
thickness t, (pm) of the LiNbO; layer were determined in
the same manner as in Example 1. | ”

On the ba51s of the ‘thus obtalned data, a parameter
of khl.# Zn(tl/l) was determwned with respect to each of
the SAW dev1ces hav1ng a layer structure (Layer '

Structure 1) shown in Fig. 3, and an electrode

arrangement (any of Electrode Arrangements A, C, E and



mechani cal coupling coefficient [err] and the paranmeter [err] are shown in
each of the graphs of Fig.- 13 ([err]=1.0), Fig. 14 ([err] = 2.0), Fig. 15
([err] = 3.0) and Fig. 16 ([err] = 4.0). . 1t was al so foun

‘devices in the case of [err] = 6.0 or 8.0 showed a similar tﬁEﬁEﬁE&MBﬁTSH&tY
descri bed above (i.e., tendency as shown in Figs. 13-16). Wth rgsaqus i
t he SAW devi ces fabricated above (Flg 6, 3§Hectrode Arrang_p@a@;,);".; e |

L e Sl

resultant

~F) shown in Figs. 5- 8 (A Spm)
 The resultant T'elatJ.onshJ.ps (dependency) between
the propagation velocwty Vv and the narameter kh. =
Zn(tL/l) Wthh had been determined in the above-
described manner are shomn in the graph of'Fig .29
With respect to the SAW aevwces raoricated above
- (Electrode Arrangement A, C, E and F), the resultant |
relationships (dependency) betWeen the electro— _
mechanical coupling coefficient X, and the parameter kh,
are_shownlinleach of the granhs of Eig 30 (Electrode
_Arrangement A), Fig. 31 (e lectrode Arrangement C), Fig
32 (Electrode Arrangement E) and Fig. 33 (Electrode
.Arrangement F). '_
.As described above; the SAW devices of this Example
2 achieved a good propagation velocity V of SAW (V 2
7000 m/s) and a'good electro-mechanical coupling
: coefficient Kz (Kz'é 1 %) in the case of any of various
. electrode arrangements
As described hereinabove, according to tne present
invention, there is provided a.SAWIdevice which
comprises at least, diamond, an LiNbog_layer'disposed on
the diamond,gand an IDT provided so as to contact the
LiNbO; layer; and utilizes SAW of an "n-th" mode (n = 0,
1 or 2) having a wavelength'ofuln (pm), wherein al' |
parameter of kh, = 2mn(t,/A,) is in a specific range

provided that the thickness of the LiNbO, layer is



“rel ati onshi ps (dependency) between the el ectro- nmechani caj= i ng
coefficient [err] and the paraneter [err] are shown in egflg é""“tj'#ﬁtzzﬁ
of ‘Fig. 17 ([err]=1.0), - 35 Fig. 18 ([err] = 2.0), Fig.j 19 ST

and Fig. 20 ([efr] = 4.0). It was also found that SAWd bg@s__li_sn-_mbe'mq

39,

——

denoted by_tl-(pm).'
' The SAW device according to the present invention

having the above structure may provide a good SAW

v

propagatidh velbcity v satisfyi@g a relationship of V
7000 m/é and a good electfo-medhanical coupling,.
coefficient X’ satisfying a relationship of K' 2 2 8.
The basic foreign Applications filed on May 10,
1994, No;.096534/1994 (i.e., Hei 6-096534); and filed
on September 2, 1994, No. 210113/1994 (i.e{,fnéi 6-
.-210113) in JAPAN afe hereby_incorpofatéd by réference.
Froﬁ_thé invention thus.described, it will be'.
obvious that.the'inventipn'may bé va:ied_in many Wayé.
such variatioﬁs are not to be regarded as a departure
from thé_Spirit and séope:of'the inﬁention, and all
éuch modifications as.would be 6bvious to one skilled

in the art are intended to be included within the scope

of the following claims.



case of [err]
above (i.e.,

~devi ces fabricated above (Fig. 7, Elec
rel ati onshi ps .(dependency) betmeen the
coefficient [err] and the parameter [err]
of Fig. 21 ([err] =1.0), Fig. 22 [err], Fig. 23 ([err] =

= 6.0 or 8.0.showed a sim_|ar
tendency as shown in Fig¥ “S ﬁE
ar

'~ WHAT IS CLAIMED IS:

S that descri bed

ept—to-t he--SAW

nt| E)
anlcal

couplq

REFACEMHEN oS EST

e shomn i n each mfie 1%
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1. A surface acoustic wave device, comprising: at

" least, diamond,-an_LiNbO3 layer'dispcsed on the diamond,

and an interdigital transducer disposed so as to

contact the LiNbO, layer; the surface acoustic wave .

device utilizing'surface acoustic wave of an "n-th".

mode (n = 0, 1 or 2) hav1ng a wavelength of A, (pm), '
wherein a'parameter of khl = 2u(t‘/l ) is in a -~ |
predetermined range provided thatlthe-thickness.of the
LiNbO, layer is t, (ym).

2. A sﬁrface acoustic wave device accoraing'tc
Claimll, comprisingt at leaet; diamond; an interdigital
transducer dispcsed on the diamond, and a |
polycryStalline C-axis-orie‘-nt'ed'LiNbo3 layer disposed'on_
the interdigitalltransducer; the eurface acousticlwave

device utilizing surface acoustic wave of zero-th'mode

hav1ng a wavelength of A (pm), and having a parameter

of khl- 2n(t,/A) satlsfylng a relationship of 0. 7 S kh,

£ 1.0 provided that the thickness of the_LiNbO3 layer

is t1 (pm)

3. A surface acoustlc wave dev1ce accordlng to

Claim 2, whereln the diamond comprlses a dlamond layer

dlsposed on a base material, the surface acoustlc ‘wave
devrce having a parameter_cf kh, = 2n(t,/A) satisfying a

relationship of 4 = khq;providedlthat the thickness of

the diamond layer is‘té (pm)t

o ... |



([err] = 4.0). It was also found that SAWdevices™in the case of [err]—6 0
-or .8.0 shovved a simlar tendency aﬁ“stspé%{m e gch (..' ==tendentyaS—

shown in Figs. 21-24). Wth respect vi ces|| f ahf PERLAUERBEY &:izey fj.
(Fig. 8, El ect rode Arrangenent. F)

reI onshi p jg.e endency) I
bet ween the el ectro- nechani cal cou ent K, a dD@h éHexmg ...... -l
[err] are shown in each of the graphs of Fig. -25 ([err]=1.70J; +

| 41

- 4. A surface acoustlc wave dev1ce accordlng to

Clalm 1, comprlslng at least diamond, an tnterdlgltal
- transducer dlsposed on the dlamond and a
nolycrystalllne c- ax1s-or1ented L1Nb03 layer dlsposed on
the 1nte:d1g;tal transducer; the surface acoustic wave_'
device utilizing surface acousticIWave_of.lst—mode |
having a waveleﬁgth'of.l (um),.and Having a parameter
of kh, = 2m(t,/A) satisfying a relationship of 0.5 S kh,
£ 1.5 provided that the thickness of the LiNbO, layer
is tl(pm).. | ' |
5. A surface acoustis wavé'device asqording to
~ Claim 4, wherein the parameter of kh, = 2n(t,/})
satisfies a.relatibnship:of 0.5 £ kh, £ 1.0.
6. A surface acoustic wave device according to
Claim 5, wherein_thé diamond comprisés a diamond layer
disposed on_a'base material, the sutface.acoustic wave
device_havinq a parameter of khq = 2n(t,/A) satisfying a
_relationship of 2 ==]dL orov1ded that the thlckness of
the diamond layer is t, (pm)
7. A surface acoustic wave device according to
Claim 6, wherein thelparameter.Of kh, = 2n{t,/A)
satisfies a relationship of 0.5 < kh, £ 0.8, and the
parameter 6f_k_h2 = 2n(t,/A) satisfies'a relationship of o
2 £ kh, £ 3. '
8. A surface acoustic wave device according_to

Claim 1, comprising: at"leastt diamond, a



.Fig 26 (kh2 = 2.0), Fig. 27 ([err]rms%ee@hasaé%g’n 28 (kh2 4. 0 It was -

al so found that SAWdevices in the c :
simlar téendency as that described a H IH' ndqnc
25-28). As described above, the SAW

L

polycrystalline C—axis—orientéd LiNbO,; layer disposed on

the diamond, and an interdigital transducer dispésed on
the LiNbO, layer; the surface acoustic vave device
utiliziﬁg surface acoustic wave_cf ist—mode’havihg a
wavelength'of » (pm), and héving_c_parameter'of kh1 =
2n(t,/)) satisfying a relationship of 0.5 S kh, £ 1.5
provided'that the-thickneSS of che LiNbogllayer is t,
. | |

9 A surface acoustic wave device accord1ng to
Claim 8, whereln the parameter of kh, = 2n(t1/l)
satisfiec a_relationship cf 0.5 < khi £ 1.0.

10. A:surface écousfic wave device according to
Claim 9, wherein the_diamohd-compriSes.a diémond layer
disposed on a base matérial, the surface acoﬁstic wave
device having a parameter of kh, = 2m(t,/A) satisfying a
reiaticnship'of 2 £ kh, provided that the thickness of

_the diamond layer is t, (pm). |

11. A sﬁrfacefacocscic wave device according to

Claim 10, wherein the parameter of kh, = 2n(t,/A)
'sétisfies a'relationship of 0.5 £ kh, £ 0.8, and the
parameter of kh, = 2n(t,/A) satisfies a reiationéhip of
2 S kh, S 3. | | |

12. A surface écoustic wave device according to
Claim 1, compriéiné: at least, diamond, a
polycrYstalline C-axis-oriented LiNbog layer disposéd on

the diamond, and an interdigital transducer diSposed on



REPLACENENT SHEET 36 1 achi eved a good propa atlon vel ocity V of SAW (V
[err] 7000 n's) and a good el ectro- ng coefficient [err]-
the case of any of various [err] |ay myn
t hi cknesses, and el ectrode arrange 1%5%@Mﬁ§¥§%E38FET
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the LiNbO; layer; the surface acoustic ‘wave device

utlllzlng surface acoustlc wave of'an—mode having a

'-wavelength of A (um), and having a'parameter of kh, =

2n(t,/A) satisfying a relaticnship'of 1.4 < kh, £ 3
provided that the thickness of the LiNbO3 layer is t,
(pm) .

13. A surface acoustic wave device according to

‘Claim 12, wherein the'diamond'comprises_a'diamond layer

disposed on a base material " the surface acoustic wave

"devwce hav1ng a parameeer of kh, = 2n(t,/A) satisfyiﬁg'a'

relationship of 4 = khq'orov1ded that the thickness of

the diamond layer is t, (um).

14.'A surface acoustic Wave device according to
Claim 1; comprising: at least, diamcnd, an interdigital
transducer disposed on the.diamond,'a pclycrystalline
C—axis-oriented'ﬁiNbdg 1ayer disnosed'on'the
1nterd1g1ta1 transducer, and a short-c1rcu1t1ng
electrode dlsposed on the LiNbO, layer ; the surface
acoustic wave device utlllzwng surface acoustlc wave of
lst-mode having a wavelength of A (pm), and hav1ng a

parameter of kh, = Zn(tq/l) satisfying a relatlonshlp of

0.5 S kh, £ 1.5 prov1ded that the thlckness of the

Lleoslayer 1s tl(pm)
15. A surface acoustic wave dev1ce accordlng to

Claim 1, comprising: at least, diamond, an 1nterd;g1tal

- transducer disposed on the diamond, a pochrystalline




(natural type, Type-la), an |IDT (plagne % 0 bIe- type el ectrode as
shown in Fig. 2, electrode el enent Wikt pItC =[err]) having a -
- thickness of 400 A was fornmed by.use te k 8EL; N944$nr
~thickness: 0.13-5.1 [err], 40 kinds): u5|ng g%?netr _
‘sputtering nmethod in the sane manner as in Exanple 1, the % t dMﬂ
‘SAW devi ce sanpl es having a | ayer structgie (Layer ¥ uctiyre 1) A4S SHG

Fig. 3, and an el ectrode arrangenent
N0 ) ||||| LYW

c- ax1s—or1ented L1Nb03 layer disposed on tne

_1nterd1g1tal transducer, and a short—c1rcu1t1ng
electrode disposed on the LiNbO, layer ; the surface
acous;ic wave device utilizing-surf;ce acoustic wave of
an-mode'having_a wavelength of A (pm}, and-having a
parameter of khﬂ_=-2ﬁ(t/l) satisfving'a'relationehip of .
1. 5'§ kh, £ 3 prov1ded that the thlckness of the L:LNbO3
layer is t,; (pm)

16. A surface acoustlc wave dev1ce accordlng to
Clalm 1, comprlslng. at least, dlamond, a.enort-

: clrcultlng electrode dispredIQn the.diamond, a

| pelycrystalline CFeXié-oriented-LiNbd3 layer disposed on .
the shorﬁ-circuiting'electrode, and an inﬁerdigital
transducer disposed en the LiNbO, layer; the surface
acoustic wave deviee utilizing surface acoustic wave of
‘ist-mode having a wavelehgth of A_(nm), and haVihg a
parameter of kh, = 2m(t,/1) satlsfying a relationship of
0.5 = kh; 5 1.5 provided ﬁhet the thickness of the
LiNbO, layer is t,; (um) | | .

17. A surface acoustic wave dev1ce accordlng to
Clalm 1, compr151ng at least diamond, a short-
circuiting electrode disposed on the dlamond a
polycrystalllne C—ax1s-oriented LiNbO, 1ayer dls§Qsed en
‘the short—circuifing electrode,_and an inﬁerdigital
transducer.disposed_on_the LiNbO3 layer; the sqrface

acoustic wave device utilizing surface acoustic wave of



(Etectrode Arrangenent A) as shown mgﬁbgﬂasﬁ;e@,pmggd of el
pai'rs of input IDT: 30, nunber of el i s

30, distance between centers of mpuiﬂﬂ!ﬂi ﬂ M[ odfs:
Al of the thus forned LiNbOBfiIms ed!fﬁ’dtems hae
resul t ant SMNVdeV|ce (El ectrode Arrangenan; A) fabrlca%ed~abo&e+_g________

Short-cireui ting el ectrode o

- 2nd-mode having a;wavelength of A (pm), and having a

parame’_cei.‘ of kh, = 2n(t,/i) satisf?ing a rgiatidnship of
1.5_§ kh, S 3 provided that the thickness of the LiNbo;
layer is t.(pm)
18, A surface acoust1c wave dev1ce accordlng to
- Claim 17, wherein the diamond comprises a diamond layer
‘disposed on a.basé-matefial, the surface acoustic wave
device having a parameter of kh, = 2mn(t,/A) satisfying a
relationship of 4 = kh, profrided -that the thickness of

the diamond layer is t, (pm).



‘havi ng a thickness of 100 A was further formed by use 37 of A, t her eby

to fabricate SAWdevices havi.ng a | ayer structure as sho AcB Ebg‘—?ngggnm*
Structure 1) and an el ectrode arrangenent as shown in Fi & b b

Arr angerrent O .
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' E_ACOUSTIC WA _

ABSTRACT OF THE DISCLOSURE.

A SAW device which includes at least, diamond, an

LiNbO, layer_disposed on the diamond, and an IDT

| provided so as to contact the LiNbO, layer; and utilizes

SAW of an "n-th" mode (n =0, 1 6r 2) having a
wavelength of ).,, (;.m), whereln a parameter of kh, =
2n(t,/A,) is in a specific range prov1ded that the

thickness of the LiNbO, layer is denoted by t, (um).

No Fi _Su st



SAW devi ces having a | ayer structure as shown in Fig. 3 (Layer Structure 1)
and an el ectrode arrangement as shown in. Fig. 7 (Electrode Arrangenent E),
- and SAW devi ces haV|ng a layer structure as shown in Fi RERLARYeL
Structure 1) and an el ectrode arrangenent as shown in Fﬂ %;& ’%"?F&déLr
o
e mm@

Arrangenent F) were fabricated in the same manner. as déj
except for changing the order of the respe? bgp | ayer f
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Wth respect to each of the SAWdevices as fabricated _above, radio
frequency was applied to the input IDT to generate S F \S’& ﬁl}aime eI
as in Exanple 1. At this time, the propagation vel ogjitTe éﬁ{' EETt he
t hus generated SAW of respective nodes, the electro Bq 1 MAROTQSQ' ngf
coefficient [err], and the thickness [err] [err] of =) Férrr Layerwer
determined in the sane manner as in Exanple 1. On the basis of the thus -
obt ai ned dat a, a par amet er : 2/29 a

'-.Fiq."s

© LiNbO3  FILM

MONOCRYSTALLINE ~ DIAMOND

LAYER STRUCTURE |

Fig. 4

LiNDO3 FiLM

PCLYCRYSTALLINE DIAMOND F'l LM

 MONOCRYSTALLINE  Si

" LAYER STRUCTURE 2

—




of [err] = [err] was determned with respect to each of the SAWdevices

havi ng a Iayer 'structure (Layer Structure 1) shown in Fi-g. 3, and an_

el ectrode arrangenent (any of Electrode Arrangenents A
shown in Flgs 5-8 (A = 8pn) [J
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The resultant relationshi ps (dependency) between the propagation veI oci ty va
and the paraneter [err] [err] which had been det er m Lhe_above-_
descri bed manner are shovvn in the graph of Fig. 29. tmEmLm;;gtmt@ ':ik:[fe‘]SAW
~devi ces fabricated above (El ectrode Arrangenent A, C IE ang E), ’
resultant rel ationships (dependency) between the el ec}rimte ifed| VMN? C@QQ
‘coupling coefficient [err] and the pararreter err] ar : £
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Arrangenment A), Fig. 31 (Electrode Arrangenment C), Fig. 32 (El ectrode

Arrangement E) and Fig. 33 (Electrode Arrangenent F).

the SAW devices of this Exanple 2 achieved a good prop Gl
SAW (V [err] 7000 m's) and a good el ectro-nechani cal . dpupy M&E&iﬁetfrfs'ﬁ@ﬂ
K2 ([err] 1 9% in the case of any of various el ectrodg AL

descri bed herei nabove, according to the

Vei_ociiy' m/s

present
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there is provided a SAW devi ce which conprises at |east,
| ayer di sposed on the dianond, and an | DT provided so as

i nventi on,
and utilizes SAWof "an "n-th._mnde (n = 0.

di anond, an [err]

to contact the Li NoG3 |ayer;
or 2) having a wavelength of [err], wherein a paraneter Jfadﬂlﬁ\cm\i&%’féﬁﬂﬁ
in a specific range provided that the thickness of the [ie ]ageMAé 19@@
. ._ . . L
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39 denoted by [err]. The SAWdevice according to the present invention
havi ng t he above structure nmay provide a good SAW propagation velocity V

satlsfylng a relationship of V > 7000 mis and a good el ectro- nechanlcal
eFF—2_ 0

coupling coefficient [err] satisfying a relationship of
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1994, No. 096534/1994 (i.e., He
‘No. 210113/1994 (i.e., Hei 6- 210113)

ref er ence.
invention nmay be.varied in nmany ways.

6- 096534) ;
in JAPAN are hereby-incorporated by

Fromthe invention thus described,
Such vari ati ons

regarded as a departure fromthe spirit and scope of thie. Inv
such nodi fications as woul'd be obvious to one skilled ijhphhe.

intended to be i ncl uded within the scope
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of the followi ng clains. 40 WHAT IS CLAIMED IS 1. A surface acoustic
wave device, conprising: at |east, dianond, an [err] |ayer disposed on _the
~dianond, and an interdigital transducer disposed so ag
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contact the [err] layer; the surface acoustic wave device utilizing surface
~acoustic wave of an "n-th" node (n = 0, 1 or 2) having a wavel ength of : o
[err]. [err], wherein a paraneter- of [err] = [err] is in redetermned.

‘range provided that the thickness of the [err] layer is [eﬁFTLﬁ¢E¥£%EPﬁ§§E
-acoustic wave device, conprising: at |east, dianond, an i nltjaetgdigg MR 1996

a8

transducer  di sposed on the dianond, and a . W ZE T o
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polycrystalline G axis-oriented [err] |ayer disposed on the interdigital
transducer; the surface acoustic wave device utrIrzrng surface acoustic

wave of Zero th node having a wavel'ength of [err],
of [err] [err] satisfying a relationship of 0.7 [err] FE?lth

provi ded that the thickness of the [err] Iayer i's [err].

'dlanond Iayer
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di sposed on a base naterial t he surface acoustic wave device having a
par anmet er of [err] [err] satrsfyrng a reIatronshrp of 4 [err] [err] '
provi ded. that the thlckness of the dianond layer is [eriffs
surface acoustic wave device, .
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conprising: at |east,
and a polycrystalline Caxis-oriented [err]

the surface acoustiC'ane_deViC§F$$Aé%ﬂ%Nﬂg§#ﬁg

di anond,
interdigital

paranmeter of [err]

[err] 1.5 prOV|ded that the thickness of the [err]

%

K2

t ransducer:

‘acoustic wave of 1st node havi ng a wavel ength of [err] jj
[err] satisfying a relationship o ﬁh@
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5. A surface a00ustic wave device according to Caim 4, mherein t he

surface acoustic wave device accor di ng to CI aim 5 whe
conprises a dianond | ayer disposed on a base materi al,

‘wave device having -a paraneter of [err] satisfying a rd
‘[err] [err] provided that the thickness of the di anond

14125

e :
a. .
a = a -
. \ - [
& -2
N a 1st a
L =
AN a 3 ath
N\ g < aﬂ e
anee < | a ‘e 2
o L g3 R
-2 éaga Ba,)
=, ;
ax R 7
5
3 i = - 2nd ]
% & :
) STV T Y- 1 L S o “3533"”? ’”“n::’"
M
0 1 2 3 4
Ko,

ELECTRODE ARRANGEMENT C
Khy =2. 0




7. A surface acoustic wave device according to Caim6, wherein t he
paraneter of [err] = [err] satisfies a relationship of 0.5 [err] 0.8, and.
the parameter of [err] = {err] satisfies a relationship pFZterrJerri 99
8. A surface acoustic wave device, conprising: at |east,| dEHREMENT SHEET
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42 polycrystalline G axis-oriented [err] |ayer di sposed on the di anond, and
an interdigital transducer disposed on the [err] layer; the surface ,
acoustic wave device utilizing surface acoustic wave of 1st node having a
wavel ength of [err], and having a paraneter of [err] = |

rel ationship of [err] pr ovi ded that the thickness of the [BE?‘}A‘-F%M T?’éEET
Lerr] . | | || pato). 5. MAR 1008
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[err]. 9. A surface acoustic wave device according to Caim8, wherein the
parameter of [err] = [err] satisfies a relationship of 0.5 [err] [err] 1.0.
10. A surface acoustlc wave device according to Caim9, wherein the . ..
di anond conprlses a di anond ‘| ayer dlsposed on a base nmaterial.- —S i
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the di amond | ayer is [err]. 11. A surface acoustic wave device accordi ng'- to

Claim 10, wherein the paraneter of [err] = [err] satisfiesarelationship
of 0.5 [err] [err] [err] 0.8, and the paraneter of [err] [err] satlsfles
a relationship of 2 [err] [err] 3.  12. A surface acoustic wave devi L&
conprising: at least, di armnd a poI ycrystalline G axi gfarlﬁat:eé;{;e@fj \
| ayer di sposed on _ _ _ W pepLAC EMENT © it
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t he di anond, and an interdigital’ t r ansducer di sposed on the [err] |ayer;

t-he surface acoustic wave device utilizing surface ac ' T
2nd- node havi ng a wavel ength of [err], and having a p rﬁmnuKﬁEMﬁNT§ﬁFT

[err] satisfying a relatlonshlp of 1.4 [err] [err] 3-prOV| t e
t hi ckness of the Li NoG3 | ayer. is [err] | ‘Date: 1e§“m\9w

15/29

i€™
2 T - :
16 3 i
5 =2
3 1st 7
X - 2
b a

ELECT RODE ARRANGEMENT E
Khe =3. 0




13. A surface acoustic wave device according to daim 12, wherein

-t

[err].
t he di anond conprises a di-anond | ayer di sposed on a bas
surface acoustic wave device having a parameter- of [ern] REPLEGEME&&GHEEW g

‘a rel ationship of 4 [err] [err] provided that the thickhess o sl‘;ﬁﬁi
layer is [err]. 14. A surface acoustic wave deV|ce corpDatei:n. east

di anond, an i nt erdi g| tal
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transducer di sposed on the di anond, a polycrystalline C—aX|s orlented

Li NoO3 | ayer disposed on the |nterd|g|tal transducer, and.
short-circuiting el ectrode disposed on the Li NoCB Iayer

acoustic wave device utilizing surface acoustic-wave of 1
wavel ength of [err] [err], and having a paraneter of [err

tﬂtfi:i_%r

t-no
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satisfying a relationship of 0.5 [err] [err] 1.5 provi ded|
thlckness of the [err] l'ayer- is [err] [err]. -
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15. A surface acoustic wave device, conprising: at |east, dianth, an

i nterdigital )
C-axis-oriented [err]
short-circuiting

o
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transducer di sposed on the dianond, a pol ycrygtattine -
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el ectrode disposed on the [err] layer ; the surface acoustic wave device
utilizing surface acoustic wave of -2nd-node having a wavelength of A [err],
and having a paraneter of [err] = [err] satisfying a relfpig gﬂ%
[err] [err] 3 provided that the thickness of the [err] Ija g‘?ﬂ?\?tﬁgﬁr T
surface acoustic wave device, conprising: at |east, di anomtquhﬁmﬂﬁﬁ

ci rcuiting el ectrode di sposed on the di aﬁ(}ag

10

Fig. 27
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pol ycrystalline Caxis-oriented Li NoO3 |ayer disposed on the

short-circuiting electrode, -and an interdigital tr ansd.ucer WQE@EEJ?I%H&T

[err] layer; the surface acoustic wave device utilizing suf
wave of 1st-node having a wavel ength of [err], and having rQr@tm qnoc:
1 rfpd At TR

[err] = [err] satisfying a relationship of 0.5 [err] 1.5 p
thickness of the [err] layer is.[err]. 17. A surface acoustic wave devi ce,
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conpri sing: -at
t he di anond, a

short-circuiting electrode, and an interdigital
; the surface acoustic wave device utilizing sU

[err] | ayer
wave of

| east,
polycrystalline C-axis-oriented [err]
trans
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2nd- node havi ng a wavel ength of [err] [err], and having a paraneter of
[err] = [err] satisfying a relationship of 1.5 [err] [err] 3 provided that
the thickness of the [err] layer is [err]. 18. A surface acoustic wave ~____
devi ce according to Caim17, wherein the dianond conpri Ao,

di sposed on a base material, the surface acoustic wave d \H'Eé’éAﬁEMEh\ﬁ
paraneter of [err] satisfying a rel ationship of [err] pr Vi ded‘ Rﬂ?ﬂﬁ

t hi ckness of N 26/29
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the dianond | ayer is [err].
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WHAT IS CLAIMED IS:

1. A su;face-acoustic wave device, comprising: at
least, diamond, an LiNbQO, layer disposed on the diamond,
and an interdigital transducer‘dispoged so as to
contact the LiNbO; layer; the surface acoustic wave
device utiliZing_surfaée écoustic wave of an "n-th"
mode (n = 0, 1 or 2) having a wavelength of i, (um),
wherein a parameter of kh, ='2n(t,/A,) is in a
predetermined ranée provided that the thickness of the
) LiNbO, layer is.tl'(um)l

2. A surface_acoustic,wa?é device,

comprising: at least, diamond, an interdigital
transducer disposed on the diamond, and a
polycrystalline C—-axis—oriented'LiNbO3 layer dispdsgd on
the interdigital transducer; the surface acoustic- wave
device utilizing surface acoustic wave of zero-th mode
having a wavelehgth of A (pm), and having a parameter
of kh, = 2m(t,/A) satisfying a relationship of 0.7 S kh,
S 1.0 provided that the thickness of the LiNbog layer -
is t,(pﬁ).

3. A surface acoustic wave device according to
Claim 2, wherein the .diamond compriseé a diamond layer
disposed on a base material, the surface acoustic wave |
device having a pé.rameter of kh, = 2n(t,/A) satisfying a
relati@nship of 4 S kh, provided that the thickness of

the diamond layer is t, (um).
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4. A surface acoustic wave device, -
comprising: at least, diamond, an interdigital

transducer disposed on the diamond, and a
polycrystaliine C~axis-oriented LiNbO, layer disposed on
the interdigital transducer; the _suz:face acoustic wave
device utilizing surface acoustic 'wave. of 1lst-mode
having a wavelength of A (um), and having a parameter
of kh, = 2n(t,/A) satisfying a relationship of 0.5 S kh,
£ 1.5 provided that the thickness of the LiNbQ; layer
is €, (pm).

5. A surface acoustic wave device according to
Claim 4, wherein the parametef of kh, = 2n(t,;/1)
satisfies a relationship of 0.5 £ kh, £ 1.0.

6. A surface acoustic wave device according to

. Claim 5, wherein the diamond comprises a diamo_nd layer .

disposed on a base material, the surface acoustic wave
device having a parameter of l':hz = 2n(t,/A) satisfying a
relationship of 2 S kh, provided that the thickness of
the diamond layer is t, (pm).

7. A surface acoustic wave device according to
Claim 6, wherein the parameter of kh, = Zn(t;/i)
satisfies a relationship of 0.5 £ kh; S 0.8, and the
parameter of kh, = 2n(t,/A) satisfies a relationship of
2 £ kh, S 3.

8. A surface acoustic wave device,

~ comprising: at least, diamond, a
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polycrystalline c-axisforiented LiNbO, layer disposed on
the diamond, and an interdigital transducer disposed on
the LiNbO; layer; the surface acoustic wave device
utilizing surface_acoustic wave of 1st-mode having a
wavelength of A (pm), and having a parameter of kh, =
2n(t,/A) satisfying a relationship of 0.5 £ kh, £ 1.5
provided that the thickness of the i‘.iNbO3 layer is t,
(gm). |

9. A surface acoustic wave device according to
Claim 8, wherein the parameter of kh, = 2m(t,/A)
satisfies a relatioﬁship of 0.5 £ kh, = 1.0.

10. A surface acoustic wave device according to
Claim 9, wherein the diamond comprises a diamond layer
disposed on a base material, the surface acoustic wave
device having a parameter of kh, = 2u(t,/A) satisfying a

relationship of 2 £ kh, provided that the thickness of
the diamond layer is t, (pm).

11. A surface acoustic wave device according to
Claim 10, wherein the parameter of kh, = 2u(t,/A) _
satisfies a relationship of 0.5 £ kh, S 0.8, and the
parameter of kh, = 2n(t,/A) satisfies a felationship of
2 £ kh, S 3. |

12. A surface acoustic wave devicg'

| comprising: at least, diamond, a
'polycrystalline C-axis-oriented LiNbO, layer disposed on

the diamond, and an interdigital transducer disposed-on
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the LiNbO, layer; the surface acoustic wave device
utilizing surface acoustic wave of 2nd-mode having a
wavelength of A (pm), and having é parameter of kh, =
2n(t,/A) satisfying a relationship of 1.4 S kh; £ 3
provided that the thickness of the LiNbO, layer is t,
(um) . |

13. A surface acoustic wave device according to
Claim 12, wherein the diamond comprises a diamond layer
disposed on a base material, the surface acoustic wave
device having a parameter of kh, = 2n(t,/A) satisfying a
relationship of 4 S kh, provided that the thickness of’
the diamond layer is t, (pm).

14. A surface acoustic wave device,

comprising; at least, diamond, an interdigital

transducer disposed on the diamond, a polycrystalline
C-axis-oriented LiNbO; layer disposed on the
interdigital transducer, and a shoft—circuiting
electrode diéposed on the LiNbO, layer ; the surface
acoustic wave device utilizing surface acoustic wave of
i1st-mode having a wavelength of A (ym), and having a
parameter of kh;, = 2u(t,/A) satisfying a relationship of
0.5 S khq.é 1.5 provided that the thickness of the
LiNbO; layer is t, (um).

15. A surface acoustic wave devicé.'

comprising: at leasi, diamond, an interdigital

transducer disposed on the diamond, a polycrystalline
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C-axis-ofiented-LiNbos.layer disposed on the
interdigital transducer, and a short-circuiting
electrode disposed on the LiNbos.layer ; the surface
acoustic wave device utilizing surface acoustic wave of
an-mode having a wavelength of A (um}, and having a
parameter of kh, = 2n(t,/A) satisfyihg a relationship of
1.5 £ kh, £ 3 provided that the thickness of the LiNbdar
layer is t, (pm). '
16. A surface acoustic wave device,

comprising: at least, diamond, a short-
circuiting electrode disposed on the diamond, a
polycrystalline C-axis-oriented LiNbO, layer disposed on
the short-circuiting electrode,_aﬁd_an interdigital
transducer dispose& on the LiNbO, layer} the surface
acoustic wave device ﬁtilizing sﬁrface acoustic wave of
1st-mode having a wavelength of A (pm), and having a
parameter of kh, = 2u(t,/A) satisfying a relationship of
0.5 £ kh, £ 1.5 provided that the thickness of the
LiNbQOy layer is t, (gm).

17. A surface acoustié'ﬁave device,

comprising: at légst, diamond, a short-
circuiting electrode disposed on the diaﬁond; a
polyérystalline C-axis-oriented LiNbo, layer disposed on
.the short-circuiting electrode, and an interdigital
transducer disposed on the LiNbO, 1ayer} the surface

acoustic wave device utilizing surface acoustic wave of
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2nd-mode having a wavelength of A (pm), and having a
parameter of kh, = 2n(t,/A) satisfying a relationship of

1.5 £ kh, S 3 provided that the thickness of the LiNbo,

layer is t, (pm).

18. A surface acoustic wave dev'ice accbrding to
Claim 17, wherein the diamond comprises a dian_xond layer
disposed on a base materi.all, the surface acoustic wave
device having a parameter of kh, = 2n(t,/A) satisfying a
relationship of 4 £ kh, provided that the thickness of

- ' the diamond layer is t; (pm).



