TI"I;I;E O: THE | NVENTI ON | _ DI AMOND- ZnO SUR&A%E 3&&9 €V\%\6E DEVI CE

BACKGRCUND OF THE | NVENTI ON . Field of the Inve?gégn 65 The
pr esent pnventlon relates to an i nproved sur ) v;/IC wave
(SAW delvi ce which conprises ZnO and di anond. The SAW devi ce
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TITLE OF THE INVENTION
D IAM?ND— Zn0 SURFACE ACOUSTIC WAVE DEVICE This Sheet Has Been Rep
cesann ¢ : [T
ield of .the Inventi
5 “The present invention relates to an improved

surface acoustic wave (SAW) device which comprises ZnO
and diamond. The SAW device according to the present

invention is applicable in operating at higher

frequency.
10 Related Background Art

A surface acoustic wave device (SAW device) is a |
device which utilizes the acoustic wave propagation and
the piezoelectricity on the surface of particular solid -
materials. The SAW device has excellent temperature

15 stability, durability, and phase characteristics.
Thus, there are certain demands, in the field of the
advanced communication technology, for SAW devices
which can be used in high frequency bands of more than
2 GHz, such as band pass filters, resonators, delay

20 devices, siénal processing devices, convolvers, and
functional elements for opto-electronic devices. For
example, the band pass filter with wider bandwidth is
necessary for the equipments for cellular
phones/communications Wpighfére typically operated in -

25 high frequency bands Qf more than 2 GHz.

The SAW devices typically comprises infgrdigital
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frequency. 10 Rel at ed Background Art A surface acoustic

wave device (SAWdevice) is a devi ce which utili 1ﬁ@s§emm@MM£d
wave propagation and the piezoelectricity on the

particular solid materials. The SAWdevi ce has ex

tenperature 15 stability, durability, and phase characterlstlcs

Thus, there are certain demands, in the field of the advanced
comuni cati on technol ogy, for SAWdevices whi ch can be used in high
frequency bands of nore than 2 Gz, such as band pags §5I&gP
resonators, delay 20 devi ces, signal processing devices, convolvers,
and cPUASHLRREE (FHRTCREE HRneRBRINY SR SN F T FOT

surface acoustic wave. The operation frequency(f) of a
SAW device is given by the equation :f = V/ A,
where V is the wave propagation velocity in the SAW
5 device, and A is the wavelength of the surface acoustic
wave. The operation frequency of more than 2 GHz is
required for SAW device to be used for the band pass
filters with wider bandwidth. The wavelength A is
generally proportional to the width (d) of electrodes
10 of the interdigital transducer.

Because of difficulties on micro-fabrication
technique, the electrode with the width (d) of less
than 0.5 um is difficult to be obtained, thus it is
difficult to achieve desirable operation frequency (f)

15 of more than 2 GHz by decreasing wavelength A.
Therefore, the SAW device with higher propagation
velocity V is required for being applied to the
operation at the frequency of 2 GHz or higher.

The energy transform (piezoelectric) efficiency is

20 also important for SAW device to be used for the
advanced communication equipments. The effective
coupling coefficient(k?) is an index to conversion
efficiency of the converting of electrical energy into
mechanical energy on the surface of the device. The

25 preferable range of the efféctive coupling coefficient

depends upon applications; about 0.10% -~ about 0;7% for




exanpl e, the band pass filter with wider bandwidth is necessary

for the equi pnments for cellular phones/ conmuni caThiOShset Whd Beln R
typically operated in 25 hi gh frequency bands of nDre

The SAW devices typically conprises interdigital I'mmm' ’m
- 2- transducers(1DT) for generating and detectlng

surface acoustic wave. The operation frequency(f) of a

SEI 96-18B

narrow-band filter; about 0.7% - about 3% for medium-
band filter; and about 3% ~ about 6% for wide-band
filter.
The temperature coefficient of frequency (TCF) of
5 the SAW device is preferable to be small as possible,
because the smaller temperature dependency of the SAW
device is desirable. The propagation loss of the SAW
device is also preferable to be small as possible,
since smaller attenuation in propagation of surface

10 acoustic wave is desirable.

Japanese Patent Laid-Open No. 01-339,521 discloses
SAW devices comprising a zZnO piezoelectric layer formed
onto a diamond layer. Another type of SAW devices
comprising LiNbO, piezoelectric layer is disclosed in

15 Japanese Patent Laid-Open No. 08-32,398. Japanese
Patent Laid-Open 08-65,088 discloses SAW devices
comprising LiTaO, piezoelectric layer.

Figs. 6A to 6G illustrate the layer/eléctrode
constitution of SAW devices. 1In US Patent No.

20 5,446,329 to Nakahata et.al., disclosures of which is
incorporated by reference, propagation velocity V,
effective coupling coefficient K’ and temperature
coefficient with frequency TCF of ZnO-diamond SAW
devices have been improved, in particular by focusing

25 first made surface acoustic wave: for example, V of

8,000 to 10,000 (m/s), TCF of -10 to 10 (ppm/°C) and K’




SAW device is given by the equation :f = V/ [err], ' where V s the

wave propagation velocity in the SAW 5 devi ce, and Replace
wavel engt h of the surface acoustic wave. The oper eﬂle 2 ?
nore than 2 GHz is required for SAWdevice to be us l

pass filters with wider bandw dth. The mavelength [

generally proportional to the wdth (d) of electrodes of the

i nterdigital transducer. Because of difficultles on

m cro-fabrication technique, the electrode with thegigiglygs) of

| ess than 0.5 [errlmis difficult to be obtained, thus it is

S ey oo Bl P JEST[[8) apackghiaDel sahentypll ke 15 of more han
constitution shown in Fig. 6E; Vv of 8,000 to 10,000
(m/s), TCF of -10 to 10 (ppm/°C) and K> of 1 to 3 (%)
are achieved for "type B" constitution shown in Fig.

5 6B; V of 8,000 to 10,000 (m/s), TCF of ~10 to 10

(ppm/°C) and K* of 1.5 to 4.5 (%) are achieved for "type
F" constitution shown in Fig. 6F; V of 8,000 to 10,000
(m/s), TCF of -10 to 10 (ppm/°C) and K’ of 0.8 to 2.3
(%) are achieved for "type D" constitution shown in

10 Fig. 6D; and V of 8,000 to 10,000 (m/s), TCF of -10 to
10 (ppm/°C) and K® of 0.7 to 2.2 (%) are achieved for
"type G" constitution shown in Fig. 6G.

It is also known that the performances of the SAW
device can be further improved by employing LiNbO, or

15 LiTa0O, for piezoelectric material of SAW device. In the
Japanese Patent Laid-Open No. 08-32,398, it is
demonstrated that LiNbO,-diamond SAW devices have V of
11,000 to 12,500 (m/sec.), TCF of ~10 to 10 (ppm), and
K* of 7.5 to 9.5 (%).

20 Nevertheless, the use of Zn0O for piezoelectric
material of SAW device can provide significant
advantage in fabricating SAW device, because the
processibility of Zn0 film is much better than LiNbO, or
LiTaO, films. Therefore, it is desirable to further

25 improve.the performances of SAW devices which comprise

Zn0 piezoelectric layer.
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Therefore, the SAWdevice with higher propagation velocity Vis
required for being applied to the operation at trhesfteRign e

GHz or hi gher. The energy transform (piezoel ency
is 20 al so inportant for SAWdevice to be used for tmﬂ m.

advanced communi cati on equi pnents. The effective

coefficient(Klerr]) is an index to conversion efficiency of the
converting of electrical energy into mechani cal energy on the
surface of the device. The 25 preferabl e range of theg Eifggg%g
coupling coefficient depends upon applications; about 10% - about

0j796f0r It is also desirable to further improve the

performances of the SAW devices in which an electrode,
typically made of a%uminum (Al), is not included
between diamond laye£ and ZnO layer, such as "type A"

5 and "type C" devices shown in Fig. 6A and Fig. 6C,
respectively. Because such device constitution can
eliminate the limitation on the process conditions for
forming ZnO layer such as process temperature, since Al
electrode having relatively low melting point is not

10 included.

Therefore, it is an object of the invention to
further improve the propagation wvelocity Vv, the
effective coupling coefficient K?°, the thermal
coefficient of frequency TCF and propagation loss of

15 the SAW device which includes ZnO piezoelectric layer
formed on diamond layer, to provide SAW device having
improved operation characteristics at the frequency of
2 GHz or higher with superior durability and less
energy loss.

20 1¢) 0] Q

We have conducted a number of experimental
evaluations on SAW devices comprising a ZnO
piezoelectric layer disposed on a diamond, and an SioO,
layer disposed on the ZnO layer. - As mentioned above,

25 ZnO layer is advantageous in utilizing a piezoelectric

layer of SAW devices, because of its better
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narrow band filter; about 0.7% - about 3% for nedium band filter;
and about 3% - about 6% for w de-band filter. ThisSheet Has Been Regtht€d

tenperature coefficient of frequency (TCF) of -5 t S
preferable to be snmall as possi bl e, because the I mlﬂTNI
t enper at ure dependency of the SAW device is des I

propagation | oss of the SAW device is also preferable to be snal
as possi bl e, since smaller attenuation in propagation of surface
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formability. These experimental evaluations have been
carried out by varying layer thicknesses and utilizing
the second mode surface acoustic wave which propagates
within SAW devices, in order to achieve the above-

5 mentioned object of the invention. The evaluation is,
however, generally difficult and complicated, because a
compromise among V, TCF, K’ and the propagation loss
must be made, in order to achieve the optimization of
the operating characteristics of the SAW devices.

10 The inventors first carried out a series of
preliminary evaluation ("first preliminary evaluation")
to obtain good V, TCF and K?, with a manner which is
similar to a manner utilized in the US Patent No. '
5,446,329 to Nakahata et.al. The result of the first

15 preliminary evaluation is shown in Fig. 24, in which a
desirable range of khl = 2m(t,/A) and kh2 = 2o(t,/A) (t,
is a thickness of ZnO layer, and t, is a thickness of
Si0, layer) is shown in a region A'B'C'D'E'F'G'H'I'J'K'L
'M'N'O'P'Q'R'A' and a region A'B'C'D'S'T'M'N'O'P'Q'R'A’

20 . These regions are applicable to SAW devices of Types
"A" (Fig. 6A), "B" (Fig. 6B), "C" (Fig. 6C), "D" (Fig.
6D) and "E" (Fig. 6F), according to the present
invention.

Next, another series of preliminary evaluation
25 (second_.preliminary evaluation) were carried out with a

manner which is similar to but more precise than a




10 acoustic wave is desirable. Japahe§§“Pﬁr€ﬁr’tard?Cpen

No. 01-339, 521 di scl oses SAW devi ces conprising a ZnO

pi ezoel ectric | ayer forned onto a di anond | ayerThis

SAW devi ces conprising Li Nb(Jerr] plezoelectrlc sed
in 15 Japanese Patent Laid-Open No. 08-32, 398. Jap

Pat ent Lai d- Qpen 08-65, 088 di scl oses SAW devi ces conpri si ng

Li Tag err] piezoelectric |ayer. Figs. 6Ato 6Gillustrate the
| ayer/ el ectrode constitution of SAWdevices. In UszPapgnygho. 20
5,446, 329 to Nakahata et. al . , di scl osures of which is |ncorporated

by referencq%iggggaﬁgﬁ% gchhg MS Patent No effe%tsv%zgo%gllng

coefficient
Nakahata et.al. The result of the second preliminary

evaluation is shown in Fig. 25, in which a desirable
range of khl = 2n(t,/A) and kh2 = 2m(t,/A) (t,1is a

5 thickness of ZnO layer, and t, is a thickness of SiO,
layer) is shown in a region abcdefghijklmnopgra and a
region abcdstmnopgra. These regions are also
applicable to SAW devices of Types "A" (Fig. 6A), "B"
(Fig. 6B), "C" (Fig. 6C), “D" (Fig. 6D) and “E" (Fig.

10 6F), according to the present invention.

In these series of the preliminary evaluations, the
inventor have found that a thickness of the
interdigital transducer (IDT) must also be considered
in order to optimize V, TCF and K*.

15 The IDT is formed of a electric conductive
material, and typically formed of aluminum or aluminum
alloys, which have own SAW propagation velocity (V) and
own linear thermal expansion coefficient. It have been
found that the SAW propagation velocity and the linear

20 thermal expansion coefficient of the electrical
conductive material such as aluminum is influential to
V, TCF and K* of the SAW devices and the influence of
the SAW propagation velocity and the linear thermal
expansion coefficient of the IDT to SAW device depends

25 on thickness of IDT.

The present invention is, in particular, directed




coefficient with frequency TCF of ZnO di anond SAW

been inproved, in particular by focusing 25 first AR
acoustic wave: for exanple, V of - 8,000 to 10, 000
to 10 (ppm[err]C) and Klerr] of O. 7 ﬁ
0 t

achi eved for
10, 000
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25

"type E" constitution shown in Fig.

(ms), TCF of -10 to 10 (ppm[err]C) and K[err] of 1 to 3
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to a SAW device which are provided with superior
operating performances such as propagation velocity
(V), temperature coefficient of frequency (TCF),
effective coupling coefficient (K?’) and propagation
loss. The SAW devices comprise ZnO piezoelectric
layer, SiO, layer and aluminum IDT, and have a
particular relationship among the layer thicknesses of
Zn0, Sio, and IDT. |

A first surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention comprises (i) a diamond layer,
(ii) a ZnO layer disposed on the diamond layer, the ZnO
layer having a thickness t,, (iii) an interdigital
transducer (IDT) disposed on the Zn0 layer, the IDT
having a thickness of t,, and (iv) a Si0, layer disposed
over the interdigital transducer onto fhe ZnoO layer,
the SiO, layer having a thickness of t,; wherein a
parameter kh3 = 2n(t,/A) is: 0.033 < kh3 < 0.099, and
wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA in
a two-dimensional Cartesin coordinate graph having
abscissa axis of khl and ordinate axis of kh2,
the outer edge of the region ABCDEFGHIJKLA being given
by a closed chain in the Cartesian coordinate
consis;}ng of points A, B, C, D, E, F, G, H, I, J, K

and L and lines A-B, B-C, C-D, D-E, E-F, F-G, G-H, H-I,
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are achieved for "type B" constitution shown in Fig. 6B; V of

8,000 to 10,000 (mMs), TCF of -10 to 10 (ppni[qﬁﬁh&%uﬁ@ﬁﬂ%&ﬂﬁ&idOf
1.5t0 4.5 (%9 are achieved for "type F' constit

Filg. 6F, V of 8,000 to 10, 000 (ms), TCF of -10 Mg“l m’:m r] ©
and Klerr] of 0.8 to 2.3 (%9 are achieved for "

constitution shown in 10 Fig. 6D, and V of 8,000 to 10,000 (m's), TCF
of -10 to 10 (ppm [err]C) and Klerr] of 0.7 to 2.2 (% are

achi eved for “type G' constitution shown in Fig. &x 96-188

It is also known that the performances of the SAW deV|ce can be

Vel et U0 S TRLVAR, BLAPCLRC bothy Aovernld BAREIEL £
Lai d- Open Nogo&B4BRaB@8poihti $kh1=0.30, kh2=0.87); the point B
being given by a coordinate point (kh1l=0.54,
kh2=0.87);the point C being given by a coordinate point
5 (kh1=0.60, kh2=0.87);the point D being given by a
coordinate point (khl=0.81, kh2=0.97);the point E being
given by a coordinate point (khl=1.16, kh2=1.20);the
point F being given by a coordinate point (khl=1.52,
kh2=0.93);the point G being given by a coordinate point
10 (khl=1.69, kh2=0.77);the point H being given by a
coordinate point (khl=1.31, kh2=0.59);the point I being
given by a coordinate point (khléi.04, kh2=0.50);the
point J being given by a coordinate point (khl=0.68,
kh2=0.40);the point XK being given by a coordinate point
15 (kh1=0.63, kh2=0.33); and the point L being given by a
coordinate point (khl=0.30, kh2=0.63). The layer
structure of this SAW device is schematically
illustrated in Fig. 6A, “"type A".
The first SAW device having above constitution is
20 provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.1 to 1.3 (%). Further, such
constitution is more advantageous in manufacturing.
25 Processjing temperature for forming ZnO layer is not

strictly limited when the “type A" constitution is




denonstrated that Li Nb( err]-di anond SAW devi ces have V of 11, 000
to 12,500 (nfsec.), TCF of -10 to 10 (ppm, and This $e8iHab BQEL RGpIRed O

9.5 (. 20 Nevert hel ess, the use of ZnO for pi
mat eri al of SAW devi ce can provide significant FHm “&HU‘H“I
fabricating SAW devi ce, because the processi bi Ik mis

much better than Li NbG3 or Li TaG3 filnms. Therefore, it is
desirable to further 25 i nprove the performnces of SAW devi ces which
conpri se ZnO pi ezoel ectric |ayer. SEI 96~18B

employed, because the formation of 2ZnO layer, which
requires relatively higher processing temperature, is
accomplished before forming IDT which has relatively
low melting/softening point.

5 A second surface acoustic wave device according to
the present invention is also a "Type A" SAW device,
wherein tﬁe parameters khl and kh2 are given within a
region ABIJKLA in the two-dimensional Cartesian
coordinate graph, the outer edge of the region ABIJKLA

10 being given by a closed chain in the Cartesian
coordinate, consisting of the points A, B, I, J, K and
L, and lines A-B, B-I, I-J, J-K, K-L and L-A.

The second SAW device having this constitution is
provided with propagation welocity V of from 10,000 or

15 higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.1 to 1.3 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in the first SAW device.

20 The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 1. The region ABCDEFGHIJKLA and the
region ABIJKLA are a;so shown in Fig. 1.

A third surface acoustic wave device for 2nd mode

25 surface,acoustic wave of a wavelength A (um) according

to the present invention comprises: (i) a diamond

10




- 5 - It is also desirable to further inprove t he

performances of the SAWdevices in which an el ectrode, . t |c

made of al um num (Al'), is not included betmeen

ZnO | ayer, such as "type A" 5 and "type A" deV|ces

and Fig. 6C respectively. Because such device c

elimnate the limtation on the process conditions for f orm ng ZnO

| ayer such as process tenperature, since A
SEI 96-18B

layer, (ii) a zZnO layer disposed on the diamond layer,
the ZnO layer having a thickness t,, (iii) an
interdigital transducer (IDT) disposed on the ZnO
layer, the IDT having a thickness of t,, and (iv) a SiQ,
5 layer disposed over the interdigital transducer onto

the Zn0 layer, the SiO, layer having a thickness of t.;
wherein a parameter kh3 = 2m(t,/A) is: 0.099 < kh3 é
0.165, and wherein a parameter khl=2m(t,/A) and a
parameter kh2=2m(t_,/A) are given within a region

10 ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2, the outer edge of the region
ABCDEFGHIJKLMA being given by a closed chain in the
Cartesian coordinate consisting of points A, B, C, D,

15 E, F, G, H, I, J, K, L, and M and lines A-B, B-C, C-D,
D-e, E-F, F-G, G-H, H-I, I-Jd, J-K, K-L, L-M and M-A;
the point A being given by a coordinate point
(kh1=0.30, kh2=0.98); the point B being given by a-
coordinate point (kh1l=0.40, kh2=0.95); the point C

20 being given by a coordinate point (khl=0.45, kh2=0.96);
the point D being given by a coordinate point
(kh1=0.60, kh2=1.00); the point E being given by a
coordinate point (khl=1.04, kh2=1.25); the point F
being given by a coordinate point (kh1=1.53, kh2=0.89);

25 the point G being given by a coordinate point
(khl=1.60, kh2=0.80); the point H being given by a

11
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el ectrode having relatively low nelting point is not 10 I ncl uded.

Therefore, it is an object of the invention to This She Had HEBY 0 gced
propagation velocity V, the: effective coupling c

t he thernal coefficient of frequency TCF and pro ”,"H m

15 t he SAW devi ce which includes ZnO pi ezoel ectric Ia rned
on di anond | ayer, to provide SAWdevi ce having | mproved operation
characteristics at the frequency of 2 GHz or higher with superior

durability and | ess energy | oss.

W have conducted a nunber of experinental

10

15

20

25

coordinate point (khl=1.22, kh2=0.63); the point I
being given by a coordinate point (khl=1.00, kh2=0.59);
the point J being given by a coordinate point
(kh1=0.89, kh2=0.57); the point K being given by a
coordinate point (khl1=0.53, kh2=0.52); the point L
being given by a coordinate point (khl1=0.53, kh2=0.45);
and the point M being given by a coordinate point
(kh1=0.30, kh2=0.65). The layer structure of this SAW
device is schematically illustrated in Fig. 6A, "“type
A",

The third SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.05 to 1.20 (3). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

A fourth surface acoustic wave device according to
the present invention is also a "Type A" SAW device,
wherein the parameters khl and kh2 are given within a
region ABCNJKLMA in the two-dimensional Cartesian
coordinate graph, the outer edge of the region
ABCNJKLMA being given by a closed chain in the
Cartesian coordinate, consisting of the points A, B and
C, a pqént N, and the points J, K, L, and M, and lines

A-B, B-C, C-N, N-J, J-K, K-L, L-M and M-A,

12
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eval uati ons on SAW devi ces conprising a ZnO pi ezoel ectric rayer—

di sposed on a dianond, and an SiJerr] | ayer di5ﬂ8

_ ﬁﬁgt n the ZnO
| ayer. As mentioned above, ZnO | ayer is advantage 23 een a
piezoel ectric | ayer of SAW devi ces, because of it%ﬂﬂ l , I
- 6- formability. These experinental eval uations

carried out by varying | ayer thicknesses and utilizing

SEI 96-18B

the point N being given by a coordinate point
(kh1=0.62, kh2=0.77).
The fourth SAW device having this constitution is
provided with propagation velocity V of from 10,000 or
5 higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.05 to 1.15 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

10 The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 2. The region ABCDEFGHIJKLMA and the
region ABCNJKLMA are also shown in Fig. 2.

A fifth surface acoustic wave device for 2nd mode

15 surface acoustic wave of a wavelength A (um) according
to the present invention comprises: (i) a diamond
layer, (ii) a Zn0 layer disposed on the diamond layer,
the ZnO layer having a thickness tz;'(iii) an
interdigital traﬁsducer (IDT) disposed on the 2ZnO

20 layer, the IDT having a thickness of t,, and (iv) a Sio,
layer disposed over the interdigital transducer onto
the Zn0 layer, the SiO, layer having a thickness of ts;'
wherein a parameter kh3 = 2m(t,/A) is: 0.165 < kh3 <
0.231, and wherein a parametér khl=2n(t,/A) and a

25 parameter kh2=2n(t,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian

13
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t he second node surface acoustic wave which propagates'“_“__“*““ﬁﬁﬂﬁriﬁww

devices, in order to achieve the above- 5 ment i oned, 0o ect of the

i nvention. The evaluation is, however, generalﬂy ¥

conplicated, because a conprom se anong V, TCF, d

propagation | oss must be made, in order to achie

optim zation of the operating characteristics of the S%NVdeV|ces
10 The inventors first carried out a series of

prelimnary evaluation ("first prelimnary evaluation") SET 96-1@gobtain
good V, TCF and K2, with a manner which is simlar to a manner
utilized in 3R fet.-al. The
result of thEe:Bgr a%%%a% avlllnr% r?éars%le% 3"%&. on fl\l?&g:om in Fig. 24, in
whi ch a ordinate axis of kh2, the outer edge of the region

ABCDEFGHIJKLMA being given by a closed chain in the
Cartesian coordinate consisting of points A, B, C, D,

5 E, F, G,,H, I, J, X, L and M and lines A-B, B-C, C-D,
D-E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
the point A being given by a coordinate point
(kh1=0.30, kh2=1.07); the point B being given by a
coordinate point (kh1=0.36, kh2=1.07); the point C

10 being given by a coordinate point (khl1=0.43, kh2=1.07);
the point D being given by a coordinate point
(kh1=0.90, kh2=1.37); the point E being given by a
coordinate point (khl=1.05, kh2=1.20); the point F
being given by a coordinate poiﬁt (kh1=1.52, kh2=0.85);

15 the point G being given by a coordinate point
(kh1=1.34, kh2=0.79); the point H being given by a
coordinate point (khl1=1.05, kh2=0.72); the point I
being given by a coordinate point (khl1=0.85, kh2=0.68);
the point J being given by a coordinate point

20 (kh1=0.71, kh2=0.68); the point K being given by a
coordinate point (khl1=0.38, kh2=0.68); the point L
being given by a coordinate point (khl1=0.42, kh2=0.55);
and the point M being given by a coordinate point
(kh1=0.30, kh2=0.65). The layer structure of this SAW

25 device is schematically illustrated in Fig. 6A, "type

A".

14




desirabl e range of khl = 2n(t[err]/[err]) and kh2 = 2ﬁTTT?WT1#ffﬁf&ﬁ——~—m

(t[err] Is a thickness of ZnO | ayer, and t[erg% I's a-thickness of
Sigerr] layer) is shown in a region ABCDEF GH I rSRhe|§tHasBeenReplaced
'"MNOPQRA and aregion ABCDSTMNOPQRA

regions are applicable to SAWdevi ces of Types "B"
(Fig. 6B), "C" (Fig. 6Q, "D' (Fig. 6D) and"E"

according to the present i nventi on. hbxt anot her
series of prelimnary evaluation 25 (second prelim nagy @%alggtion)
were carried out with a manner which is simlar to but nore

precise than'a phe fifth SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from ~15 to 15 (ppm/°C) and effective coupling
5 coefficient K®> of from 0.05 to 1.05 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.
A sixth surface acoustic wave device according to
the present invention is also a "Type A" SAW device,,

10 wherein the parameters khl and kh2 are given within a
region ABNOJKLMA in the two-dimensional Cartesian
coordinate graph, the outer edge of the region
ABCNJKLMA being given by a closed chain in the
Cartesian coordinate, consisting of the points A, B and

15 C, a point N, a point O, and the points J, K, L, and M,
and lines A-B, B-C, C-N, N-J, J-K, K-L, L-M and M-A,
the point N being given by a coordinate point
(kh1=0.43, kh2=0.95); and the point O being given by a
coordinate point (khl=0.61, kh2=0.75).

20 The sixth SAW device having this constitution is
provided with propagation velocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.05 to 0.95 (%). Further, such

25 constitution is more advantageous in manufacturing, as

mentioned in the first SAW device.

15
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manner utilized in the US Patent No. b5, 446, 329 t - Nakahata et. a

The result of the second prelimnary eval uat i 98 dhe R denl

25, in which a desirable range of khl = 2n(t[ &hZ =
2n(t[err]/[err]) (t[err] is a 5 t hi ckness of Zni}lﬂl{ "l%k err]
Is a thickness of Si2 | ayer) is shown in a re

abcdef ghi j kl mopgra and a regi on abcdst mopgra. These regions are
al so applicable to SAWdevi ces of Types "A" (Fig. 6A), "B"

(Fig. 6B), "C" (Fig. 60, "D'" (Fig. 6D and "E" (Fig. SEI 96-18B

The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 3. The region ABCDEFGHIJKLMA and the
region ABNOJKLMA are also shown in Fig. 3.

5 A seventh surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention comprises: (i) a diamond
layer, (ii) a ZnO layer disposed on the diamond layer,
the Zn0 layer having a thickness t,, (iii) an

10 interdigital transducer (IDT) disposed on the ZnO
layer, the IDT having a thickness of t,, and (iv) a SiO,
layer disposed over the interdigital transducef onto
the Zn0 layer, the SiO, layer having a thickness of t_;
wherein a parameter kh3 = 2m(t,/A) iss: 0.231 < kh3 <

15 0.297, and wherein a parameter kh1=2n(t?/h) and a
parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLMNA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2, the outer edge of the region

20 ABCDEFGHIJKLMNA being given by a closed chain in the
Cartesian coordinate consisting of points A, B, C, D,
E, F, G, H, I, J, XK, L, M and N and lines A-B, B-C, C~
b, b-g, E-F, F~-G, G-H, H~-I, I-J, 'J-K, K-L, L-M, M-N and
N-A; the point A being given by a coordinate point

25 (kh1=0.,30, kh2=1.15); the point B being given by a

coordinate point (kh1=0.38, kh2=1.20); the point C

16
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10 6F), according to the present invention. In these

series of the prelimnary eval uations, the I nven
that a thickness of the i nterdigital transducer
consi dered in order to optimze V, TCF and K[ err ﬁ The

IDT is formed of a electric conductive materi al ,

formed of al um num or al um num al | oys, which have own SAW
propagation velocity (V) and own |inear thermal expansion
coefficient. It have been found that the SAW propggat ognigel ocity
and the linear 20 t hermal expansi on coefficient of the electrical

conducti ve MBE¢hkalivHANLYS aAkeBraifae RieNitAl=0. 46, kn2=1.34);TCF and
Klerr] of the SAW devi ces and the I nfluence of
the point D being given by a coordinate point
(kh1=0.60, kh2=1.52); the point E being given by a
coordinate point (khl=0.73, kh2=1.60); the point F
5 being given by a coordinate point (kh1=0.81, kh2=1.44);
the point G being given by a coordinate point
(kh1=1.00, kh2=1.20); the point H being given by a
coordinate point (khl=1.40, kh2=0.91); the point I
being given by a coordinate point (khl=1.14, kh2=0.83);
10 the point J being givén by a coordinate point
(kh1=0.83, kh2=0.76); the point K being given by a
coordinate point (khl1=0.60, kh2=0.73); the point L
being given by a coordinate point (kh1=0.35, kh2=0.73);
the point M being given by a coordinate point
15 (kh1=0.38, kh2=0.63); and the point N being given by a
coordinate point (kh1=0.30, kh2=0.65). The layer
structure of this SAW device is schematically
illustrated in Fig. 6A, "type A".
The seventh SAW device having above constitution is
20 provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient X* of from 0.05 to 0.95 (%). Further, such
constitution is more advantageous in manufacturing, as
25 mentiongd in the first SAW device.

A eighth surface acoustic wave device according to

17
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t he SAW propagation velocity and the |inear thernal expansi on
coefficient of the IDT to SAWdevi ce depends 25 Omhk@hﬁkﬁﬁiéaﬁala
The present invention is, in particular, directed mce

- 8- to a SAWdevice which are provided with supHmIHdmum”"
operating performances such as propagation velocity

tenperature coefficient of frequency (TCF),

SEI 96-18B

the present invention is also a "Type A" SAW device,
wherein the parameters khl and kh2 are given within a
region AOPKLMNA in the two-dimensional Cartesian
coordinate graph, the outer edge of the region AOPKLMNA

5 being given by a closed chain in the Cartesian
coordinate, consisting of the point A, a point 0, a
peint P, and the points K, L, M and N, and lines A-O,

© 0~-P, P-K, K-L, L-M, M-N and N-A, the point O being

given by a coordinate point (khl1=0.36, kh2=1.00); and

10 the point P being given by a coordinate point
(kh1=0.48, kh2=0.83).

The eighth SAW device having this constitution is
provided with propagation wvelocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF

15 of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.05 to 0.70 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

The two-dimensional Cartesian coordinate graph

20 having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 4. The region ABCDEFGHIJKLMNA and the
region AOPKLMNA are also shown in Fig. 4.

A ninth surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according

25 to the present invention comprises: (i) a diamond

layer, (ii) a ZnO layer disposed on the diamond layer,

18




effective coupling coefficient (Klerr]) and propagation [ 0SS, The
SAW devi ces conprise ZnO pi ezoel ectric | ayer Iayer and
al um num I DT, and have a parti cul ar relat|onsh| u

t hi cknesses of ZnO, Si2 and 1DT.

acoustic wave device for 2nd node 10 surface acoust

wavel ength [err] ([err]m according to the present |nvent|on
conprises (i) a dianond |ayer, (ii) a ZnO | ayer disposed on the
di anond | ayer, the ZnO | ayer having a thickness tgghRl bg-Giggi ) an
I nterdigital transducer (1 DT) disposed on the ZnO | ayer, the I1DT

éSer theh?x{gg ?Zhb'ﬁ%?%&sh. %rkhlﬁﬂﬂe%%vkﬁa ?&gﬁgrgh | ayer di sposed

glta ransducer  onto the ZnO [fayer,
interdigital transducer (IDT) disposed on the 2nO
layer, the IDT having a thickness of t,, and (iv) a Sio,
layer disposed over the interdigital transducer onto

5 the Zn0 layer, the SiO, layer having a tﬁickness of t;;
wherein a parameter kh3 = 2m(t,/A) is: 0.297 < kh3 <
0.363, and wherein a parameter khl=2mn(t,/A) and a
parameter kh2=2m(t,/\) are given within a region
ABCDEFGHIJKLA in a two-dimensional Cartesian coordinate

10 graph having abscissa axis of khl and ordinate axis of
kh2, the outer edge of the region ABCDEFGHIJKLA being
given by a closed chain in the Cartesian coordinate
consisting of points A, B, ¢, D, E, F, G,.H, I, J, K
and L and lines aA-B, B-C, C-D, D-E, E-F, F-G, G-H, H-I,

15 I-J, J-K, K-L and L-A; the point A.being given by a
coordinate point (khl=0.30, kh2=1.29); the point B
being given by a coordinate point (khl1=0.33, kh2=1.36);
the point C being given by a coordinate point
(khl1=0.40, kh2=1.60); the point D being given by a

20 coordinate point (kh1=0.71, kh2=1.60); the point E
being given by a coordinate point (kh1=0.82, kh2=1.41);
the point F being given by a coordinate point
(kh1l=1.00, kh2=1.22); the point G being given by a
coordinate point (khl=1.27, kh2=0.97); the point H

25 being given by a coordinate point (khl=1.03, kh2=0.89);

the point I being given by a coordinate point

19
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the SiQ2 layer having a thickness of t[err]; wherein a par amet er
kh3 = 2[err](t[err]/[err]) is: 0.033 [err] kh3 [err] O.
wherein a parameter khl=2n(t[err]/[err]) and a paraneter T t bas Been Replaced

kh2=2n(t[err]/[err]) are given within a regi on ABCDEFGHI J mu u”mm
of

t wo- di nensi onal Cartesin coordi nate graph having

khl and ordi nate axis of kh2, the outer edge of the region
ABCDEFGHI JKLA bei ng gi ven by a closed chain in the Cartesian
coordi nate 25 consisting of points A, B, C D, E, F, s& We-l188), K

and L and lines A-B, B-C,L CGD, DE EF FG GH HI,
(kh1=0.68, kh2=0.78); the point J being given by a

coordinate point (khl=0.52, kh2=0.77); the point K
being given by a coordinate point (khl1=0.30, kh2=0.76);
and the point L being given by a coordinate point

5 | {kh1=0.30, kh2=1.09). The layer structure of this SAW
device is schematically illustrated in Fig. 6A, “type
A",

The ninth SAW device having above constitution is

provided with propagation velocity V of 8,000 (m/s) or

10 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.05 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

15 A tenth surface acoustic wave device according to
the present invention 'is also a "type A“ SAW device,
wherein the parameters khl and kh2 are giﬁen within a
region LMJKL in the two-dimensional Cartesian
coordinate graph, the outer edge of the region LMJKL

20 being given by a closed chain in the Cartesian
coordinate, consisting of the point L, a point M, and
the points J and K, and lines L-M, M-J, J-K and K-L,
the point M being given by a coordinate point
(kh1=0.37, kh2=0.94).

25 The.tenth SAW device having this constitution is

provided with propagation velocity V of from 10,000 or

20




-9- -3, J-K, K-L and L-A the point A belng given by a

coordi nate point (khl=0.30, kh2=0.87); the poin Tmsmbé&h

a coordi nate point (khl=0.54, kh2=0. 87) the p0|nt

a ‘coordi nate poi nt 5 (khl =0. 60, kh2=0.87);the p0|n

a coordi nate point (khl=0.81, kh2=0.97);the point

given by a coordinate point (khl=1.16, kh2=1.20);the 0|nt F being
gi ven by a coordinate point (khl=1.52, kh2=0.93);t he p0|nt G bei ng
gi ven by a coordi nate point SEI 96-18B

higher (m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling

coefficient K* of from 0.05 to 0.50 (%). Further, such

constitution is more advantageous in manufacturing, as
5 mentioned in the first SAW device.

The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 5. The region ABCDEFGHIJKLA and the
region LMJKL are also shown in Fig. 5.

10 An 11th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention comprises: (i) a diamond
layer, (ii) a short circuit electrode disposed on the
diamond layer, (iii) a ZnO layer disposed over the

15 short circuit electrode onto the diamond layer, the ZnO
layer having a thickness t,, (iv) an interdigital
transducer (IDT) disposed on the ZnO layer, the IDT
having a thickness of t,, and (v) a SiO, layer disposed
over the interdigital transducer ohto the zZnO layer,

20 the Si0O, layer having a thickness of t,; wherein a
parameter kh3 = 2m(t,/A) is: 0.033 < kh3 < 0.099, and
wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t_/\) are given within a region ABCDEFGHIJKLA
which are shown in Fig. 1. The layer structure of this

25 SAW device is schematically illustrated in Fig. 6B,

"type B".
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10 (khl =1. 69, kh2=0.77);the point H being given by a
coordi nate point (khl=1.31, kh2=0.59);the point | beanMSNWﬂfhsB@mR

coordi nate point (khl=1.04, kh2=0.50);the p0|nt by a
coordi nate point (khl=0.68, kh2=0. 40) ;the point K b ,&

coordi nate point 15 (khl =0. 63, kh2=0.33); and the p0|n I ven
by a coordi nate point (khl=0.30, kh2=0.63). The | ayer

structure of this SAWdevice is schematically illustrated in Fig.
6A, "type A". The first SAWdevice having abovgggonglijiggti on is
20 provi ded with propagation velocity V of 8 000 (ms) or

hi gher, tenper at fi fofr 15 to 15
(pprl G and of f eﬂh?vgq?%uﬁ”ﬁ@eﬁcé HaY4SY YabbYe Yonstitutidd OB -

provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

5 coefficient K of from 1.0 to 2.4 (%$). Further, such
constitution is advantageous in manufacturing, because
Zn0 having better formability is employed.

A 12th surface acoustic wave device according to

the present invention is also a "type B" SAW device

10 having a kh3 of 0.033 to 0.099, wherein the parameters
khl and kh2 are given within a region ABIJKLA shown in
Fig. 1.

The 12th SAW device having this constitution is
provided with propagation velocity Vv of from 10,000 or

15 higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 1.2 to 2.4 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 11th SAW device.

20 A 13th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-~-B" SAW device showﬁ
in Fig. 6B; wherein a parameter kh3 = 2m(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and

25 a parameter kh2=2m(t,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian

22




coefficient K2 of from0.1to 1.3 (%9. Further, such constltutlon

I s nore advantageous in manufacturing. 25 Processi &1 LE for -
formng ZnO | ayer is not strictly linmited when e B Replaced
constitution is l l“l
enpl oyed, because the formation of ZnO | ayer, which

rel atively higher processing tenperature, is acconpllshed before
form ng | DT which has relatively

SEI 96-18B

coordinate graph having abscissa axis of khl and
ordinate axis of kh2, the outer edge of the region
ABCDEFGHIJKLMA shown in Fig. 2.
The 13th SAW device having above constitution is

5 provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.75 to 2.25 (%). Further, such
constitution is advantageous in manufacturing, as

10 mentioned in the 11th SAW device.

A 14th surface acoustic wave device according to
the present invention is also a "type B" SAW device
having a kh3 of 0.099 to 0.165, wherein the parameters
khl and kh2 are given within a region ABCNJKLMA in the

15 two-dimensional Cartesian coordinate graph, the outer
edge of the region ABCNJKLMA shown in Fig. 2.

The 14th SAW device having this constitution is
provided with propagation velocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF

20 of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.75 to 2.25 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.

A 15th surface acoustic wave device for 2nd mode

25 surface_.acoustic wave of a wavelength A (um) according

to the present invention is a "type-B" SAW device shown

23




| ow el ti ng/ softeni ng point. 5 A second surTace acoustic wave

devi ce according to the present invention is al "Ty e A" SAW
devi ce, wherein the paranmeters khl and kh2 are e “md
regi on ABIJKLA in the two-dinensional Cartesian

t he outer edge of the region ABIJKLA 10 bei ng give haln
In the Cartesian coordi nate, consisting of the points A B ,

and L, and lines A-B, B-1, I-J, J-K K-L and L-A The
second SAW devi ce having this constitution is pr ovi | 1158
propagation velocity V of from 10,000 or 15 hi gher (n's), tenperature

coef i cient qf AU Jidrein a palindl & RS LOodPeAHTIR T Jond
< kh3 < 0.231, and wherein a parameter khl=2mn(t,/A) and
a parameter kh2=2un(t_,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 3.

5 The 15th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from ~15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.70 to 2.2 (%). Further, such

10 constitution is advantageous in manufacturing, as
mentioned in the 11lth SAW device.

A 16th surface acoustic wave device according to
the present invention is also a "type B" SAW device
having a kh3 of 0.165 to 0.231, wherein the parameters

15 khl and kh2 are given within a regioh ABNOJKLMA shown
in Fig. 3.

The 16th SAW device having this constitution is
provided with propagation welocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF

20 of from -15 to 15 (ppm/°C) and effective coupling
coefficient K*> of from 0.70 to 2.2 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.

A 17th surface acoustic wave device for 2nd mode

25 surface.acoustic wave of a wavelength A (um) according

to the present invention is a "type-B" SAW device shown

,_.--,———"—’-——'——-
F':r:ﬂ\ SHEERT HAS BEEN
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coefficient K2 of from0.1to 1.3 (%9. Further, such constitution
I S nore advantageous in nmanufacturing, as di scussed in the first
SAW devi ce. 20 The two- di nensional Cartesian cooPh hestEas laced
havi ng absci ssa axis of khl and ordinate axis of kh2 is

Fig. 1. The regi on ABCDEFCHI JKLA and the regi on AH|

shown in Fig. 1. A third surface acoustic wave device for 2nd
node 25 surface acoustic wave of a wavelength [err] ([err]m according
to the present invention conprises: (i) a dianond SET 96-18B

=t
=

In Fig. 6B; wherein a parameter kh3 = 2m(t,/A) is: 0.231
< kh3 < 0.297, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMNA shown in Fig. 4.

5 The 17th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.55 to 1.75 (%). Further, such

10 constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.

A 18th surface acoustic wave device according to
the present invention is also a "type B" SAW device
having a kh3 of 0.231 to 0.297, wherein the parameters

15 khl and kh2 are given within a region AOPKLMNA in the
two~dimensional Cartesian coordinate graph, the outer
edge of the region AOPKLMNA shown in Fig. 4.
The 18th SAW device having this constitution is
provided with propagation velocity V of from 10,000 or
20 higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.60 to 1.75 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.
25 A 19th surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um) according

25




-11- | ayer, (ii) a zZnO | ayer disposed on the di anond [ ayer,

the ZnO | ayer having a thickness t[err], (iii) an terdlglta
transducer (1DT) disposed on the ZnO | ayer, theTP “ eﬂmmd
t hi ckness of t[err], and (iv) a Sigerr] 5 | ayer d tum
interdigital transducer onto the ZnO | ayer, the i

havi ng a thickness of t[err]; wherein a paraneter kh3 =
2n(t[err]/[err]) is: 0.099 [err] kh3 [err] 0. 165, and mherein a
parameter khl=2[err](t[err]/[err]) and a paranete

kh2=2[err] (t[err]/[err]) are given within a region SE&B&BE&&ﬁIJKLNA

'na tmo-dln%ns %%abf%%%% ST%%entlon is a "type-B" SAW device shown

in Fig. 6B; wherein a parameter kh3 = 2m(t,/A) is: 0.297
< kh3 < 0.363, and wherein the parameters khl and kh2
are given within a region ABCDEFGHIJKLA shown in Fig.

5 5.

The 19th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

10 _ coefficient K* of from 0.30 to 1.7 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned iﬁ the 11lth SAW device.

A 20th surface acoustic wave device according to
the present invention is also a "type B" SAW device

15 having a kh3 of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL shown in
Fig. 5.
The 20th SAW device having this constitution is
provided with propagation velocity V of from 10,000 or
20 higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.70 to 1.7 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.
25 A 2ist surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um) according
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coordi nate graph having absci ssa axis of khl and ordi nate axis of

kh2, the outer edge of the region ABCDEFGHIJKL??. i LV nlg i
closed chain in the Cartesian coordi nate consi Sty Gl :
B, -C, D, 15 E, F, G H I, J, K L and Mand |ines “

A

DE EF, FG GH HI, I-J, J-K K-L, L-Mand MA;
bei ng gi ven by a coordi nate point (khl' =0. 30, kh2=0.98); the point
B being given by a coordi nate point (khl=0.40, kh2=0.95); the
point C 20 bei ng given by a coordinate point (khl=0. 1 KRR $6) ;

t he point D being given by a coordinate point (khﬁé%.60 B

kho=1,00): 1 g, AU FeDBLOGL BB AN 5 a »eype-EPO5iaLE100 Bhown

(kh1=1. 04, kh € pol
in Fig. 6C; wherein a parameter kh3 = 2m(t,/A) is: 0.033

< kh3 < 0.099, énd wherein a parameter khl=2n(t,/A) and
a parameter kh2=2m(t,/A) are given within a region
5 ABCDEFGHIJKLA shown in Fig. 1.

The 21st SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

10 coefficient K’ of from 0.12 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing.
Processing temperature for forming Zn0 layer is not
strictly limited when the "type C" constitution is
employed, because the formation of ZnO layer, which

15 requires relatively higher processing temperature, is
accomplished before forming IDT which has relatively
low melting/softening point.

A 22nd surface acoustic wave device according to
the present invention is also a "type C" SAW device

20 having a kh3 of 0.033 to 0.099, wherein the parameters
khl and kh2 are given within a region ABIJKLA shown in
Fig. 1.

The 22nd SAW device having this constitution is
provided with propagation velocity V of from 10,000 or

25 higher (m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling
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being given by a coordinate point (khl=1.53, kh2=0.89); 25 t he poi nt

G bei ng given by a coordi nate point (khl =1. 60, k{]l-lzls:é%éestglgs;Be% laced
i -
a

poi nt H being given by a
coordi nate point (khl=1.22, kh2=0.63): the point | Imlllt m.

i
SEI 96-18B

coordi nate point (khl=1.00, kh2=0.59); the point J
coor di nat e poi nt

coefficient K* of from 0.12 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in thé 21 SAW device.
A 23rd surface acoustic wave device for 2nd mode
5 surface acoustic wave of a wavelength A (um) according
to the present invention is a "type~C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2m(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2mn(t,/A) are given within a region
10 ABCDEFGHIJKLMA shown in Fig. 2.
| The 23rd SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
15 coefficient K’ of from 0.05 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in-the 21st SAW device.
A 24th surface acoustic wave device according to
the present invention is also a "type-C" SAW device
20 having a kh3 of 0.099 to 0.165, wherein the parameters
khl and kh2 are given within a region ABCNJKLMA shown
in Fig. 2.
The 24th SAW device having this constitution is
provided with propagation wvelocity Vv of from 10,000 or
25 higher {m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling
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(khl =0. 89, kh2=0.57); the point K being given by a 5 coordi nate point

(khl =0. 53, kh2=0.52): the point L bei ng” gi ven by This Steatri Bk Reppiant
(khl =0. 53, kh2=0. 45); and the point M being given ' e
poi nt (khl =0. 30, kh2=0.65). The |l ayer structure of mmm'mm”m
device is schematically illustrated in Fig. 6A, "type 10 ,

The third SAWdevi ce having above constitution is provided with
propagation velocity v of 8,000 (nm's) or hi gher, tenperature
coefficient of frequency TCF of from-15 to 15 (ppg%%egg%g% and
effective coupling 15 coefficient Klerr] of fromO0.O05 ) ?9@.

Further, sucleericient®R'oL HiSH & S08™LS GHE P WS LRI HLER U1 Y.
constitution is more advantageous in manufacturing, as
discussed in the 21st SAW device.

A 25th surface acoustic wave device for 2nd mode

5 surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2n(t,/A) is: 0.165
< kh3 < 0.231, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2n(t,/A) are given within a region

10 ABCDEFGHIJKLMA shown in Fig. 3.

The 25th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

15 coefficient K* of from 0.05 to 0.85 (%). Further, such
conétitution is more advantageous in manufacturing, as
mentioned in the 2lst SAW device.

A 26th surface acoustic wave device according to
the present invention is also a "type C" SAW device

20 having a kh3 of 0.165 to 0.231, wherein the parameters
khl and kh2 are given within a region ABNOJKLMA shown
in Fig. 3.

The 26th SAW device having this constitution is
provided with propagation velocity V of from 10,000 or

25 higher m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling



nmentioned in the first SAW devi ce. A fourth surface acoustic

wave devi ce according to the present invention Thi SAdeBifas Been RERS e
SAW devi ce, 20 wherein the paranmeters khl and kh2 a i (N Apn a
regi on ABCNJKLMA in the two-dinmensional Cartesian- Umﬂémn‘m ﬂr aph,
t he outer edge of the region ABCNJKLMA being giv

chain in the Cartesian coordinate, consisting of the points A B
and 25 C, a point N, and the points J, K L, and M and |ines

A-B, B-C, CGN NJ, J-K K-L, L-Mand MA, SEI 96-18B

coefficient K® of from 0.05 to 0.65 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in the 21st SAW device.

A 27th surface acoustic wave device for 2nd mode

5 surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2m(t,/A) is: 0.231
< kh3 < 0.297, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2m(t,/A) are given within a region

10 ABCDEFGHIJKLMNA shown in Fig. 4.

The 27th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

15 coefficient K* of from 0.05 to 0.82 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the 21st SAW device.

A 28th surface acoustic wave device according to
the present invention is also a "type C" SAW device

20 having a kh3 of 0.231 to 0.297, wherein the parameters
khl and kh2 are given within a region AOPKLMNA in the

two-dimensional Cartesian coordinate graph, tfie/ outer

edge of the region AOPKLMNA shown in Fig. 4.

v

The 28th SAW device having this constitution is .-
25 provided with propagation velocity V of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF
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- 13- the point N being given by a coordi nat e poimt

(khl' =0. 62, kh2=0.77). The fourth SAMVdeV|ce haV|ng thIS
constitution is provi ded with propagation ve

10, 000 or 5 hi gher (m's), tenperature coeff|C|ent l

of from-15 to 15 (ppm[err]C) and effective coupling |ent
Klerr] of from0.05 to 1.15 (9% . Further, such constltutlon 'S
nore advant ageous in manufacturing, as mentioned in the first SAW
device. 10 The two-di nensional Cartesian coordlngk% Q%QH%B

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.05 to 0.50 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in the 21st SAW device.

5 A 29th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2m(t,/A) is: 0.297
< kh3. < 0.363, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLA shown in Fig. 5.

The 29th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

15 from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from.0.0S to 0.75 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the 21st SAW device.

A 30th surface acoustic wave device according to

20 the present invention is also a "type-C" SAW device
having a kh3 of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL shown in
Fig. 5.

The 30th SAW device having this constitution is

25 provided with propagation velocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF
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havi ng absci ssa axis of khl and ordinate axis of kh2 is shomn I n

Fig. 2. The regi on ABCDEFGH JKLMA and t he I efHisNRecf LML

al so shown in Fig. 2. A fifth surface aco ce for
2nd node 15 surface acoustic wave of a wavel engt mmﬂm ﬂm;ﬂ
accordi ng to the present invention conprises:

| ayer, (ii) a ZnO | ayer di sposed on the dianond | ayer, the ZnO

| ayer having a thickness t[err], (iii) an i nterdigital transducer
(1DT) disposed on the ZnO 20 | ayer, the I DT having agghi gkngegg of
t[err], and (iv) a Sigerr] | ayer di sposed over the interdigital

t ransducer 0pEOfrom -15 tbhesZpBpmayey. ahHee§E€8th§é960G uiing a thickness
of t[err]; mhereln a paranmeter kh3 = 2n(t[err]/[err]) is: 0.165

[err] kh3 [eeb&fficient K of from 0.07 to 0.35 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in the 21st SAW device.

5 A 31st surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2m(t,/A) is: 0.033
< kh3 < 0.099, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLA shown in Fig. 1.

The 31st SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

15 from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.85 to 2.0 (%). Further, such
constitution is advantageous in manufacturing, because
ZnO0 having better formability is employed.

A 32nd surface acoustic wave device according to

20 the present invention is also a "type D" SAW device
having a kh3 of 0.033 to 0.099, wherein the parameters
khl and kh2 are given within a region ABIJKLA shown in |
Fig. 1.

The 32nd SAW device having this constitution is

25 providqg with propagation velocity V of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF
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0.231, and wherein a paranmeter khil=2[err](t[err]/[err]) and a 25
paraneter kh2=2[err](t[err]/[err]) are given within a r?ﬂiﬁﬁalhsBum

ABCDEFGHI JKLMA in a two-di nensi onal Cartesian Replaced
- 14 - coordi nate graph havi ng absci ssa axi s of "Mﬂ“ﬂ[
ordi nate axis of kh2, the outer edge of the region VA
bei ng given by a closed chain in the .

SEI 96-18B

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 1.05 to 2.0 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 31st SAW device.

5 A 33rd surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) acéording
to the present invention is a "type-D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2m(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2m(t_,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 2.

The 33rd SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

15 from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.75 to 1.80 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device.

A 34th surface acoustic wave device according to

20 the present invention is also a "type D" SAW device
having a kh3 of 0.099 to 0.165, wherein the parameters
khl and kh2 are given within a region ABCNJKLMA in the.
two~-dimensional Cartesian coordinate graph, the outer
edge of the region ABCNJKLMA shown in Fig. 2.

25 The,34th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or
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Cartesi an coordi nate consisting of points A, B, C, D, ° E, F G H
I, J, K L and Mand lines A-B, B-C, GC D,

D-E
1-J, J-K K-L, L-Mand MA; t he poi nt Abelng glv Sect%asfﬁ’ﬁ iI&‘{e

poi nt (khl =0. 30, kh2=1.07); the point B being glv

coordi nate point (khl=0.36, kh2=1.07); the point C 10 a
coordi nate point (khl=0.43, kh2=1.07); the point D being given by a
coordi nat e point (kh1'=0.90, kh2=1.37); the point E being given by a
coordi nate point (khl=1.05, kh2=1.20); the point F S |@% qbﬁen by a
coordi nate point (khl=1.52, kh2=0.85); 15 the point Gbéing given by a

coordi nat e
a

pﬁhaher (m/s), géﬁtbe%a%urek%%eq:‘f %)le ; h%fo %Petqdérpce)} nfbfg' ven by

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.75 to 1.80 (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 31st SAW device.

A 35th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2m(t,/A) is: 0.165

10 < kh3 < 0.231, and wherein a parameter khl=2n(t,/A) and
a parameter kh2=2m(t_,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 3.

The 35th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 {(m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.65 to 1.7 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device.

20 A 36th surface acoustic wave device according to
the present invention is also a "type D" SAW device
having a kh3 of 0.165 to 0.231, wherein the parameters
khl and kh2 are given within a region ABNOJKLMA shown
in Fig. 3.

25 The.36th SAW device having this constitution is

provided with propagation velocity Vv of from 10,000 or
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coordi nate point (khl=1.05, kh2=0.72); the point I

a coordi nate point (khl=0.85, kh2=0.68); t he poj nt J belng gi ven
by a coordinate point 20 (khl =0.71, kh2=0.68); the “ a Beden
by a coordi nate point (khl=0. 38, kh2:0.68) t he p

bei ng given by a coordinate point (khl=0.42, kh2=0.55);

poi nt M bei ng given by a coordi nate point (khl 0. 30 kh2

The | ayer structure of this SAW 25 device is schematically i 11 ustrated
in Fig. 6A "type A" SEI 96-18B

higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K> of from 0.65 to 1.7 (%). Further, such
constitution is advantageous in manufacturing, as
5 discussed in the 31lst SAW device.
A 37th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according

to the present invention is a "type-D" SAW device shown

in Fig 6D; wherein a parameter kh3 2(t,/A) is: 0.231

10 < kh3 < 0.297, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2m(t_,/A) are given within a region
ABCDEFGHIJKLMNA shown in Fig. 4.

The 37th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient XK* of from 0.55 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device.

20 A 38th surface acoustic wave device according to
the present invention is also a "type D" SAW device
having a kh3 of 0.231 to 0.297, wherein the parameters.
khl and kh2 are given within a region AOPKLMNA shown in
Fig. 4.

25... The.38th SAW device having this constitution is

provided with propagation velocity Vv of from 10,000 or
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- 15- The fifth SAW devi ce having above constitutionmTs
provided with propagation velocity V of 8 000 (ms) or hi gher,
tenperature coefficient of frequency TCF of ﬁrgfhaBﬁﬁmwhwd

(ppm[err]C) and effective coupling 5 coeff|C|ent 5to
1.05 (%9. Further, such constitution is nore a

manuf acturing, as nmentioned in the first SAWdevi ce.

si xth surface acoustic wave device according to t he present
invention is also a "Type A" SAWdevice,, 10 wher ei n EE? Baraggters

khl and kh2 are given within a
higher (m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.55 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 31st SAW device.

A 39th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2nn(t,/N\) iss: 0.297

10 < kh3 < 0.363, and wherein a parameter khl=2mn(t,/A) and
a parameter kh2=2n(t_,/A) are given within a region
ABCDEFGHIJKLA shown in Fig. 5.

The 39th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.40 to 1.4 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device.

20 A 40th surface acoustic wave device according to
the present invention is also a "type D" SAW device
having a kh3 of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL shown in
Fig. 5.

25 The.40th SAW device having this constitution.is

provided with propagation velocity V of from 10,000 or

* THI S SHEFT HAS. BEEN
REPLACED



regi on ABNQIKLMA in the two-di nensional Cartesian " coordinate graph,

the outer edge of the region ABCNJKLMA bei ng gi vﬁnisbh{eeﬂ{aﬁb&ﬁ‘i{gpl ed
chain in the Cartesi an coordi nate, consisting of t '

and 15 C, apoint N, a point O and the points J, K m@m,wmﬂﬁ
and lines A-B, B-C, &GN, NJ, J-K K-L, L-Mand MA,

bei ng gi ven by a coordi nate point (khl =0. 43, kh2=0.95); and the
point O being given by a coordi nate point (khl=0.61, kh2=0.75). 20

The sixth SAWdevice having this constitution is prgviggd Lt h
propagation velocity V of from 10, 000 or hi gher (nF f, éﬁﬁbrature

coet {10l ent ol hEeIeY " Cenperature e ¥loikhd QA TURRIAG WY 2

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K? of from 0.60 to 1.4 (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 31st SAW device.

A 41st surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is: 0.033

10 < kh3 < 0.099, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2m(t_,/A) are given within a region
ABCDEFGHIJKLA shown i Fig. 1.

The 41st SAW device having above constitution is

provided with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.2 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, because

- Z2n0 having better formability is employed.

20 A 42nd surface acoustic wave device according to
present invention is also a "type F" SAW device having
a kh3 of 0.033 to 0.099, wherein the parameters khl and
kh2 are given within a region ABIJKLA shown in Fig. 1.

The 42nd SAW device having this constitution is
25 provided with propagation velocity V of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF
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coefficient Klerr] of from0.05 to 0.95 (% . Further, such 25

constitution is nore advantageous in manufacturing, as oned, i n
the first SAWdevi ce. TmSSheetHasnEeenh aced

The two-di nensi onal Cartesian coordi nate graph eﬂl' ﬂIHH t_ﬂ
axis of khl and ordinate axis of kh2 is shown
regi on ABCDEFGHI JKLMA and t he

SEI 96-18B

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.55 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 41st SAW device.

5 A 43rd surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 2.

The 43rd SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

15 from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.25 to 1.6 (%). Further; such
constitution is advantageous in manufacturing, as
mentioned in the 41lst SAW device.

A 44th surface acoustic wave device according to

20 the present invention is also a "type F" SAW device
having a kh3 of 0.099 to 0.165, wherein the parameters
khl and kh2 are given within a region ABCNJKLMA shown
in Fig. 2.

The 44th SAW device having this constitution is

25 provided with propagation velocity V of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF
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regi on ABNQJKLMA are al so shown in Fig. 3. 5 “TA seventh surface

acoustic wave device for 2nd node surface acousti h%ﬁ%&B%&ﬁihmd
wavel ength [err] ([err]m according to the pre

conprises: (i) a dianond | ayer, (ii) a ZnO | ayer qm&&'ﬂml he
di anond | ayer, the ZnO | ayer having a thickness f | an
10 Interdigital transducer (IDT) disposed on the ZnO | ayer,
the I DT having a thickness of t[err], and (iv) a SiJerr] | ayer

di sposed over the interdigital transducer onto tth%”95L§%§r1 t he
Sigerr] layer having a thickness of t[err]; wherein a paraneter

wherein & paPAMECER KAC=5Pers] (BEBFr FL 8P Fiiestave cbbeling 0l o
kh2=2n(t [ err Lolgril) ¢te 13! ¥eNs¥ohhb 88 £69198 (3). Further, such
constitution is advantageous in manufacturing, as
discussed in the 41st SAW device.

5 A 45th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present inveﬁtion is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is: 0.165
€ kh3 < 0.231, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 3.

The 45th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

15 from.-15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.25 to 1.6 (%$). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 41st SAW device.

A 46th surface acoustic wave device according to

20 the present invention is also a "type F" SAW device
having a kh3 of 0.165 to 0.231, wherein the parameters
khl and kh2 are given within a region ABNOJKLMA in the
two-dimensional Cartesian coordinate graph, the outer
edge of the region ABCNJKLMA shown in Fig. 3.

25 The,.46th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or

39

cuT HAS BEEN
ALCED




ABCDEFGHI JKLMNA i n a two-di nensi onal Cartesian coordi nate graph

havi ng absci ssa axis of khl and ordi nate aXIgh@BM£ﬁ%sB&Hﬁe

edge of the region 20 ABCDEFGHI JKLMNA bei ng give aln
in-the Cartesi an coordi nate consisting of poi r’:NHmm, {T

E, F, G H I, J, K L, Mand N and lines A-B, B-C, C '
E-F, -G GH, HI, I-J, J-K, K-L, L-M MN and the p0|nt A
bei ng given by a coor di nat e poi nt 25 (kh1=0. 30, kh2= 1.15); t he poi nt
B being given by a coordi nate point (khl=0.38, khzgh. 3Q); gghe
point C

higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient X* of from 0.65 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 41st SAW device.

A 47th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is: 0.231

10 < kh3 < 0.297, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMNA shown in Fig. 4.

The 47th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.3 to 1.45 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 41st SAW device.

20 A 48th surface acoustic wave device according to
the present invention is also a "type F" SAW device
having a kh3 of 0.231 to 0.297, wherein the parameters
khl and kh2 are given within a region AOPKLMNA shown in
Fig. 4.

25 The_.48th SAW device having this'constitution is

provided with propagation velocity V of from 10,000 or
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t he
t he
t he
t he
t he
t he
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poi
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poi
poi
poi
poi

10

15

20

25

bei ng given by a coordinate point (khF=6-46;—kh2=1-32);

nt D being given by a coordi nate point (kh1=0. 60, kh2=1.52);
nt E being given by a coordi nate point ( ct¥ias B lacedO) ;
nt F 5 bei ng given by a coordinate point (khl ﬁ ’H’ giu,M);
nt G being given by a coordinate point (k 20) ;
nt H being given by a coordi nate point (khl=1.40, kh2=0.91);
nt | bei ng given by a coordinate point (khl=1.14, kh2=0.83);
the point J being given by a coordinate point SET 96-18B

higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.55 to 1.45 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 41lst SAW device.

A 49th surface acoustic wave device for 2nd mode
surface acoustic wave-of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is:
0.297 < kh3 < 0.363, and wherein a parameter
khl=2m(t,/A) and a parameter kh2=2n(t,/A) are given
within a region ABCDEFGHIJKLA shown in Fig. 5.

The 49th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.35 to 1.35 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 41st SAW device.

A 50th surface acoustic wave device according to
the present invention is also a "type F" SAW device
having a kh3 of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL in the two~
dimensional Cartesian coordinate graph, the outer edge
of the region LMJKL shown in Fig. 5.

The 50th SAW device having this constitution is
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R —
(khl =0. 83, kh2=0.76); the point K being given by a coordi nate
poi nt (khl =0.60, kh2=0.73); the point L bei ng gk iR HayBean Replaced

coordi nate point (khl=0.35, kh2=0.73); t he poi n by
a coordi nate point 15 (khl =0. 38, kh2=0.63); and tq%lmml g
given by a coordi nate point (khl=0.30, kh2=0.65)" !
structure of this SAWdevice is schematically illustrated in Fig.
6A, "type A". The seventh SAW devi ce havi ng above constitution-

is 20 provi ded with propagation velocity V of 8,000 (n§€% ﬁé‘ B
hi gher, tenperature coefficient of frequency TCF of o] -1% to 15

Egpgfggrz£§? Sﬁ%yf%% C&iﬁﬁhggggggggion velocgggfbl%Ee%%o§[i5nk0%fo&ron]0'05

higher (m/s), temperature coefficient of frequency TCF

of from ~15 to 15 (ppm/°C) and effective coupling
coefficient K? of from 0.70 to 1.35 (%). Further, such

5 constitution is advantageous in manufacturing, as
discussed in the 41st SAW device.

The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 5. The region ABCDEFGHIJKLA and the

10 region LMJKL are also shown in Fig. 5.

All of the first to 50th SAW devices according to
the present invention also have less propagation loss
when these utilize 2nd mode SAW than in the case when
these devices utilize 1st mode SAW. The first to 50th

15 SAW devices according to the present invention can
achieve propagation loss of 0.03 dB/A for 2 GHz when
these devices utilize 2nd mode SAW, although these
devices achieve propagation loss of 0.05 dB/A for 2 GHz
when these devices utilize 1lst mode SAW.

20 The "type-A" SAW device according to the present
invention may have a combination of khl and kh2 for
kh3=0.044, which is given within a region defined by an
upper line obtained by increasing kh2 from a first
primary combination line (Al-Bl1-Cl-D1-El1-F1-Gl) shown

25 in Fig.»28 by 10 % and a lower line obtained by
decreasing kh2 from the first primary combination line
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constitution is nore advantageous in manufacturing, as- in
the first SAW devi ce. A eighth surface acoustic wave device
according to This SHegt Has Been Replaced ¢

|H the

SEI 96-18B

present invention is also a "Type A" SAWdevice,
paranmeters khl and kh2 are given within a regi

t wo- di nensi onal Cartesian

(A1-B1-C1l-D1~E1-F1-Gl) by 10%. The device may have a
combination of khl and kh2 for kh3=0.066, which is
given within a region defined by an upper line obtained
by increasing kh2 from a second primary combination

5 line (A2-B2-C2-D2-E2-F2-G2) shown in Fig. 28 by 10 %
and a lower line obtained by decreasing kh2 from the
second primary combination line (A2-B2-C2-D2-E2-F2-~G2)
by 10%. The device may have a combination of khl and

- kh2 for kh3=0.099, which is given within a region

10 defined by an upper line obtained by increasing kh2
from a third primary combination line (A3-B3-C3-D3-E3~-
F3~G3) shown in Fig. 28 by 10 % and a lower line
obtained by decreasing kh2 from the third primary
combination line (A3-B3-C3-D3-E3-F3-G3) by 10%. The

15 device may have a combination of khl and kh2 for
kh3=0.132, which is given within a region defined by an
upper line obtained by increasing kh2 from a primary
combination line fourth (A4-B4-C4-D4-E4-F4-G4) shown in
Fig. 28 by 10 % and a lower line obtained by decreasing

20 kh2 from the fourth primary combination line (A4-B4-C4-
D4-E4-F4-G4) by 10%. The device may have a
combination of khl and kh2 for kh3=0.198, which is
given within a region defined by an upper line obtained
by increasing kh2 from a fifth primary combination line

25 (A5-B5-€5-D5~-E5-F5~G5) shown in Fig. 28 by 10 % and a

lower line obtained by decreasing kh2 from the fifth
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coordi nate graph, the outer edge of the regi on AOPKLMNA—5— bei
given by a closed chain in the Cartesian coordi nate, consis

the point A, a point O a
and lines A-Q OP, P-K K-L, L-M MN and N A,
gi ven by a coordinate point (khl=0.36, kh2=1.00); and 10

|

bei ng gi ven by a coordi nate point (khl =0. 48, kh2=

The ei ghth SAWdevi ce having this constitution is

propagation velocity V of from 10, 000 or hi gher (g# ) tg
coefficient of frequency TCF 15 of from-15 to 15 (pp ? PPT ?B

effective cou
Furt her,

10

15

20

25

SUC

g 9y coml.'J:l.natJ.gef E.IJ.%IeeQEXSIS%SQ-fCSf-rD mE%-% tG% )0 P I(OQ
The device may have a combination of khl and kh2 for
kh3=0.264, which is given within a region defined by an
upper line obtained by increasing kh2 from a sixth
primary combination line (A6-B6-C6-D6-E6-F6-G6) shown
in Fig. 28 by 10 % and a lower line obtained by
decreasing kh2 from the sixth primary combination line
(A6-B6-C6-D6-E6-F6-G6) by 10%.

The "type-A" SAW device according to the present
invention may also have a combination of khl and kh2
for 0.044 < kh3 < 0.066, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (Al12-B12-
Cl12-D12-E12-F12-G12) by 10 % and a lower line obtained
by decreasing kh2 from the interpolated primary
combination line (Al12-B12-C12-D12-E12-F12-G12) by 10%.
Each of the points Al2, B12, C12, D12, El12, F1l2 and Gl2
constituting the interpolated primary combination line
(A12-B12-C12-D12-E12-F12-G12) is obtained by
implementing linear-interpolation between respective
point of the first primary combination line Al, Bl1l, Cl,
D1, El1, Fl and Gl and the corresponding point of the
second primary combination line A2, B2, C2, D2, E2, F2
and G2 having the identical khl value, respectively.
The lingar interpolation (or linear insertion, or

linear interposition) between, for example, Al (khl,,
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constitution is nore advantageous in manufacturing, as menti-oned

in the first SAW devi ce. The two-di nensi sheR LGS

coordi nate graph 20 havi ng absci ssa axis of khl an ' | Beplaced ¢
Kh2 is shown in Fig. 4. The region ABCDEFGHI JK l
regi on AOPKLWNA are al so shown in Fig. 4.

acoustic wave device for 2nd node surface acoustic wave of a
wavel ength [err] ([err]m according 25 to the present invention
conprises: (i) a dianond | ayer, (ii) a ZnO Iayer(gé%xgﬁgﬁéglthe

di anond | ayer,
kh2,,) and A2 (khl,, Kh2,,) (kh1l,=0.600), gives the

interpolated point Al2 (khl, kh2,,,), by an equation:
kh2,,, = kh2,,+(kh2,,-kh2,,)x(kh3-kh3,,)/(kh3,,-kh3,,):
where kh3,, is a kh3 for the first primary combination

5 line (0.044), kh3,, is a kh3 for the second primary
combination line (0.066), and kh3 is from kh3,, (0.044)
to kh3,, (0.066). kh2,, is 0.645 and kh2,, is 0.671.

The "type-A" SAW device according to the present

invention may also ﬁave a combination of khl and kh2

10 for 0.066 < kh3 < 0.099, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (A23-B23-
C23-D23-E23-F23-G23) by 10 % and a lower line obtained
by decreasing kh2 from the interpolated primary

15 combination iine (A23-B23-C23-D23~E23-F23-G23) by 10%.
Each of the points A23, B23, €23, D23, E23, F23 and G23
constituting the interpolated primary combination line
(A23-B23-C23-D23-E23-F23-G23) is obtained by
implementing the linear-interpolation between

20 respective point of the second primary combination line
A2, B2, C2, D2, E2, F2 and G2 and the corresponding
point of the third primary combination line A3, B3, C3,
D3, E3, F3 and G3 having the identical khl value,
respectively, by using equations such as:

25 kh2,,, = kh2,,+(kh2,,-kh2,,)x(kh3-kh3,,)/ (kh3,,~kh3,,) .

~

The "type-A" SAW device according to the present
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-19- the ZnO | ayer having a thickness t[err], (iii) an
I nterdigital transducer (IDT) disposed on the ZnO ThisshJ:eaH@IBcentmpladeEDT

having a thickness of t[err], and (iv) a Sierr]
over the interdigital transducer onto 5 t he ZnO | H’Hllﬂmu [lmm rr]
| ayer having a thickness of tferr]; wherein a p

2[err](t[err}/Jerr]) is: 0.297 [err] kh3 [err] 0. 363, and wherein

a paranmeter khl=2n(t[err]/[err]) and a par amet er
kh2=2[err] (t[err]/[err]) are given within a region | IJKLA
In a two-di nensional Cartesian coordinate 10 gr aph hatfkh gﬁgbéiéssa
axi's of kh alnr{jveor{gllc?r?txgafleafsgfhave a combination of khl and kh2
for 0.099 < kh3 < 0.132, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (A34-B34-
5 C34-D34-E34-~F34-G34) by 10 % and a lower line obtained
by decreasing kh2 from the interpolated primary
combination line (A34-B34-C34-D34-E34-F34-G34) by 10%.
Each of the points A34, B34, C34, D34, E34, F34 and G34
constituting the interpolated primary combination line
10 (A34-B34-C34-D34-E34-F34-G34) is obtained by
implementing the linear-interpolation between
respective point of the third primary combination line
A3, B3, C3, D3, E3, F3 and G3 and the corresponding
point of the fourth primary combination line A4, B4,
15 C4, D4, E4, F4 and G4 having the identical khl value,
respectively, by using equations such as:
kh2,,, = kh2,,+(kh2,,~kh2,,)x(kh3-kh3,,)/(kh3,,~kh3,,).
The "type-A" SAW device according to the present
invention may also have a combination of khl and kh2
20 for 0.132 < kh3 < 0.198, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (A45-B45-
C45-D45-E45-F45-G45) by 10 % and a lower line obtained
by decreasing kh2 from the intérpolated primary
25 combination line (A45-B45-C45-D45-E45-F45-G45) by 10%.
Each of the points A45, B45, C45, D45, E45, F45 and G45
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kh2, the outer edge of the region ABCDEFGH JKLA being = given by a
closed chain in the Cartesian coordinate consirgit kNG Rf RO n s A

B, C D EF G H I, J, K and L and |ines A B %
E-F, G GH HI, 15 I-J, J-K K-L and L-A; the mu r’ gi ven
by a coordi nate point (khl=0.30, kh2=1.29); th

bei ng gi ven by a coordi nate point (khl=0.33, kh2=1.36) t he point
C being given by a coordinate point (khl =0. 40 kh2 1.60); the
point D being given by a 20 coordi nate point (khl= %ﬁ 2921%560)

the point E bei ng given by a coordinate point (kh 6

kh2=1.41); . t | Iqnd

(kni =1. 00, KRIDEEIEIAGIES, deRipll kel br Moy, Rt AP LEne

(A45-B45-C45~-D45-E45~-F45-G45) is obtained by

implementing the linear-interpolation between

respective point of the fourth primary combination line
5 A4, B4, C4, D4, E4, F4 and G4 and the corresponding

point of the fifth primary combination line A5, B5, C5,

D5, E5, F5 and G5 having the identical khl value,

respectively, by using equations such as:

kh2,,; = kh2,,+(kh2,,-kh2,,)x(kh3-kh3,,)/(kh3,,-kh3,,).

10 The "type-A" SAW device according to the present
invention may also have a combination of khl and kh2
for 0.198 < kh3 < 0.264, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (A56-B56-

15 C56-D56-E56-F56-G56) by 10 % and a lower line obtained
by decreasing kh2 from the interpolated primary
combination line (A56-B56-C56-D56-E56-~-F56-G56) by 10%.
Each of the points A56, B56, C56, D56, E56, F56 and G56
constituting the interpolated primary combination line

20 (A56-B56-C56-D56-E56-F56~G56) is obtained by
implementing the linear-interpolation between
respective point of the fifth primary combination line
A5, B5, C5, D5, E5, F5 and G5 and the corresponding
point of the sixth primary combination line A6, B6, C6,

25 Dé, E6,_.F6 and G6 having the identical khl value,

respectively, by using equations such as:
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coordi nate point (khl=1.27, kh2=0.97); the point H 25~_“_‘“B§Tﬁ§‘ngEﬁ—by

a coordi nate point (khl=1.03, kh2=0.89); the pai.n bei ng gi ven
by a coordi nate poi nt Hhis gheetHaSBeﬂ Beplaced
(khl =0. 68, kh2=0.78): the point J being given by a ”mlﬂ !

poi nt (khl =0.52, kh2=0.77); the point K bei ng gi

coordi nate point (khl=0.30, kh2=0.76);

SEI 96-18B

kh2,,, = kh2,,+(kh2,,~kh2,;)x(kh3-kh3,;)/(kh3,,~kh3,,).
Each of the SAW devices determined on the basis of
the above mentioned primary combination lines and the
interpolated primary combination lines has considerably
5 excellent thermal stability among the aforementioned
first to 50th SAW devices according to the present
invention, while maintaining higher propagation
velocity V > 8,000 m/sec. and reasonable K’ which are
the equivalent level to the aforementioned first to
10 50th SAW devices. More specifically, the superior
thermal stability is that the frequency variation on
temperature change for the temperature range from —20
°C to 80 °C is within 500 ppm, that is, the frequency
variation per 1 °C is within 5 ppm. Therefore, the
15 above described SAW devices based on the primary and
the interpolated primary combination lines are
preferably employed for applications which require
severer temperature stability. It should be also
noted that the diamond SAW devices having the layer
20 constitution of (Si0, protection layer)/(IDT)/(ZnO
piezoelectric layer)/(diamond) and utilizing 2nd SAW
mode additionally have an advantageous characteristics
-of the improved propagation loss over the diamond SAW
devices having the layer constitution of (SiO,
25 protection layer)/(ZnO piezoelectric layer)/(IDT)/

(diamond) and utilizing lst SAW mode. The combination
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and the point L being given by a coordi nate point (khl =0. 30,

kh2=1.09). The layer structure of this SAW devn&ﬁmh§H§gn h&§||y
illustrated in Fig. 6A, "type A" The

havi ng above constitution is provided wi th propa Hll' ﬂlﬂ% m

of 8 000 (ms) or 10 hi gher, tenperature coefficien

of from-15 to 15 (ppm[err]C and effective coupling

coefficient Kerr] of from0.05 to 0.85 (% . Further, such
constitution is nore advantageous in manufacturing, as iloned in
the first SAWdevice. 15 A tenth surface acousticsﬁgvg%g &Pbe

ACCOrding 100, the ¢l LIS dAMTINALS AP Udbe (A8 AadhV devi oo,

present reduced insertion loss of less than 10 dB when
used for the narrow-band filter having higher
temperature stability at 2.5 GHz, while the combination
5 of the latter layer constitution and wave mode can not
reduce the insertion loss to such level for the use in
the same application.
In yet another aspect of the invention, SAW devices
according to the invention may comprise a interdigital
10 transducers (IDT) including an input interdigital
transducer for creating acoustic wave by applying
electric power to the input IDT and an output
interdigital transducer for receiving the acoustic wave
to obtain electric power, wherein a pair number Ni of
15 the fingers of the input IDT and a pair number No of
the fingers of the output IDT satisfy the relationship:
N = Ni + No = 50 - 90 pairs, and wherein the aperture
length of the input IDT or the output IDT is 10A - 50A
(A: wavelength of the SAW). Further, the SAW devices
20 additionally include at least two reflectors (or
electrodes), which are disposed to interpose the input
and the output IDTs along the propagating direction of
the SAW, wherein the reflectors comprise fingers, the
total number of which is not more than 2 x (100 - N),
25 where N.= Ni + No.

When quartz is used as the substrate material for
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wherein the paraneters khl and kh2 are given within a~ regionm CVIKL

I n the two-di nensional Cartesian coordi nate graggsm&g qgte dge
of the region LMIKL 20 bei ng given by a cl osed chai fpacydy
coordi nate, consisting of the point L, a point M and r,"ml ﬁ J s J
and K, and lines L-M MJ, J-K and K-L, t he poi nt by
a coordi nate point (khl =0. 37, kh2=0.94). 25. The tenth SAW
device having this constitution is provi ded with propagation

velocity V of.from 10, 000 or SEI 96-18B

the application of the narrow-band filters, the
possible minimum size of the electrode portion (i.e.,
the portion of the IDTs and the reflectors) is 200 um x
400 um. This size should be further reduced to meet
5 the current requirement for further miniaturizing the
devices. The miniaturizing of the devices become more
intensively required, as the whole communicating
systems become smaller and lighter.
The conventional devices can not achieve the lower
10 transmission loss of smaller than 10 dB, and it is
desirable to have lower transmission loss as possible,
because the devices having lower transmission loss is
advantageous for applying communicating systems.
Although one can readily reduce the size of the
15 electrode portion by reducing the pair number of the-
fingers or the aperture length of the IDTs, the
resultant devices having reduced size of the electrode
portion have deteriorated Q of less than 600 or higher
transmission loss of higher than about 16 dB, when
20 quartz is used for the substrate material. Thus, the
miniaturization of the SAW devices comprising quartz
substrate is limited to a certain level, if one
attempts to maintain better device characteristics.
Further, the SAW devices using conventional materials
25 such as.quartz have not achieve lower transmission loss

of < 10 dB, lower TCF of < 5 ppm and higher Q of not
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-21-

of from-15to 15 (ppm[err]C and effective coupling
of fromO0.05 to 0.50 (% . Further, such

C |
nor e advant ageous in manufacturing, as 5 ment i oned; 4
devi ce.

K[ er

r]

hi gher (m's), tenperature coefficient of frequency TCF

The two-di nensi onal Cartesian coordi

F

This Sheet Ha§ B&hL R:

[

L2

SAW

havi ng absci ssa axis of khl and ordinate axis of kh2 is shown in

Fig.

node

5.

10

15

20

25

The regi on ABCDEFGH JKLA and t he
shown in Fig. 5. 10

less than 600 at 2.5 GHz, even though larger electrode
portion is permitted.

The applicants of the invention have conducted a
number of experimental evaluation, and found that, when
diamond is used for the substrate material, pair number
of the fingers can be considerably reduced without
adversely affecting the Q value and the transmission
loss, due to the excellent combined properties of the
diamond and the ZnO piezoelectric material. Thus, the
combination of the above-described layer constitution
of the invention and the selected pattern of IDT and/or
reflector can provides reduced size of the electrode
portion of the devices to a level of 40-200 um x 200-
400 ym, while maintaining higher propagation velocity
and thermal stability than conventional devices, as
well as achieving better Q > 600 and lower transmission
loss of 6 - 10 dB. In addition, the SAW devices
advantageously have a bettér processibility to provide
higher yield, because the sufficient miniaturization
can be achieved with relatively wider finger of IDTs or
reflectors and the reduced pair number, according to
the present invention.

Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be

understood that the detailed description and specific
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surface acoustic wave of a wavelength [err] ([err]mn) according

the present invention conprises: (i) a dianond | ayer, (ii) a short
circuit el ectrode disposed on the di anond | ayerdhis lieFtl SaeeZREﬂldca;yer
di sposed over the 15 short circuit electrode onto t er,
the znO | ayer having a thickness t[err], (|v) a

transducer (IDT) disposed on the ZnO | ayer, the I aV|ng a

t hi ckness of t[err], and (v) a Sierr] |ayer disposed over the
interdigital transducer onto the ZnO | ayer, 20 the Si (2 I%yer havi ng
a thickness of t[err]; wherein a parameter kh3 = SEI 96-18B

2[err](t[err]/[err]) Is: 0.033 [err] khS:éFrr 0,099, anpd wherei n
a parameter B¥PEPLESy] W Je'l,er]J/II Ql%cp redembodiments of the

kh2= 2n(t[err]4k§rrloﬁ%re "G?%é% ;r%§§réa o SRR oﬁf&, since

various changes and modifications within the spirit and
scope of the invention will become apparent to those
5 skilled in the art from this detailed description.

SC ON O G

Fig. 1 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of Zn0O) and
ordinate axis of kh2(kh of Si0,), illustrating the

10 region ABCDEFGHIJKLA and the region ABIJKLA for 0.033 <
kh3 < 0.099;

Fig. 2 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of zZnO) and
ordinate axis of kh2(kh of Si0,), illustrating the

15 region ABCDEFGHIJKLMA and the region ABCNJKLMA for
0.099 < kh3 < 0.165;

Fig. 3 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of ZnO) and
ordinate axis of kh2(kh of Si0,), illustrating the

20 region ABCDEFGHIJKLMA and the region ABNOJKLMA for
0.165 < kh3 < 0.231;

Fig. 4 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of Zn0O) and
ordinate axis of kh2(kh of Si0,), illustrating the

25 region ABCDEFGHIJKLMNA and the region AOPKLMNA for
0.231 < kh3 < 0.297;
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which are shown in Fig. 1. The layer structure of this SAWdevi ce

is schematically illustrated in Fig. 6B, typthgs},e‘:tHasﬁ%ﬁRﬁﬁ'FEi

The 11th SAW devi ce havi ng above constitution is
propagation velocity V of 8,000 (nm's) or hlgher,ﬂﬂi
SEI 96-18B

coefficient of frequency TCF of

Fig. 5 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of 2Zn0O) and
ordinate axis of kh2(kh of Si0,), illustrating the
region ABCDEFGHIJKLA and the region LMJKL for 0.297 <

5 kh3 < 0.363;

Figs. 6A to 6G are schematic sectional views
illustrating layer structures (type A to type G)
according to the present invention;

Fig. 7 is a graph showing relationship of

10 parameters khl and kh2 for the SAW device of "type A"
at various effective coupling coefficients K’s, which
was obtained in Example 1;

Fig. 8 is a graph showing relationship of

parameters khl and kh2 for the SAW device of "type B"
15 at various effective coupling coefficients K’s thch was
obtained in Example 2;

Fig. 9 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type C"
at various effective coupling coefficients K’s which was

20 obtained in Example 3;

Fig. 10 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type D"
at various effective coupling coefficients K’s, which
was obtained in Example 4;

25 Fige 11 is a graph showing relationship of

parameters khl and kh2 for the SAW device of "type E"
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from-15 to 15 (ppm[err]C) and effective coupling 5 coefficient

Klerr] of from1.0 to 2.4 (%. Further, such This SEketHab Hleh RBpldcSa
advant ageous i n manufacturing, because ZnO havj

formability is enpl oyed. A 12th surface acHMﬂﬂlmm wvi ce
according to the present inventionis also a " Vi ce
10 havi ng a kh3 of 0.033 to 0.099, wherein the paraneters khl
and kh2 are given within a region ABIJKLA shown in Fig. 1.

The 12th SAWdevice having this constitution is pﬁﬁ¥'cgﬁif§§'1
propagation velocity V of from 10,000 or 15 hi gher (nié%, enperature

coef ficl ent ol WEiiPledfEceive coupfing 'Whi#Rolfnd® KPMLEH O and
was obtained in Example 5;
Fig. 12 is a graph showing relationship of
parameters khl and kh2 for the SAW device of 5type P
5 at various effective coupiing coefficients K’s, which
was obtained in Example 6;
Fig. 13 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type G"
at various effective coupling coefficients K’s, which
10 was obtained in Example 7;
Fig. 14 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various propagation velocities Vs, inlﬁhé
15 case of kh3 = 0.066;
Fig. 15 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various propagation velocities Vs, in the
20 case of kh3 = 0.132;
Fig. 16 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", “"type D", "type E", "type F" and
"type G", at various propagation velocities Vs, in the
25 case of .kh3 = 0.198;

Fig. 17 is a graph showing relationship of
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coefficient Klerr] of from1.2 to 2.4 (%. Further, such ~—————

constitution is advantageous in manufacturing, as This Shee | scussed in the
11t h SAW device. 20 A 13th surface acoustic ced nd
node surface acoustic wave of a wavel ength [er

accordi ng to the present invention is a "type- shown

in Fig. 6B; wherein a paranmeter kh3 = 2[err](t[err]/[err]) is: 0.099

[err] kh3 [err] 0.165, and wherein a parameter khl=2[err](t[err]/[err]) and
25 a paraneter kh2=2n(t[err]/[err]) are given within asﬁfg§@9185
ABCDEFGHI JKLMA in a two-di nensional Cartesian

parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various propagation velocities Vs, in the
case of kh3 = 0.264;
5 Fig. 18 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various propagation velocities Vs, in the
case of kh3 = 0.330;
10 Fig. 19 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various TCFs in the case of kh3 = 0.066;
Fig. 20 is a graph showing relationship of
15 parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various TCFs in the case of kh3 = 0.132;
Fig. 21 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
20 "type B", “type C", "“type D", "type E", "type F" and
"type G", at various TCFs in the case of kh3 = 0.198;
Fig. 22 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
25 "type G¥, at various TCFs in the case of kh3 = 0.264;

Fig. 23 is a graph showing relationship of

55



- 23- coordi nate graph having absci ssa axi s of—kht—and-
ordinate axis of kh2, the outer edge of the region ABCDEFGHI JKLNVA
shown in Fig. 2. The 13th SAW devi ce havin alsmscaiasBmtRleﬁla&d on
is- 5 provi ded with propagation velocity V of 8,000

hi gher, tenperature coefficient of frequency TCF of ﬂo 15

5to

(ppm[err]C) and effective coupling coefficient
2.25 (9%9. Further, such constitution is advantageous in
manuf act uri ng, as SET 96-18B
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various TCFs in the case of kh3 = 0.330;
Fig. 24 is a graph in the two-dimensional Cartesian
5 coordinate having abscissa axis of khl(kh of ZnO) and
ordinate axis of kh2(kh of Si0,), illustrating the
region A'B'C'D'E'F'G'H'I'J'K'L'M'N'O'P'Q'R'A' and the
region A'B'C'D'S'T'M'N'O'P'Q'R'A’', which are obtained
in the first preliminary evaluation;

10 Fig. 25'is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of Zn0O) and
ordinate axis of kh2(kh of Si0,), illustrating the
region abcdefghijklmnopqra and the region
abcdstmnopgra, which are obtained in the second

15 preliminary evaluation;

Fig. 26A schematically illustrates a planar shape
of an IDT (single-type electrode);

Fig. 26B schematically illustrates a planar shape
of an IDT (double-type electrode);

20 Fig. 27A is a schematic plan view of a exemplary
packaged SAW device;

Fig. 27B is a schematic side cross sectional view
of the packaged SAW device;
Fig. 27C is a bottom view of the package;
25 Figs 28 1is a graph showing first to sixth primary

combination lines obtained in Example 8;
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A_14th surface
the present i m¥iesHebt@s bin R aded™

10 mentioned in the 11t h SAW devi ce.
acoustic wave device according to

"type B" SAW devi ce having a kh3 of 0.099 to 0.1
paraneters khl and kh2 are given within a region I he
15 t wo- di nensi onal Cartesian coordinate graph, the o ge

of the regi on ABCNJKLMA shown in Fig. 2. The 14th SAW devi ce
having this constitution is provi ded with propagation velocity V of
from 10, 000 or hi gher (m's), tenperature coefficient of fre%Pency
TCF 20 of from-15 to 15 (ppm[err]C) and effective c 'ﬁﬁjls

coefficient Klerr

of fromO0.75 tqQ 2.25 (9%.

Furt her, such

constitution i s dddantdgddusd iFFanth Fhesing femparature variation of
TCF for the SAW device having kh3=0.099, khl=0.8 and
kh2=0.758;
Fig. 30 is a graph showing temperature variation of
5 TCF for the SAW device having kh3=0.099, khl=1.0 and
kh2=0.832;
Fig. 31 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.099, khl=1.2 and
kh2=0.930;

10 Fig. 32 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.044, khl=1.0 and
kh2=0.759;

Fig. 33 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.066, khl=1.0 and

15 kh2=0.789;

Fig. 34 is a graph showing temperature wvariation of
TCF for the SAW device having kh3=0.132, khl=1.0 and
kh2=0.877;

Fig. 35 is a graph showing temperature variation of

20 TCF for the SAW device having kh3=0.066, khl=1.0 and
kh2=0.710;

Fig. 36 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.066, khl=1.0 and
kh2=0.750;

25 Figs 37 is a graph showing temperature variation of

TCF for the

SAW device

having kh3=0.066, khl=1.0 and
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mentioned in the 11t h SAW devi ce. A 15t h surface acoustic mave

device for 2nd node 25 surface acoustic wave of QMMﬂmamamgka
([err]m according to the present invention is

devi ce shown

in Fig. 6B; wherein a paraneter kh3 = 2[err](t[err]/[err

[err] kh3 [err] 0.231, and wherein a paraneter khl= 2[err](t[err]/[err]) and
a paranmeter kh2=2[err](t[err]/[err]) are given within a region

SEI 96-18B
kh2=0.828;
Fig. 38 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.066, khl=1.0 and
kh2=0.868;
5 Fig. 39A schematically illustrates a plan view of
the electrode portion in Example 9; and
Fig. 39B is a schematic enlarged view of a finger

of IDT.

10 S Q Q S
The present invention will be described in detail
as following, with reference to the accompanying
drawings.
(Diamond)

15 The diamond material preferable for the use in the
present invention may be either natural diamond or
synthetic diamond. The diamond may be single
crystalline diamond or polycrystalline diamond. The
diamond plate/substrate itself can be used for

20 fabricating SAW devices according to the present
invention. Diamond layer/film formed on the other base
material can also be employed.

The base material used for forming diamond film is
not particularly limited, but may appropriately be

25 selected depending on the usage of the SAW device. For

example, the base material to be available in the
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ABCDEFGHI JKLMA shown in Fig. 3. 5 The 15th SAW gRYiepllaylng 4
above constitution is provided with propagatlon

8,000 (m's) or hi gher, tenperature coefficient wmm Hjﬂ?
from-15 to 15 (ppm[err]C) and effective coupling

of fromO0.70 to 2.2 (% . Further, such 10 constitution is

advant ageous i n manufacturing, as mentioned in the 11th SAW
devi ce. A 16th surface acoustic wave device according to

the present invention is also a "type B" SAWdevice g g kh3
of 0.165 to 0.231, wherein the parameters 15 euuii%g are d?ven

within a regig AENOIKIMY ST hay compridd &éMicdnductor materials

such as crystalline silicon, amorphus silicon, metals,
glass and ceramics. The process may appropriately be
selected from known synthesis processes such as

5 CVD{(Chemical Vapor Deposition) including microwave
plasma CVD, plasma enhanced CVD, PVD({Physical Vapor
Deposition), sputtering, ion plating, plasma jet
method, flame method and hot filament method.

In the case where the diamond film formed on the

10 base material is employed for fabrication of SAW device
according to the present invention, a parameter kh,,
which is defined as kh,=2nt /), where t, is a thickness
of the diamond film/layer and A is a wavelength of SAW,
is preferably 4 or higher, and more preferably kh, is 8

15 . or higher, because such thicker diamond film can
provides less fluctuation in operating performances of
the SAW device.

The plane orientation of the diamond may be any of
(111), (100) and (110), etc., or may be any combination

20 of these plane orientations.
(Zn0 layer)

ZnO layer, that is disposed on the diamond and
functions as piezoelectric layer of the SAW device
according to the present invention, is preferably

25 polycrystalline, and c-axis oriented, in view of

piezoelectric property. By "c-axis oriented", it is
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The 16t h SAW device having this constitution is provi ded mﬁth
propagation velocity V of from 10,000 or hi gher'lh(srsile%bﬁasﬁa

coefficient of frequency TCF 20 of from-15 to 15 (
ef fective coupling coefficient K2 of fromO0.70 tgwﬂw
Further, such constitution is advantageous in ma

mentioned in the 11th SAW devi ce. A 17th surface acoustlc mave
device for 2nd node 25 surface-acoustic wave of a mavelength [err]

([err]m according to the present invention is a e; B" W
devi ce shown éﬁf 95{1§§\

meant that ZnO layer have a (001) plane that is
parallel to a base layer, such as diamond layer, on
which the ZnO layer is disposed.
('Sio2 layer)

5 Sio, layer, that is formed on the ZnO layer,
functions as protecting or passivating material for the
ZnO layer and IDT according to the present invention,
as well as functioning maintain the thermal stability
‘of the device. Si0, is preferably an amorphous SiO,

10 layer because of its better formability and
processibility.

When device temperature increases, the SAW
propagation velocity through SiO, layer increases while
the SAW propagation velocities through diamond and ZnO

15 layer decrease. Thus, SiO, layer can compensate the
variation of the SAW propagation velocity through
diamond and ZnO layers to provide the operation
stability for temperature wvariation.

(Interdigital transducer and reflector)

20 Interdigital transducer (IDT) employed for the SAW
devices according to the present invention is an
element which creates or receive surface acoustic wave
(SAW) through piezoelectric (or electro-mechanical)
transformatioh of the piezoelectric material. The

25 "single~type" electrode as shown in the schematic plan

view of Fig. 26A or the "double-type" electrode as
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In Fig. 6B; wherein a paraneter kh3 = 2[err](t[err]/[err}) TS 0231t —
[err] kh3 [er] 0.297, and wherein a parameter khl=2n(t[err
a paraneter kh2= 2n(t[err] /[err]) are given within a regi hﬁ&t%asggmieﬁ“ed

ABCDEFGHI JKLMNA shown in Fig. 4. 5 The 17th S ﬂ" MIMI
above constitution is provi ded wi th propagation

8,000 (nm's) or hi gher, tenperature coefficient of frequency TCF of
from-15 to 15 (ppm[err]C) and effective coupling coef ficient

Klerr] of fromO0.55 to 1.75 (% . Further, such SEI 96-18B

shown in the schematic plan view of Fig. 26B or any
type of electrode may typically be used for the present
invention.
The IDT comprises an input IDT for creating surface
5 acoustic wave by being applied with electric power and
an output IDT for receiving the surface acoustic wave
to obtain electric energy. The SAW device according
to the present invention may further include at least
one pair of reflectors such as grating reflectors which
10 interpose the input and the output IDTs along the
propagating direction of the surface acoustic wave, so
that the multiple-refléction of.SAW is achieved between
the reflectors to create a standing wave. Any of
electric conductive materials can be used for the IDT
15 or the reflectors. Aluminum (Al) or aluminum alloy may
preferably be used as the material for the IDT because
of its better processibility.
When device temperature increases, the SAW
propagation velocity through diamond layer, aluminum
20 IDT and ZnO layer decreases while the SAW propagation
velocities through and SiO, layer increase.
(Short-Circuiting Electrode)
The short-circuiting electrode to be disposed as
desired, is an electrode having a function of providing
25 an equipotential state to an electric field so as to

change the SAW characteristics of the device. This

L S —
1 Trus SHEET HAS BLEN
’ REPLACED
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10 constitution is advantageous in manufacturing, as

mentioned in the 11th SAWdevi ce. A 18th sungggﬂgﬁg% W%ye
devi ce according to the present invention is als

devi ce having a kh3 of 0.231 to 0.297, wherein t I"# Iﬂﬁw

khl and kh2 are given within a region ACPKLMNA in the

t wo- di nensi onal Cartesian coordi nate graph, the outer edge of the
regi on AOPKLMNA shown in Fig. 4. The 18th SAW devi ce having

this constitution IS provi ded wi th propagation Vfﬂé%i from
10, 000 or hi gher (nis) tenperature coefficient of requency

o Trom 15 V8 A ARIIL Ry Tyl | SNE SOUILER) sise ool o

metal such as Al, Au or Al-Cu. Since the

short-circuiting electrode has different function from
that of the IDT, the matérial of the short-circuiting
5 electrode may not be same as that of the IDT.
The thickness of the short-circuiting electrode is
not particularly limited,.as long as it can function as
a short-circuiting electrode of a SAW device. The
thickness of the short-circuiting electrode may
10 preferably be in the range of about 50 to 3,000 A (more
preferably, about 100 to 500 A). When the thickness is
less than 50 A, it is difficult to obtain an
equipotential state as described above. On the other
hand, when the thickness exceeds 3,000 A, it may affect
15 the reflection of SAW.
For example, the short-circuiting electrode may
preferably has a planner shape of a "solid electrode”
having an area substantially equal to that of the IDT

to be used in combination therewith.

20
EXAMPLES
The following examples were carried out to
determine optimum khl and kh2, which provide
propagation velocity (V), electrical- mechanical
25 coupling coefficient (K*), temperature coefficient of

frequency (TCF) and propagation loss, by focusing a
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constitution is advantageous in manufacturing, as ————mentioned in the
11t h SAWdevice. 25 A 19th surface acoustic mave deV|ce for 2nd

nmode surface acoustic wave of a wavel ength [éPP Replaced
accordi ng IIMII the
present invention is a "type-B" SAWdevi ce shown

wherein a paraneter kh3 = 2[err](t[err]/[err]) is:
SEI 96-18B

thickness of aluminum IDT.
Example 1
The "type A" of SAW devices, illustrated in Fig.

6A, having different thickness of layers 14 and 16 and
5 IDT, were prepéred, and the desired thickness of ZnO

and SiO, layers were evaluated for 2nd SAW mode so as to

provide improved propagation velocity (V), effective

coupling coefficient K’, temperature coefficient of

frequency TCF and propagation loss.

10 More specifically, each of the SAW devices of
Examples 1 includes: a 20 um thick of diamond 20; one
of twenty different thicknesses within the range of
0.20 to 2.5 ym, of Zn0 layer; one of twenty different
thicknesses within the range of 210 to 4600 angstrom

15 for single and double types of Al IDT; and one of
twenty different thicknesses within the range of 0.15
to 2.0 um, of Si0,. The desired thicknesses of ZnO and
$i0, layers and Al IDT are expressed by the parameters

khl, kh2 and kh3 for 2nd mode SAW having wavelength A:

20 khl = 2n(t,/A), t,:thickness of ZnO layer;
kh2 = 2mo(t,/A), t,:sthickness of SiO, layer; and
kh3 = 2n(t,/A), t,:thickness of aluminum IDT.

A polycrystalline diamond film was formed on a
(100) plane of monocrystalline silicon having dimension
25 of 10x18x1 (mm), via microwave plasma CVD process. The

Silicon substrate was placed within a wvacuum CVD
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(] n

[err] kh3 [err] 0.363, and wherein the paranmeters khl—and—kh2 ar e
given within a regi on ABCDEFGH JKLA shown in Fig. 5 5.

The 19th SAW devi ce havi ng above constitution is This S ti‘hSBe@RApladad
propagation velocity V of 8,000 (nm's) or hlgher

coefficient of frequency TCF of from-15 to 15 nd
effective coupling 10 coefficient K2 of fromO0.30 to . _
Further, such constitution is advantageous in nanufacturlngz as
mentioned in the 11t h SAW devi ce. A 20th surface acoustic wave
devi ce according to the present invention is al so EL ¢§s18B saw

i i 297 to 0.363, wherein the paranmeters
device 15 cha%%%&n%faak%icroégve plasma CVD apparatus, a&h the

CVD chamber was evacuated. Then a reactant gas which
contains CH, and H,(volumetric flow rate ratio; CH,:H, =
1 :.200) was introduced. Diamond layer 12 having

5 thickness of 20 um was then deposited in the plasma
created under the condition of:microwave power of 400
W, pressure of about 40 Torr and temperature of 850 °C.
The deposition rate of the diamond was about 1.0 um/hr.
The deposited diamond layer was allowed to stand for 10

10 minutes in the air of 450°C, to enhance the resistance
of diamond layer.

After the deposited diamond surface was polished,
the Si substrate having diamond layer thereon was
transferred to a vacuuﬁ chamber of a magnetron

15 sputtering apparatus to deposit Zno layer 14 onto the
diamond layer 12. A polycrystalline ZnO target was
included within the chamber. The ZnoO target was
sputtered with flowing a sputtering gas containing Ar
and O, (Ar:0, = 1:1) through the chamber, under the

20 sputtering condition of: sputtering power of 150 W and
substrate temperature of 380 °C. The deposition rate
of the Zn0 layer was 1.8 um/hr. The thickness of ZnO
layer could be controlled by adjusting the deposition
duration under the constant deposition rate (1.8

25 pum/hr) .o

Aluminum IDTs 20 having planer shape of one of
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khl and kh2 are given within a region LMIKL shown in Frg—5:

The 20th SAW device having this constitution is o e 1 t
propagation velocity V of from 10,000 or 20 hi gﬂus Snett Hi I%er?Re\lqacepat ure
coefficient of frequency TCF of from-15 to 1%[", #tljﬂ rand
effective coupling coefficient K2 of fromO0.7

Furt her, such constitution is advantageous in manufacturing, as
mentioned in the 11th SAWdevice. 25 A 21st surface acoustic wave
device for 2nd node surface acoustic wave of a wavghgngth, gerr]

([err]m according
single-~-type and double-type electrodes as shown in

Figs. 262 and 26B, respectively (electrode element
width d = 1uym; aperture length (pitch) = 200 um so as
to provide wavelength = 4um for single type IDT,

5 aperture length (pitch) = 400 um so as to provide
wavelength = 8um for double type IDT) was formed on ZnO
layer 14 by resistance heating processing and
subsequent etching. Thus, the SAW devices having
single type IDT and the SAW devices having double type

10 IDT were formed. The thickness of Al IDT could be
controlled by adjusting the duration of the resistance
heating processing.

Then, after ZnO target in the apparatus was
replaced by Si target, an SiO, layer 16 having |

15 predetermined thickness was formed over the IDTs via RF
sputtering process under the condition of: pressure of
1 x 10 Torr, substrate temperature of 150 °C and Ar :
0, =1 : 1, RF power of 200 W. The deposition rate of
the Si0, layer was 0.54 uym/hr. The thickness of SiO,

20 layer could be controlled by adjusting the deposition
duration under the constant deposition rate (0.54
um/hr).

With respect to each of the SAW devices illustrated
in Fig. 6A, radio frequency (RF) powér was applied to

25 the input IDT to generate SAW of 2nd mode. The

propagation velocities V (m/s) of the generated SAW of
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-27- to the present invention is a "type-T SAW devi ce shown

in Fig. 6C, wherein a paraneter kh3 = 2n(t[err]/[err]
[err] kh3 [err] 0.099, and wherein a parameter khl = ﬁheet Oéern
UM

1ace

a paranmeter kh2=2[err](t[err]/[err]) are given mnthln

ABCDEFGHI JKLA shown in Fig. 1. The 21st

above constitution is provided with propagation velocity V of
8,000 (m's) or hi gher, tenperature coefficient of frequency TCF of
from-15 to 15 (ppm[err]C) and effective coupling SET 96-18B

2nd mode were determined depending on a relationship of
Vv =f£f x A (f£f: center frequency, A =4d = 4 um for
single type IDT, A = 8d = 8 um for double type IDT).
The effective coupling coefficient (K?) was also

5 evaluated by measuring the radiation conductance
(wherein the real part is denoted by "G") of the IDT by
using a network analyzer ("Network Analyzer 8719A",
commercially available from Yokogawa Hewlett Packard
(YHP), Japan), and by using following formula:

10 K

G/ (8'£,C'N)
(f,: center frequency, C: total electrostatic
capacitance of IDT, N: pair number of IDT).
TCF measufement was carried out by the following
manner: SAW device was heated by an external heater
15 from room temperature to 70°C. The central frequency F,
was measured at every 10°C from the room temperature to
70°C. Proportional relationship between the central
frequency and the device temperature. TCF was given by
the slope of the relationship.
20 Further, propagation loss was evaluated by the
| following manner: SAW devices having same
layer/electrode constitution but different spacing
between input IDT and output IDT (e.g., 50 wavelength,
100 wavelength and 150 wave length) were fabricated. A
25 relatioaship of insertion loss with the spacing was

evaluated to be proportional. Then the propagation
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10 coefficient Kerr] of from0.12 to 0.85 (% . Further, such

constitution is nore advantageous in manufacturing. This ShedPHasBeERPpPced
tenperature for formng ZnO | ayer i s not strictl t he
"type C' constitution is enpl oyed, because the f f ﬂ!’D

| ayer, which 15 requires relatively higher processing tenp t , 1S
acconpl i shed before form ng I DT which has rel atively | ow

mel ti ng/ softeni ng point. A 22nd surface acoustic wave device
according to the present invention is also a "typggs q@Wdsvi ce
20 having a kh3 of 0.033 to 0.099, wherein the paraneters khl

and kh2 are giggn Wid it A& P AR Mddh SEPPWhé 'relationsh Y- 1-

The thickness t, (um) of the ZnO layers of each SAW
devices, and the thickness t, (um) of the SiO, layers of
each SAW device were measured by cutting off the device

5 after the measurement of device performances as
described above, and observing the resultant section of
the device with a scanning electron microscope (SEM) at
a magnification of 1000-5000x. Thus, the values of the
parameters of khl = 2m(t,/A) and kh2 = 2n(t,/A) were

10 determined for each of the SAW devices.

Variation of the effective coupling coefficient K’
with the thickness of ZnO layer 14 and SiO, layer is
illustrated in Fig. 7. Fig. 7 is a graph having
abscissa axis of khl and ordinate axis of kh2, showing

15 the relationship of the parameters khl and kh2 at the
given effective coupling coefficient K’. The numerical
value at each curve is the value of K* in %. The K
value in Fig. 3 do not depends on value of kh3.

Similarly, the relationship of propagation velocity

20 (V) and TCF with t, and t, were evaluated. V and TCF,
unlike K?’, vary with a value of kh3, and the exemplary
results for specific kh3 are shown. The propagation
velocity V (m/sec) with the parameters khl = 2n(t,/A)
and kh2 = 2n(t,/A) in the case of kh3 = 0.066, is shown

25 in Fig..14. V (m/sec) with the parameters khl(kh os

Zn0) and kh2(kh of SiO,) in the case of kh3 = 0.132, is
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The 22nd SAW devi ce having this constitution is

rOV|ded with

propagation velocity V of from 10,000 or 25 hlgher Repdacedr e
coefficient of frequency TCF of from-15 to 15 ( amH
effective coupling

coefficient K2 of from0.12 to 0.85 (% . Further, such

constitution is nore advantageous in manufacturing, as

10

15

20

25

SEI 96-18B

shown in Fig. 15. Similarly, V in the case of kh3 =
0.198, is shown in Fig. 16, V in the case of kh3 =
0.264, is shown in Fig. 17, and V in the case of kh3 =
0.330, is shown in Fig. 18. The relationship of TCF
(ppm/°C) with khl and kh2 for kh3 = 0.066 is also shown
in Fig. 19. Similarly, TCF in the case of kh3 = 0.132,
is shown in Fig. 20, TCF in the case of kh3 = 0.198, is
shown in Fig. 21, TCF in the case of kh3 = 0.264, is
shown in Fig. 22, and TCF in the case of kh3 = 0.330,
is shown in Fig. 23. |

Further, measured propagation loss was 0.05

dB/wavelength for 1st mode SAW, and 0.03 dB/wavelength

for 2nd mode SAW.

e =7

lIn Examples 2 - 7, followiné SAW devices were
fabricated by similar fabricating processes as used in
Example 1: "type B" SAW device 10b (Fig. 6B) was made
in Example 2; "type C" SAW device 10c (Fig. 6C) was
made in Example 3; "type D" SAW device 10d (Fig. 6D)
was made in Example 4; "type E" SAW device 1l0e (Fig.
6E) was made in Example 5; "type F" SAW device 10f
(Fig. 6F) was made in Example 6; and "type G" SAW
device 10g (Fig. 6G) was made in Example 7.

As seen in these figures, the arrangement of IDT is
differept by Examples. In Example 2 (type B), Example

3 (type C) and Example 4 (type D),. IDT 20 was formed
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di scussed in the 21 SAW devi ce. A 23rd surLaee—aCUU§TTc wave

device for 2nd node 5 surface acoustic wave of a mavelen e 8 theed
([err]m according to the present invention is QMB

devi ce shown in Fig. 6C, wherein a paraneter kh3
2[err](t[err]/[err]) is: 0.099 [err] kh3 [err] 0.

a paraneter khl=2[err](t[err]/[err]) and a paraneter
kh2=2n(t[err]/[err]) are given within a region 10 ABCDEFGHI JKLMA shown
in Fig. 2. The 23rd SAWdevi ce having above copst igidulyi IS
provi ded with propagatlon velocity V of 8,000 (m's) or £ 1g§1,

t enperat ure ffiCie fr f 15t015
(pprﬂ[err] O %?ﬁ: Z ta’|Y\(/ge coup I ng Zhg: lqyercole frllag? e&?&}(z of fromO0.05 to

0.85 (9. Fﬂkbﬁ%ﬁme%HCQs described in Example 1. In Example 5

(type E), Example 6 (type F) and Example 7 (type G),
IDT 20 was formed by the same forming process as used

5 in Example 1, after polishiﬁg the surface of diamond
layer 12 and before depositing ZnC layer; and then ZnO
layer 14 was deposited onto diamond layer 12 to cover
IDT 20.

In Example 2 (type B), Example 3 (type C), Example

10 4 (type D), Example 6 (type F) and Example 7 (type G),
short circuiting electrodes 22 and 24 are included in
the SAW device. The formation of the short circuiting
electrodes 22 and 24 was carried out by the following
manner: in Examples 2 (B) and 6 (F), after diamond 12

15 was deposited and polished, an aluminum layer having
thickness of 50 to 250 angstrom was formed by resistive
heating method. Then the aluminum layer was patterned
via cbnventional photolithography to form short
circuiting electrode 22, which has a geometrically

20 corresponding to the location of IDT 20. In Example 3
(C) and Example 7 (G), short circuiting electrode 22,
which has a geometry corresponding to the location of
IDT 20, was formed on Si0O, layer 16 via similar process
as used in Examples 2 and 6, after depositing SiO, layer

25 16. In-Example 4, short circuiting electrode 22 was

formed onto diamond 12, and short circuiting electrode
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constitution is nore advantageous in manufacturing, as’ mentT oned
in the 21st SAW devi ce. A 24t h surface acoustic wave device

according to the present invention is also a "typbis8heet ed
20 having a kh3 of 0.099 to 0.165, wherein the paranet | hi
and kh2 are given within a regi on ABCNJKLMA shown [ [

The 24th SAW device having this constitution is provided with
propagation velocity V of from 10,000 or 25 hi gher (m's), tenperature
coefficient of frequency TCF of from-15 to 15 (ppgkkessl ggpand

effective coupling
24 was formed onto ZnO layer 14. In both formation

processes for electrodes 2 and 24, similar processing
as used in Examples 2 and 3 was employed. Each of
electrodes 22 and 24 has a geometry corresponding to

5 the location of IDT 20.

As carried out in Example 1, plurality of SAW

devices having different thickness of layers 14 and 16,
were prepared in each Example, and the desired
thickness of ZnO and SiO, layers were evaluated for 2nd

10 SAW mode so as to provide improved propagation velocity
(V), effective coupling coefficient K?, temperature
coefficient of frequency TCF and propagation loss.

More specifically, each of the SAW devices of each

of the Examples 2 - 7 includes: a 20 um thick of

15 diamond 20; one of twenty different thicknesses within
the range of 210 to 4600 angstrom, of Al IDT; one of
twenty different thicknesses within_the range of 0.20
to 2.5 um of ZnO layer; and one of twenty different
thicknesses within the range of 0.15 to 2.0 um of SioO,.

20 In the Examples 2 - 7, each of the thicknesses of the
layers and IDT were controlled by adjusting the .
deposition duration (deposition time) under constant
deposition rate. The desired thicknesses of Zn0O and
Si0, layers are expressed by the parameters khl and kh2

25 for 2nd_.mode SAW having wavelength A, as in Example 1:

khl = 2m(t,/A), t,sthickness of ZnO layer;
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- 29 - coefficient Klerr] of from0.05 to 0.80 _(9 Further such
constitution is nore advantageous in manufacturing, as

in the 21st SAW devi ce. A 25th surface acoust ve deV|ce

for 2nd node 5 surface acoustic wave of a mavelengt ?%mkﬁmmm

accordi ng to the present invention is a "type-C S

in Fig. 6C, wherein a paraneter kh3 = 2n(t[err]/[err]) is:

[err] kh3 [err] 0.231, and wherein a paraneter khl 2[err](t[err]/[err d
SEI 96-18B

kh2 = 2m(t,/A), t,:thickness of SiO, layer; and
kh3 = 2n(t,/A), t,:thickness of Al IDT.
Effective coupling coefficient K’ of each of the SAW
devices was evaluated by similar manner as used in
5 Example 1.
Variation of the effective coupling coefficient K’
(%) with the thickness of ZnO layer 14 and SiO, layer is
illustrated in Figs. 8 to 13. Figs. 8 to 13 are graph
having abscissa axis of khl and ordinate axis of kh2,
10 showing the relationship of the parameters khl and kh2
at the given effective coupling coefficient K® in
Examples 2 to 7, respectively. The numerical value at
each curve is the value of K’ in %. Fig. 8 illustrates
the relationship obtained in Example 2; Fig. 9 shows
15 the results of Example 3; Fig. 10 shows the results of
Example 4; Fig. 11 shows the results of Example 5; Fig.
12 shows the results of Example 6; and Fig. 13 shows
the results of Example 7.
Propagation velocity V (m/sec) and TCF (ppm/°C) of
20 each of the SAW devices were obtained by similar manner
as used in Example 1. The same result as in Example 1
in relationship of V with khl and kh2, is obtained in
each of Example 2 - 7. Thus, the relationship of the
propagation velocity V (m/sec) with the parameters khl
25 = 2n(t,A\) and kh2 = 2n(t,/A) in Each of Example 2 - 7

is shown in Figs. 14 to 18. 1In TCF, the same result as
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a paraneter kh2=2n(t[err]/[err]) are given within a region 10

ABCDEFGHI JKLMA shown in Fig. 3. The 25th SAW devieetaving —
above constitution is provi ded with propagation veIOC|ty Vv of

8,000 (m's) or hi gher, tenperature coefficient of fr eplaced
from-15 to 15 (ppm[err]C) and effective coupling 15 coe “I l““
Klerr] of from0.05 to 0.85 (%. Further, such constl

nore advant ageous in manufacturing, as mentioned in the 1st

devi ce. A 26th surface acoustic wave device acggﬁdggglgg

the present invention is also a "type C' SAWdevice 20 aving a kh3

of 0.165 10 0; 234y pieLed nsLhg) 3" 8RELShSa in each BH pigR? 2are 7gi ven

wi'thin a reglon
Thus, the relationship of TCF (ppm/°C) with these
parameters is also shown in Figs. 19 to 23.
Further, measured propagation loss was 0.05

5 dB/wavelength for 1lst mode SAW, and 0.03 dB/wavelength

for 2nd mode SAW, in each of Examples 2 - 7.
tio e o i esult i es =
As described in above Examples 1 to 7, a series of

efforts to oétimize the thickness of piezoelectric ZnO

10 layer 14 and passivating SiO, layer 16 for each
thickness of IDT, were carried out for the SAW devices
of various device constitutions as illustrated in Figs.
6A to 6G. A number of obtained results were
collectively analyzed and evaluated to provide the

15 optimized relationships of khl and kh2 for each
constitution of SAW devices according to the present
invention. Thus, dimensionless thicknesses of Zn0O and
$i0, layers 14 and 16 for each constitution of SAW
devices according to the present invention were

20 obtained for given wavelength of SAW. 1In the
evaluation on the basis of the obtained results of
Eiamples, significant improvement in device
performances was achieved by optimizing dimensionless
thicknesses khl and kh2 for the SAW devices having

25 layer/electrode constitutions of "type A", "type B",

ntype c"’ lltype Du and ||type Fll.
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in Fig: 3. The 26th SAW device having this c stltutlon I S

provided with propagation velocity V of from 10,000 or Sheet F“mhwd
(ms), tenperature coefficient of frequency TCF of ""ﬂ ', ,'
(ppni[err]() and effective coupling

30 - coefficient Klerr] of fromO0.05 to 0.65 (% . Furth, such -
constitution is nore advantageous in manufacturing, as

SEI 96-18B

The distribution of the optimized values of khl and
kh2, which is obtained by the evaluation of results of
Examples 1 to 7 (shown in Figs. 7 to 23), is shown in
Figs. 1 to 5 by kh3 range. Fig. 1 shows an optimum

5 range of khl (kh of ZnO) and kh2 (kh of SiO,) for 0.033
< kh3 < 0.099. Fig. 2 shows an optimum range of khl
and kh2 for 0.099 < kh3 < 0.165. Fig. 3 shows an
optimum range of khl and kh2 for 0.165'5 kh3 < 0.231.
Fig. 4 shows an optimum range of khl and kh2 for 0.231

10 < kh3 < 0.297. Fig. 5 shows an optimum range of khl
and kh2 for 0.297 < kh3 < 0.363.

It was found that, in the case of 0.033 < kh3 <
0.099, the SAW device having improved performances can
be fabricated to have ZnO and SiO, layers, that have the

15 ' optimized dimensionless thickness khl and kh2 given
within the region ABCDEFGHIJKLA shown in Fig. 1. More
preferably, SAW device having more improved
performances can be fabricated to have khl and kh2
given within the region ABIJKLA shown in Fig. 1.

20 In the case of 0.099 < kh3 < 0.165, the SAW device
having improved performances can be fabricated to have
Zn0 and SiO, layers, that have the optimized
dimensionless thickness khl and kh2 given within the
region ABCDEFGHIJKLMA shown in Fig. 2. More

25 preferably, SAW device having more improved

performances can be fabricated to have khl and kh2
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di scussed in the 21st SAW devi ce. A 27th surface acoustlc wayve

device for 2nd node 5 surface acoustic wave of aTMa$EﬂéMQB&m kdd
([err]m according to the present invention |s

devi ce shown in Fig. 6C, wherein a paraneter

2[err](t[err]/[err]) is: 0.231 [err] kh3 [err] 0

a paraneter khl=2n(t[err]/[err]) and a paraneter
kh2=2n(t[err]/[err]) are given within a region 10 ABCDEFGHI JKLMNA
shown in Fig. 4. The 27th SAW devi ce having abgye ¢o0pgpt uti on
S provi ded with propagation velocity V of 8§, 000 (nis) or

T o T SRSy SORLE eherteoloh penamind Bpbln, 1p ryg 2100, 1000 1°
0.05 to 0.82 (% .1n Féﬁéf’@éseswho 165 < kh3 < 0.231, the SAW device
having improved performances can be fabricated to have
ZnO and SiO, layers, that have the optimized
5 dimensionless thickness khl and kh2 given within the
region ABCDEFGHIJKLMA shown in Fig. 3. More
preferably, SAW device having more improved
performances can be fabricated to have khl and kh2
given within the region ABNOJKLMA shown in Fig. 3.
10 In the case of 0.231 < kh3 < 0.297, the SAW device
having improved performances can be fabricated to have
Zn0 and SiO, layers, that have the optimized
dimensionless thickness khl and kh2 given within the
region ABCDEFGHIJKLMNA shown in Fig. 4. More
15 preferably, SAW device having more improved
performances can be fabricated to have khl and kh2
given within the region AOPKLMNA shown in Fig. 4.
In the case of 0.297 < kh3 < 0.363, the SAW device
having improved performances can be fabricated to have
20 zn0 and Si0, layers, that have the optimized
dimensionless thickness khl and kh2 given within the
region ABCDEFGHIJKLA shown in Fig. 5. More preferably,
SAW device having more improved performances can be
fabricated to have khl and kh2 given within the region
25 LMJKL shown in Fig. 5.

The improved performances V, TCF and K’ can be seen

74

Y mrEN



constitution is nore advantageous in manufacturing, as menti oned
in the 21st SAW devi ce. A 28th surface acgushifuyaue Klpklge

according to the present invention is also a " I ce
20 having a kh3 of 0.231 to 0.297, wherein the parFﬂHﬂH " mv kh
and kh2 are given within a region AOPKLMNA in the i onal

Cartesian coordi nate graph, the outer edge of the regi on AOPKLMNA
shown in Fig. 4. The 28th SAW devi ce having this constitution
is 25 provided with propagation velocity V of from 105£p09g€r1gp

hi gher (m's), tenperature coefficient of frequency TCF

with reference to Figs. 7 to 23. The detailed
improvement have been described in the above "SUMMARY
OF THE INVENTION" for SAW devices of types A, B, C, D
and F.

5 Figs. 27A to 27C shows an exemplary packaged SAW
devices according to the present invention. Fig. 27A
is a plan view of a package 58 without 1id 60. Fig.
27B is a side cross sectional view of the package, and
Fig. 27C is a bottom view of the package. Package 58

10 is provided with pads 62a - 62f for electrodes. A SAW
device 50 of the present invention is centrally
positioned on the bottom of package 58. Electrodes
54a, 54b, 54c and 54d are provided for the purpose of
input to and output from a IDT 52 of SAW device 50.

15 Electrodes 54a, 54b, 54c and 54d are connected to each
of pads 62 via wires 56. Lid 60 is welded to package
58, as shown in Fig. 27B.

The packaged SAW device shown in Figs. 27A to 27C
is typically used for various applications, and, for

20 example, used for filters which is typically used in
optical communication equipments.

EXAMPLE 8
The eighth Example according to the present
invention was carried out to further improve thermal or

25 temperature stébility of the SAW devices.

-SAW devices having layer structure of "type-A"
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- 31 - of from-15 to 15 (ppm[err]C) and effective—ecoupling
coefficient Klerr] of fromO0.05 to 0.50 (% . Further, such

constitution is nore advantageous in manufacturing, as Thsﬁwﬂfhsukﬁk
in-the 21st SAW devi ce. 5 A 29th surface acou
for 2nd node surface acoustic wave of a mavelen

accordi ng to the present invention is a "type-C
in Fig. 6C, wherein a paraneter kh3 = 2n(t[err]/[err]) is: 0.297

SEI 96-18B

shown in Fig. 6A were manufactured through the similar
process as used in Example 1, in which thicknesses of

the Zn0 and Si0, layers were selected to narrow the khl

and kh2 down to an optimal range. TCF of the devices
5 was evaluated in the similar method as used in Example
1.

The dimensionless thickness kh3 defined as
kh3=2n(T,/A) for a wave length A of 2nd mode-SAW and a
thickness t, of IDT was selected for evaluating thermal

10 stability: kh3= 0.044. 0.066, 0.099, 0.132, 0.198 and
0.264; khl=2n(T,/A) was also selected: khl= 0.600,
0.800, l.OCO, 1.100, 1.200 and 1.400; and the
kh2=2n(T,/\) was selected to give the smaller variation
of TCF within 500 ppm for temperature range of -20 °C

15 to 80 °C, for each of the combinations (6x7=42 types)
of the kh3 (6 types) and the khl (7 types).

Figs. 29 - 34 disclose a portion of the
experimental results on TCF variation of the SAW

devices obtained in Example 8. The khl, kh2, kh3 and

20 the resultant temperature variation are listed below:
Fig. kh3 khl kh2 TCF variation for
(=) (=) (-) -20 to 80 °C (ppm)
29 0.099 0.8 0.758 100
25 30 8z 099 1.0 0.832 130
31 0.099 1.2 0.930 100
76
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[err] kh3[err] 0.363, and wherein a paranmeter khl=2n(t[err]/Jerr]) and 10
a paraneter kh2=2n(t[err]/[err]) are given within a regimﬁShe_etHasBeen_Replaced

ABCDEFGHI JKLA shown in Fig. 5. The 29th SAW
above constitution is provi ded with propagation WM m[llmlL
8,000 (m's) or hi gher, tenperature coefficient o of

15 from-15 to 15 (ppm[err]C and effective coupling
coefficient Kerr] of from0.05 to 0.75 (% . Further, such
constitution is nore advantageous in manufacturing, as ntioned
in the 21st SAW devi ce. A 30th surface acoustiéE&aggE&é9ice

according to 0 e present inyegtion is al a "type-C' SAW device
havi ng a kh3 8? 0.2870?2 0.3 3? wher PREPhe paraﬂgﬁbrs

33 0.066 1.0 0.789 200

34 0.132 1.0 0.877 100.

As shown in Figs. 29 - 34, the SAW devices
5 including the combinations of khl, kh2 and kh3 listed
above have very small frequency variation of 100 - 200
ppm for the temperature range of -20 °C to 80 °C.
Other SAW devices having other combination of khl, kh2
and kh3 than listed above were evaluated to give

10 suitable kh2 for obtaining very small frequency
variation of 100 - 200 ppm for the temperature range of
-20 °C to 80 °C.

The combinations of khl and kh2 for 6 kh3 values,
obtained in this Exgmple, is shown in Fig. 28.

15 Fig. 28, having abscissa of khl and ordinate of
kh2, shows the combinations of khl and kh2 for 6 values
of kh3, which gives very small frequency variation of
100 - 200 ppm. The obtained khl and kh2 for

respective points in Fig. 28 are shown in TABLES 1 - 6.

20

Iy

e T
77 T G e (AS BEEN \
Y i3ave }\ E?X‘t\ckli)
\ BPLACED

st



khl and kh2 are given within a regi on LMIKL shomn |n

The 30th SAW device having this constitution is Iy V|ded mnth
propagation velocity V of from 10, 000 or hlgher Bﬂ&@mfe
coefficient of frequency TCF
32 - of from-15 to 15 (ppm[err]C) and effecti uﬂ
SEI 96-18B
TABLE 1
kh3=0.044
point khl kh2 increased reduced
kh2(+10%) kh2 (-10%)
5 Al 0.600 0.645 0.710 0.581
Bl 0.800 0.684 0.752 0.616
Ccl 0.900 0.718 0.790 0.646
D1 1.000 0.759 0.835 0.683
El 1.100 0.809 0.890 0.728
10 F1 1.200 0.866 0.953 0.779
Gl 1.400 0.987 1.086 0.888
TABLE 2
15 kh3=0.066
point khl kh2 increased reduced
kh2(+10%) kh2(-10%)
A2 0.600 0.671 0.738 0.604
B2 0.800 0.713 0.784 0.642
20 c2 0.900 0.747 0.822 0.672
D2 1.000 0.789 0.868 0.710
E2 1.100 0.837 0.921 0.753
F2 1.200 0.891 0.980 0.802
G2 1.400 1.011 1.112 0.910

I
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coefficient K2 of from0.07 to 0.35 (% . Further, such

constitution is nore advantageous in manufacturing, as . | scussed
in the 21st SAW devi ce. 5 A 31st surface aco&gF ce “ lacgd
for 2nd node : surface acoustic wave of a mavelen%t u 1M
accordi ng to the present invention is a "type-D own

in Fig. 6D, wherein a paraneter kh3 = 2n(t[err]/[err]) is: 0.033
[err] kh3 [err] 0.099, and wherein a paranmeter khl=2n(t[err]/[err]) and 10
a paranmeter kh2=2n(t[err]/[err]) are given within a region SET 98_%8ﬁ

aving

ABCDEFGHI JKLA shown in Fig. 1. The 31st SAW device
above constitution is . provid&ggﬁﬁéﬂ%propagation vel ocity V of
8,000 (m's) or hi gher, tenpe oefficient of frequency TCF of
kh3=0.099
point khl kh2 increased reduced
kh2(+10%) kh2(-10%)
5 A3 0.600 0.713 0.784 0.642
B3 0.800 0.758 0.834 0.682
C3 0.900 0.790 0.869 0.711
D3 1.000 0.832 0.915 0.749
E3 1.100 0.879 0.967 0.791
10 F3 1.200 0.930 1.023 0.837
G3 1.400 1.046 1.151 0.941
IABLE 4
15 kh3=0.132
point khl kh2 increased reduced
kh2(+10%) kh2(-10%)
A4 0.600 0.755 0.831 0.680
B4 0.800 0.803 0.883 0.723
20 C4 0.900 0.837 0.921 0.753
D4 1.000 0.877 0.965 0.789
E4 1.100 0.922 1.014 0.830
F4 1.200 0.972 1.069 0.875
G4 1.400 1.083 1.191 0.975

I
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15

from-15 to 15 (ppn[err]C) and effective couping—m—-—
coefficient K2 of from0.85 to 2.0 (% .

Furt her,

such

constitution is advantageous in manufacturing, becauseThS$wﬂlhsBéﬁn&ﬂu%ﬂ ng
better formability is enpl oyed.

device according to

devi ce

20

t he present

A 32nd sur
I nvention is a
having a kh3 of 0.033 to 0.099, wherein t

khl and kh2 are given within a region ABIJKLA shown in
The 32nd SAW devi ce having this constitution is
propagation velocity V of from 10, 000 or

coefficient of frequency TCF

10

15

20

TABLE 35
kh3=0.198
point  khl kh2 increased reduced
kh2(+10%) kh2(-10%)
A5 0.600 0.837 0.921 0.753
B5 0.800 0.897 0.987 0.807
C5 0.900 0.933 1.026 -0.840
D5 1.000 0.973 1.070 0.876
E5 1.100 1.017 1.119 0.915
F5 1.200 1.063 1.169 0.957
G5 1.400 1.167 1.284 1.050
TABLE 6
kh3=0.264
point khl kh2 increased reduced
kh2(+10%)  kh2(-10%)
A6 0.600 0.914 1.005 0.823
B6 0.800 0.989 1.088 0.890
Cé 0.900 1.029 1.132 0.926
D6 1.000 1.069 1.176 0.962
E6 1.100 1.111 1.222 1.000
Fé6 1.200 1.156 1.272 1.040
Gé6 1.400 1.257 1.383 1.131
80
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- 33 - of from-15 to 15 (ppm[err]C) and effective coupiing
coefficient K2 of from1.05 to 2.0 (%9. Further, such 'IhszheetH&%'éél

i s advant ageous in manufacturing, as di scussed
devi ce. 5 A 33rd surface acoustic wave deV|ce
surface acoustic wave of a wavelength [err] ([err]m acco
the present invention is a "type-D' SAWdevi ce shown

SEI 96-18B

It can be seen in Fig. 28 and the above tables that
the SAW devices having combinations of khl and kh2,
which are included in one of the lines (Al-Bl1-Cl-D1-El-
F1-Gl, A2-B2-C2-D2-E2-F2-G2, A3-B3-C3-D3-E3-F3-G3, Ad-

5 B4-C4~-D4-E4-F4-G4, A5-B5-C5-D5-E5-F5-G5 and A6-B6-C6-
D6-E6~-F6-G6, these lines are referred as "primary
combination lines") shown in Fig. 28, are provided with
better thermal stability (100 - 200 ppm for -20 to 80
°c).

10 Further evaluations were carried out to obtain less
restrictive conditions for good thermal stability (2500
ppm for -20 to 80 °C), by deviating a certain amount of
kh2 from the primary combination lines. Figs. 35 - 38
are graphs showing results of a series of experiments,

15 which provide good temperatﬁre stability of 2500 ppm
for -20 to 80 °C at kh3=0.066 and khl=1.0. The khl,
kh2, kh3 and the resultant temperature variation are

listed below:

Fig.  kh3 khl kh2 TCF variation for
20 (-) (=) (=)  -20 to 80 °C (ppm)
35 0.066 1.0 0.710 400
36 0.066 1.0 0.750 200
37 0.066 1.0 0.828 150
38 0.066 1.0 0.868 400
25 As .ean be seen from the results shown in Figs. 33

and 35 - 38, the SAW devices including the combinations
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in Fig. 6D, wherein a parameter kh3 = 2n(t[err]/[err]) -Ls: 0.099
[err] kh3 [err] 0.165, and wherein a paraneter khl=2[err](t[err]/[err]) and

10 a paraneter kh2=2[err](t[err]/[err]) are given VWI!SIﬁhthaasrBe@Jmplaced
ABCDEFGHI JKLMA shown in Fig. 2. The 33rd S vpm ﬂwm
above constitution is provi ded wi th propagation

8,000 (nm's) or hi gher, tenperature coefficient o reque

15 from-15 to 15 (ppm[err]C) and effective coupling

coefficient K2 of fromO0.75 to 1.80 (%9 . Further, such SEI

constitution is advantageous in manufacturing, as tloneg |ndthe
31lst SAW devi 4t h r ti vi ce according
to 20 tRE 5h352:096, 304, Roih 0P haTE, B ﬁsﬁ%&c&e

variation of within 500 ppm for the temperature range
of -20 °C to 80 °C, when kh2 is selected to be within
+/- 10% from kh2=0.789 (Fig. 33, or point D2 along the

5 primary combination line in Fig. 28). Similar
evaluation were carried out for other points A2, B2,
C2, E2, F2 and G2 in the primary combination line for
kh2=0.066, and found that small frequency variation of
within 500 ppm for the temperature range of -20 °C to

10 80 °C is obtained, when kh2 is selected to be within
+/- 10% from these points.

It is also found for other primary combination
lines (Al1-B1-C1-D1-E1-F1-Gl, A3-B3-C3-D3-E3-F3-G3, Ad-
B4-C4-D4~-E4-F4-G4, A5-B5-C5-D5-E5-F5-G5 and A6-B6-C6-

15 D6-E6-F6-G6) that small frequency variation of within
500 ppm for the temperature range of -20 °C to 80 °C is
obtained, when kh2 is selected to be within +/- 10%
from the points in the lines. The increased (by 10%)
and reduced (by 10%) values of kh2 for respective

20 points in Fig. 28 are incorporated in TABLES 1-6.

Further, it is found that, for a kh3 of between
0.044 and 0.066, the linear interpolation (or linear
insertion, or linear interposition) of kh2 with the kh3
value can provide Al2, B12, C12, D12, El12, F12 and Gl2,

25 which forms an interpolated primary combination line

(Al12-B12-C12-D12-E12-F12-G12). The interpolated
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having a kh3 of 0.099 to 0.165, wherein the paraneters

are given within a regi on ABCNJKLMA in the
Cartesi an coordi nate graph, the outer

shown in Fig. 2. 25

S
34
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S|onal
[ : edge orﬁ
, The 34th SAW devi ce haV| ut
provi ded with propagation velocity V of fr

hi gher (m's), tenperature coefficient of frequency TCF

SEI 96-18B

primary combination line gives reduced TCF variation of

100-200 ppm for -20 to 80 °C.

EXAMPLE 9

The ninth Example according to the present

invention was carried out to achieve miniaturization of

the SAW device while maintaining its operating

characteristics, by selecting electrode pattern for the

specified layer structure of the device.

Fig. 39A illustrates a schematic plan view of an

electrode portion of Example

9. The electrode portion

comprises an input interdigital transducer 100 and an

output interdigital transducer 110 facing input IDT

100, as shown in Fig. 39A.

Input IDT 100 comprises

two busbars 102 which are disposed in parallel

relationship, and a plurality of fingers 104 each of

which extends from one busbar toward the other busbar.

Output IDT 110 also includes busbars 112 and fingers

114 as shown in Fig. 39A. Output IDT is positioned to

receive surface acoustic wave created by input IDT 100.

Each of fingers 104 extended

from one busbar 102

alternates with each of fingers 104 extended from the

other busbar 102. The number of pairs consisting of a

finger extended from one busbar and a next finger

extended from the other busbar is referred as "pair
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of from-15 to 15 (ppm[err]C) and effective coupling ° | cient
Klerr]Jof fromO0.75 to 1.80 (% . Further, such constitution is

advant ageous i n nmanufacturing, as 5 di scussed in Sh&1His a4 eplaced
devi ce. A 35th surface acoustic wave device

surface acoustic wave of a wavelength [err] ([err]m acc HM l”l-tol
the present invention is a "type-D' SAWdevi ce shown LIIBD;

wherein a paranmeter kh3 = 2n(t[err]/[err]) is: 0.165 10 [err] kh3 ;
[err] 0.231, and wherein a paraneter khl=2n(t[err]/[err]) aggI 96-188 @
parameter kh2=2[err](t[err]/[err]) are given within a region

AECOCFCH I MHRoEBnS. > g onertmpinll iih SRR P10
8,000 (n's) Oghown in Fig. 39A, is referred as "aperture length".

The thickness or the width of a finger is referred as
"finger width", the interval between fingers is

5 referred as "finger interval and the distance between
the centers of fingers is referred as "electrode
interval", as shown in Fig. 39B. The wavelength A of
surface acoustic wave created by output IDT 100 equals
to double the electrode interval (or equals to

10 2x(finger width + finger interval). These definition
on geometric relationships of the electrode are
schematically shown in Fig. 39B, which is an enlarged
view of the fingers.

The electrode portion of this Example further

15 includes at a pair of reflectors 120 and 130 which
interpose the input-and the output IDTs 100 and 110
along the propagating direction of the surface acoustic
wave. The multiple-reflectioh of SAW is achieved
between the reflectors 120 and 130 to create a standing

20 wave. Unlike the fingers of IDTs 100 or 110, fingers
124 and 134 of reflectors 120 and 130 bridge both
busbars 122 and 132, respectively.

48 types of SAW devices were manufactured in this

Example: 4 types of layer structures for "type-A"

25 structuxe shown in Fig. 6A x 12 types of electrode

patterns. Details of the layer structures 1-4 and the
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15 hi gher, tenperature coefficient of frequency TCF of from

-15 to 15 (ppm[err]C) and effective coupling . COBib SheeiERNBeeREfidcdq
of fromO0.65 to 1.7 (% . Further, such constituti

advant ageous i n manufacturing, as nmentioned in t E#Ml”"
device. 20 A 36th surface acoustic wave device _

the present invention is also a "type D' SAWdevice having a kh3
of 0.165 to 0.231, wherein the paraneters khl and kh2 are given
within a regi on ABNOQIKLMVA shown in Fig. 3. 25 _ The 36th
SAW devi ce having this constitution is provi ded wi t583r I on

velocity V Oféfé% fg%éxﬁgé¥ér 1-12 are listed below. Transmission

loss and Q of these 48 types of SAW devices were

measured.

5 LAYER STRUCTURE
structure 1:

diamond film (polycrystalline, CVD) thickness:30 um;

Zn0 film (c-axis oriented polycrystalline, sputtering),
thickness:0.688 um (khl=1.2);

10 §i0, film (amorphous, sputtering),
thickness:0.496 um (kh2=0.866);

Al electrode film for IDTs and reflectors
(polycrystalline , sputtering),
thickness:0.027 um (kh3=0.044):

15 structure 2:

diamond film (polycrystalline, CVD) thickness:30 um;

Zn0 film (c-axis oriented polycrystalline, sputtering),
thickness:0.63 um (khl=1.1);

$i0, film (amorphous, sputtering),

20 thickness:0.48 um (kh2=0.837);

Al electrode film for IDTs and reflectors
(polycrystalline , sputtering),
thickness:0.038 um (kh3=0.066):

structure 3:
25 diamond.film (polycrystalline, CVD) thickness:30 um;

Zn0 film (c-axis oriented polycrystalline, sputtering),
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-35 - hi gher (m's), tenperature coefficient ef—f+re

from-15 to 15 (ppm[err]C and effective coupling coeff|C|ent K2
of from0.65 to 1.7 (%. Further, such const i t dfis shee SB“anh“d
advant ageous i n manufacturing, as 5 di scussed int ﬂtuﬂll
devi ce. A 37th surface acoustic wave device

surface acoustic wave of a wavelength [err] ([err]n) according

SEI 96-18B

thickness:0.573 um (khl=1.0);
S$i0, film (amorphous, sputtering),
thickness:0.477 um (kh2=0.832);
Al electrode film for IDTs and reflectors
5 " (polycrystalline , sputtering),
thickness:0.057 ym (kh3=0.099): and
structure 4:
diamond film (polycrystalline, CVD) thickness:30 yﬁ;
Zn0 film (c-axis oriented polycrystalline, sputtering),
10 | thickness:0.516 um (khl=0.9);
Si0, film (amorphous, sputtering),
thickness:0.48 um (kh2=0.837);
Al electrode film for IDTs and reflectors
(polycrystalline , sputtering),
15 - thickness:0.076 um (kh3=0.132).
ELECTRODE PATTERN
pattern 1:
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 20 pairs each for input IDT and
20 output IDT (total 40 pairs);
number of fingers of reflectors = 20 each for input

side and output side (total 40 fingers);

aperture length of IDTs = 15 A;
25 electrade interval = 3.5 u:

pattern 2:
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to the present invention is a "type-D' SAW devi ce shown- n-Fig 6D;
wherein a paraneter kh3 = 2[err](t[err]/[err]) is: 0.231 10 [err] kh3

[err] 0.297, and wherein a parameter khl=2n(t[err]/[err f[¥s Sheet Has Been Replacai
par-anet er kh2 2n(t[err]/[err]) are given within a regroni

ABCDEFGHI JKLMNA shown in Fig. 4. The 37th

above constitution is provi ded with propagation veIocrt

8,000 (ms) or 15 hi gher, tenperature coefficient of frequency TCF of
from-15 to 15 (ppm[err]C) and effective coupling sEqehklgiggnt
Klerr] of fromO0.55 to 1.6 (% . Further, such constltutlon 'S

advantageous u ren nmenty! st SAW
devi ce. fEnHEE &%85& h gur é’elé%&fé?'té‘rlc \A;é’v?n V|(cr}\‘e 32&% ording to

pair number of IDT = 25 pairs each (total 50 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 XA;
5 electrode interval = 3.5 u:
pattern 3:
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
10 aperture length of IDTs = 15 Aj
electrode interval = 3.5 u:
pattern 4: _
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 40 pairs each (total 80 pairs);
15 reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 A;
electrode interval = 3.5 u:
pattern 5:
finger width = finger interval = 0.9 um (2A=3.6um);
20 pair number of IDT = 45 pairs each (total 90 pairs});
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 A;
electrode interval = 3.5 u:
pattern 6:
25 finger<yidth = finger interval = 0.9 um (A=3.6um);

pair number of IDT = 50 pairs each (total 100 pairs);
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t he present

invention is also a "type D' SAW devi ce ' Fravi-ng—a—kh3

of 0.231 to 0.297, wherein the paraneters khI and kh2 are glven
within a regi on AOPKLMNA shown in Fi g. 5 This Sheet Has BfdndRe

SAW devi ce having this constitution is prow ded ,"fm" | on
velocity V of from 10, 000 or

-36-

10

15

20

25

hi gher (m's), tenperature coefficient of frequenoy

SEI 96-18B

reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 A;
electrode interval = 3.5 u:

pattern 7:
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 5 A;
electrode interval = 3.5 u:

pattern 8: |
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers‘= 20 each (total 40 fingers);
aperture length of IDTs = 10 A;
electrode interval = 3.5 u:

pattérn 9:
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 30 A;
electrode interval = 3.5 u:

pattern 10:
finger width = finger interval = 0.9 um (A=3.6um);
pPair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 40 A;
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of from-15to 15 (ppm[err]C) and effective coupling — coefH-ete
Klerr] of from0.55to0 1.6 (%9 . Further, such constltutlon I S
advant ageous in manufacturing, as 5 di scussed in placed
devi ce. A 39th surface acoustic wave device " II
surface acoustic wave of a mavelength [err] ([err]m acco to
the present invention is a "type-D' SAWdevi ce shown I n Flg 6D,
wherein a parameter kh3 = 2n(t[err]/[err]) is: 0.297 10 [err] kh3

[err] 0.363, and wherein a parameter khl=2n(t[err]/[err]) aﬁ%l 96-188 2
parameter kh2=2[err](t[err]/[err]) are given within a regio -

ABCDEFGHIJKLAE?QQ%QOHQ Eh%er%al _ The 39th SAW devi ce havi ng
above constitution rOV|3e5 ‘Wi th propagation velocity V of

8,000 (n's) or pattern 11:
finger width = finger interval = 0.9 um (A;3.6pm);
pair number of IDT = 30 pairs each (total 60 pairs);
5 reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 50 A;
electrode interval = 3.5 u: and
pattern 12:
finger width = finger interval = 0.9 um (A=3.6um);
10 pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 60 A;

electrode interval = 3.5 pu.

15 The obtained transmission loss and Q of the 48

types of SAW device are shown in TABLE 7-10.
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15 hi gher, tenperature coefficient of frequency TCF of fron1

-15to 15 (ppnf[err]C) and effective coupling - coef I ﬂ@ﬁ&hKBﬁﬁ

of from0.40 to 1.4 (%. Further, such constltutlo

advant ageous i n manufacturing, as mentioned in the ””,”"I
device. 20 A 40t h surface acousti c wave device accor |ng

the present invention is also a "type D' SAWdevice havi ng a kh3
of 0.297 to 0.363, wherein the paraneters kh and kh2 are given
within a region LMIKL shown in Fig. 5. ' The 40t h SAW
devi ce having this constitution is prOV|ded with prdfadfilsp

vel ocity V of from 10, 000 or

TABLE -~ 7
5 [structure 1]
structure pattern transmission Q
loss (dB)
10 1 1 8.1 400
1 2 7.3 600
1 3 8.0 707
1 4 8.8 729
1 5 9.5 759
15 1 6 12.0 777
1 7 12.3 813
1 8 8.9 742
1 9 7.4 - 618
1 10 8.4 601
20 1 11 9.2 583
1 12 9.0 495
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-37 - hi gher (nm's), tenperature coefficient of—+fregueney—FcF——

of from-15to 15 (ppm[err]C and effective coupling coefficient

K2 of from0.60 to 1.4 (%9 . Further, such consfhi Replaced
advant ageous in manufacturing, as 5 di scussed in th ce.
A 41st surface acoustic wave device for 2nd node I C

wave of a wavelength [err] ([err]nm) according

SEI 96-18B
TABLE - 8
[structure 2]
5
structure pattern transmission Q
loss (dB)
2 1 8.5 440
2 2 7.5 604
10 2 3 8.1 740
2 4 9.0 780
2 5 9.9 800
2 6 12.5 810
2 7 12.2 860
15 2 8 9.0 802
2 9 7.9 620
2 10 8.5 608
2 11 9.2 598
2 12 9.5 460
20
-
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to the present invention is a "type-F' SAWdevi ce shown in Fig.
6F;, wherein a paraneter kh3 = 2n(t[err]/[err]) is: 0-03311is3§ﬁ£etHasBeJ;&re}§1lceJ<h3

[err] 0.099, and wherein a paraneter khl=2n(t[err]/[err]) a
parameter kh2=2[err](t[err]/[err]) are given within a reéi l"uL”J”' In
ABCDEFGHI JKLA shown i Fig. 1. The 41st SAW bove

constitution is provided with propagation velocity V of 8,000
(ms) or 15 hi gher, tenperature coefficient of frequency TCF of
from-15 to 15 (ppm[err]C) and effective coupling % effiiient K2
of from0.2 to 1.6 (%9. Further, such constituti offtils 76-18B
advant ageous i n manufacturing, because ZnO havi ng better
formability is enployed. 20 TABLB iy Jurface acoustic wave device
according to

[structure 3]

5
structure pattern transmission Q
loss (dB)
3 1 8.9 480
3 2 7.8 644
10 3 3 8.6 762
3 4 9.5 788
3 5 9.9 817
3 6 13.3 859
3 7 12.4 882
15 3 8 9.7 837
3 9 8.3 650
3 10 8.5 649
3 11 9.4 625
3 12 9.9 487
20
92
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present invention is also a "type F' SAWdevice having a kh3of

0.033 to 0.099, wherein the paraneters khl and K NPhi 1ot HaMEPn Replaced
within a region ABIJKLA shown in Fig. 1. The A3peEraAR T s o
having this constitution is 25 provi ded with propagati H II Im l
of from 10, 000 or ' hi gher (m's), tenperature coeffi
frequency TCF - 38 -
SEI 96-18B
TABLE - 10

[structure 4]

5
structure pattern transmission Q
loss (dB)
4 1 9.7 499
4 2 8.5 685
10 4 3 8.8 770
4 4 9.6 - 791
4 5 9.9 842
4 6 13.8 880
4 7 13.4 889
15 4 8 9.8 872
4 9 ' 8.9 693
4 10 9.6 681
4 11 9.9 655
4 12 11.0 507
20
93
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. . . //
of from-15 to 15 (ppm[err]C) and effective coupling coefficient
Klerr] of from0.55to0 1.6 (%9 . Further, such t;kgeﬂmaBewkeplaced

advant ageous i n nmanufacturing, as di scussed in the
devi ce. 5 A 43rd surface acoustic wave device forﬂﬂ‘“\m\‘m\“\
surface acoustic wave of a wavelength [err] ([err]m accordi

the present invention is a "type-F' SAWdevi ce shown in Fig. 6F;
wherein a paraneter kh3 = 2[err](t[err]/[err]) is: 0.099 [err] kh3
[err] 0.165, and wherein a paraneter khl=2n(t[err]/[err]) aggI %g 18B a
parameter kh2=2n(t[err]/[err]) are given within a region ;
ABCDEFGHI JKLMVA shown in Fig. 2. 43rd SAW ce aV|ng
above constitutioﬁnigraer to apB#XvFH@dsﬁﬁtﬂeﬁﬂﬁﬁﬁgéﬁéa1 Qﬁﬁ

8,000 (n's) Ofevice according to the present invention for narrow-

band filters or resonators, the device is required to
have higher Q of greater than 600. It is also
5 advantageous over the conventional SAW devices to have
lower transmission loss of less than 10 dB.
It is found that the SAW devices having IDT of < 25
pairs provides lower Q of less than 600 (i.e., pattern
'1), according to the experimental results shown in
10 TABLES 7-10. It is also found that the SAW devices
having IDT of > 50 pairs provides higher transmission
loss of greater than 10 dB (i.e., pattern 6).
It is also found that the smaller aperture length
of IDT of < 10A provides higher transmission loss of
15 greater than 10 dB (i.é., pattern 7). It is further
found that the greater aperture length of IDT of < 50X
provides lower Q of less than 600 (i.e., pattern 12).
It is known that smaller value of the out of band
suppression is preferable for the packaged SAW devices.
20 The SAW device of Example 9 can provide smaller value
of the out of band suppression than conventional quartz
SAW devices or the-diamond SAW devices having layer

structure of S$i0,/IDT/2ZnoO.

25 The.SAW devices according to the Example 9 can

provide lower transmission power suppression of -45 dB
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hi gher, tenperature coefficient of frequency TCF of 15 .uunn-Aﬁ‘Io 15

(ppm[err]C) and effective coupling coefficient K[ f

0.25t0 1.6 (9. Further, such constitution is ad 1w8&hsgém%'lmmd
manuf act uri ng, as mentioned in the 41st SAW devi ce. “ll |“\
44t h surface acoustic wave device according to 20 t he

I nvention is also a "type F' SAW devi ce havi ng a kh3 of 0 099 to

0. 165, wherein the paraneters khl and kh2 are given within a

regi on ABCNJKLMA shown in Fig. 2. The 44t h SAW devi ce
having this constitution is 25 provi ded wi th propagat$Bh 2etb@Bty Vv

of from 10, 000 or hi gher (m's), tenperature coefficient of

frequency TCRt 3 GHz, whlle the transmission power suppression at
3 GHz for packaged conventional quartz SAW devices or
the diamond SAW devices having layer structure of
$i0,/IDT/Zn0 is limited to -40 dB.

5 In addition, the SAW devices of the ninth example
according to the present invention can also provide
higher propagation velocity V of 9,000 m/sec.

Further, high center frequency of 2.5 GHz is achieved
even though the IDT geometry using wider finger width

10 of 0.9 um is employed. That is, the high center
frequency of 2.5 GHz is achieved, while high device
yields is maintained by employing wider finger
geometry. In contrast, conventional quartz SAW
devices require narrower finger of less than 0.5 um for

15 high center frequency of 2.5 GHz, which requires high
level-microprocessing technique.

Additionally, temperature variation on the center

frequency can be limited within 100-200 ppm for -20 to
80 °cC. '

20 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
such modifications as would be obvious to one skilled

25 in the art are intended to be included within the scope
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of from-15 to 15 (ppm[err]C) and effective coupling coefficient

Klerr] of from0.80 to 1.6 (%9 . Further, such constitution is
advant ageous i n nmanufacturing, as di scussed in the 41st SAW
devi ce. 5 A 45th surface acoustic wave device for 2nd node

surface acoustic wave of a wavelength [err] ([err]m according

SEI 96-18B

of the following claims.

_—

This Sheet HasB

Wi

Iy

96

Replaced

|



to the present invention is a "type-F' SAWdevice shown . in Fi
6F; wherein a paraneter kh3 = 2n(t[err]/[err]) is: 0.165 [err] kh3
[err] 0.231, and wherein a paraneter khl=2n(t[err]/[err]) ﬁhd$m&®hsBum

parameter kh2=2n(t[err]/[err]) are given within a region ced
ABCDEFGHI JKLMA shown in Fig. 3. The 45t h SAWd m\ﬂl‘fm"’
above constitution is provi ded with propagati on vel oC

8,000 (m's) or hi gher, tenperature coefficient of frequency TCF of
15 from-15 to 15 (ppm[err]C) and effective coup

coefficient Klerr] of from0.25 to 1.6 (% . Further, ﬁEﬁ 96-18B

constitution is_advantageous in manufacturing, as mentioned in the
41st SmNVdeviggém—lﬁ—nglﬂﬁg—l§i46th surface acoustic wave devi ce accordi ng
to 1. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:
5 (i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
said ZnO0 layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on
said.ZnO layer, said IDT having a thickness of t,,
10 and
(iv) a SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t;
wherein a parameter kh3 = 2n(t,/A) is:
15 0.033 < kh3 < 0.099,
and wherein a paramefer kh1=2n(t,/A) and a parameter
kh2=2n(t,/\) are given within a region ABCDEFGHIJKLA
in a two~-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
20 kh2, .
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, X and L and lines A-B, B-C, C-D, D-E,
25 E-Fyp F-G, G-H, H-I, I-J, J-K, K-L and L-A;
said A being given by (khl1=0.30, kh2=0.87);

_—
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20

a kh3 of 0.165 to 0.231, wherein the paraneters
given within a regi on ABNQIKLMA in the

coor di nate graph,

Fig. 3.

t he outer

t wo- di nens

edge of the region A

provided with propagation velocity V of from 10,000 or

- 40-
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said
said
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said

said

said
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said
said
said
said
2. A
claim 1,

within a

being
being
being
being
being
being
being
being
being

being
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being
surface

wherein

region ABIJKLA in said two-dimensional

given
given
given
given
given
given
given
given
given
given

given

by
by
by
by
by
by
by
by
by
by
by

acoustic

(kh1=0.54,
(kh1=0.60,
(kh1=0.81,
(khl=1.16,
(kh1=1.52,
(khl=1.69,
(kh1=1.31,
(khl=1.04,
(kh1=0.68,
(kh1=0.63,
(kh1=0.30,

wave device according to

the present invention is also a "type F" SAMVdeVTEE____‘“**“havfﬁg

H kh2 ar

The 46th SAW device having this consm

i

SEI 96-18B

kh2=0.87);
kh2=0.87);
kh2=0.97);
kh2=1.20);
kh2=0.93);
kh2=0.77);
kh2=0.59);
kh2=0.50);
kh2=0.40);
kh2=0.33);
kh2=0.63).

said parameters khl and kh2 are given

Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given

by a closed chain in said Cartesian coordinate,

consisting of said points A, B, I, J, K and L, and

3. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

comprising:

(i) a diamond layer,

(ii) a ZnO layer disposed on said diamond layer,

said Zn0 layer having a thickness t,,

(1ii) an interdigital transducer (IDT) disposed on

* c L M H *
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hi gher (m's), tenperature coefficient of frequency TCF of from-15

to 15 (ppm[err]C) and effective coupling coef f 444 of from
0.65to0 1.6 (9. Further, such constitution isTlﬁg K é%k epjaced
manuf act uri ng, as 5 di scussed in the 41st S%NVdeviE "ﬂu D ‘ A
47t h surface acoustic wave device for 2nd node S

wave of a wavelength [err] ([err]nm) according to the present
invention is a "type-F' SAW devi ce shown in Fig. 6F, wherein a
parameter kh3 = 2[err](t[err]/[err]) is: 0.231 10 errL kh3 [err]
0.297, and wherein a parameter khl=2n(t[err]/[err]) andSEL 95-18By

par anet er kh2:2[err1(t&err /[err]) are given wthin a region
ABCDEFGHI JKLMNA sFawd PROFilgyex, said IDT havipge aythd-ckRgsfeRfcdanavi ng
above constitutiognas

(iv) a SiO0, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer

5 " having a thickness of t_;
wherein a parameter kh3 = 2m(t,/A) is:

0.099 < kh3 < 0.165,

and Wherein a parameter khl=2m(t,/A) and a parameter
kh2=2o(t_,/\) are given within a region

10 ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian

15 coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L, and M and lines A-B, B-C, C-D, D-
E, E-F, ¥F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-3A;

said A being given by (kh1=0.30, kh2=0.98);

said B being given by (kh1=0.40, kh2=0.95);
20 said C being given by (kh1=0.45, kh2=0.96);
said D being given by (khl=0.60, kh2=1.00);
said E being given by (khl=1.04, kh2=1.23);
said F being given by (khl=1.53, kh2=0.89);
said G being given by (khl=1.60, kh2=0.80);
25 said H being given by (khl=1.22, kh2=0.63);
said I being given by (khl=1.00, kh2=0.59);

_
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provi ded with propagation velocity V of 8 000 (ms) or

tenperature coefficient of frequency TCF of fronjrhIS

(ppm[err]C) and effective coupling coefficient eﬂmﬁ@
1.45 (9% . Further, such constitution is advantag

manuf act uri ng, as mentioned in the 41st SAW devi

48t h surface acoustic wave device according to the present
invention is also a "type F' SAWdevice having a kh3 of 0.231 to
0.297, wherein the paraneters khl and kh2 are gﬁieﬁ mkhhln a
regi on AOPKLMNA shown in Fig. 4. 8rh3Baw devi ce

havi ng this constltué Snb g given bg ?%hq %‘@JﬁHéqqﬁﬁ%%tlon vel ocity V

of from 10, 000 or

10

15

20

25

LT N

said K being given by (khl=0.53, kh2=0.52);

said L being given by (khl1=0.53, kh2=0.45); and

said M being given by (khl1=0.30, kh2=0.65).

4. A surface acoustic wave device according to
claim 2, wherein said parameters khl and kh2 are given
within a region ABCNJKLMA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, and
said points J, K, L, and M, and lines A-B, B-C, C-N, N-
J, J=-K, K-L, L-M and M-A,

said N being given by (khl1=0.62, kh2=0.77).

5. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a ZnO layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t,,

and

(iv) a sio, layer diéposed over said interdigital

transducer onto said ZnO layer, said SiO, layer

having a thickness of t,;

—_—




-41- hi gher (m's), tenperature coefficient of'tLeunﬂQx_IQE____r__
of from-15to 15 (ppm[err]C and effective coupling coefficien

Klerr] of from0.55 to 1.45 (% . Further, such _ coﬁhiSSheeﬁHaﬂBeehﬁeplaccd

advant ageous i n manufacturing, as 5 di scussed in the

devi ce. A 49t h surface acoustic wave device f I"ﬂ
SEI 96-18B

wherein a parameter kh3 = 2n(t,/A) is:
0.165 < kh3 < 0.231,

and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t_,/A) are given within a region

5 ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian

10 coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
said A being given by (kh1=0.30, kh2=1.07);
said B being given by (khl=0.36, kh2=1.07);

15 said C being given by (khl=0.43, kh2=1.07);
said D being given by (kh1=0.90, kh2=1.37);
said E being given by (khl1=1.05, kh2=1.20);
said F being given by (khl=1.52, kh2=0.85);
said G being given by (khl=1.34, kh2=0.79);

20 said H being given by (khl=1.05, kh2=0.72);
said I being given by (kh1=0.85, kh2=0.68);
said J being given by (khl1=0.71, kh2=0.68);
said K being given by (kh1=0.38, kh2=0.68);
said L being given by (kh1=0.42, kh2=0.55); and

25 said M being given by (khl1=0.30, kh2=0.65).

6. A surface acoustic wave device according to
oot
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surface acoustic wave of a wavelength [err] ([err]m accoralng te-
the present invention is a "type-F' SAWdevi ce shown | Fig

wherein a paraneter kh3 = 2n(t[err]/[err]) is: 10 ee th
[err] 0.363, and wherein a paranet er kh1= 2[err]( ,

a paraneter kh2=2n(t[err]/[err]) are given W t hin

ABCDEFGHI JKLA shown in Fig. 5. The 49th SAW devi ce haV|ng
above constitution is provi ded with propagation velocity V of
8,000 (ms) or 15 hi gher, tenperature coefficientsgf Bregaency TCF of
from-15 to 15 (ppni[err]C) and effective coupling 85LPPi ci ent
Klerr] of fro Q.35.to urther, .such constitution is

advant ageous FhetEndrady rrl sgg.d parametep;gmlﬁhdnéadxq Kkhh A Giveny

devi ce. within a region ABNOJKLMA in said two-dimensional

Cartesian coordinate graph,
the outer edge of said region ABCNJKLMA being given
5 by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, a
point O, and said points J, K, L, and M, and lines A-B,
B-C, C-N, N-J, J-K, K-L, L-M and M-A,
said N being given by (kh1=0.43, kh2=0.95); and
10 said O being given by (kh1=0.61, kh2=0.75).

7. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

15 (ii) a Zn0 layer disposed on said diamond layer,

said Zn0 layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t.r

and

20 (iv) a si0, layer disposed over said interdigital
transducer onto said Zn0O layer, said SioO, layer

having a thickness of t,;

wherein a parameter kh3 = 2n(t,/A) is:

0.231 < kh3 < 0.297,
25 and.wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/\) are given within a region

0TI — T B
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20
pr esent

ABCDEFGHIJKLMNA in a two-dimensional Cartesian

"type F"

SAW devi ce
0.297 to 0.363, wherein the paraneters
within a region LMIKL in the two-

khl
di nensi onal

of the region LMIKL shown

T

A 50th surface acoustic wave device according to — ————the—

invention is also a

kh3 of
eplaced

i

SEI 96-18B

coordinate graph having abscissa axis of khl and

the outer edge of said region ABCDEFGHIJKLMNA being

coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, K, L, M and N and lines A-~B, B-C, C-D,

H-~

I, I-d,
(kh1=0.30,
(kh1=0.38,
(kh1=0.46,
(kh1=0.60,
(kh1=0.73,
(kh1=0.81,
(kh1=1.00,
(khl=1.40,
(khl=1.14,
(kh1=0.83,
(kh1=0.60,
(kh1=0.35,
(kh1=0.38,
(kh1=0.30,

wave device according to

J"'K’

K"'L’

kh2=1.15);
kh2=1.20);
kh2=1.32);
kh2=1.52);
kh2=1.60);
kh2=1.44);
kh2=1.20);
kh2=0.91);
kh2=0.83);
kh2=0.76);
kh2=0.73);
kh2=0.73);

kh2=0.63); and

kh2=0.65).

L"‘M,

said parameters khl and kh2 are given

graph, the outer edge 25
The 50th SAW device having this constitution is
- 42-
ordinate axis of kh2,
5 given by a closed chain in said Cartesian
D-E, E~-F, F-G, G-H,
and N-A;

10 said A being given by
said B being given by
said C being given by
said D being given by
said E being given by

15 said F being given by
said G being given by
said H being given by
said I being given by
said J being given by

20 said K being given by
said L being given by
said M being given by
said N being given by
8. A surfacé acoustic

25 claim 7, wherein

within a

region AOPKLMNA in said two-dimensional

*® c L M H] *
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provided with propagation velocity V of from 10,000 or = —————higher——
(m's), tenperature coefficient of frequency TCF of fron1 15 to 15

(ppm[err]C) and effective coupling coefficient &%I%ma
to 1.35 (9%9. Further, such 5 constitution is advanta
manuf act uri ng, as di scussed in the 41st SAMVdeV|c

t wo- di nensi onal Cartesian coordi nate graph havi ng abSC|ssa
khl and ordinate axis of kh2 is shown in Fig. 5. The region
ABCDEFGHI JKLA and the 10 region LMIKL are. al so shogg iﬁ Fig. 5.
Al'l of the first to 50th SAW devi ces according to T g'ﬁ 8sent

i nvention als ve .l ess ation
8ar%e51an [} ordiﬁ%te grap

the outer edge of said region AOPKLMNA being given

The

by a closed chain in said Cartesian coordinate,
consisting of said point A, a point 0O, a point P, and

] said points K, L, M and N, and lines A-0, 0-P, P-K, K-

L, L-M, M-N and N-A,
 said O being given by (khl=0.36, kh2=1.00); and
said P being given by (kh1=0.48, kh2=0.83).
9. A surface acoustic wave device for 2nd mode
10 surface acoustic wave of a wavelength A (um)
comprising:
(i) @ diamond layer,
(1i) a Zn0 layer disposed on said diamond layer,
said ZnO layer having a thickness t,,

15 (iii) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and |
(iv) a SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer

20 having a thickness of t,;
wherein a parameter kh3 = 2n(t,/A) is:

0.297 < kh3 < 0.363,
and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2n(t,/\) are given within a region ABCDEFGHIJKLA

25 in @ two-dimensional Cartesian coordinate graph

having abscissa axis of khl and ordinate axis of

(I o | |
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when these utilize 2nd nmode SAWthan in the case when t hese devices
utilize 1st node SAW The first to 50th 15 SAW dev iTbie SheaFt:0 Bébn RepidcLd

the present invention can achi eve propagation | osg rr]
for- 2 Giz when t hese devices utilize 2nd node SAW Nmmguraﬂwe
devi ces achi eve propagation loss of 0.05 dB/[err] for 2
these devices utilize 1st node SAW 20 The "type- A" SAW devi ce
according to the present i nvention may have a conbination of kh
and kh2 for kh3=0. 044, which is given within a region defined by
an upper |ine obtained by increasing kh2 from 8EfjP8r18B

primary conbination |line (Al -Bl-Cl-D1l-El-F1-Gl) showmn 25 in Fig. 28 by
10 % and a | ower Khde obtai ned by

the outer edge of said region ABCDEFGHIJKLA being

given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,
5 G, H, I, J, K and L. and lines A-B, B-C, C-D, D-E,

E-F, F-G, G-H, H-I, I-J, J-K, XK-L and L-A;

10

said
said
said
said
said
said
said

said

A

B

being
being
being
being
being
being
being

being

given
given
given
given
given
given
given

given

by
by
by
by
by
by
by
by

(kh1=0.30,
(kh1=0.33,
(kh1=0.40,
(kh1=0.71,
(kh1=0.82,
(kh1=1.00,
(khl=1.27,
(kh1=1.03,

kh2=1.29);
kh2=1.36);
kh2=1.60);
kh2=1.60);
kh2=1.41);
kh2=1.22);
kh2=0.97);
kh2=0.89);

15 said I being given by (kh1=0.68, kh2=0.78);

said being given by (khl1=0.52, kh2=0.77);

said K being given (kh1=0.30, kh2=0.76); and

by

H X" 4 H B 6 ® ®H O 0

said L being given by (kh1=0.30, kh2=1.09).

10. A surface acoustic wave device according to
20 claim 9, wherein said parameters khl and kh2 are given
within a region LMJKL in said two-dimensional Cartesian
coordinate graph,
the outer edge of said region LMJKL being given by
a closed chain in said Cartesian coordinate, consisting

25 of saidspoint 1, a point M, and said points

J and K,

and lines L-M, M-J, J-K and K-L,

L
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decreasing kh2 fromthe first prinmary conbination |ine

-43 - (Al -B1-Cl-D1-El -F1-Gl) by 10% The devi C§y{Bieet1faY Beed Replaced
conbi nati on of khl and kh2 for kh3=0.066, which is a
regi on defined by an upper |ine obtained by increa “la
second primary conbi nation 5 line (A2-B2- C2- D2- E2- F2- OF)
Fig. 28 by 10 % and a |l ower |ine obtained by decreasing kh2 from
t he

SEI 96-18B

said M being given by (khl1=0.37, kh2=0.94).

11. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

5 (i) a -diamond layer,

(ii) a short circuit electrode disposed on said

diamond layer,

(iii) a ZnO layer disposed over said short circuit

electrode onto said diamond layer, said ZnO layer

10 having a thickness t,,

(iv) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t.s

and

(v) a S8i0, layer disposed over said interdigital

15 transducer onto said zZnO layer, said SiO, layer

having a thickness of t,;

wherein a parameter kh3 = 2m(t,/A) is:

0.033 < kh3 < 0.099,
and wherein a parameter khl=2m(t,/A) and a parameter
20 kh2=2n(t,/\) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
the outer edge of said region ABCDEFGHIJKLA being
25 given by a closed chain in said Cartesian

coordinate consisting of points A, B, ¢, D, E, F,

R ) R 1os 7




second primary conbination |ine (A2-B2-C2-D2- E2- F2- GQ) __—“_“_‘b‘—tﬁwg-———
The device nay have a conbi nation of kh
which is given within a region

i ncr easi ng kh2
( A3- B3- C3- D3- E3-

10

and

defined by an upper
froma third primry conbination |i
F3-G&3) shown in Fig. 28 by 10 %)

obt ai ned by decreasing kh2 fromthe third primry

( A3- B3- C3- D3- E3- F3- G3) by 10%

of khl and kh2 for

defined by an upper line obtalned by increasing a primry
conbi nation |ine oup th.(A F hawn | Ig. 28 by
10 % and a | ower %fne o%fa#hgg ydggcg gs ﬁgég AEY g e, c-p, D'EE

The

15

lﬁiﬁiliﬁf I
conblnatlon I|ne

device may have a conbination
kh3=0. 132, which is given [

nkg 86718

E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-3;
said A being given by (kh1=0.30, kh2=0.87);
said B being given by (khl=0.54, kh2=0.87);

5 said- C being given by (kh1=0.60, kh2=0.87);
said D being given by (khl=0.81, kh2=0.97);
said E being given by (khl=1.16, kh2=1.20);
said F being given by (khl1=1.52, kh2=0.93);
said G being given by (khl=1.69, kh2=0.77);

10 said H being given by (khl=1.31, kh2=0.59);
said I being given by (khl=1.04, kh2=0.50);
said J being given by (khl1=0.68, kh2=0.40);'
said K being given by (kh1=0.63, kh2=0.33); and
said L beiﬁg given by (khl=0.30, kh2=0.63).

15 12. A surface acoustic wave device according to
claim 11, wherein said parameters khl and kh2 are given
within a region ABIJKLA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given

20 by a closed chain in said Cartesian coordinate,
consisting of said points A, B, I, J, K and L, and
lines A-B, B-I, I-J, J-K, K-L and L-A.

13. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)

25

comprising:
(1) a diamond layer,

_—
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20 kh2 fromthe fourth primary conbination |ine (A4-B4-C4A-

D4- E4-F4-4) by 10% The device nay have a conbi nati on of khl and
kh2 for kh3=0.198, which is given within a regi on THieBheaeiths BYenRplaced
upper |ine obtained by increasing kh2 froma fi fthdimml’
conmbi nation line 25 ( A5- B5- C5- D5- E5- F5- &) shown in Hi H””,H"F)
and a | ower |ine obtained by decreasing kh2 fromt
44

SEI 96-18B

(ii) a short circuit electrode disposed on said
diamond layer,
(iiij a Zn0 layer disposed over said short circuit
electrode onto said diamond layer, said zZnO layer
5 having a thickness t,,
(iv) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and
(v) a si0, layer disposed over said interdigital
10 transducer onto said znO layer, said SiO0, layer
having a thickness of t_;
wherein a parameter kh3 = 2n(t,/A) is:
0.099 < kh3 < 0.165,
and wherein a parameter khl=2m(t,/A) and a parameter
15 kh2=2n(t,/\) are given within a region
ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
20 given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, #, I, J, K, L and M and lines A-B, B-C, C-D, D-
E, E~F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-3;
said A being given by (khl=0.30, kh2=0.98);
25 said B being given by (kh1=0.40, kh2=0.95);
said C being given by (khl=0.45, kh2=0.96);

-
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primary conbi nation |ine (A5-B5-C5-D5-E5-F5-G5) by 10%°
may have a conbi nation of kh
within a region defined by an

froma sixth 5
in Fig. 28 by 10 % and a | ower
fromthe sixth primary conbination |ine

10%

i nvention may al so have a conbi nation of kh
0.066, which is given within a region

[err]
an upper

kh3 [err]
| i ne obtai_ne |ncreaS|ng
o heitd gaver

and kh2 for

primary conbi nation |ine (A6-B6-C6- D6-

| i ne obtai ned by

( AG- B6- ce

The devi ce

kh3=0.264, which 13 given
upper line obta|nedTQy$ka@ﬁ§g§ﬁ§

RDELE,

The "type- A" SAWdevice according to the present

primary conbi nat i G
said E being

10

15

20

25

said F being

said
said
said
said
said
said

said

G

o+

= B R" 4 M

being
being
being
being
being
being

being

given
given
given
given
given
given
given
given

given

kh2

by
by
by
by
by
by
by
by
by
by

(kh1=0.60,
(khl=1.04,
(khl=1.53,
(kh1=1.60,
(khl=1.22,
(kh1=1.00,
(kh1=0.89,
(kh1=0.53,
(kh1=0.53,
(kh1=0.30,

and kh2

SEI 96-1§

0.044
I ned by

k£?1f.d@terpolated

kh2=1.25);
kh2=0.89);
kh2=0.80);
kh2=0.63);
kh2=0.59);
kh2=0.57);
kh2=0.52);

kh2=0.45); and

kh2=0.65).

14. A surface acoustic wave device according to

claim 13, wherein said parameters khl and kh2 are given

within a region ABCNJKLMA in said two-dimensional

Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given

by a closed chain in said Cartesian coordinate,

consisting of said points A, B and C, a point N, and

said points J, X, L, and M, and lines A-B, B-C, C-N, N-

J, J—K' K—L, L_M and M-A,

said N being given by (khl=0.62, kh2=0.77).

15. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

comprising:

(1) a diamond layer,

(1i) a short circuit

diamond layer,

o
(NN A R W
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Cl2-D12-E12-F12-G12) by 10 % and a lower |ine obtained ~ ¥t5—————by-

decreasing kh2 fromthe interpolated primary conbi pa |on I|ne
(Al2-B12- Cl12-D12- E12- F12- G12) by 10% Each of the RBE@ai
Cl2, D12, E12, F12 and Gl2 constituting the interp

conmbi nation line (Al2-B12-Cl2-D12-E12-F12-Gl2) is

I npl ementing linear-interpol ati on between respective 0|nt of the
first primary conmbination line Al, Bl, Ci, D1, E1, F1 and GL and

t he correspondi ng point of the second primary conblnatlon line A2,
B2, C2, D2, E2, F2 and & having the i dent i cal SER| 93#@
respectlvely 25 | i near |nterpolat|on (or linear |nsert|on or

| i near |nterp05|tﬁ&ﬁ})bétﬂéenlaVSF Sigposed fVemkfgigt ;ghort circuit

electrode onto said diamond layer, said ZnO layer
having a thickness t,,
(iv) an interdigital transducer (IDT) disposed on
5 said 2ZnO0 layer, said IDT having a thickness of t,,
and
(v) a 8i0, layer disposed over said interdigital
transducer onto said zZnO layer, said SiO, layer
" having a thickness of t.;
10 wherein a parameter kh3 = 2m(t,/A) is:
0.165 < kh3 < 0.231,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLMA in a two-dimensional Cartesian
15 coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
20 G, H, I, J, K, L and M and lines A-B, B~-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-3A;
said A being given by (kh1=0.30, kh2=1.07);
said B being given by (kh1=0.36, kh2=1.07);
said C being given by (kh1=0.43, kh2=1.07);
25 said D being given by (kh1=0.90, kh2=1.37);
said E being given by (khl=1.05, kh2=1.20);

LT T
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-45- kh2[err]) and A2 (khl[err], Kh2[err]) (khl[err]=0.600),

gi ves the i nterpol ated point Al2 (khl, kh2[err]), Ohis8kestiyatd,
kh2[err] =kh2[err]+ (kh2[err]-kh2[err])x(kh3-kh3[err]) /(
kh3[err]-kh3[err]): kh2[err]= ””,”"

kKh[err] +(kh2[err]-
where kh3[err]
(0.044), kh3[err]
(0.066),

kh2[err] is 0.645 and

said F
said G
said H
said I
5 - said’

said

and kh3 is fromkh3[err]
kh2[ err]

being
being
being
being
being
being

being

is O.

given
given
given
given
given
given

given

by
by
by
by
by
by
by

kh[err])x(kh3-kh3[err])/(kh3[err]-
Is a kh3 for the first primary conbi nation
is a kh3 for the second primry
(0.044)

671.

(kh1=1.52,
(kh1l=1.34,
(kh1=1.05,
(kh1=0.85,
(kh1=0.71,
(kh1=0.38,
(kh1=0.42,

kh3[err])

i ne

conblnatlon i ne
h 0. 066
to kpabeprl £9- 066)

kh2=0.85);
kh2=0.79);
kh2=0.72);
kh2=0.68);
kh2=0.68);
Kh2=0.68);
kh2=0.55);

and

J
K
said L
M

said M being given by (khl=0.30, kh2=0.65).
16. A surface acoustic wave device according to

10 claim 15, wherein said parameters khl and kh2 are given
within a region ABNOJKLMA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
15 consisting of said points A, B and C, a point N, a
point O, and said points J, X, L, and M, and lines A-B,
B-C, C-N, N-J, J-K, K-L, L-M and M-A,

said N being given by (khl1=0.43, kh2=0.95); and

said O being given by (kh1=0.61, kh2=0.75).

20 17. A surface acoustic wave device for 2nd mode
surface acousfic wave of a wavelength A (um)
comprising:

(1) a diamond layer,

(ii) a short circuit electrode disposed on said
25 diamond layer,

(iii) a zZnO layer disposed over said short circuit
-
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The "type-A" SAWdevice according to the present ' I nvention may

al so have a conbination of khl and kh2 10 for O. 0661{11%}{6]“5@ ee[n%;ﬁ:lced
0.099, which is given within a region defi ned by a

obt ai ned by increasing kh2 froma interpol ated pr

i ne (A23-B23- C23- D23- E23- F23- &X23) by 10 % and a-

obt ai ned by decreasing kh2 fromthe interpol ated prlnary 15

conbi nation |ine (A23-B23-C23-D23- E23- F23- &R3) by 10% Each of the
poi nts A23, B23, C23, D23, E23, F23 and &3 COQE&'E% g t he

I nterpol ated primary conbination |ine _ )
(A23- B23- C23- D23- E23- F23- X3) i s obtalned by. _i.nplenenting the
Iinear-interpolatﬁiﬁcﬁgpﬂﬁeﬁ t9psald d%@&%&ﬁn%%&?ﬁﬂnﬁﬁﬂg;ZQQ1 a¥&@ond

primary CO”b'”at'ﬁﬁvhhgea thickness t,,

|
18
nti

(iv) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
5 and
(v) a Si0, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t,;
wherein a parameter kh3 = 2m(t,/A) is:
10 0.231 < kh3 < 0.297,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2mn(t,/A) are given within a region
ABCDEFGHIJKLMNA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
15 ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMNA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L, M and N and lines A-B, B-C, C-D,
20 D-E, E-F, F-G, G-H, H-I,.I—J, J-K, K-L, L-M, M-N
and N-A;
said A being given by (kh1=0.30, kh2=1.15);
.said B being given by (kh1=0.38, kh2=1.20);
said C being given by (khl=0.46, kh2=1.32);
25 said D being given by (khl=0.60, kh2=1.52);
said E being given by (kh1=0.73, kh2=1.60);

mmm ae
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poi nt of the

D3, E3, Tﬁé Sl?e@lcha%een Re

A2, B2, C2, D2, E2, F2 and & and the correspondi ng
third primary conbination |ine A3, B3, C3,

havi ng the identical khl val ue, respectively, by usi laced
such as: 25 kh2[err] = 'm,[ﬁm " rU",
kh2[err]+(kh2[err]-kh2[err])x-kh3[err])/(kh3[err]-kh3[err]).
tﬂg%gii%zkhZ[érr])x(khS[err]-kh2[err])x(kh3-kh3[err])/(kh3[err]-kh3[err]).
The "type- A" SAWdevi ce according to the present SEI 96-18B
said F being given by (kh1=0.81, kh2=1.44);
said G being given by (kh1l=1.00, kh2=1.20);
said H being given by (kh1=1.40, kh2=0.91);
said I being given by (khl=1.14, kh2=0.83);
5 said J being given by (kh1=0.83, kh2=0.76);
said K being given by (kh1=0.60, kh2=0.73);
said L being given by (kh1=0.35, kh2=0.73);
said M being given by (kh1=0.38, kh2=0.63); and
said N being given by (kh1=0.30, kh2=0.65).
10 18. A surface acoustic wave device according to
claim 17, wherein said parameters khl and kh2 are given
within a region AOPKLMNA in said two-dimensional
Cartesian coordinate graph,
the outer edge of said region AOPKLMNA being given
15 by a closed chain in said Cartesian coordinate,
consisting of said point A, a point O, a point P, and
said points K, L, M and N, and lines A-0, 0-P, P-K, K-
L, L-M, M-N and N-a, |
said O being given by (kh1=0.36, kh2=1.00); and
20 said P being given by (khl1=0.48, kh2=0.83).
19. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:
(i) a diamond layer,
25 (ii) a short circuit electrode disposed on said

diamond layer,

LT
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i nvention may al so have a conbi nati on of khl and kh2

' i % laced
[err] kh3 [err] 0.132, which is given within a region This Sheelize Be
an upper |line obtained by increasing kh2 fron1a-ini % \ \
primary conbi nation |ine (A34-B34- 5 C34- D34- E34- F34

and a |lower |ine obtained by decreasing kh2 fromthe interpol ated
primary conbi nation |ine (A34-B34-C34- D34- E34- F34-G34) by 10%
Each of the points A34, B34, C34, D34, E34, F34 and G34

~constituting the interpolated primary conbination |ine %%? _18
( A34- B34- C34- D34- E34- F34- G34) i s obtained by | FBT P8t PRg the

conbrnat o T+ ne. (RE3°h"EH0 1ayer 41sBERRACUAE BN Sheh I P Y
correspondi ng electrode onto said diamond layer, said ZnO layer
having a thickness t,,
(iv) an interdigital transducer (IDT) disposed on
5 said ZnO layer, said IDT having a thickness of t,,
and
(v) a 8i0, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t_;
10 wherein a parameter kh3 = 2m(t,/A) is:
0.297 < kh3 < 0.363,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesian coordinate graph
15 having abscissa axis of khl and ordinate axis of
kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
20 G, H, I, J, K and L and lines aA-B, B-C, C~D, D-E,
E-F, F-G, G~-H, H-I, I-J, J-K, K-L and L-A;
said A being given by (khl1=0.30, kh2=1.29);
said B being given by (kh1=0.33, kh2=1.36);
said C being given by (khl1=0.40, kh2=1.60);
25 said D being given by (kh1=0.71, kh2=1.60);
said E being given by (kh1=0.82, kh2=1.41);
I
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point of the fourth primary conbination |ine A4, B4, C4 D4, E4,
F4 and G4 having the identical khl value respectlv

yﬁéeﬁ feplaced

s Xh
equati ons. such as: kh2[err] = kh2[err]+ (kh2[err]-kh
(kh3 -kh3[err]) / (kh3[err]-kh3[err]). The "type-

according to the present I nvention may al so have a co

khl and kh2 20 for 0.132 [err] kh3 [err] 0.198, which is glven mﬁthln
a region defined by an upper |ine obtained by increasing kh2
froma interpolated primary conbination |ine (A45-B45- SET 96-18

CA5- D45- E45- F45- (A5) by 10 % and a | ower |ine obtained - Ey

i Bt s BT A SR B R RIS 0 M s
45, D45, B45, FA3300c%HRing given by (khl=1.27, kh2=0.97);
said H being given by (kh1=1.03, kh2=0.89);
said I being given by (kh1=0.68, kh2=0.78);
5 said J being given by (khl=0.52, kh2=0.77);

said K being given by (kh1=0.30, kh2=0.76); and

said L being given by (kh1=0.30, kh2=1.09).

20. A surface acoustic wave device according to
claim 19, wherein said parameters khl and kh2 are given

10 within a region LMJKL in said two-dimensional Cartesian
coordinate graph,

the outer edge of said region LMJKL being given by
a closed chain in said Cartesian coordinate, consisting
of said point L, a point M, and said points J and K,

15 and lines L-M, M-J, J-K and K-L, |
said M being given by (khl1=0.37, kh2=0.94).

21. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

20 (i) a diamond layer,

(ii) a ZnO layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t,,

25 (iv) a sioO, layer disposed over said interdigital

transducer onto said ZnO layer, said Sio, layer
N
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- 47 - constituting the interpolated prinary_bo _
(A45- B45- CA5- D45- E45- F45- (45) i s obtai ned by - inplermenting the
| i near-interpol ati on between respective point of the&hfsShyetHus Been Replaced

primary conbination |ine 5. A4, B4, C4, D4, E4, F4 and
correspondi ng point of the fifth primary conbination |
C5, D5, E5, F5 and G5 having the identical khl val ue,

SEI 96-18B

having a thickness of t_, and
(v) a short circuit electrode disposed on said Sio,
layer;
wherein a parameter kh3 = 2m(t,/A) is:

5 0.033 < kh3 < 0.099,
and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of

10 kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,

15 E~-F, F-G, G-H, H-I, I-J, J-K, K-L and L-A;
said A being given by (kh1=0.30, kh2=0.87);
said B being given by (khl1=0.54, kh2=0.87);

said C being given by (khl=0.60, kh2=0.87);
said D being given by (kh1=0.81, kh2=0.97);
20 said E being given by (khl=1.16, kh2=1.20);
said F being given by (khl=1.52, kh2=0.93);
said G being given by (khl=1.69, kh2=0.77);
said H being given by (khl=1.31, kh2=0.59);

said I being given by (khl=1.04, kh2=0.50);

(]

25 ' said being given by (kh1=0.68, kh2=0.40);

said K being given by (khl=0.63, kh2=0.33); and

(O e
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respectively, by using equations such as: kh2{erri =

kh2[ err] +(kh2[ err]-kh2[err])x( kh3-kh3[err]) / (kh3[ er'fh]is-éfl&%h%rﬂelr)Replac]eQ

The "type-A" SAWdevice according to the present y
al so have a conbi nati on of khl and kh2 for O. 1tﬂlmﬁlm ﬂw,llErr]
0.264, which is given within a region defi ned e

obt ai ned by increasing kh2 froma interpolated prinmary conbi nation
| ine (A56-B56- 15 C56- D56- E56- F56- G56) by 10 % and a | ower line

obt ai ned by decreasing kh2 fromthe interpolatgngggnﬁéé

conbi nation |ine (A56-B56-C56-D56- E56- F56- G66) by 10% “*%Bach of the

poi nts A56, 856’ng%gdcgﬁgﬁﬁggfgﬁgggnggdég%9=°-30, khzg%Q%%BEuting t he

i nterpol ated pri \ .
(A56- B56- C56- D56- 556- £58; (e8le! 8c8RER B HaBY device according to

claim 21, wherein said parameters khl and kh2 are given
within a region ABIJKLA in said two-dimensional
5 Cartesian coordinate graph,
the outer edge of said region ABIJKLA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B, I, J, K and L, and
lines A-B, B-I, I-J, J-K, K-L and L-A.

10 23. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising: |

(1) a diamond layer,
(ii) a 2no0 layer disposed on said diamond layer,

15 said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on
said 2Zn0 layer, said IDT having a thickness of t,,.
(iv) a SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said S$io, layer

20 having a thickness of t,, and

(v) a short circuit electrode disposed on said Sio,
layer;
wherein a parameter kh3 = 2m(t,/A) is:
0.099 < kh3 < 0.165,
25 anq:wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/\) are given within a region

UL TR T




I npl ementing the linear-interpol ati on between '?EﬁﬁﬁﬂﬁﬁVE‘pofﬂf—fﬁ——
the fifth primary conbination |ine A5, B5, C5, E5, F5 and

and the correspondi ng poi nt of the sixth primary SWﬁﬂfﬂ ¥
A6,  B6, C6, 25 D6, E6, F6 and G having the identic
respectively, by using equations such as:

- 48- kh2[err] = kh2[err]+( kh2[err]- kh2[err])X(kh3 kh3[err])
(kh3[err]-kh3[err]).

——

SEI 96-18B

ABCDEFGHIJKLMA in a two-dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being
5 given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, K, L, and M and lines A-B, B-C, C-D, D-

E, E-F, F"'G’ G—H’ H—I' I-J’ J_K’ K"L, L"M a.nd M-A;

said A being given by (khl=0.30, kh2=0.98);
10 said B being given by (khl=0.40, kh2=0.95);
said C being given by (khl1=0.45, kh2=0.96);
said D being given by (khl=0.60, kh2=1.00);
said E being given by (khl=1.04, kh2=1.25);
said F being given by (khl=1.53, kh2=0.89);
15 said G being given by (khl=1.60, kh2=0.80);
said H being given by (khl=1.22, kh2=0.63);
said I being given by (khl=1.00, kh2=0.59);
said J being given by (kh1=0.89, kh2=0.57);
said K being given by (khl1=0.53, kh2=0.52);
20 said L being given by (kh1=0.53, kh2=0.45); and
.said M being given by (khl1=0.30, kh2=0.65).

24. A surface acoustic wave device according to
claim 23, wherein said parameters khl and kh2 are given
within a region ABCNJKLMA in said two-dimensional

25 Cartesign coordinate graph,
the outer edge of said region ABCNJKLMA being given
[
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Each of the SAW devi ces determnm ned on the basis of ) t he abagve

mentioned primry conbination |ines and the I nt er pol at ed prlnary
conbi nation |lines has considerably 5 excel | ent theyoxeh nateRb] fd.h

anong the aforenenti oned first to 50th SAW devi
t he present i nvention, while maintaining higher Hﬁm" m

velocity V > 8,000 msec. and reasonable Klerr] which ar

equi val ent level to the aforenmentioned first to 10 50t h SAW devi ces.
More specifically, the superior t her nmal stabil%%g %éﬁ%ﬁ?t t he
frequency variation on t enper ature change for ature

[ange 119M 2y a copeg) BhphG b8, S0k Hakeetat KA AR P hat 1o the
' consisting of said points A, B and C, a point N, and
said points J, K, L, and M, and lines A-B, B-C, C-N, N-
J, J-K, K-L, L-M and M-3,
5 said N being given by (khl1=0.62, kh2=0.77).

25. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising: .

(i) a diamond layer,

10 (ii) a ZnO0 layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t,,

(iv) a sio, lajer disposed over said interdigital

15 transducer onto.said ZnO layer, said‘SiO2 layer
having a thickness of t,, and

(v) a short circuit electrode disposed on said Sio,

layer;

wherein a parameter kh3 = 2mn(t,/A) is:

20 0.165 < kh3 < 0.231,

and wherein a parameter khl=2n(t,/A) and a parameter

kh2=2m(t,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian

coordinate graph having abscissa axis of khl and

25 ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being
_
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15 above described SAW devi ces based on the primaryand the
f

I nterpol ated primary conbination |ines are preferably enpl oyed
applications which require severer tenperature $hiaShiebtiHayBeen Réia

shoul d be al so noted that the di anond SAW devi ce ,m mﬂu "m

20 constitution of (SiO2 protection layer)/(I1DT)/(zn
of the inproved

yer

pi ezoel ectric layer)/(dianond) and utilizing 2nd SAW
addi tionally have an advant ageous characteristics

propagation | oss over the di anond SAW devi ces haV|g the | ayer
constitution of (SiJerr] 25 protection Iayer)/(Zﬁ5 pi 7d8Bectri c
| ayer)/ (1DT)/ given %y a alaééﬂ"cﬁﬁﬂd'ﬁﬂ'E%iE“cé?@gégﬁﬁa The

conbi nati on
coordinate consisting of points A, B, C, D, E, F,

D-

G, H, I, J, X, L and M and lines A-B, B-C, C-D,
E, E~-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
5 said A being given by (kh1=0.30, kh2=1.07);
said B being given by (kh1=0.36, kh2=1.07);
said C being given by (khi=0.43, kh2=1.07);
said D being given by (kh1=0.90, kh2=1.37);
said E being given by (khl=1.05, kh2=1.20);
10 said F being given by (khl=1.52, kh2=0.85);
said G being given by (khl=1.34, kh2=0.79);
said H being given by (kh1=1.05, kh2=0.72);
said I being given by (khl1=0.85, kh2=0.68);
said J being given by (khl1=0.71, kh2¥0.68);
15 said K being given by (khl1=0.38, kh2=0.68);
said L being given by (kh1=0.42, kh2=0.55); and
said M being given by (kh1=0.30, kh2=0.65).
26. A surface acoustic wave device according to
claim 25, wherein said parameters khl and kh2 are given
20 within a region ABNOJKLMA in said two-dimensional
Cartesian coordinate graph,
the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, a
25 point Q, and said points J, K, L, and M, and lines A-B,

B-C, C-N, N-J, J-K, K-L, L-M and M-A,
[
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of the forner |ayer constitution and wave node can present IEUULCU

insertion |loss of less than 10 dB when used for then&qig hwd
filter having higher tenperature stability at 2.5
conbi nati on 5 of the latter |ayer constitution and mave

reduce the insertion loss to such level for the use in
appl i cation.

SEI 96-18B

said N being given by (khl1=0.43, kh2=0.95); and
said O being given by (kh1=0.61, kh2=0.75).
27. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
5 comprising:
(i) a diamond layer,
(ii) a 2ZnO0 layer disposed on said diamond layer,
said ZnO layer having a thickness t_,
(iii) an interdigital transducer (IDT) disposed on
10 said ZnO layer, said IDT having a thickness of ta,
(iv) a Sio, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t_,, and
(v) a short circuit electrode disposed on said Sio,
15 layer;
wherein a parameter kh3 = 2m(t,/A) is:
0.231 < kh3 < 0.297,
and wherein a parameter khl=2mn(t,/A) and a parameter
kh2=2n(t,/\) are given within a region
20 ABCDEFGHIJKLMNA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMNA being
given by a closed chain in said Cartesian
25 coqrdinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L, M and N and lines A-B, B-C, C-D,
[ —
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transducer for

i nterdigital
el ectric power to the input
receiving the acoustic wave

In yet another aspect of the invention,
the invention nay conprise a interdigital 10
i ncl udi ng an i nput
wave by applying

I nterdigital

SAW devi ces
transdu
transducer for

el ectric power, wherein a pair nunber Ni of 15 the fingers of the

| DT and a pair nunber No of the fingers of the out put
satisfy the rel ationshi p: N=N + No =50 - 90 pairs, _.and wherein
the aperture length of the input IDT or the outB&L PPBTIEB 10[err] -

according to

2 Been
|EW$§%E“ R?

50[ err] ([Lerr] . wavel ength of the SA Further, the SAW devi ces
additionaILVEvngrﬁﬂe FaG| €a8y Hnd rr dacioks Eork, L-M,

and N-A;

said A being given by (kh1=0.30, kh2=1.15);

said B being given by (khl1=0.38, kh2=1.20);

5 said C being given by (khl=0.46, kh2=1.32);

said D being given by (kh1=0.60, kh2=1.52);

said E being given by (kh1=0.73, kh2=1.60);

said F being given by (kh1=0.81, kh2=1.44);

said G being given by (kh1=1.00, kh2=1.20);

10 said H being given by (khl=1.40, kh2=0.91);

said I being given by (khl=1.14, kh2=0.83);

said J being given by (khl1=0.83, kh2=0.76);

said K being given by (khl=0.60, kh2=0.73);

said L being given by (kh1=0.35, kh2=0.73);

15 said M being given by (kh1=0.38, kh2=0.63); and
said N being given by (khl1=0.30, kh2=0.65).

28. A surface acoustic wave device according to
claim 27, wherein said parameters khl and kh2 are given
within a region AOPKLMNA in said two-dimensional

20 Cartesian coordinate graph,

the outer edge of said region AOPKLMNA being given
by a closed chain in said Cartesian coordinate,
consisting of said point A, a point 0O, a point P, and
said points K, L, M and N, and lines A-0, 0-P, P-K, K-

25 L, L-M,-M-N and N-A,

said O being given by (kh1=0.36, kh2=1.00); and

____/
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el ectrodes),
out put

50-

10

15

20

25

whi ch are di sposed to interpose the input

| DTs al ong the propagating direction of the
the reflectors conprise fingers, the total nunber
nore than 2 x (100 - N, 25 where N.= NI + No.

Is used as the substrate material for _
the application of the narrowband filters, the

SEI 96-18B

said P being given by (kh1=0.48, kh2=0.83).

29. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

comprising:

(1) a diamond.layer,
(1i) a ZnO layer disposed on said diamond layer,
said ZnO layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on
said Zn0O layer, said IDT having a thickness of t,,
(iv) a Siog layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t,, and
(v) a short circuit electrode disposed on said SioO,
layer;
wherein a parameter kh3 = 2n(t,/A) is:

0.297 < kh3 < 0.363,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA

in a two-dimensional Cartesian coordinate graph

- having abscissa axis of khl and ordinate axis of

kh2,

the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said cartesian
coordinate consisting of points A, B, C, D, E, F,
G, 2, I, J, K and L and lines A-B, B-C, C-D, D-E,

EF,FG,GH,HI,IJ,JK,KLandL—A,

e

\\II\Il\ -

and t he

mﬂep

Replaced




possi bl e mininum size of the electrode portion (i.e., t he portion
of the IDTs and the reflectors) is 200 [err]mx

.I’
size should be further reduced to neet 5 t he current re E hc
further mniaturizing the devi ces. The nrnraturrzrn m
devi ces becone nore Intensively required, as the mhol

conmuni cati ng systens becone snaller and lighter.

conventi onal devices can not achieve the lower 10 transm ssi on Ioss of
smaller than 10 dB, and it is desirable to haveséf)v@ﬁr M@nsm Ssi on
| oss as possi bl e, because the devices having | ower transm ssion

kffﬁohzh one can readrgy gg@ CQEY%Rp%¥ gﬂhfﬂgﬂyalcﬁhbﬂg §§§Lens

said B being given by (khl1=0.33, kh2=1.36);
said C being given by (khl1=0.40, kh2=1.60);
said being given by (khl=0.71, kh2=1.60);
5 said E being given by (khl1=0.82, kh2=1.41);
said F being given by (khl=1.00, kh2=1.22);
said being given by (khl=1.27, kh2=0.97);
said I being given by (khl=0.68, kh2=0.78);
10 said J being given by (khl1=0.52, kh2=0.77);

said

C

D

E

F

G

said H being given by (kh1=1.03, kh2=0.89);

I

J

K being given by (khl=0.30, kh2=0.76); and
L

said being given by (kh1=0.30, kh2=1.09).

30. A surface acoustic wave device according to

claim 29, wherein said parameters khl and kh2 are given
15 within a region LMJKL in said two-dimensional Cartesian
coordinate graph, |

the outer edge of said region LMJKL being given by
a closed chain in said Cartesian coordinate, consisting
of said point L, a point M, and said points J and K,

20 and lines L-M, M-J, J-K and K-IL,

said M being given by (khl1=0.37, kh2=0.94).

31. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

25 (i)~a diamond layer,

(ii) a first short circuit electrode disposed on

L mru(nr Il ll llll o Ty

N o]




15 el ectrode portion by reducing the pair nunber of the f

or the aperture length of the IDTs, the resul tant ggyi

reduced size of the el ectrode portion have deterior t a“d
t han 600 or hi gher transm ssion | oss of higher thanj

when 20 quartz is used for the substrate material. T

m ni aturization of the SAWdevi ces conprising quartz substrate |s
limted to a certain level, if one attenpts to naintain better

devi ce characteristics. Further, the S%NVdeV|cqg fa%ggxégnventional
materials 25 such as-quartz have not achieve | ower & lon | oss

of < 10 dB, Iomer T 5.p n1and hi gher Q of not
glamond f

(iii) a 2ZnO layer disposed over said short circuit
electrode onto said diamond layer, said ZnO layer
having a thickness t,,
5 : (iv) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
(v) an S8i0, layer disposed o?er said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t_,, and
10 (vi) a second short circuit electrode disposed on
said SioO, layer;
wherein a parameter kh3 = 2m(t,/A) is:
0.033 < kh3 < 0.099,
and wherein a parameter khl=2n(t,/A) and a parameter
15 kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
the outer edge of said region ABCDEFGHIJKLA being
20 given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,
E-F, FP-G, G-H, H-I, I-J, J-K, K-L and L-A;
said A being given by (kh1=0.30, kh2=0.87);
25 said B being given by (khl=0.54, kh2=0.87);
said C being given by (kh1=0.60, kh2=0.87);

(A s
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- 51 -
portion is permtted.
conducted a
when 5

nunber of experinmental
di anond is used for
of the fingers can be considerably reduced w thout

affecting the Q value and the transm ssion
excel | ent conbi ned properties of the

said
said
said

said

being
being
being

being

given
given
given

given

by
by
by
by

(kh1=0.81,
(kh1l=1.16,
(kh1=1.52,
(kh1=1.69,

| ess than 600 at 2.5 GHz, even though’
The applicants of thenﬁ
eval uati on,
the substrate material,

| oss,

SEI 96-18B

kh2=0.97);
kh2=1.20);
kh2=0.93);
kh2=0.77);

]

due to

ention

r ode
have

@eé"h@ﬁaced

Il

T e = MmO

5 said H being given by (khl=1.31,
by
by
by

by

Kh2=0.59);

=

said I being given (kh1=1.04, kh2=0.50);

said being given (kh1l=0.68, kh2=0.40);

said K being giwven (kh1=0.63, kh2=0.33); and

H R g

said L being given (kh1=0.30, kh2=0.63).

10 32. A surface acoustic wave device according to
claim 31, wherein said parameters khl and kh2 are given
within a region ABIJKLA in said two-dimensional
Cartesian coordinate graph,

the 6uter edge of said region ABIJKLA being given
15 by a closed chain in said Cartesian coordinate,
consisting of said points A, B, I, J, K and L, and
lines A-B, B-I, I-J, J-K, K-L and L-A.

33. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
20 comprising:

(i) a diamond layer,

(ii) a first short circuit electrode disposed on

said diamond layer,

(1ii) a ZnO layer disposed over said short circuit
25 eleetrode onto said diamond layer, said Zn0O layer

having a thickness t,,

126
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di anond and the ZnO pi ezoelectric material. Thus, the 10  conbination

of the above-described |ayer constitution of ttﬁkgﬁ%{ e gonpand the
sel ected pattern of |1DT and/or reflector can pr Gi ze
of -the el ectrode portion of the devices to a Ie ,I'ﬁ ﬁ
[err] mx 200- 400 [err]m while maintaining hig

velocity 15 and thermal stability than conventional devices,

wel | as achieving better Q[err] 600 and | ower transm ssion Ioss of
6 - 10 dB. I n addition, the SAW devices advanrtzageQuglgy have a
better processibility to provide hi gher vyield, Dbecause the
sufficient mniatur] ' : a e h J& wi der
finger of 1DTs or&‘})zaéd Oj[}lrte%odel&loea?' ar}:n%erl%&mr%u ed %)a?%géugén% &){accordl ng
to said Zn0 layer, said IDT having a thickness of t,,

(v) an Si0, layer disposed over said interdigital
transducer onto said ZnoO layer, said Sio0, layer
5 having a thickness of t_,, and
(vi) a second short circuit electrode disposed on
said SiO, layer;
wherein a parameter kh3 = 2n(t,/A) is:
0.099 < kh3 < 0.165,

10 and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(ts/h) are given within a region
ABCDEFGHIJKLMA in a two~dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,

15 : the outer edge of said region ABCDEFGHIJKLMA being

| given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L. and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-3;

20 said A being given by (kh1=0.30, kh2=0.98);
said B being given by (khl=0.40, kh2=0.95);
said being given by (kh1=0.45, kh2=0.96);

said

being given by (kh1=0.60, kh2=1.00);

25 saig

Cc
D

said E being given by (kh1=1.04, kh2=1.25);
F being given by (khl=1.53, kh2=0.89);
G

said

L TTRTE T
* [ L M S *

being given by (khl1=1.60, kh2=0.80);




the present invention. Furt her scope of apphi
pr esent invention will become apparent fromthe detailed 25
description given hereinafter. However, it should be ThisSheet Hdd BekRESIRLE

that the detail ed description and specific
-52- exanples, while indicating preferred enbo Ill”m
I nvention, are given by way of illustration only, since

SEI 96-18B

said H being given by (khl=1.22, kh2=0.63);

said I being given by (kh1=1.00, kh2=0.59);

said J being given by (khl1=0.89, kh2=0.57);

said K being given by (khl1=0.53, kh2=0.52);

5 said L being given by (khl=0.53, kh2=0.45); and
said M being given by (khl1=0.30, kh2=0.65).

34. A surface acoustic wave device according to
claim 33, wherein said parameters khl and kh2 are given
within a region ABCNJKLMA in said two-dimensional

10 Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, and
said points J, K, L, and M, and lines A-B, B-C, C-N, N-

15 J, J-K, K-L, L-M and M-A,

said N being given by (khl1=0.62, kh2=0.77).

35. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

20 (1) a diamond layer,

(ii) a first short circuit electrode disposed on

said diamond layer,

(iii) a ZnO layer disposed over said short circuit

electrode onto said diamond layer, said ZnO layer

25 having a thickness t,,

(iv) an interdigital transducer (IDT) disposed on
_

LT T —




various changes and nodifications within the spirit and: scope_of
the invention will becone apparent to those 5 skilled in the art

fromthis detail ed description. BRI EF DESCRI PTI ON® ﬂ‘m
ordin ' (kh-

Fig. 1 is a graph in the two-dinmensional Cartesian
havi ng absci ssa axis of khl(kh of zZnO and

regi on ABCDEFGHI JKLA and the region
0. 099; Fig. 2is a

of Sierr]), illustrating the 10

ABI JKLA for 0.033 [err] kh3 [err] _ _ _
graph in the two-di nensional Cartesian _coordlng%g ngigﬁ absci ssa
axi s of khl(kh of ZnQ and _ ordi nate axis of kh h”of derr]),

1 lustrating the g1§q gno 59k27 ARPRETRH HWYAGI Hligdedon AGCNIKLIA

for
(v) an 5i0, layer disposed over said interdigital

transducer onto said ZnO layer, said Si0, layer
having a thickness of t_, and
5 (vi) a second short circuit electrode disposed on
said SiO, layer;
wherein a parameter kh3 = 2n(t,/A) is:
0.165 < kh3 < 0.231,
and wherein a parameter khl=2m(t,/A) and a parameter
10 kh2=2n(t_,/A) are given within a region
ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
15 given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J,

J-K, K-L, L-M and M-A;

said A being given by (khl=0.30, kh2=1.07);

20

25

said B
said
said
said
said

said

=> B B B < B B¢

said

being
being
being
being
being
being

being

given
given
given
given
given
given

given

-

1“\“}\@\ T HlI\

by
by
by

by.

by
by
by

(kh1=0.36,
(kh1=0.43,
(kh1=0.90,
(khl=1.05,
(khl1=1.52,

(khl=1.34,

(kh1l=1.05,
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kh2=1.07);
kh2=1.07);
kh2=1.37);
kh2=1.20);
kh2=0.85);
kh2=0.79);
kh2=0.72);




0.099 [err] kh3 [err] O0.165; Fig. 3is a—g#aphfrﬁ—tfmr’—"”

t wo- di mensi onal Cartesian coor di nat e havi ng abSC|ssa

khl (kh of ZnO and ordinate axis of kh2(kh of ee“RePl“ed
illustrating the 20 regi on ABCDEFGH JKLMA and the

for 0.165 [err] kh3 [err] 0.231; ph in
t he two-di nensi onal Cartesian coordi nate haV|ng abSC|ssa axi s of
khl (kh of zZnO) and ordi nate axis of kh2(kh of Sigerr]),
illustrating the 25 regi on ABCDEFGHI JKLMNA and t i gn, AOPKLMNA
for 0.231 [err] kh3 [err] 0.297; 'Ei£13¥'fh5

said I being given by (khl=0.85, kh2=0.68);

said J being given by (khl=0.71, kh2=0.68);

said K being given by (kh1=0.38,.kh2=0.68);

said L being given by (kh1=0.42, kh2=0.55); and

5 said M being given by (kh1=0.30, kh2=0.65).

36. A surface acoustic wave device according to
claim 35, wherein said parameters khl and kh2 are given
within a region ABNOJKLMA in said two-dimensional
Cartesian coordinate graph,

10 the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, a
point O, and said points J, X, L, and M, and lines A-B,
B-C, C-N, N-J, J-K, K-L, L-M and M-A,

15 said N being given by (kh1=0.43, kh2=0.95); and

said O being given by (kh1=0.61, kh2=0.75).

37. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

20 (i) a diamond layer,

(ii) a first short circuit electrode disposed on

said diamond layer,

(iii) a 2Zn0 layer disposed over said short circuit

electrode onto said diamond layer, said ZnO layer

25 having a thickness t,,

(iv) an interdigital transducer (IDT) disposed on
[

>




- 53- Fig. 5is a graph in the two-di mnensionalGCartesi-an——
coordi nate havi ng abscissa axis of khl(kh of zZnO and ordinate axis
of kh2(kh of Siderr]), illustrating the r egi dhis SBEDIES Bbdn Ripidtearnd

the region LMIKL for 0.297 [err] 5 kh3 [err] 0 36
Vi ews yer
according to the pre tion;

Figs. 6A to 6G are schematic sectiona
Fig. 7 is a graph show ng rel ationship of

structures (type Ato type Q§

SEI 96-18B

said ZnO layer, said IDT having a thickness of t,,
(v) an Si0, layer disposed over said interdigital
transducer onto said ZnO layer, said Sio, layer
having a thickness of t_, and
5 (vi) a second short circuit electrode disposed on
said SiO, layer;
wherein a parameter kh3 = 2m(t,/A) is:
0.231 < kh3 < 0.297,
and wherein a parameter khl=2n(t,/A) and a parameter
10 kh2=2n(t_,/A) are given within a region
ABCDEFGHIJKLMNA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMNA being
15 given by a closed chain in said Cartesian

coordinate consisting of points A, B, ¢, D, E, F,

G, H, I, J, K, L, M and N and lines A-B, B-C, C-D,
D-E, E-F, ¥-G, G-H, H-I, I-J, J-K, K-L, L-M, M-N
and N-A;
20 said A being given by (kh1=0.30, kh2=1.15);
said B being given by (kh1=0.38, kh2=1.20);
said C being given by (kh1=0.46, kh2=1.32);
said D being given by (khl1=0.60, kh2=1.52);
said E being given by (kh1=0.73, kh2=1.60);
25 said F being given by (khl1=0.81, kh2=1.44);
said G being given by (khl=1.00, kh2=1.20);
131
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10

paraneters khl and kh2 for the SAWdevi ce of "typeA"

various effective coupling coefficients Klerr]S, which
obtai ned in Exanple 1; Fig. 8 is a graph §h®ﬁhﬂ@H&@k@ﬂ{ Rehi P

of

at various effective coupling coefficients Klerr]s which
obt ai ned i n Exanpl e 2;

paranmeters khl and kh2 for the SAW device of

ents et IO i,

at
ULI.

of parameters khl and kh2 for the SAW device of "type C'

at various effective coupling coefficients Klerr]s Mhiqg%ﬁﬁf _f?

obt ai ned in Exanple 3; Fig. 10 is a graph %g %Iationship
of

10

15

20

25

\\
gy

par angl ex sy kil ; 800 K027 80 | RR1 S HeVks 8 o1ype O

said I being given by (khl=1.14, kh2=0.83);
said J being. given by (kh1=0.83, kh2=0.76);
said K being given by (kh1=0.60, kh2=0.73);

said

J
K
said L being given by (khl=0.35, kh2=0.73);
M being given by (khl1=0.38, kh2=0.63); and
N

said being given by (khl1=0.30, kh2=0.65).

38. A surface acoustic wave device according to
claim 37, wherein said parameters khl and kh2 are given
within a region AOPKLMNA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region AOPKLMNA being given
by a closed chain in said Cartesian coordinate,
consisting of said point A, a point O, a point P, and
said points K, L, M and N, and lines A-0, 0O-P, P-K, K-
L, L-M, M-N and N-A,

said O being given by (kh1=0.36, kh2=1.00); and

said P being given by (khl=0.48, kh2=0.83).

39. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a first short circuit electrode disposed on

said diamond layer,

(iii) a ZnO layer disposed over said short circuit

electrode onto said diamond layer, said ZnO layer

148 BEEN




at various effective coupling coefficients Klerr]S, which

was

obtained in Exanple 4; 25 Fig. 11 is a graph gﬂgghg | at
of parameters khl and kh2 for the SAW devi ce of EeentRepace
-54 - at various effective coupling coeff|C|ent ch
was obtai ned in Exanpl e 5; Fig. 12 is a gra
rel ati onshi p of

SEI 96-18B

10

15

20

25

having a thickness t,,
(iv) an interdigital transducer (IDT) disposed on
said zn0O layer, said IDT having a thickness of t,,
(v) an SiO, layer disposed over said interdigital
tranSducer-onto said ZnO layer, said SiO, layer
having a thickness of t_,, and
(vi) a second short circuit electrode disposed on
said siO, layer;
wherein a parameter kh3 = 2n(t,/A) is:

0.297 < kh3 < 0.363,
and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate comsisting of points A, B, ¢, D, E, F,
G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,
E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-3;
said A being given by (kh1=0.30, kh2=1.29);
said B being given by (kh1=0.33, kh2=1.36);
said C being given by (kh1=0.40, kh2=1.60);
said D being given by (khl=0.71, kh2=1.60);
said E being given by (khl1=0.82, kh2=1.41);
said F being given by (khl=1.00, kh2=1.22);

[
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paraneters khl and
effective coupling
Exanpl e 6;

parameters khl and
effective coupling

kh2 for the SAW devi ce of
coefficients Klerr]s which
Fig. 13 is a graph show ng
kh2 for the SAWdevice of "type G
coefficients Klerr]s, which 10

"type F

relat

at
bt ai ne

Vd.l i UUus

Been Replaced

lilﬂuﬂ ii-

Exanple 7; Fig. 14 is a graph show ng relatlonshlp of
paranmeters khl and kh2 for the SAWdevice of "type A", "type B,
"type C', "type D', "type E', "type F' and "ty . vari ous
propagation velocities Vs, in the 15 case of kh3 QEBF%%BféB

Filg. 15 1s a grapp,shoy pg;hg' §ivaashiP (Rhi=1.27, kn2=0.97);

said H being given by (kh1=1.03, kh2=0.89);

said I being given by (kh1=0.68, kh2=0.78);

said J being given by (khl1=0.52, kh2=0.77);

said K being given by (kh1=0.30, kh2=0.76); and

said L being given by (kh1=0.30, kh2=1.09).

40. A surface acoustic wave device according to
claim 39, wherein said parameters khl and kh2 are given
within a region LMJKL in said two-dimensional Cartesian

10 coordinate graph,

the outer edge of said region LMJKL being given by
a closed chain in said Cartesian coordinate, consisting
of said point L, a point M, and said points J and K,

and lines L-M, M-J, J-K and K-L,

15 said M being given by (khl1=0.37, kh2=0.94).

41. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(1) a diamond layer,

20 (ii) an interdigital transducer (IDT) disposed on

said diamond layer, said IDT having a thickness of
t,,

(iii) a ZnO0 layer disposed over said interdigital

transducer onto said diamond layer, said ZnO layer
25 having a thickness t,,

(iv) a short circuit electrode disposed on said ZnO
-_—

A
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paraneters khl and kh2 for the SAWdevice of "type A",
"type C', "type D', "type E', "type F' and

"ty & t, various
propagation velocities Vs, in the 20 case of kh3 ={fj & Beti Repfaced
par a "ﬂﬂm&m kh2
“type B', "type

"Type B,

Fig. 16 is a graph showi ng relationship of

for the SAWdevice of "type A", :

"type E', "type F' and "type G', at various propagation velocities
Vs, in the 25 case of kh3 = 0.198; Fig. 17 is a graph

showi ng rel ati onship of SEI 96-18B

layer, and
(v) an SiO, layer disposed over said short circuit
electrode onto said Zn0 layer, said SiO, layer
having a thickness of t_;

5 wherein a parameter kh3 = 2m(t,/A) is:

0.033 < kh3 < 0.099,

and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2n(t_,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph

10 having abscissa axis of khl and ordinate axis of
kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,

15 G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,

E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-3A;

20

25

said
said
said
said
said
said
said
said
said

said

A

B

o = B U 0

being
being
being
being
being
being
being
being
being

being

given
given
given
given
given
given
given
given
given

given

* c L M S *

by
by
by
by
by
by
by
by
by
by

(kh1=0.30,
(kh1=0.54,
(kh1=0.60,
(kh1=0.81,
(kh1=1.16,
(kh1=1.52,
(kh1=1.69,
(kh1=1.31,
(kh1=1.04,
(kh1=0.68,
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kh2=0.87);
kh2=0.87);
kh2=0.87);
kh2=0.97);
kh2=1.20);
kh2=0.93);
kh2=0.77);
kh2=0.59);
kh2=0.50);
kh2=0.40);




- 55 - paranmeters khl and kh2 for the SAM/devde‘BF-TFY5§‘A*T--~

"type B', "type C', "type D', "type E', "type F' and 3S;£ﬁpe G', at
vari ous propagation velocities Vs, in the case of © @Repladed
Fig. 18 is a graph showi ng rel ationship of param:';g ”m H’H”]Z
for the SAWdevice of "type A", "ttype B', "type

"type E', "type F' and "type G', at various propagation velocilles
Vs, in the case of kh3 = 0.330; 10 Fig. 19 is a graph
showi ng rel ati onship of SEI 96-18B

said K being given by (kh1=0.63, kh2=0.33); and

said L being given by (kh1=0.30, kh2=0.63).

42. A surface acoustic wave device according to
claim 4i, wherein said parameters khl ahd kh2 are given

5 within a region ABIJKLA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given
by a closed chain in said Cartesian coordinate,
consisting of said points a, B, I, J, K and L, and

10 lines A—ﬁ, B-1, I-J, J-K, K-L and L-A.

43. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

15 (ii) an interdigital transducer (IDT) disposed on
said diamond layer, said IDT having a thickness of

t,, |

(iii) a ZnO layer disposed over said interdigital

transducer onto said diamond layer, said ZnO layer

20 having a thickness t,,

(iv) a short circuit electrode disposed on said ZnO

layer, and

(v) an Si0, layer disposed over said short circuit

electrode onto said zZn0O layer, said SiO, layer

25 having a thickness of t,;

wherein a parameter kh3 = 2m(t,/A) is:
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par anmet ers khl
"type C', "type D',

and kh2 for the SAWdevice of "type A", "type B"
"type E', "type F' and "type G'ThisdhecyHasiBoersReplaced

TCFs in the case of kh3 = 0. 066; Fig. 20 is a gr
and kh2 for the S%NVd

rel-ati onship of 15 par aneters khl
D', "type E', "ty
Fig. 21

A", “"type B", "type C', "type
"type G', at various TCFs in the case of kh3 = 0.132;

and kh2 for the
ype E",

is a graph showi ng relationship of paraneters kh
SAW devi ce of "type A", 20 "type B", "type C', "t 11

"type F' and "type G', at varlous TCFs in the case of % 0. 198
and kh2

Fig. 22 is a graph sh&%% eﬂﬁglgnéhié)sof paraneters khI

for the SAWdevi ce of
and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMA in a two-dimensional Cartesian

5 coordinate graph having abséissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

10 G, H, I, J, X, L. and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
said A being given by (kh1=0.30, kh2=0.98);
said B being given by (khl=0.40, kh2=0.95);
said C being given by (khl1=0.45, kh2=0.96);

15 said D being given by (khl1=0.60, kh2=1.00);
said E being given by (khl=1.04, kh2=1.25);
said F being given by (kh1=1.53, kh2=0.89);
said G being given by (khl=1.60, kh2=0.80);
said H being given by (khl=1.22, kh2=0.63);

20 said I being given by (khl=1.00, kh2=0.59);
said J being given by (kh1=0.89, kh2=0.57);
said K being given by (kh1=0.53, kh2=0.52);
said L being given by (khl=0.53, kh2=0.45); and
said M being given by (kh1=0.30, kh2=0.65).

25 44..A surface acoustic wave device according to

claim 43, wherein said parameters khl and kh2 are given

,.,,..--..,._..M -
‘:f??T-- T AS BEEN
) RN
* ¢ L n 5 * o
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“type B", "type C', "type D', "type E', "type F' and 25 "type G, at
various TCFs in the case of kh3 = 0.264, Fi Grhis et 1$as Be rR%]HQ:ed

showi ng rel ati onship of _
paraneters khl and kh2 for the SAWdevice of "type A", & EHII
and "type .

lltype Cl, lltype Dll, lltype Ell, lltype FII . . .
TCFs in the case of kh3 = 0. 330; Fig. 24 is a graph in the
t wo- di nensi onal Cartesian

SEI 96-18B

within a region ABCNJKLMA in said two-dimensional
Cartesian coordinate graph,
the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
-5 consisting of said points A, B and C, a point N, and
said points J, K, L, and M, and lines A-B, B-C, C-N, N-
J, J-K, K-L, L-M and M-A,
said N being given by (khl1=0.62, kh2=0.77).
45. A surface acoustic wave device for 2nd mode
10 surface acoustic wave of a wavelength A (um)
comprising:
(i) a diamond layer,
(ii) an interdigital transducer (IDT) disposed on
said diamond layer, said IDT having a thickness of
15 t,,
(iii) a 2ZnO layer disposed over said interdigital
transducer onto said diamond layer, said zZnO layer
having a thickness t,,
(iv) a short circuit electrode disposed on said Zno
20 layer, and
(v) an SiO, layer disposed over said short circuit
electrode onto said ZnO layer, said SiO, layer
having a thickness of t_;
wherein a parameter kh3 = 2m(t,/A) is:
25 ~0.165 < kh3 < 0.231,

and wherein a parameter khl=2m(t,/A) and a parameter
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5 coordi nate havi ng absci ssa axis of khl (kh of ZnO) and
ordinate axis of kh2(kh of SiQ2), illustrating the TmS$EQQh9ﬂwnR

ABCDEFGHI'JJKLMNOPQRA and the
ABCDSTMNOPQRA, wich are obtained qmﬂﬁ ",IH#I I”m
Fig. 25 is a graph in

prelimnary evaluation; 10
coordi nate havi ng absci ssa axis of

t wo- di nmensi onal Cartesian
khl (kh of zZnO) and ordi nate axis of kh2(kh of Sigerr]),

illustrating the regi on abcdef ghij kl mopqra ang #hﬁsr?g'on
abcdst mopqra, which are obtained in the second 15 E I

eval uat Lo, knaeon(sFya 260 SEDBRLLERLNY Loy

of an I DT (S|ngle
ABCDEFGHIJKLMA in a two-dimensional Cartesian

ates a planar shape

coordinate graph having abscissa axis of khl and
ordinate axis of kh2,

5 the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L, and M and lines A-B; B-C, C-D, D-

E’ E-F, F—G, G-H’ H-I' I-J’ J-K’ K-L, L-M and M-A;

10 said A being given by (kh1=0.30, kh2=1.07);
said B being given by (khl1=0.36, kh2=1.07);
said C being given by (kh1=0.43, kh2=1.07);
said D being given by (kh1=0.90, kh2=1.37);
said E being given by (khl=1.05, kh2=1.20);

15 said F being given by (khl=1.52, kh2=0.85);
said G being given by (khl=1.34, kh2=0.79);
said H being given by (khl=1.05, kh2=0.72);
said I being given by (kh1=0.85, kh2=0.68);
said J being given by (kh1=0.71, kh2=0.68);

20 said X being given by (khl=0.38, kh2=0.68);
said L being given by (kh1=0.42, kh2=0.55); and
said M being given by (kh1=0.30, kh2=0.65).

46. A surface acoustic wave device according to
claim 45, wherein said parameters khl and kh2 are given

25 within @ region ABNOJKLMA in said two-dimensional

Cartesian coordinate graph,
-

N O
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Fig. 26B schematically illustrates a planar shape T of amtbF——————

(doubl e-type el ectrode); 20 Fig. 27A is a schematic plan view of
a exenpl ary packaged SAW devi ce; Fi'gss a5 Beefl Replaced
schematic side cross sectional view of the packa
Fig. 27Cis a bottomview of the package; 25 Fi g i olgl
showing first to sixth primary conbi nation |ines obtal ned |
Exanpl e 8;

SEI 96-18B

the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, a
point O, and said points J, K, L, and M, and lines A-B,
5 B-C, C~N, N-J, J-K, K-L, L-M and M-A,
said N being given by (khl1=0.43, kh2=0.95); and
said O being given by (khl=0.61, kh2=0.75).
47. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
10 comprising:
(i) a diamond layer,
(ii) an interdigital transducer (IDT) disposed on
said diamond layer, said IDT having a thickness of
th,
15 (iii) a ZnO layer disposed over said interdigital
transducer onto said diamond layer, said ZnO layer
having a thickness t,,
(iv) a short circuit electrode disposed on said ZnO
layer, and
20 (v) an SiO, layer disposed over said short circuit
electrode onto said ZnO layer, said SiO, layer
having a thickness of t;
wherein a parameter kh3 = 2m(t,/A) is:
0.231 < kh3 < 0.297,
25 andswherein a parameter khl=2n(t,/A) and a parameter

kh2=2m(t,/A\) are given within a region
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57 Fig. 29 is a graph show ng tenperature'

TCF for the SAWdevi ce havi ng kh3=0.099, khl=0.8 and kh2 0. 758;
Fig. 30 is a graph showi ng tenperature variation of 5 CQRﬁmMuNN
devi ce havi ng kh3=0.099, khl=1.0 and kh2=0. 832; .
I's a graph showi ng tenperature variation of TCF f |ce
havi ng kh3=0.099, khl=1.2 and kh2=0. 930; Flg 3 | a
graph show ng tenperature variation of TCF for t he SAW devi ce
havi ng kh3=0. 044, khl=1.0 and

SEI 96-18B

ABCDEFGHIJKLMNA in a two-dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMNA being
5 given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, K, L, M and ¥ and lines A-B, B-C, C-D,
bD-&, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M, M-N
and N-A;
10 said A being given by (khl1=0.30, kh2=1.15);
said B being given by (khl1=0.38, kh2=1.20);
said C being given by (khl=0.46, kh2=1.32);
said D being given by (kh1=0.60, kh2=1.52);
said E being given by (khl=0.73, kh2=1.60);
15 'said F being given by (khl=0.81, kh2=1.44);
said G being given by (khl=1.00, kh2=1.20);
said H being given by (khl=1.40, kh2=0.91);
said I being given by (khl=1.14, kh2=0.83);
said J being given by (kh1=0.83, kh2=0.76);
20 said K being given by (kh1=0.60, kh2=0.73);
said L being given by (kh1=0.35, kh2=0.73);
said M being given by (kh1=0.38, kh2=0.63); and
said N being given by (kh1=0.30, kh2=0.65).
48. A surface acoustic wave device according to
25 claim 437, wherein said parameters khl and kh2 are given

within a region AOPKLMNA in said two-dimensional

NN R R

141




kh2=0. 759; Fig. 33 is a graph showing te
TCF for the SAWdevi ce havi ng kh3=0.066, khl=1.0 and
Fig. 34 is a graph showi ng tenperature variation of

devi ce havi ng kh3=0.132, khl=1.0 and kh2=0. 877
Is a graph showi ng tenperature variation of 20

havi ng kh3=0. 066, khl=1.0 and kh2=0. 710;

graph show ng tenperature variation of

‘havi ng kh3=0. 066, khl=1.0 and kh2=0. 750;

Cartesian coordinate graph,

e variation of

i

Bslh REBiied

M. -

SAMV

ICE

Fig. 36 is a

TCF for the SAW devi ce

SEI 96-18B

the outer edge of said region AOPKLMNA being given

by a closed chain in said Cartesian coordinate,

consisting of said point A, a point O, a point P, and

5 said points K, L, M and N, and lines A-O, 0-P, P-K, K-

L, L-M’ M"'N and N-A,

- said O being given by (khl=0.36, kh2=1.00); and

said P being given by (khl1=0.48, kh2=0.83).

49. A surface acoustic wave device for 2nd mode

10 surface acoustic wave of a wavelength A (um)

comprising:

(i) a diamond layer,

(ii) an interdigital transducer (IDT) disposed on

said diamond layer, said IDT having a thickness of

15 t,,

(iii) a zZnO0 layer disposed over said interdigital

transducer onto said diamond layer, said ZnO layer

having a thickness t,,

(iv) a short circuit electrode disposed on said zZnO

20 layer, and

(v) an SiO, layer disposed over said short circuit

electrode onto said ZnO layer, said SiO, layer

having a thickness of t_;

wherein a parameter kh3 = 2m(t,/A) is:

25 ~0.297 < kh3 < 0.363,

and wherein a parameter khl=2n(t,/A) and a parameter

AR R ) 142 Rl
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25 Fig. 37 is a graph show ng tenperature variation of —————FCE-
for the SAW devi ce havi ng kh3=0.066, khl=1.0 and Tthh

Fig. 38 is a graph showi ng tenperature variation of
SAW devi ce havi ng kh3=0.066, khl=1.0 and kh2=0. 8 I
Fig. 39A schematically illustrates a plan view of

SEI 96-18B

kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,

5 the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,
E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-A;

10 said A being given by (kh1=0.30, kh2=1.29);
said B being given by (kh1=0.33, kh2=1.36);

said C being given by (kh1=0.40, kh2=1.60);
said D being given by (kh1=0.71, kh2=1.60);
said E being given by (khl1=0.82, kh2=1.41);

15 said F being given by (khl=1.00, kh2=1.22);
said G being given by (khl=1.27, kh2=0.97);
said H being given by (khl=1.03, kh2=0.89);
said I being given by (kh1=0.68, kh2=0.78);
said J being given by (kh1=0.52, kh2=0.77);

20 said K being given by (kh1=0.30, kh2=0.76); and
said L being given by (kh1=0.30, kh2=1.09).

50. A surface acoustic wave device according to
claim 49, wherein said parameters khl and kh2 are given
within a region LMJKL in said two-dimensional Cartesian

25 coordinate graph,

the outer edge of said region LMJKL being given by
I —
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the el ectrode portion in Exanple 9; and Fig. 39Bisa——

schematic enlarged view of a finger of IDT. 10 DESCRI PTI ON
OF THE PREFERRED EMBCDI MENTS The present in gedHas\bietrl Reblceq
described in detail as following, with reference

acconpanyi ng dr awi ngs. (Diamond) 15 _ nd
material preferable for the use in the present invention e
ei ther natural dianmond or synthetic dianmond. The diamond may be
single crystalline dianond or polycrystalline gﬁ%ngggisghe

a closed chain in said Cartesian coordinate, consisting
of said point L, a point M, and said points J and K,
and lines L-M, M-J, J-K and K-L,

said M being given by (kh1=0.37, kh2=0.94).

5 51. A method for manufacturing a surface acoustic
device for 2nd mode surf&ce acoustic wave of a
wavelength A (um), comprising;

(i)forming a Zn0 layer onto a diamond layer, said
Zn0 layer having a thickness t,,

10 (iii) forming an interdigital transducer (IDT) on
said ZnO layer, said IDT having a thickness of t,,
and
(iv) forming a Si0, layer over said interdigital
transducer and onto said ZnO layer, said Sio, layer

15 having a thickness of t_;

wherein said t, and said t, are selected so that a
parameter khl=2m(t,/A) and a parameter kh2=2n(t_/A) are
given within a region ABCDEFGHIJKLA in a two-
dimensional Cartesin coordinate graph having abscissa

20 axis of khl and ordinate axis of kh2,
the outer edge.of said region ABCDEFGHIJK#A being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K and L and lines A-B, B-~C, C-D, D-E,

25 E~F, F-G, G-H, H-I, I-J, J-K, K-L and L-A;
said A being given by (khl1=0.30, kh2=0.87);

s
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di anond pl ate/ substrate itself can be used for
devi ces according to the present |nvent|on

formed on the other base mat erial can al so be enp
The base material used for formng dianond filmis

particularly limted, but may appropriately be 25

er/fllrn
as Been Replaced

l" WA

on the usage of the SAMVdevice. For exanpl e, the base materi al
be available in the - 59-
SEI 96-18B
said B being given by (khl1=0.54, kh2=0.87);
said C being given by (kh1=0.60, kh2=0.87);
said D being given by (kh1=0.81, kh2=0.97);
said E being given by (khl=1.16, kh2=1.20);

5 said F being given by (khl1=1.52, kh2=0.93);
said G being given by (khl=1.69, kh2=0.77);
said H being given by (khl=1.31, kh2=0.59);
said I being given by (khl=1.04, kh2=0.50);
said J being given by (kh1=0.68, kh2=0.40);

10 said K being given by (khl1=0.63, kh2=0.33); and

said L being given by (kh1=0.30, kh2=0.63),
and wherein said t, is selected so that a parameter
kh3 = 2n(t,/A) is:
0.033 < kh3 < 0.099.

15 52. A method for manufacturing a surface acoustic
device for 2nd mode surface acoustic wave of a
Qavelength A (um), comprising;

(i) forming a short circuit electrode disposed on a
diamond layer,

20 (ii) forming a 2Zn0 layer over said short circuit

electrode and onto a diamond layer, said ZnO layer

having a thickness t,,

(iii) forming an interdigital transducer (IDT) on

said Zn0 layer, said IDT having a thickness of t,,
25

and .
i

(iv) forming a SiO, layer over said interdigital

BT
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pr esent

crystalline silicon,
The process nay appropriately be
processes such as 5

I nvention may conprise sem conduct or
anor phus silicon,

CvD( Chem cal
pl asma CVD, plasma enhanced CVD, PVD( Physi cal
sputtering,

ion plating, plasma jet
In the case where the dianond filmfornmed on

filament met hod.

the 10

base materi al
according to the present

is enployed for fabrication ofgSAN
khd,

I nventi on,

met al s,

selected fron1kn
Deposi ti on)

Vapor
nmet hod,

Vapor

a paraneter

materi al s

such as

@masax&nﬂzﬁﬁﬂﬁﬁm

TR

fl ane net hod and hot

ﬂﬁﬁih S

defined as khlerrd 2ntd6sdd/ L dne 6L £at fnbS18ybl, CkOSESs 0, 1ayer

having a thickness of tes

10

15

20

25

wherein said t, and said t, are selected so that a

parameter khl=2m(t,/A) and a parameter kh2=2n(t_,/A) are

given within a region ABCDEFGHIJKLMA in a two-

dimensional Cartesian coordinate graph having abscissa

axis of khl and ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being

given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

G,

E' E—F, F—G’ G-H’ H_Il

said
said
said
said
said
said
said
said
said
said
said
said

sa;g

H,

A

B

C

M

being
being
being
being
being
being
being
being
being
being

being

H " g H o @ = m o

being

being

J, XK, L and M and lines A-B,

given
given
given
given
given
given
given
given
given
given
given
given

given

* C L L} H *

by
by
by
by
by
by
by
by
by
by
by
by
by

and wherein said t, is

I-J,

[

46

J-K,
(kh1=0.30,
(kh1=0.40,
(kh1=0.45,
(kh1=0.60,
(kh1=1.04,
(kh1l=1.53,
(kh1=1.60,
(kh1=1.22,
(kh1=1.00,
(kh1=0.89,
(kh1=0.53,
(kh1=0.53,
(kh1=0.30,

B-C 4

C-D ’

D~

K-I, L-M and M-A;

kh2=0.98);
kh2=0.95);
kh2=0.96);
kh2=1.00);
kh2=1.25);
kh2=0.89);
kh2=0.80);
kh2=0.63);
kh2=0.59);
kh2=0.57);
kh2=0.52);
kh2=0.45);
kh2=0.65),

and

selected so that a parameter

wave




of the dianond filnmllayer and [err] is a wavel ength of'bAwr

preferably 4 or higher, and nore preferably khd is 8 1 or hlgher
because such thicker dianmond film can provi des | “Fn
operating perfornmances of t he SAW devi ce.

orientation of the dianond may be any of (111),

etc., or may be any conbination 20 of these pl ane orlentatlons

(ZnO | ayer) ZnO | ayer, that is disposed on the dianDnd and
functions as piezoelectric |ayer of the SAWdevice fegding to
the present invention, is preferably 25 oncrystéﬁﬁlne and c-axis

oriented, in Mh?“éoﬁn(ta/k) iss
0.099 < kh3 < 0.165.
53. A method for manufacturing a surface acoustic
device for 2nd mode surface acoustic wave of a
5 wavelength A (um), comprising;
(i) forming a ZnO layer onto a diamond layer, said
Zn0 layer having a thickness t,,
(ii) forming an interdigital transducer (IDT) on
said Zn0 layer, said IDT having a thickness of t,,
10 (iii) forming a SiO, layer over said interdigital
- transducer and onto said ZnO layer, said SiO, layer
having a thickness of t_, and
(iv) forming a short circuit electrode on said SioO,
layer;

15 wherein said t, and said t, are selected so that a
parameter khl=2m(t,/A) and a parameter kh2=2m(t,/X)
are given within a region ABCDEFGHIJKLMA in a two-
dimensional Cartesian coordinate graph having
abscissa axis of khl and ordinate axis of kh2,

20 the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, . and M and lines aA-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;

25 sa;g A being given by (khl=0.30, kh2=1.07);
said B being given by (khl=0.36, kh2=1.07);
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pi ezoel ectric property. By "c-axis oriented", it is

- 60 -
parall e

meant that ZnO | ayer

to a base | ayer

| ayer is disposed.

formed on the ZnO | ayer,

mat eri al

10

15

20

25

for the

said
said
said

said

said

said
said
said
said
said

said

H " g H H 6 8 W o 0

M

being
being
being
being
being
being
being
being
being
being

being

given
given

given

given.

given
given
given
given
given
given

given

by
by
by
by
by
by
by
by
by
by
by

have a (001) plane that is

such as dianmond | ayer, on This Sheet HasfbekecReptalsd ZnO
(Si 2 |ayer) 5 Si
functions as protecti

IAEALIGE -
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(kh1=0.43, kh2=1.07);
(kh1=0.90, kh2=1.37);
(kh1=1.05, kh2=1.20);
(kh1=1.52, kh2=0.85);
(kh1l=1.34, kh2=0.79);
(kh1=1.05, kh2=0.72);
(kh1=0.85, kh2=0.68);
(kh1=0.71, kh2=0.68);
(kh1=0.38, kh2=0.68);
(kh1=0.42, kh2=0.55); and
(kh1=0.30, kh2=0.65),

and wherein said t, is selected so that a parameter

kh3 = 2n(t,/A) is:

0.165 < kh3 < 0.231.

54. A method for manufacturing a surface acoustic

device for 2nd mode surface acoustic wave of a

wavelength A (um), comprising;

(1) forming a first short circuit electrode on a

diamond layer,

(ii) forming a Zn0 layer over said short circuit

electrode and onto said diamond layer, said ZnO

layer having a thickness t,,

(iii) forming an interdigital transducer (IDT) on

said ZnO layer, said IDT having a thickness of t,,

(ivy forming an Si0, layer disposed over said

interdigital transducer and onto said ZnoO layer,

A
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ZnO | ayer and I DT according to the present invention, as wel
functioning maintain the thermal stability of ﬁmgsgg zﬁ%mn é&dls
preferably an anorphous SiJerr] 10 | ayer because of

formability and processibility. Mhen Iﬂ
tenperature increases, the SAW pr opagati on veloc 0%

| ayer increases while t he SAW propagation velocities through

di anond and ZnO 15 | ayer decrease. Thus, SiQ2 | ayer can conpensate
t he vari ation of the SAW propagation veIOC|ty throug

di anond and zZnO |l ayers to provide the operation P+i8% for

tenperature variation. (Interdigital transducer and reflector)
said SiO, layer having a thickness of t_,, and

(v) forming a second short circuit electrode on
said SsiO, layer;
wherein said t, and said t, are selected so that a
5 parameter khl=2m(t,/A) and a parameter kh2=2m(t,/A)
are given within a region ABCDEFGHIJKLMNA in a two-
dimensional Cartesian coordinate graph having
abscissa axis of khl and ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMNA being
10 given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, K, L, M and N and lines A-B, B-C, C-D,
D-E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M, M-N
and N-A;
15 said A being given by (kh1=0.30, kh2=1.15);
said B being given by (kh1=0.38, kh2=1.20);
said C being given by (kh1=0.46, kh2=1.32);
said D being given by (khl1=0.60, kh2=1.52);
said E being given by (khl=0.73, kh2=1.60);
20 saiq F being given by (kh1=0.81, kh2=1.44);
said G being given by (khl=1.00, kh2=1.20);
said H being given by (khl=1.40, kh2=0.91);
said I being given by (khl=1.14, kh2=0.83);
said J being given by (khl1=0.83, kh2=0.76);
25 said K being given by (kh1=0.60, kh2=0.73);
said L being given by (kh1=0.35, kh2=0.73);
149
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20 Interdigital transducer (1DT) enployed for fhe bANV

devices according to the present invention is an ﬂgﬁimmmxd
creates or receive surface acoustic wave (SAW th
pi ezoel ectric (or el ectronechanical) transformati m
pi ezoel ectric material. The 25 "single-type" electr
the schematic plan view of Fig. 26A or the "doubl e-type", electrode
as

SEI 96-18B

said M being given by (khl1=0.38, kh2=0.63); and
said N being given by (kh1=0.30, kh2=0.65),
and wherein said t, is selected so that a parameter
kh3 = 2o(t,/A) is:
5 0.231 < kh3 < 0.297.
55. A method for manufacturing a surface acoustic
device for 2nd mode surface acoustic wave of a
wavelength A (um), comprising;
(i) forming an interdigital transducer (IDT) on a
10 diamond layer, said IDT having a thickness of t,,
(ii) forming a ZnO layer over said interdigital
transducer and onto said diamond layer, said ZnO
layer having a thickness t,,
(iii) forming a short circuit electrode on said ZnO
15 layer, and
(v) forming an SiO, layer over said short circuit
electrode and onto said ZnO layer, said SioO, layer
having a thickness of t_;
wherein said t, and said t, are selected so that a
20 parameter khl=2m(t,/A) and a parameter kh2=2m(t,/A)
are given within a region ABCDEFGHIJKLA in a two-
dimensional Cartesian coordinate graph having
abscissa axis of khl and ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLA being
25 given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

IAT I EE | ——
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shown in the schematic plan view of Fig. 26B or any

el ectrode may typically be used for the present

The | DT conprises an input
by being applied with electric power and

receiving the surface acoustic wave

The SAW devi ce according

i ncl ude at | east

which 10

mul tiple-reflecti

crea;te a-standi ng%{/]va% %AWA}rry lgchl

G_H I

E"F 7

F

-G,

one pair
i nt erpose the input and the output
propagating direction of the surface acoustic mave,

ved
L an llnes A-B, B-C, C-D

said A being

said

5 said

said

said

said

said

10 said

said

said

said

- said
15

kh3

B

om0 = K o AN

R g H

L

being
being
being
being
being
being
being
being
being
being

being

to the present
of

given
given
given
given
given
given
given
given
given
given
given

given

= 2(t,/A) is:

H-I ’

| DT for creating surface 5
an outp

to obtain el

Type of
Thi'@ﬁﬁenttﬁas

T

I nventi on may further

reflectors such as grating reflectors

I_J,

by
by
by
by
by
by
by
by
by
by
by
by

J-K,
(kh1=0.30,
(kh1=0.33,
(kh1=0.40,
(kh1=0.71,
(kh1=0.82,
(khl=1.00,
(khl=1.27,
(kh1=1.03,
(kh1=0.68,
(kh1=0.52,
(kh1=0.30,
(kh1=0.30,

0.297 < kh3 < 0.363.

IDTs alozg

t he
96-18B 4t the

the reflectors to

K-L and L-A;

kh2=1.29);
kh2=1.36);
kh2=1.60);
kh2=1.60);
kh2=1.41);
kh2=1.2

kh2=0.97);
kh2=0.89);
kh2=0.78);
kh2=0.77);

14

kh2=0.76); and

kh2=1.09),

and wherein said t, is selected so that a parameter

56. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

20

comprising:

(i) a diamond layer,

(ii) a ZnO layer disposed on said diamond layer,

said znO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

25

and

[
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said Zn0 layer, said IDT having a thickness of t.,

T HAS BEEN
SPLACED




electric conductive nmaterials can be used for the | DT 5 — or the

reflectors. Alumnum (Al) or alum num alloy may Tish &% ARIBedi®placed
used as the material for the | DT because of its be

processibility. When devi ce tenperature incr eals"m‘uuﬂ’ummw
propagation velocity through dianond | ayer, alum num 20

| ayer decreases while the SAW propagati on vel ocities through and
Si 2 | ayer increase. (Short-Circuiting El ectrode) The
short-circuiting electrode to be di sposed as desirg? 15 an

el ectrode having a function of providing 25 an edﬂ?ﬁ Mt¥Bl state to
e e o959 %8 ko, tayer SIS "SI RIS ER O e

transducer onto said Zn0 layer, said SiO, layer
having a thickness of t_;
wherein a parameter kh3 = 2n(t,/A) is

5 kh3 = 0.044;
and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2o(t,/A) are given within a region defined by an
upper line obtained by increasing kh2 from a
primary combination line (Al-Bl1-Cl-D1-El1-F1-Gl) by

10 10 ¥ and a lower line obtained by decreasing kh2

from said primary combination line (Al1-Bl-Cl-Dl1-El-
Fl-Gl) by 10%, in a two-dimensional Cartesin
coordinate graph having abscissa axis of khl and
ordinate axis of.khz,

15 said primary combination line (A1-Bl1-Cl-D1l-El-Fl-~
Gl) consisting of points Al, Bl, Cl, D1, El, Fl, Gl and
lines Al-Bl1l, Bl-Cl, C1-Dl1l, D1-El, El-Fl, F1-Gl;

said Al being given by (kh1=0.600, kh2=0.645);
said Bl being given by (kh1=0.800, kh2=0.684);

20 said Cl1 being given by (kh1=0.900, kh2=0.718);
said D1 being given by (khl=1.000, kh2=0.759);
said El being given by (khl=1.100, kh2=0.809);
said Fl1 being given by (kh1=1.200, kh2=0.866); and
said Gl being given by (kh1=1.400, kh2=0.987).

25 | 57.-A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

LT — -
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-62- el ectrode may preferably conprise a (thin) filmof a
metal such as Al, Au or Al-Cu. Since the shor t - ci Théshéet He§ Been Replaced

el ectrode has different function from that of the
mat-eri al of the short-circuiting 5 el ectrode may not IM’*
of the IDT. The t hickness of the short-circuitin ! i's

not particularly limted, as long as it can function as

SEI 96-18B
comprising:
(i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
said ZnO layer having a thickness t,,

5 (iii) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and
(iv) a SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer

10 having a thickness of t_;
wherein a parameter kh3 = 2m(t,/A) is
kh3 = 0.066;
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t_,/A) are given within a region defined by an
15 upper line obtained by increasing kh2 from a
primary combination line (A2-B2-C2-D2-E2-F2-G2) by
10 % and a lower line obtained by decreasing kh2
from said primary combination line (A2-B2-C2-D2-E2-
F2-G2) by 10%, in a two-dimensional Cartesin
20 coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
said primary combination line (A2-B2-C2-D2-E2-F2-
G2) consisting of points A2, B2, C2, D2, E2, F2, G2 and
lines A2-B2, B2-C2, C2-D2, D2-E2, E2-F2, F2-G2;
25 said A2 being given by (khl=0.600, kh2=0.671);
said B2 being given by (kh1=0.800, kh2=0.713);

| L) o




a short-circuiting el ectrode of a SAWdevice. The ' t hi ckness of the

short-circuiting electrode may 10 preferably be in tThisSheatias Bbendeplbbed
50 to 3,000 A (nore preferably, about 100 to 500

t hi ckness is |l ess than 50 A, it is difficult to ob,

equi potential state as descri bed above. On the other )

the thickness exceeds 3,000 A it may affect 15 the reflection of SAW
For exanple, the short-circuiting el ectrode may preferably has a

pl anner shape of a "solid el ectrode” having an area _substantially
equal to that of the IDT to be used in conbinat PBA PRaL8Rith. 20

said C2 being given by (kh1=0.900, kh2=0.747);

said D2 being given by (kh1=1.000, kh2=0.789);

said E2 being given by (kh1=1.100, kh2=0.837);

said F2 being given by (kh1=1.200, kh2=0.891); and

5 said G2 being given by (kh1=1.400, kh2=1.011).

58. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

10 (ii) a 2n0 layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of ta,

and
15 (iv) a Si0, layer disposed over said interdigital
transducer onto said ZnO layer, said Sio, layer

having a thickness of t,;

wherein a parameter kh3 = 2n(t,/A) is

kh3 = 0.099;
20 and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2mn(t,/A) are given within a region defined by an

upper line obtained by increasing kh2 from a

primary combination line (A3-B3-C3-D3-E3-F3-G3) by

10 % and a lower line obtained by decreasing kh2

25 from said pfimary combination line (A3-B3-C3-D3-E3-

F3-G3) by 10%, in a two-dimensional Cartesin

‘) RN > e




The foll ow ng exanples were carried out to det erm ne opti num kh
and kh2, which provide propagation velocity (V), ﬁhﬁsﬁkuﬁéhamkc laced
mechani cal 25 coupling coefficient (Klerr]), tenperat

of - frequency (TCF) and propagation | oss, by focusi W !””'ﬂ

-6 3- t hi ckness of al um num | DT.

SEI 96-18B

coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
said primary combination line (A3-B3-C3-D3-E3-F3-

G3) consisting of points A3, B3, C3, D3, E3, F3, G3 and

10

said
said
said
said

said

A3
B3
C3
D3

E3

being
being
being
being

beihg

given
given
given
given

given

by-

by
by
by
by

(kh1=0.600,
(kh1=0.800,
(kh1=0.900,
(kh1=1.000,
(kh1=1.100,

kh2=0.713);
kh2=0.758);
kh2=0.790);
kh2=0.832);
kh2=0.879);

said F3 being given (kh1=1.200, kh2=0.930); and

by
by

acoustic wave device

said G3 being given by (kh1=1.400, kh2=1.046).

59. A surface for 2nd mode
surface acoustic wave of a wavelength A (um)
15 comprising:
(1) a diamond layer,
(ii) a 2ZnO layer disposed on said diamond layer,
said ZnO layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on
20 said ZnO layer, said IDT having a thickness of t,,
and
(iv) a SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thicknéss of t_;
25 wherein a parameter kh3 = 2n(t,/A) is

kh3 = 0.132; I
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The "type A" of SAWdevices, illustrated in Fig. ' 6A—having

different thickness of |ayers 14 and 16 and 5 | DT, were prepared,
and the desired thickness of ZnO and Si 2 | ayer s TweBleettHagBeta R

for 2nd SAWnode so as to provi de i nproved propag

(V), effective coupling coefficient Klerr], tenper

coefficient of frequency TCF and propagation | oss.

More specifically, each of the SAW devi ces of Exanpl es 1 includes:
a 20 [err]mthick of dianond 20; one of twenty glgég fg

t hi cknesses within the range of 0.20 to 2.5 [e§ %nC)Iayer

one of twenty dif en t hi cknes thin the range of 210 to
4600 angstrom éné ﬁereln a parameger ﬁﬁi %% ﬂh) ané a parameter

kh2=2n(t,/A) are given within a region defined by an
upper line obtained by increasing kh2 from a
primary combination line (A4-B4-C4-D4-E4-F4-G4) by

5 ' 10 $ and a lower line obtained by decreasing kh2
from said primary combination line (A4-B4-C4-D4-E4-
F4-G4) by 10%, in a two-dimensional Cartesin
coordinate graph having abscissa axis of khl and
ordinate axis of kh2, |

10 said primary combination line (A4-B4-~C4-D4-E4-F4-
G4) consisting of points A4, B4, C4, D4, E4, F4, G4 and
lines A4-B4, B4-C4, C4-D4, D4-E4, E4-F4, F4-G4;

said A4 being given by (kh1=0.600, kh2=0.755);
said B4 being given by (kh1=0.800, kh2=0.803);

15 said C4 being given by (kh1=0.900, kh2=0.837);
said D4 béing given by (khl=1.000, kh2=0.877);
said E4 being given by (kh1=1.100, kh2=0.922);
said F4 being given by (khl=1.200, kh2=0.972); and
said G4 being given by (kh1=1.400, kh2=1.083).

20 60. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(1) a diamond layer,
(ii) a zZnO layer disposed on said diamond layer,

25 said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

-
e
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15 for single and double types of Al IDT, and one of —— ————tweAty—

different thicknesses within the range of 0.15 tg 2,0 [err]m of
Sigerr]. The desired thicknesses of ZnO and Sia2h s Basnl Réidlaced
| DT are expressed by the paraneters khl, kh2 and d e
SAW havi ng wavel ength [err]: 20 khl = 2n(t[e ,
t[err]:thickness of ZnO | ayer; kh2 = 2n(t[err]/[err
t[err]:thickness of SiJerr] layer; and kh3 =
2n(tferr]/[err]), tlerr]:thickness of alum num IDT. A

pol ycrystal line dianond filmwas formed on a (99D)9pt+ k8B of
nonocrystalline silicon having dinension 25 of 10x10x1 (mm, via

m crowave pl asna E¥DdpEpBeedayertheaid IDT hagiingcén thdlskmesise ofas,pl aced
within a vacuun1cggh

(iv) a si0, layer disposed over said interdigital
transducer onto said zZnO layer, said SiO, layer

5 having a thickness of t.;
wherein a parameter kh3 = 2m(t,/A) is

kh3 = 0.198;

and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/\) are given within a region defined by an

10 upper line obtained by increasing kh2 from a
primary combination line (A5-B5-C5-D5-E5-F5-G5) by
10 % and a lower line obtained by decreasing kh2
from said primary combination line (A5-B5-C5-D5-E5-
F5-G5) by 10%, in a two-dimensional Cartesin

15 coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
said primary combination line (A5-B5-C5-D5-E5-F5-

G5) consisting of points A5, B5, C5, D5, E5, F5, G5 and
lines A5-B5, B5-C5, C5-D5, D5-ES5, E5-F5, F5-G5;

20 said A5 being given.by (kh1=0.600, kh2=0.837);
said B5 being.given by (kh1=0.800, kh2=0.897);
said C5 being given by (kh1=0.900, kh2=0.933);
said D5 being given by (kh1=1.000, kh2=0.973);
said E5 being given by (khl=1.100, kh2=1.017);

25 said F5 being given by (kh1=1.200, kh2=1.063); and
said G5 being given by (kh1=1.400, kh2=1.167).

[
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-64 - chanber of a m crowave pl'asma CVD apparatus, and the
CVD chanber was evacuated. Then a reactant gas which contains CH4
and H2(volumetric flowrate ratio; CHerr]:Herr] = ThisSheet Hhs Bee?REplackS

i ntroduced. Dianond | ayer 12 having 5 t hi ckness { S

t hen deposited in the plasm created under the1 ﬂH n‘m
of : m crowave power of 400 W pressure of about

tenperature of 850 [err]C. The deposition rate of the di anond was
about 1.0 [err]m hr.

SEI 96-18B

61. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

5 (ii) a 2ZnO layer disposed on said diamond layer,

said zZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said Zn0 layer, said IDT having a thickness of t,,

and

10 (iv) a SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer

having a thickness of t_;

wherein a parameter kh3 = 2m(t,/A) is

kh3 = 0.264;
15 and wherein a parameter khl=2m(t,/A) and'a parameter
kh2=2n(t,/A) are given within a region defined by an

upper line obtained by increasing kh2 from a

primary combination line (A6-B6-C6-D6-E6-F6-G6) by

10 % and a lower line obtained by decreasing kh2

20 from said primary combination line (A6-B6-C6-D6-E6-

F6-G6) by 10%, in a two;dimensional Cartesin

coordinate graph having abscissa axis of khl and

ordinate akis of kh2,

said primary combination line (A6-B6-C6-D6-E6-F6-

25 G6) congisting of points A6, B6, C6, D6, E6, F6, G6 and

lines A6-B6, B6-C6, C6-D6, D6-E6, E6-F6, F6-G6;
S =

\\!\\l\l (g 158 S =
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The deposited di anond | ayer was allowed to stand for 10 n1nutes I n

the air of 450[err]C, to enhance the resistance W@My@med

After the deposited dianond surface was polished,

havi ng di anond | ayer thereon was transferred to a Wﬁ!‘\
of a magnetron 15 Sputtering apparatus to deposit ZnO

t he di anond | ayer 12. A polycrystalline ZnO target was

i ncluded within the chanber. The ZnO target was sputtered W th
flowi ng a sputtering gas containing Ar and C{err% é é%err] =
1:1) through the chanber, under the 20 sputterlngs% fri

P e g Pover eh1d®Re bRy given by® (RELLES0LSTRERZ0 S 300 [errIC

said B6 being given by (kh1=0.800, kh2=0.989);
said C6 being given by (kh1=0.900, kh2=1.029);
said D6 being given by (kh1l=1.000, kh2=1.069);

5 said E6 being given by (khl=1.100, kh2=1.111);
said Fé being given by (kh1=1.200, kh2=1.156); and
said G6 being given by (khl=1.400, kh2=1.257).
62. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

10 comprising:
(i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
said ZnO layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on

15 said ZnO layer, said IDT having a thickness of t,,
and
(iv) a SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t_; ‘

20 | wherein a parameter kh3 = 2m(t,/A) is

0.044 < kh3 < 0.066:

and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2mn(t,/\) are given within a region defined by an
upper line obtained by increasing kh2 from a

25 interpolated primary combination line (Al12-Bl12-Cl2-

D12-E12-F12-G12) by 10 % and a lower line obtained
-
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of the ZnO layer was 1.8 [err]m hr. The thickness of ZaO 1

could be controlled by adjusting the deposition duration under the
constant deposition rate (1.8 25 [err]mhr). This Sheet Ha2BEUYI RapthPed

I

| DTs 20 havi ng pl aner shape of one of
- 65 - si ngl e-type and doubl e-type el ectrodes as "mH"Iu]
Figs. 26A and 26B, respectively (el ectrode el enent

1

SEI 96-18B

by decreasing kh2 from said interpolated primary
combination line (A12-B12-C12-D12-E12-F12-Gl2) by
10%, in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
5 kh2,
said interpolated primary combination line (Al2-
B12-C12-D12-E12-F12-G12) consisting of points Al2, Bl2,
cl2, D12, E12, Fl12, G12 and lines Al2-B12, Bl12-Cl2,
Ci2-p12, D12-El2, El12-F12, F12-Gl2;

10 said Al2 being given by the linear interpolation
between Al (khl1=0.600, kh2=0.645) and A2 (khl1=0.600,
kh2=0.671);

said B12 being given by the linear interpolation
between B1 (khl=0.800, kh2=0.684) and B2 (kh1=0.800,

15 kh2=0.713);

said Cl2 being given by the linear interpolation
between Cl1 (kh1=0.900, kh2=0.718) and C2 (khl1=0.900,
kh2=0.747);

said D12 being given by the linear interpolation

20 between D1 (khl=1.000, kh2=0.759) and D2 (kh1=1.000,

kh2=0.789);

said El12 being given by the linear interpolation
between E1 (khl=1.100, kh2=0.809) and E2 (kh1=1.100,
kh2=0.837);

25 said F12 being given by the linear interpolation

between F1 (kh1=1.200, kh2=0.866) and F2 (khl=1.200,

- —
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width d = 1[err]m aperture length (pitch) = 200 [errlmMmS0O as———————t0—

provi de wavel ength = 4pmfor single type IDT, 5 apfisd &§H| ngt h
(pitch) = 400 pmso as to provide wavel ength = 8p pe
| DT) was formed on ZnO | ayer 14 by resistance hea ” u g
and subsequent etching. Thus, the SAWdevi ces hav ngl e
type I DT and the SAW devi ces havi ng double type 10 | DT were forned.
The thickness of Al IDT could be controlled by adjusting the
duration of the resistance heat i ng processi ng. Then
after ZnO target in the apparatus was repl ace®y H-18B get, an
SiJerr] layer, 16 having 15 predeterm ned thickness was forned over

the | DTs via f#=0.891); and

said G12 being given by the linear interpolation
between Gl (kh1=1.400, kh2=0.987) and G2 (khl=1.400,
kh2=1.011).

5 63. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(1) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
10 said ZnO layer having a thickness t,,
(iii) an interdigiéél transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and
(iv) a 5i0, layer disposed over said interdigital
15 transducer onto said ZnO layer, said SiO, layer
having a thickness of t,;
wherein a parameter kh3 = 2n(t,/A) is
0.066 < kh3 < 0.099:
and wherein a parameter khl=2mn(t,/A) and a parameter
20 kh2=2mn(t,/\) are given within a region defined by an
upper line obtained by increasing kh2 from a
interpolated primary combination line (A23-B23-C23-
D23-E23-F23-G23) by 10 % and a lower line obtained
by decreasing kh2 from said interpolated primary

25 combination line (A23-B23-C23-D23-E23-F23-G23) by

10%, in a two-dimensional Cartesin coordinate graph
[
F;,ig SHEE

T L




sputtering process under the condition of: pressure of =~ =~ I X10fer+r}—

Torr, substrate tenperature of 150 [err]C and Ar : .Jerr]=1: 1,
RF power of 200 W The deposition rate of the Si eehH epigesd
0.54 [err]m hr. The thickness of SiJerr] 20 | ayer c ” ,
controlled by adjusting the deposition duration u . nt
deposition rate (0.54 pm hr). Wth respect to each of
the SAWdevices illustrated in Fig. 6A, radio frequency (RF) power
was applied to 25 the input IDT to generate SmNchEfngsngg. The

propagation velocities V (ms) of the generated SAW of
having abscissa axis of khl and ordinate axis of

kh2,

said interpolated primary combination line (A23-
B23-C23-D23-E23-F23-G23) consisting of points A23, B23,

5 c23, D23, E23, F23, G23 and lines A23-B23, B23-C23,

C23-D23, D23-E23, E23-F23, F23-G23;

said A23 being given by the linear interpolation
between A2 (kh1=0.600, kh2=0.671) and A3 (kh1=0.600,
kh2=0.713);

10 said B23 being given by the linear interpolation
between B2 (kh1=0.800, kh2=0.713) and B3 (kh1=0.800,
kh2=0.758);

said C23 being given by the linear interpolation
between C2 (kh1=0.900, kh2=0.747) and C3 (kh1=0.900,

15 kh2=0.790);

said D23 being given by the linear interpolation
between D2 (kh1l=1.000, kh2=0.789) and D3 (khl=1.000,
kh2=0.832);

said E23 being given by the linear interpolation

20 between E2 (khl=1.100, kh2=0.837) and E3 (kh1=1.100,

kh2=0.879);

said F23 being given by the linear interpolation
between F2 (khl1=1.200, kh2=0.891) and F3 (kh1=1.200,
kh2=0.930); and

25 saig G23 being given by the linear interpolation

between G2 (kh1=1.400, kh2=1.011) and G3 (khl=1.400,
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- 66 - 2nd node were determ ned depending on a relationship of
V=1f x [err] (f: center frequency, [err] = 4d = 4 [errhg&&&&ihst&i laced

single type IDT, [err] = 8d = 8 pmfor double type IDT)JHE&"HHHH H
i

ef f-ective coupling coefficient (Kerr]) was al so 5

measuring the radiation conductance (wherein th

denoted by "G') of the IDT by using a network anal yzer (" Network
Anal yzer 8719A", comercially avail abl e from Yokogawa Hew ett
Packard (YHP), Japan), and by using follow ng §é¥r5%fESB

kh2=1.046).

64. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

5 (i) a diamond layer,

(ii) a ZnO layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said zZno layer, said IDT having a thickness of t,,

10 and

(iv) a SiO0, layer disposed over said interdigital

transducer onto said ZnO layer, said SiO, layer

having a thickness of t_;

wherein a parameter kh3 = 2m(t,/A) is

15 0.099 < kh3 < 0.132:

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2m(t,/A) are given within a region defined by an

upper line obtained by increasing kh2 from a

interpolated primary combination line (A34-B34-C34-

20 D34-E34-F34-G34) by 10 % and a lower line obtained
by decreasing kh2 from said interpolated primary
combination line (A34-B34-C34-D34-E34-F34-G34) by

10%, in a two-dimensional Cartesin coordinate graph

having abscissa axis of khl and ordinate axis of

25 kh2,

said interpolated primary combination line (A34-

3
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10 K2 = G (8f[err]CN) (f[err]: center freqguency, C

total electrostatic capaci tance of IDT, N palr nunber of 1DT).
TCF measurement was carried out by the follow ng ' Beeg Rgplaced
devi ce was heated by an external heater 15 from roo‘ l mlu mto
70[err]C. The central frequency F[err] mas meas

10[err]C fromthe roomtenperature to O[err]C. Proportiona

rel ati onshi p between the central frequency and the device
tenperature. TCF was given by t he sl ope of thg &ePgthggshlp 20
Further, propagation |oss was eval uated by the F owi ng manner:

SAW devi ces NgyiyNg332B84-£34-r34-6345" LRLEYH 99 SY'Pdintd Wy LlUtedY T erent

spaci ng
€34, D34, E34, F34, G34 and lines A34-B34, B34-C34,

C34-D34, D34-E34, E34-F34, F34-G34;
said A34 being given by the linear interpolation
5 between A3 (kh1=0.600, kh2=0.713) and A4 (kh1=0.600,
kh2=0.755);
said B34 being given by the linear interpolation
between B3 (kh1=0.800, kh2=0.758) and B4 (khl1=0.800,
kh2=0.803);

10 said C34 being given by the linear interpolation
between C3 (kh1=0.900, kh2=0.790) and C4 (kh1=0.900,
kh2=0.837);

said D34 being given by the linear interpolation
between D3 (kh1=1.000, kh2=0.832) and D4 (kh1=1.000,

15 kh2=0.877);

said E34 being given by the linear interpolation
between E3 (khl=1.100, kh2=0.879) and E4 (khl=1.100,
kh2=0.922);

said F34 being given by the linear interpolation

20 between F3 (kh1=1.200, kh2=0.930) and F4 (khl=1.200,

kh2=0.972); and

said G34 being given by the linear interpolation
between G3 (kh1=1.400, kh2=1.046) and G4 (khl=1.400,
kh2=1.083).

25 65..A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

AL O O A o
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between input 1DT and output IDT (e.g., 50 wavelength, - 100 _
wavel ength and 150 wave | ength) were fabricated. A 25 Thid bR frhs RS ReP1a R

insertion loss with the spacing was eval uated to b .
Then the propagation _ _ "
| oss was obtained by the slop of the relationship. !
thickness t[err] ([err]m of the ZnO layers of each SAW devi ces,
and the thickness t[err] ([err]m of the SiQ2 |ayers of
SEI 96-18B
comprising:

(i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
said zn0 layer having a thickness t,,

5 (iii) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,.,
and
(iv) a si0, layer disposed over said interdigital
transducer onto said zZnO layer, said SiO, layer

10 having a thickness of t_;
wherein a parameter kh3 = 2m(t,/A) is
0.132 < kh3 < 0.198:
and wherein a parameter khi=2mn(t,/\) and a parameter
kh2=2n(t,/A) are given within a region defined by an

15 upper line obtained by increasing kh2 from a
interpolated primary combination line (A45-B45-C45-
D45-E45-F45-G45) by 10 % and a lower line obtained
by decreasing kh2 from said interpolated primary
combination line (A45-B45-C45-D45-E45-F45-G45) by

20 10%, in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
said interpolated primary combination line (A45-

B45-C45-D45-E45-F45-G45) consisting of points A45, B45,
25 C45, D45, E45, F45, G45 and lines A45-B45, B45-C45,

C45-D45, D45-E45, E45-F45, F45-G45;
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each SAW devi ce were neasured by cutting off the device after the

measur enent of device performances as descri beﬂumewnasmarkeplaced
observing the resultant section of t he deV|ce

el ectron m croscope (SEM at a magni fication of ﬂ Fu

t he val ues of the paranmeters of khl = 2n(t[err]
2[err](t[err]/[err]) were 10 determ ned for each of the SmNVdeV|ces
Variation of the effective coupling coefficient Klerr] with the

t hi ckness of ZnO | ayer 14 and Si Q2 | ayer is il tg at in Fig. 7.
Fig. 7 is a graph having absci ssa axis of khl "and ‘ordinate axis of

N2 SO0 35 i A5 SEHRS O B o R AT AR BypbLaRadl 7 =t the
between A4 (kh1=0.600, kh2=0.755) and A5 (khl1=0.600,
kh2=0.837);

said B45 being given by the linear interpolation

5 between B4 (khl1=0.800, kh2=0.803) and B5 (kh1=0.800,
kh2=0.897);

said C45 being given by the linear interpolation
between C4 (kh1=0.900, kh2=0.837) and C5 (kh1=0.900,
kh2=0.933);

10 said D45 being given by the linear interpolation
between D4 (khl=1.000, kh2=0.877) and D5 (khl=1.000,
kh2=0.973);

said E45 being given by the linear interpolation
between E4 (khl=1.100, kh2=0.922) and E5 (khl=1.100,

15 kh2=1.017);

said F45 being given by the linear interpolation
between F4 (khl1=1.200, kh2=0.972) and F5 (khl=1.200,
kh2=1.063); and

said G45 being given by the linear interpolation

20 between G4 (khl=1.400, kh2=1.083) and G5 (khl=1.400,
kh2=1.167).

66. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

25 (i).,a diamond layer,

(ii) a Zn0 layer disposed on said diamond layer,

| 0 R A e
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val ue at each curve is the value of K2 in % The K2 B

3 do not depends on val ue of kh3. Simlarly, Ihe relatlonshlp
of propagation velocity 20 (V) and TCF with tferr] BtenRepleeed -
eval uated. V and TCF, unlike Klerr], vary with I

and the exenpl ary results for specific kh3 are s

pr opagati on velocity V (msec) with the paraneters khl =
2n(tf[err]/ferr]) and kh2 = 2n(t[err]/[err]) in the case of kh3 =
0.066, is shown 25 inFig 14. V (nsec) with theg 3@§§ﬁgeﬁﬁﬁs khl (kh
0s ZnO) and kh2(kh of SiJerr]) in the case of S

said ZnO layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and
5 (iv)-a sio, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t,; |
wherein a parameter kh3 = 2m(t,/A) is
0.198 < kh3 < 0.264:
10 and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(ts/A) are given within a region defined by an
upper line obtained by increasing kh2 from a
interpolated primary combination line (A56-B56-C56-
D56-E56-F56~G56) by 10 % and a lower line obtained
15 by decreasing kh2 from said interpolated primary
combination line (A56-B56-C56-D56-E56-F56-G56) by
10%, in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
20 said interpolated primary combination line (A56-
B56-C56-D56-E56-F56-G56) consisting of points A56, BS6,
C56, D56, E56, F56, G56 and lines A56-B56, B56-C56,
C56-D56, D56-E56, E56-F56, F56-G56;
said A56 being given by the linear interpolation
25 between A5 (khl1=0.600, kh2=0.837) and A6 (kh1=0.600,
kh2=0.914);

R
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- 68- shown in Fig. 15. Simlarly, Vin the caseof+®hd=———

0.198, is shown in Fig. 16, V in the case of kh3 = 0.264, is shown
in Fig. 17, and V in the case of kh3 = 0. 330, T@“§hﬁ%ﬁs8&m§qgmmi
The relationship of TCF 5 (ppm[err]C) with kh

0.066 is al so shown in Fig. 19. Simlarly, TCF i 1’@#"{ kh3
= 0.132, Is shown in Fig. 20, TCF in the case of

shown in Fig. 21, TCF in the case of kh3 = 0.264, is shomm in Flg.
22, and TCF in the case of kh3 = 0.330, 10 S skmwgbirbgﬂf%32§%c

said B56 being given by the linear interpolation
between B5 (kh1=0.800, kh2=0.897) and B6 (khl1=0.800,
kh2=0.989);
said C56 being given by the linear interpolation
5 between C5 (kh1=0.900, kh2=0.933) and Cé6 (kh1=0.900,
kh2=1.029); |
said D56 being given by the linear interpolation
between D5 (khl=1.000, kh2=0.973) and D6 (khl=1.000,
kh2=1.069);

10 said E56 being given by the linear interpolation
between E5 (kh1=1.100, kh2=1.017) and E6 (khl=1.100,
kh2=1.111);

said F56 being given by the linear interpolation
between F5 (khl1=1.200, kh2=1.063) and F6 (khl=1.200,

15 kh2=1.156); and

| said G56 being given by the linear interpolation
between G5 (khl=1.400, kh2=1.167) and G6 (khl=1.400,
kh2=1.257).

67. A surface acoustic wave device according to one

20 of claims 1, 3, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65
or 66, wherein said interdigital transducer comprises
an input interdigital transducer (input IDT) for
creating surface acoustic wave by being applied with
electric power and an output interdigital transducer

25 (output.IDT) for receiving the surface acoustic wave to

obtain electric energy; wherein sum N of a pair number

T I




Further, neasured propagation | oss was 0.05

node SAW and 0. 03 dB/ wavel ength for 2nd nDde S%NV

Exanples 2 - 7 15 In Exanples 2 - 7, follow ng MEh@ﬂ

fabricated by simlar fabricating processes as used in

"type B" SAW device 10b (Fig. 6B) was nade I n Ex

SAW devi ce 10c (Fig. 6C) was made in Exanple 3; "type D

device 10d (Fig.- 6D) 20 was nade in Exanple ;SAbyge E" S€g¥deV|ce 10e
Fig. 6E) was nmade in Exanple 5; "type F" evi ce _
EFig 6F) was nadé in Exanple 6; and "type G' SAW SEI 86vil8B EB§ (Fig.

6G was made \n Bxanple 7 input IDT and a pair number No of said

output IDT ( N = Ni + No) is 50 to 90 pairs; and
wherein a crossing width of said input IDT or said
output IDT is 10A to 50A.

5 68. A surface acoustic wave device according to one
of claims 1, 3, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66 or 67, further comprising at least one pair of
reflectors which are disposed to interpose an input IDT
and an output IDT along the propagating direction of

10 the SAW, wherein said reflectors comprise fingers, the
total number of which is not greater than 2 x (100 -
N), where N is sum of a pair number Ni of said input
IDT and a pair number No of said output IDT (N = Ni +
No).

15 69. A surface acoustic wave device according to one

| of claims 67 or 68, wherein said wavelength A is about

3.2 um to about 4.5 um.

70. A surface acoustic wave device according to one
of claims 67 or 68, wherein Q of said surface acoustic

20 wave device is greater than 600.

71. A surface acoustic wave device according. to 6ne
of claims 67 or 68, wherein an operating center
frequency of said surface adoustic wave device is about
2.4 GHz to about 2.6 GHz.

25 72.-A surface acoustic wave device according to one

of claims 67 or 68, wherein a transmission loss of said
_—
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As seen in these figures, the arrangenent of IDT is

Exanples. I n Exanple 2 (type B), Exanple 3 (type Q). and Exa

(type D), IDT 20 was forned : onto ZnO lmmd
ZnO | ayer 14 had been deposited, as described in Ex l fi
Exanpl e 5 (type E), Exanple 6 (type F) and Exanple

| DT 20 was fornmed by the sane form ng process as used

SEI 96-18B EPC

surface acoustic wave device is about 6 dB to about 10
dB.

I
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5 in Exanple 1, after polishing the surface of dianond | ayer

12 and before depositing ZnO | ayer; and then ZnO | ayer 14 was
deposited onto dianond | ayer 12 to cover | DT 20. In
Exanple 2 (type B), Exanple 3 (type C, Exanmple 10 4 (type D),
Exanple 6 (type F) and Exanple 7 (type G, short circuiting

el ectrodes 22 and 24 are included in t he SAWdevice. The formation
of the short circuiting el ectrodes 22 and 24 was carried out by
the foll ow ng manner: in Exanples 2 (B) and 6 g @fqt | amond
12 15 was deposited and polished, an alumrunnlayéﬁﬁ%éV?&fa éﬂé‘

t hi ckness of Q) I med by resistive heati ng
met hod. Then ' t er ned

A first surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um) according
to the present invention is a SAW device of "type A"

5 device shown in Fig. 6A, wherein a parameter kh3 =
2n(t,/A) is: 0.033 < kh3 < 0.099, and wherein a
parameter khl=2m(t,/A) and a parameter kh2=2m(t_,/A) are
given within a region ABCDEFGHIJKLA in a two-

dimensional Cartesin coordinate graph of Fig. 1.

10
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via conventional photolithography to form short " circuiting

el ectrode 22, which has a geonetrically 20 corresponding to the

| ocation of IDT 20. In Exanmple 3 I (§ Exanple 7 (G, short
circuiting el ectrode 22, whi % ha? ry corresponding to the
| ocati on of | DT 20, was fornmed on S|02 Iayer 16 via simlar
process " as used in Exanples 2 and 6, after depositing Sigerr]

| ayer 25 16. In Exanple 4, short circuiting el ectrode 22 was

formed onto dianond 12, and short circuiting el ectrode

FIG. T
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- 70- 24 was formed onto ZnO | ayer 14. In both formation

processes for electrodes 2 and 24, simlar processing as used in

Exanpl es 2 and 3 was enployed Each | ectrodes 22 and 24 has a
BEToc361 §

geonetry corresponding to f MDT 20. As
carried out in Exanple 1, pIurallty of SAW devi ces havi ng
different thickness of |ayers 14 and 16, were prepared in each
Exanpl e, and the desired t hi ckness of ZnO and Si Q2 | ayers were
eval uated for 2nd 10 SAW node so as to provide inproved propagation
vel ocity (V), effective coupling coefficient Kerr], tenperature

FIG. 2
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coefficient of frequency TCF and propagation | oss. ' Mor e

specifically, each of the SAWdevi ces of each of the Exanples 2 -

7 includes: a 20 [err]mthick of 1F5ET QGap@® 20; one of twenty

di fferent thicknesses within the range of 210 to 4600 angstrom of
Al I DT; one of twenty different thicknesses within the range of

0. 20 to 2.5 [err]mof ZnO | ayer; and one of twenty different

t hi cknesses within the range of 0.15 to 2.0 [err]mof SiJerr]. 20 In
the Exanples 2 - 7, each of the thicknesses of the | ayers and | DT
were controll ed by adjusting the deposition duration (deposition

ti me) under S deposition rate. The desired thicknesses of
ZnO and ?mfﬁ)z Iaye?s are expressed by the paraneters khl and kh2

1.6
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0.6
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02 |

0 ] | ] ! 1 | 1 ]

02 04 06 08 1 12 14 16 18 2

kh of ZnO

0.165<kh of Al<0.231  TsShectHasBocn

) T

ly




25 for 2nd node SAW havi ng wavel ength [err],as in Exanple 1:
khl = 2[err](t[err]/[err]), t[err]:thickness of ZnO | ayer;

71 kh2 = 2[err] (t] ! [/ rr]:thickness of
Siderr] layer; and Sﬂ% =@§ eaﬁ(ﬁerr]/[err]),
t[err]:thickness of Al |DT. Effect I ve coupling coefficient
Klerr] of each of the SAW devi ces was evaluated by simlar manner
as used in 5 Exanpl e 1.

FIG. 4

1.6

1.4

1.2

0.8

kh of SiO2

0.6

04 [

02

0'11111111

02 04 06 08 1 12 14 16 18 2

kh of ZnO

\
0.231<kh of Al<0.297 Thi

is Sheet

N |

{ meree wemmT AS BEEN
D




Variation of the effective coupling coeffici ent Klerr] - (%9 with

the thickness of ZnO layer 14 and Si Q2 | ayer illustrated in
Figs. 8 to 13. Figs. 8 to 13 are grapk I 96-181a\Ang absci ssa axis of khl
and ordi nate axis of kh2, 10 showi ng the relationship of the
paraneters khl and kh2 at the given effective coupling coefficient
Klerr] in Exanples 2 to 7, respectively. The nunerical val ue at
each curve is the value of Klerr] in % Fig. 8 illustrates t he
rel ati onship obtained in Exanple 2; Fig. 9 shows 15 the results of
Exanple 3; Fig. 10 shows the results of Exanple 4; Fig. 11 shows
the results g. le 5; Al Q. 12 shows the results of Exanple 6;
and Fig. 13 $h . the results of Exanple 7.
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Propagation velocity V (nfsec) and TCF (ppmi[err]C) of "~ 20 each of the
SAW devi ces were obtained by simlar manner as used in Exanple 1.
The sane result as in Exanple 1 SEI iggelaRigpship of V with khl and
kh2, is obtained in each of Exanple 2 - 7. Thus, the relationship
of the propagation velocity V (msec) with the paranmeters khl 25
= 2[err](t[err]/[err]) and kh2 = 2n(t[err]/[err]) in Each of Exanple 2 - 7
is shown in Figs. 14 to 18. In TCF, the sane result as

20 14
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-72- in Exanple 1 is also obtained in each of" Exanple 2 7.

Thus, the relationship of TCF (ppni[err]C) vm'th t hese paraneters
is also shown in Figs. 19 to 23. 5 @ther, nmeasured propagation
| oss was 0. 05 5 dB/ wavel ength for 1st node SAW and 0. 03

dB/ wavel engt h for 2nd node SAW in each of Exanples 2 - 7.

Eval uation of the obtained result in Exanples 1 - 7 As
described in above Exanples 1 to 7, a series of efforts to

optim ze the thickness of piezoelectric ZnO 10 | ayer 14 and
passivating SiQ2 |layer 16 for each t hi ckness of |IDT, were carried

out for the ?SNEF ces 7 of various device constitutions as
illustrated i/n [ .
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6A to 6G A nunber of obtained results were col l ectively anal yzed

and evaluated to provide the 15 optim zed relationshi ps of khl and kh2
for each constitution of S/A¥devidkes hBcoAding to the present
i nvention. Thus, dinensionless thicknesses of ZnO and Si2 | ayers
14 and 16 for each constitution of SAW devi ces according to the
present invention were 20 obt ai ned for given wavel ength of SAW In
t he eval uati on on the basis of the obtained results of
Exanpl es, significant inprovement in device perf or mances was
achi eved by optim zing di nensionl ess t hi cknesses khl and kh2 for
t he SAW devi jﬁ@ ng 28 | ayer/ el ectrode constitutions of "type A",
“type B,

K2 typeB
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"type C', "type D' and "type F".

-73- The distribution of the optim zed values of khl and
kh2, which is obtained by the eval uagipfl of g-egut sA of Exanpl es 1
to 7 (shown in Figs. 7 to 23), is shown in Figs. 1 to 5 by kh3
range. Fig. 1 shows an optinmum 5 range of khl (kh of zZnO and kh2
(kh of Sigerr]) for 0.033 [err] kh3 [err] 0.099. Fig. 2 shows an
opti mum range of khl

FIG. 9
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and kh2 for 0.099 [err] kh3 [err] 0.165. Fig. 3 shows ‘an opti num

range of khl and kh2 for 0.165 [err] kh3 [err] 0.231. Fig. 4 shows
an optinumrange of khl and kh2 for §E2B1966-18 Aerr] kh3 [err] 0.297.
Fig. 5 shows an optinmumrange of khl and kh2 for 0.297 [err] kh3
[err] O0.363. It was found that, in the case of 0.033 [err] kh3
[err] 0. 099, the SAWddevi ce having inproved perfornmances can

be fabricated to have ZnO and Si Q2 | ayers, that have the 15 optim zed
di mensi onl ess t hi ckness khl and kh2 gi ven wi thin the region
ABCDEFGHI JKLA_shown_i n F| g. preferably, SAWdevice having

nor e |rrprove I—rZrG gﬂances can be fabricated to have khl and kh2
given within’t giron ABI A shown in Fig. 1.
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20 In the case of 0.099 [err] kh3 [err] 0.165, the SAWdevice

havi ng i1 nproved performnces can be i ed, to have ZnO and

Si2 | ayers, that have the optim zeoégb«‘:r cga —Hbmgsi onl ess thi ckness khl
and kh2 given within the regi on ABCDEFGH JKLMA shown in Fig. 2.
More 25 preferably, SAWdevice having nore inproved

performances can be fabricated to have khl and kh2

74 '

FIG. 117
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given within the regi on ABCNJKLMA shown in Fig. 2. ' In the case
of 0.165 [err] kh3 [err] 0.231, the SAWdevi ce havi ng i1 nproved
performances can be fabricated to haQ&€I 96—18n@ and Si® layers, that
have the optim zed 5 di mensi onl ess thickness khl and kh2 given within
t he regi on ABCDEFGHI JKLMA shown in Fig. 3. Mre

preferably, SAW device having nore inproved performances can be
fabricated to have khl and kh2 given within the regi on ABNQIKLMA
shown in Fig. 3. 10 In the case of 0.231 [err] kh3 [err] 0.297,

t he SAW devi ce havi ng i nproved perfornmances can be fabricated to

have Fﬂb d Si O?I ers, that have the optinized
di mensi onl es§ t#i &¢ness kHl 4end kh2 given within the

kh of Si02
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regi on ABCDEFGH JKLMNA shown in Fig. 4. Nbre preferably, SAWdevice

havi ng nore i nproved perfor ces bricated to have khl and
kh2 given within the regionqigﬁﬁ ﬁghm n Fig. 4.

In the case of 0.297 [err] kh3 [err] 0.363, the SAWdevice havi ng

i nproved performances can be fabricated to have 20 ZnO and Sierr]

| ayers, that have the optim zed di mensi onl ess thickness khl and kh2
given within the regi on ABCDEFGHI JKLA shown in Fig. 5. Mire

pref erably, SAM/device havi ng nore i nproved performances can be

fabricated to e _khl and given within the region 25 LMIKL shown
in Fig. 5. "j¥ Th%f roved performances V, TCF and Klerr] can be
seen ’
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- 75- with reference to Figs. 7 to 23. The detailed

| nprovenent have been described in t&%ﬁboﬁ " SUMVARY OF THE

| N\VENTI ON' for SAW devices of types , oDl8 A andF. 5

Figs. 27A to 27C shows an exenpl ary packaged SAW devi ces accordi ng
to the present invention. Fig. 27A Is a plan view of a package 58

without Iid 60. Fig.

FIG. 74
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27B is a side cross sectional view of the package, and Fig. 27Cis

a bottomview of the package. Package 58 10 is provided with pads 62a
- 62f for electrodes. A SAW SEEvi 9650 8f Ahe present invention is

centrally posi tioned on the bottom of package 58. El ectrodes

54a, 54b, 54c and 54d are provided for the purpose of i nput to and

output froma |IDT 52 of SAWdevice 50. 15 El ectrodes 54a, 54b, 54c and
54d are connected to each of pads 62 via wires 56. Lid 60 is wel ded
to package . 58, as shown in Fig. 27B. The packaged SAW

device shown in Figs. 27A to 27C is typically used for various

applicationsfa for 2 exanpl e, used for filters which is typically
used in F}' . ?5
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optical conmmunication equi pnents. EXAMPLE 8 ' The eighth

Exanpl e according to the present invention was carried out to
further inprove thermal.or 25 tSeEﬂeer@n‘d 8t aBi | i ty of the SAW
devi ces. : SAW devi ces having | ayer structure of "type-A"

- 76 - shown in Fig. 6A were manufactured through the simlar

FIG. 16
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process as used in Exanple 1, in which thicknesses of the ZnO and

SiJerr] layers were selected to narrow the khl and kh2 down to an
opti mal range. TCF of the devices SBI 96wds8evAluated in the simlar
met hod as used in Exanple 1. The di nensi onl ess

t hi ckness kh3 defined as kh3=2n(T[err]/[err]) for a wave |length
[err] of 2nd node- SAW and a thi ckness t[err] of IDT was sel ected
for evaluating thernmal 10 stability: kh3= 0.044. 0.066, 0.099, 0.132,
0. 198 and 0.264; khl=2n(T[err]/[err]) was al so selected: khl=

0. 600, 0.800, 1.000, 1.100, 1.200 and 1.400; and the
kh2:2n(T[errgﬁf§g? was s sﬁfed to give the smaller variation of
TCF wi thin 500 or tenperature range of -20 [err]C
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15 to 80 [err]C, for each of the conbinations (6x7=42 types)
of the kh3 (6 types) and the khl (7 S) Figs. 29 - 34
di scl ose a portion of the eégfl fral § edul ts on TCF variation of

t her SAW devi ces obtained in Exanple 8. The khl, kh2, kh3 and 20
the resultant tenperature variation are |isted bel ow Fi g. kh3
khl kh2 TCF variation for (-) (-) -

-20 to 80 [err]C (ppm - 29 0. 099 0.8 0. 758 100 25
30 0.099 - 1.0 0. 832 130 31 0. 099 1.2

0. 930

FIG. 18
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77 32 0. 044 1.0 0. 759 100 33 0. 066
1.0 0. 789 200 34 0.13 1. 0.877 100.
As shown in Figs. 29 - 34, the SAW c&EiIceé 55' 18 2‘4 ncl udi ng t he

conmbi nati ons of khl, kh2 and kh3 |isted above have very smal |
frequency variation of 100 - 200 ppm for the tenperature range of
-20 [err]Cto 80 [err]C O her SAW devi ces havi ng ot her

conbi nati on of khl, kh2

FIG. 19
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and kh3 than |listed above were evaluated to give 10 ° suitable kh2 for

obt ai ning very small frequency variation of 100 - 200 ppmfor the

t enperature range of -20 [e t [grrAC. The

conmbi nati ons of khl and kh2 for 6 kﬁgigglgégﬂi]g A obtained in this
Example, is shown in Fig. 28. 15 Fig. 28, having abscissa of kh
and ordi nate of kh2, shows the conbinations of khl and kh2 for 6
val ues of kh3, which gives very small frequency variation of

100 - 200 ppm The obt ai ned khI and kh2 for respective points in
Fig. 28 are showmn in TABLES 1 - 6. 20

FIG. 20

kh of 8j02

T 1 T T T T
02040608 1 1.2 141618 2

kh of ZnO

kh of Al =0.132

This Sheet Has Been R,

T

Iy




- 78 -

poi nt khl kh2
kh2(+10% kh2(-10%
0. 581 B1

C1 0.900 0.718

0. 759 0. 835

FIG.

kh of Si02

TABLE 1 kh3=0. 044
i ncr eased reduced
5 ASEI 09600180.4645 0. 710
0. 800 0. 684 0. 752 0. 616
0. 790 0. 646 D1 1.000
0. 683
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El 1.100 0. 809 0. 890 0.728 10 ' F1 1. 200

0. 866 0. 953 0.779 Gl 1.400 0.987 1. 086
0. 888 SEI 9 6‘AB1_5 2A15 kh3=0. 066

poi-nt khl kh2 I ncr eased reduced

kh2(+10% kh2(-10% A2 0.600 0.671 0.738

0. 604 B2 0.800 0.713 0.784 0.642 20 c2
0.900 0.747 0. 822 0.672 D2 1.000 0.789

0. 868 0.710 )

FIG. 27
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E2 1.100 0. 837 0.921 : 0. 753 - F2 1. 200

0. 891 0. 980 0. 802 1. 400 1.011 1.112
0.910 SEI 982 18. kh3=0. 099
poi-nt khl kh2 I ncr eased reduced

kh2(+10%) kh2( - 10%

FIG. 23
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5 A3 0. 600 0.713 0.784 0. 642 B3

0.800 0.758 0.834 0. 682 C3 0.900 0.790
0. 869 0.711 D3 SED0B6-0] 832A 0. 915

0. 749 E3 1.100 0.879 0. 967 0.791 10

F3 1.200 0.930 1.023 0. 837 G3 1. 400
1.046 1.151 0. 941

TABLE 4 15 kh3=0.132 poi nt khl kh2 i ncreased
reduced : kh2(+10% kh2(-10%

FIG. 24
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A4
0. 803
0.921
0. 789
1. 200
1.191

0.600 0.755 0. 831 0. 680 © B4 0. 800
0. 883 0.723 20 c4 0.900 0.837
0. 753 -4 SED00960.18F7 A 0. 965
E4 1.100 0.922 1.014 0. 830
0.972 1. 069 0. 875 G4 1.400 1.083
0.975 - 80-

FIG. 25
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TABLE 5 kh3=0. 198 poi nt  khi kh2 i ncreased

reduced kh2( +100A) kh2(-10% 5

A5  0.600 0. 837 0. 921 Sglg B E531 8 B5 0.800 0.897
0.987 0. 807 00 O. 933 1. 026 0. 840
D5 1.000 0.973 1. 070 0.876 E5 1.100 1.017
1.119 0.915 10 F5 1.200 1.063 1.169 0. 957
€3 1. 400 1.167 1.284 1. 050

FIG. Z26A
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TABLE 6 15
reduced

A6 0. 600
1.088

D6 1. 000
1.222

6 1. 400

kh3=0. 264 poi nt khl

kh2 °

i ncr eased

h2§+1owa kh2( - 10%
0.914 1. 005 SED. &8-18 A B6 0.800 0.989
0.890 20 C6 0.900 1.029 1.132 0. 926
1. 069 1.176 0. 962 E6 1.100 1.111
1. 000 F6 1.200 1.156 1.272 1. 040
1. 257 1.383 1.131
7, 7 N
FIG. 27A Vs sl o2
52 52 A — 58
561\ \
— 56

828’*&7

56 -T—"|

2"4.

mw H'I'l

\

—~62b

62f '\~:-//////___ 50

%
‘\<~_/ 56
//4-

—~62¢

\

FIG. 278

s

56

| 50 _
_\>’—‘\\ f //’—\<—~ 53

Vit

[\

=®To

FIG. 27C -z

6232/

V7 %—~62

| 45— 62

627/

5~ 62

/y

heet Has Been Replaced

\\||\|\\ R

SENNE




It can be seen in Fig. 28 and the above tables that ) t he SAW

devi ces havi ng conbi nations of khl and kh2, whi ch are included in
one of the lines (A -Bl1-C -D1-El - | 96-188 CL. A2-B2- C2- D2- E2- F2- &2,

A3- B3- C3- D3- E3- F3- G3, Ad4- 5 Eﬂgcamtm- 4- F4- A4, A5-B5- C5- D5- E5- F5- G5

and A6- B6- C6- D6- E6- F6- G5, these lines are referred as "primary
conbination lines") shown in Fig. 28, are provided with better
thermal stability (100 - 200 ppmfor -20 to 80 [err] ©

FIG.28
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10 Further evaluations were carried out to obtain |ess
restrictive conditions for good thernmal stability ([err]500

for -20 to 80 [err] O,
the primary conbi nation |ines.
results of a series of experlnents

by deviating

stability of [err]500 ppm

khl =1. 0. The khl, kh2, kh3 and the resultant tenperature
variation are i sted bel ow Fi g. kh3 khl
TCF vari ation 2 (-) (-) (-) -20 to 80 [err]C
(ppmM G_ 66 1.0 0. 710 400 36 :
1.0 0. 750 200 _
100
50
€
Q.
&
TR
< ]
0 4
-50 I T T | T T T T

Sﬂzféét?ééganount of

-20

0 20 40 60 80

TEMPERATURE (°C)

—_—
This Sheet Has Been R

T

kh2 from
are graphs show ng

whi ch provi de good tenperature
for -20 to 80 [err]C at kh3=0.066 and




37 0. 066 1.0 0. 828 150 38 0. 066 1.0

0. 868 400 25 As can be seen fromthe results shown in
Figs. 33 and 35 - 38, the vjees i ncluding the conbinations
- 82- of kh3=0.066 and khl 5@4\/0%@ 1r§§e smal | frequency

variation of within 500 ppmfor the tenperature range of -20
[err]Cto 80 [err]C, when kh2 is selected to be within

FIG.30
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+/- 10% from kh2=0.789 (Fig. 33, or point D2 along the 5 primary
conbination line in Fig. 28). Simlar eval uation were carried

out for other points A2, B2, F2 and G in the prinmary
conbi nation line for kh2:0$gé§6'§%found that small frequency

vari ation of wi thin 500 ppmfor the tenperature range of -20
[err]Cto 10 80 [err]C is obtained, when kh2 is selected to be within
+/- 10% from these points. It is also found for other prinmary
combi nati on i nes (Al -B1-Cl-D1-E1l-F1-Gl, A3-B3-C3-D3-E3-F3-G3, A4-
B4- C4- D4- E4- F4,; - B5- C5- D5- E5- F5- G5 and A6- B6- C6- 15 D6- E6- F6- (6)
that small fr riation of within 500 ppm for the

tenperature range of -20 [err]Cto 80 [err]Cis
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obt ai ned, when kh2 is selected to be within +/- 10% ' fromthe

points in the lines. The increased (by 10% and reduced (by 10%
val ues of kh2 for respective pgé m in Fig. 28 are incorporated in
TABLES 1-6. Further |§E| 0 B that, for a kh3 of between
0.044 and 0.066, the linear interpolation (or linear i nsertion, or
| inear interposition) of kh2 wth the kh3 val ue can provi de Al2,
B12, Cl12, D12, E12, F12 and Gl2, 25 whi ch fornms an interpol ated
primary conbi nation |ine (Al2-B12- Cl12- D12- E12- F12- G12). The

i nt erpol at ed

FIG.32
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- 83- primary conbination |ine gives reduced TCF vari ation of

100- 200 ppmfor -20 to 80 [err]C

ni nth Exanpl e according to the pres

achi eve mni aturization of
operating characteristics,

5

EXAMPLE 9 The

Sﬁg i nvention was carried out to
%QN@%@vice while nmaintaining its
by selecting el ectrode pattern for the

10 specified layer structure of the device.

FIG.33
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Fig. 39A illustrates a schematic plan view of an " electrode portion
of Exanple 9. The el ectrode portion conpri ses an input
interdigital transducer 100 and an §Elng§/n1$ tput interdigital transducer

110 facing input 1Dl 15 100, a Fig. 39A | nput | DT 100
conpri ses two busbars 102 which are disposed in parall el
relationship, and a plurality of fingers 104 each of whi ch ext ends
from one busbar toward the other busbar. Qut put IDT 110 al so

i ncl udes busbars 112 and fingers 20 114 as shown in Fig. 39A. CQutput
| DT is positi o] recei ve surface acoustic wave created by input
| DT 100. ﬁd 4 fingers 104 extended from one busbar 102

alternates with each of fingers 104 extended fromthe

100
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ot her busbar 102. The nunber of pairs consisting of a’ 25 finger

extended from one busbar and a next finger extended fromthe other
busbar is referred as "pair - 84-
nunber of IDIT". The overl apping | eﬁ&ltp%'ﬂ §$ ngers, as shown in
Fig. 39A, is referred as "aperture | ength". The thickness or the
width of a finger is referred as "finger width", the interval

bet ween fingers is

FIG.35
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5 referred as "finger interval and the distance between t he
centers of fingers is referred as "el ectrode interval", as shown in
Fig. 39B. The wavelength [err] of | rface acoustic wave created by
out put 1DT 100 equal s to doﬁﬁ eQQﬂﬁl ectrode interval (or equals

to 10 2x(finger wwdth + finger interval). These definition

on geonetric relationships of the electrode are schematically shown
in Fig. 39B, which is an enl arged view of the fingers.

The el ectrode portion of this Exanple further 15 i ncludes at a pair of

reflectors 12 whi ch i nterpose the input and the output
| DTs 100 and . al ong the propagating direction of the surface

acoustic
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wave. The nmultiple-reflection of SAWis achieved ' bet ween t he

reflectors 120 and 130 to create a standing 20 wave. Unli ke the
fingers of IDTs 100 or 110, fingers 24 and 134 of reflectors 120
and 130 bridge both busbar sSEﬂzggﬁlcﬁ respectively.

48 types of SAW devi ces were manufactured in thls Exanpl e: 4 types
of layer structures for "type-A" 25 structure shown in Fig. 6A x 12
types of el ectrode patterns. Details of the |layer structures 1-4
and the

FIG.37
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- 85 - el ectrode patter 1-12 are listed bel ow Transm ssi on

| oss and Q of these 48 types of SAW devi ces were measur ed. 5

LAYER STRUCTURE structur %l: _18B diamond film

(polycrystalline, CVD) thickness: 30% ??rﬂ ZnO film (c-axis
~oriented polycrystalline, sputtering), t hi ckness: 0. 688

[err]m (kh1=1.2); 10 Si2 film (anorphous, sputtering),

t hi ckness: 0.496 [err] m (kh2=0. 866); Al electrode filmfor |IDTs and

reflectors

FIG.38
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- (polycrystalline , sputtering), t hi ckness: 0. 027

[err]m (kh3=0.044): 15 ~structure 2: di anond film
(pol ycrystalline, CVD) thickness: 30§§[ émeBB ZnO film (c-axis
oriented polycrystalline, sputtering)s - t hi ckness: 0. 63
[err]m (kh1=1.1); SiJerr] film (anorphous, sputtering), 20
~thickness:0.48 [err] m (kh2=0.837); Al electrode filmfor I1DTs and
reflectors (pol ycrystalline , sputtering),
t hi ckness: 0. 038 pm (kh3=0. 066) : structure 3: 25
- diamond-film ﬁérfyAl ne, CVD) thickness:30 [err]m
120 100 110 130

/ 122 114 / 102 114 / 112 / 1?2

772777 72777 777777
% -
1041204990441 149490449 17 YR
reravvrvrver 194919094 97 11 134
1144209904401 144999499 11 1
104d31100d4791 10000009 11 N
124 / 2ANAAA4494 1d999999 47 N
\ TR U UL z;a;z;z; 10 1
///////////// 0 2772 ////{/////////
122 114 102 112 114 132 |
SAW
FIG.39B

electrode interval

104
104

finger interval

A s it
AT I HH HHHhiaty

This Sheet Has Been

oo LT



ZnO film(c- axis orlented polycrystélllne Sputtering), . .wm“@7 e

- 86- _ thlckness;o 573 [err]m (kh1=1. @)« SO SJCE
fil (anDrphous,féputterlng) 4 thlckne§sf0a4¥4~{errTTn
(kh2=0. 832); Al electrode filmfor IDTs and ref e¢t?{§ réﬁ 1979

(polycrystalllne , Sputtering),
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TITLE OF THE INVENTION

»

DIAMOND-ZnO SURFACE ACOUSTIC WAVE DEVICE

BACKGROUND OF THE INVENTION
Field of the Invention

Thé pregent imvention relates to an improved
surface.acouétic wave (SAW) device which comprises ZnO
and diamond. The SAW device according to the present
invention is applicable in operating at higher
frequency.

ou t

A surface acoustic wave device (SAW device) is a
device which utilizes the acoustic wave propagation and
the piezoelectricity on the surféce-of particular solid
materials. The SAW device has excellent temperature
stability, durability, and phase characteristics.
Thus, there are certain demands, in the field of the
advanced communication technology, for SAW devices
which can be used in high frequency bands of more than
2 GHz, such as band pass filters, resonators, delay
devices, signal processing devices, convolvers, and
functional elements for opto—eiectronic devices. For

example, the band pass filter with wider bandwidth is

-necesSary for the equipments for cellular

phones/communications which are typically operated in
high frequency bands of mocre than 2 GHz.

The SAW devices typically cémprises interdigital




t hi ckness: 0. 057 [err]m (kh3=0.099): and : structure 4:

di afrond film (polycrystalline, CVD) thickness:30 [err]m nO film
(c-faxi s oriented polycrystalline, sputtering), 10 RtpLAU”ﬁ»f SEST
thi/ckness:0.516 [err] m (kh1=0.9); Si2 film (anof pheus,

spUtterl ng), t hi ckness: 0.48 [err] m (kh2 %§33$7 A 183

Al electrode filmfor IDTs and refl ectazs- kel
(polycrystalline , sputtering), 15 t hi cknéss+~o—0-F—fe++f m
(kh3=0. 132). ELECTRODE PATTERN patterp 1:

finger width = finger interval = 0.9 [err]m ([err]=3.6p

10

15

20

25

trans ucers(IDT) for generating and detectlng the
surface acoustic wave. The operation frequency(f) of a
SAW device is given by the equation :f = V/ A, |
where V is the wave propagation velocity in the SAW
device, and A is the wavelength of the surface acoustic
wave. The operation frequency of more than 2 GHz is
required for SAW device to be used for the band pass
filtefs with wider bandwidth. The wavelength A is
generally proportional to the width (d) of electrodes
of the interdigital transducer.

Because of difficﬁlties on micro-fabrication
technique, the electrode with the width (d) of less
than 0.5 um is difficult to be obtained, thus it is

difficult to achieve desirable operation frequency (f)

‘of more than 2 GHz by decreasing wavelength A.

" Therefore, the SAW device with higher propagatipn

velocity V is required for being applied to the

operation at the frequency of 2 GHz or higher.

The energy transform (piezoelectric) efficiency is
also important for SAW device to be used for the
advanced communication equipments. The effective
coupling: coefficient(K’) is an index to conversion
efficiencf of fhe converting of electrical energy into
mechanical energy on the surface éf the device. The
preferable range of the effective coupling coefficient

depends upon applications; about 0.10% - about 0.7% for




pair nunber of IDT = 20 pairs each for input IDT and 20

outgut IDT (total 40 pairs); nunber of fingers of reflectors = 20

each for input si de and out put side (total 40
fingers); aperture length of IDTs = 15 [err]; 25 = ecrrade. - - -
inferval = 3.5 [err]: pattern 2: REPfi““ﬁm“‘ i
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narrow-band filter; about 0.7% - about 3% for medium-

band filter; and about 3% - about 6% for wide-band
filter.
The temperature coefficient of frequency (TCF) of

5 the SAW device is preferable to be small as possible,

because the smaller temperature dependency of the SAW

device is desirable. Thé propagation loss of the SAW

device is also preferable to be small as possible,

since smaller attenuation in propagation of surface

10 acoustic wave is desirable.

Japanese Patent Laid-Open No. 01-339,521 discloses
SAW devices comprising a Zn0O piezoelectric layer formed
‘onto a diamond layer. Another type of SAW devices
comprising iiNbO3 piezoelectric layer is disclosed in

15 y Japanese Patent Laid—0pen No. 08-32,398. Japanese
Patent Laid-Open 08-65,088 discloses SAW devices
comprising LiTa0, piezoelectric layer.

Figs. 6A to 6G illustrate the layer/electrode
constitution of SAW devices. In US Patent No.

20 5,446,329 to Nakahata et.al., disclosures of which is
incorporated by reference, propagation velocity V,
effective coupling coefficient K’ and temperature
coefficient with frequency TCF of ZnO-diamond SAW |
devices have been improved, in particular by focusing

25 - first mode surface acoﬁstic wave: for example, V of

8,000 to 10,000 (m/s), TCF of ~10 to 10 (ppm/°C) and K’
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-87- finger width = finger interval = 0.9 pm’([err]=3.6[err]m;
pair nunber of IDT = 25 pairs each (total 50 pairs); refl ector
fingers = 20 each (total 40 fingers); aperture length of IDTs = 15
[err]; 5 el ectrode interval = 3.5 p: pattern 3: I
finger wdth = finger interval 0. 9 pm ([err]=3.6[err]lm; |~ ”“‘""ifﬁgq
nunber of IDT = 30 pairs each (total -6@ pairs); re I%ﬁRQM“ F‘ﬁder

= 20 each (total 40 fingers); 10 —aperture length of DT = 15 LernL
electrode interval = 3.5 p: 1 2% i %

of 0.7 to 1.7 (%) are achieved for "type E"

constitution shown in Fig. 6E; V of 8,000 to 10,000
(m/s), TCF of -10 to 10 (ppm/°C) and K® of 1 to 3 (%)
are achieved for "type B" constitution shown in Fig.

5 6B; V of 8,000 to 10,000 (m/s), TCF of -10 to 10
(ppm/°C) and K’ of 1.5 to 4.5 (%) are achieved for "type
F" constitution shown in Fig. 6F; V of 8,000 to 10,000
(m/s), TCF of -10 to 10 (ppm/°C) and K’ of 0.8 to 2.3
(%) are achieved for "type D" constitution shown in

10 Fig. 6D; and V of 8,000 to 10,000 (m/s), TCF of -10 to
10 (ppm/°C) and K® of 0.7 to 2.2 (%) are achieved for
"type G" constitution shown in Fig. 6G.

It is also known that the performances of the SAW
device can be further improved by employing LiNbO, or

15 7 LiTa0, for piezoelectric material of SAW device. In the
Japanese Patent Laid-Opeh No. 08-32,398, it is
demonstrated that LiNbO,~-diamond SAW devices have V of
11,000 to 12,500 (m/sec.)( TCF of -10 to 10 (ppm), and
K® of 7.5 to 9.5 (%).

20 Nevertheless, the use of Zn0O for piezoelectric
matgrial of SAW device can provide significant
advantage in fabricating SAW device, because the
processibility of ZnO film is much better than LiNbO, or
LiTa0, films. Therefore, it is desirable to further

'S ., improve the performances of SAW devices which comprise

Zn0 piezoelectric layer.



””?Tﬁaér width = finger interval = 0.9 [err]m

pattern 4: =
2 =3.6[err]m; pair nunber of IDT = 40 pairs each (total 80
pairs); 15 reflector fingers = 20 -each (total' 40 fingers);

aperture length of IDTs = 15 [err]; el ectrode interval = 3.5
[err]: pattern 5: finger wdth = finger interval = 0.9
pm([err]=3.6[err]nm; 20 pair nunber of IDT = 45 pairs each (total 90
pairs); reflector fingers = 20 each (total 40 fingersyi i ar
aperture length of IDIs = 15 [err]; - § - el ectrode interﬁ&#hﬁ&tgﬁﬁ“ e

[err]: pattern 6:

25 FFR e

It is also desirable to further improve the

performances of the SAW devices in which an elédetrode;,—
typically made of aluminum (Al), is not included
between diamond layer and ZnO layer, such as "type A"

5 and “"type C" devices shown in ?ig. 6A and Fig. 6C,
respectively. Because such device constitution can
eliminate the limitation on the process conditions for
forming ZnO layer such as process temperature, since Al
electrode having relatively low melting point is not

10 included.

Therefore, it is an object of the invention to
further improve the propagation velocity V, the
effective coupling coefficient ¥°, the thermal |
Eoefficient of frequency TCF and propagation loss of

.5 7 the SAW device which includes an piezoelectric layer
formed on diamond layer, to provide SAW device having
improved operation charaéteristics at the frequency of
2 GHz or higher with superior durability and less
energy loss.

SUMMARY OF THE INVENTION

We have conducted a number of experimental
evaluations on SAW devices comprising a ZnO
piezoelectric layer disposed on a diamond, and an SiO,
layer disposed on the Zn0O layer. As mentioned above,
-Zn0 layer is advantageous in utilizing a piezoelectric

layer of SAW devices, because of its better



25. finger wdth = finger interval = 0.9 pm([err]=3.6[err]m;
pair nunber of IDT = 50 pairs each (total 100 pairs);

- 88 - reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 [err]; el ectrode interval = 3.5
[err]: pattern 7: 5 finger wdth = finger interval = 0.9

[err]m ([err]=3.6[err]m; -5 -
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formability. These experimental evaluations have
' £Ta n03

carried out by varying layer thicknesses and utigigigé_:' =9
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the second mode surface acoustic wave which propagates
§

e o i

e comces 8 mtn e

within SAW devices, in order to achieve the above-

5 mentioned object of the invention. The evaluation is,
however, generally difficult and complicated, because a
compromise among V, TCF, K’ and the propagation loss
must be made, in order to achieve the optimization of
the operating characteristics of the SAW devices.

10 The inventors first carried out a series of
preliminary evaluation ("first preliminary evaluation")
to obtain good V, TCF and K?, with a manner which is

-similar to a manner utilized in the US Patent No.
5,446,329 to Nakahata et.al. The result of the first

15 preliminary evaluation is shown in Fig. 24, in which a
desirable range of khl = 2m(t,/A) and kh2 = 2n(t.,/A) (t,
is a thickness of Zn0O layer, and t, is a thickness of
Si0, layer) is shown in a region A'B'C'D'E'F'G'H'I'J'K'L
'M'N'C'P'Q'R'A' and a region A'B'C'D'S'T'M'N'Q'P'Q'R'A"

20 . These regions are applicable to SAW devices of Types
"A" (Fig. 6A), "B" (Fig. 6B), "C” (Fig. 6C), "D" (Fig.
6D) and “"E" (Fig. 6F), according to the present
invention.

Next, another series of preliminary evaluation
25 ) (second preliminary evaluation) were carried out with a

manner which is similar to but more precise than a
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nunber

of IDT = 30 pairs each (total 60 pairs); reflector

aperture |l ength of
el ectrode interval = 3.5 p: 10 pattern 8:

DT = 30 pairs each (total 60 pairs);

of IDT = 30 pairs each (total 60 pairs);
manner utilized in the US Patent No. 5,446,329 t
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Nakahata et.al. The result of the second prelimipary
evaluation is shown iﬁ Fig. 25, in which a desirable
range of khl = 2m(t,/A) and kh2 = 2m(t./A) (t, is a.
thickness of Zn0 layer, and t, is a thickness of SiO,
layer) is shown in a region abcdefghijklmnopgra and a
region abcdstmnopgra. These regions are also
applicable to SAW devices of Types "A" (Fig. 6a), “B"
(Fig. 6B), "C" (Fig. 6C), "D" (Fig. 6D) and "E" (Fig.

6F), according to the present invention.

In these series of the preliminary evaluations, the

inventor have found that a thickness of the

“interdigital transducer (IDT) must also be considered

in order to optimize V, TCF and K°.

The IDT is formed of a electric conductive

material, and typically formed of aluminum or aluminum

alloys, which have own SAW propagation velocity (V) and

own linear thermal expansion coefficient. It have been

found that the SAW propagation velocity and the linear

thermal expansion coefficient of the electrical

conductive material such as aluminum is influential to

V, TCF and K® of the SAW devices and the influence of

the SAW propagation velocity and the linear thermal

expansion coefficient of the IDT to SAW device depends

on thickness of IDT.

The present invention is, in particular, directed



reflector fingers = 20 each (total 40 fingers); 20 aperture | ength of

I DTs = 30 [err]; el ectrode interval = 3.5 p: pattern

10: finger width = finger interval = 0.9 [err]m ([err] =3, 6p -
pair nunber of IDT = 30 pairs each (total 60 pairs); 25 | refd ecERICHT SHI L
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to a SAW device which are provided with superior
operating performances such as propagation velocity
(V), temperature coefficient of frequency (TCF),
effective coupling coefficient (X*) and propagation

5 loss. The SAW devices comprisg Z2n0 piezoelectric
layer, $io, layer and aluminum IDT, and have a
particular relationship'among the layerlthicknesses of
Zn0O, SiO, and IDT.

A first surface acoustic wave device for 2nd mode

10 surface acoustic wave of a wavelength A (um) according
to the present invention comprises (1) a diamond layer,
(ii) a Zn0 layer disposed on the diamond layer, the zZnO
layer having a thickness t,, (iii) an interdigital
transducer (IDT) disposed on the zZnO layer, the IDT

15 ﬁaving a thickness of t,, and (iv) a SiO, layer disposed
over the interdigital transducer onto the zZnO layer,
the Sio2 layer having a thicknesé of t,; wherein a
parameter kh3 = 2m(t,/A) is: 0.033 < kh3 < 0.099, ahd
wherein a parameter khl=2n(t,/A) and a parameter

20 kh2=2m(t,/A) are given within a region ABCDEFGHIJKLA iﬁ
a two-dimensional cértesin coordinate graph having
abscissa axis of khl and ordinate axis of kh2,
the outer edge of the region ABCDEFGHIJKLA being given
by a closed chain in the Cartesian coordinéte

25 consisting of points A, B, ¢, D, E, F, G, H, I, J, K



- 89 - el ectrode interval = 3.5 [err]: pattern 11

finger wdth = finger interval = 0.9 [errIm([err]=3.6[err]m;

pair nunber of IDIT = 30 pairs each (total 60 pairs); 5 reflector
fingers = 20 each (total 40 fingers); aperture length of IDTs = 50
[err]; el ectrode interval = 3.5 p: and pattern 12
finger wdth = finger interval = 0.9 [err]m([err]=3.6[err]n; 10

pair nunber of IDT = 30 pairs each (t-otsal-60 pairs); reflector

I-J, J-K, K-L and L-A; the point A being given by 3 25 FER 4998

coordinate point (kh1=0.30, kh2=0.87); the point|B

being given by a coordinate point (khl1=0.54,
kh2=0.87);the point C being given by a coordinate point
5 (kh1=0.60, kh2=0.87);the'point D being given by a
coordinate point (khl1=0.81, kh2=0.97);the point E being
given by a coordinate point (kh1l=1.16, kh2=1.20);the
point F being given by a coordinate point (khl=1.52,
kh2=0.93);the point G being given by a coordinate point
10 (khl=1.69, kh2=0.77)}the point H'being given by a
coordinate point (khl=1.31, kh2=0.59);the point I being
given by a coordinate point (khl=1.04, kh2=0.50);the
point J being given by a coordinate point (khl=0.68,
kh2=0.40);the point K being given by a coordinate point
15 -(kh1=0.63, kh2=0.33); anci the point L being given by a
coordinate point (khl1=0.30, kh2=0.63). The layer
structure of this SAW device is schematically
illustrated in Fig. 6A, "type A".
The first SAW device héving above constitution is
20 provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.1 to 1.3 (%). Further, such
constitution is more advantageous in manufacturing.
25 Processing temperature for forming ZnO layer is not

strictly limited when the "type A" constitution is



aperture length of IDTs = 60 [err]; el ectrode interval = 3.5

[err].

types of SAWdevice are shown in TABLE 7-10.
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employed, because the formation of ZnO layer, which
requires relatively higher processing temperature, is
accomplished before forming IDT which has relatively
low melting/softening point.

A second surface acoustic wave device according to
the present invention is also a "Type A" SAW device,
wherein the Parameters khl and kh2 are given within a
region ABIJKLA in the two-dimensional Cartesian
coordinate graph, .the outer edge of the region ABIJKLA
being jiven by a closed chain in the Cartesian
coordinate, consisting of the points A, B, I, J, K and
L, and lines A-B, B-I, I-J, J-K, K-L and L-A.

The second SAW device having this constitution is

provided with propagation velocity V of from 10,000 or

‘higher (m/s), temperature coefficient of frequency TCF

of from =15 to 15 (épm/°C) and effective coupling
coefficient K’ of from 0.1 to 1.3 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in the first SAW device.

The two-dimensional Cartesian coordinate graph
ﬁaving abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 1. The region ABCDEFGHIJKLA and the
region ABIJKLA are also shown in Fig. 1.

A third surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according

to the present invention comprises: (i) a diamond



TABLE - 7 5 [structure 1] structure pattern
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10 1 1 8.1 400
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layer, (ii) a ZnO layer disposed on the diamond layer;

the Zno layer'having a thickness t,, (iii) an
interdigital transducer (IDT) disposed on the ZnO
layer, the IDT having a thickness of t,, and (iv) a Sio,

5 layer disposed over the interdigital transducer onto
the ZnO layer, the SiO, layer hawving a thickness of t,;
wherein a parameter kh3 = 2n(t,/A) is: 0.099 < kh3 é
0.165, and wherein a parameter khl=2m(t,/A) and a
parameter kh2=2m(t,/A) are given within a region

10 ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of.khz, the outer edge of the region

. ABCDEFGHIJKLMA being given by a closed chain in the

Cartesian coordinate consisting of points A, B, C, D,

15 E, F, G, H, I, J, K, L and M and lines A-B, B-C, C-D,
b-g, B-F¥, F-G, G-H, H~-I, I-J, J-K, K-L, L-M and M-3;
the point A being given by a coordinate point
(kh1=0.30, kh2=0.98); the point B being given by a
coordinate point (kh1=0.40, kh2=0.95); the point C

20 being given by a coordinate point (khl=0.45, kh2=0.96);
thé point-D being given by a coordinate point
(kh1=0.60, kh2=1.00); the point E being given by a
coordinate point (khl=1.04, kh2=1.25); the point F
being given by a coordinate point (khl=1.53, kh2=0.89);

25 ; the point G being given by a coordinaﬁe point
(kh1=1.60, kh2=0.80); the point H being given by a
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coordinate point (kh1=1.22, kh2=0.63); the point I
being given by a coordinate point (khl=1.00, kh2=0.59);
the point J being given by a coordinate point
(kh1=0.89, kh2=0.57); the point K being given by a

5 coordinate point (kh1=0.53, kh2=0.52); the point L
being given by a coordinate point (khl1=0.53, kh2=0.45);
and the point M being given by a coordinate point'
(kh1=0.30, kh2=0.65). The layer structure of this Saw
device is schematically illustrated in Fig. 6A, "type -

10 A",

The third SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

15 coefficient K* of from 0.05 to 1.20 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

A fourth surface acoustic wave device according to
the present invention is also a "Type A" SAW device,

20 wherein the parameters khl and kh2 are given within a
réqion ABCNJKLMA in the two-dimensional Cartesian
coordinate graph, the outer edge of the region
ABCNJKLMA being given by a closed chain in the
Cartesian coordinate, consisting of the points A, B and

25 C, a point N, and the points J, K, L, and M, and lines

A-B, B-C, C-N, N-J, J-K, K-L, L-M and M-A,
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(kh1=0.62, kh2=0.77).

The fourth SAW device having this constitution is
providéd with propagation velocity V of from 10,000 or
higher (m/s), temperatﬁre coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.05 to 1.15 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 2. Thé region ABCDEFGHIJKLMA and the
region ABCNJKLMA are also shown in Fig. 2.

A fifth surface acoustic wave device for 2nd mode
surface acoustic wave 6f a wavelength A (um) according
to the present invention comprises: (i) a diamond
layér, (ii) a ZnO layer disposed on the diamond layer,
the 2Zn0 layer hawving a thickness tz{ (iii) an
interdigital transducer (IDT) disposed on the ZnO
lgyer, the IDT having a thickness of t,, and (iv) a Sio,
layer disposed over the interdigital transducer onto
the Zn0 layer, the Si0, layer having a thickness of t;;
wherein a parameter kh3 = 2m(t,/A) is: 0.165 < kh3 <
0.231, and wherein a parameter khl=2n(t,/A) and a
parameter kh2=2m(t,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian
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coordinate graph having abscissa axis of khl and
ordinate axis of kh2, the outer edge of the region
ABCDEFGHIJKLMA being given by a closed chain in the
Cartesiaﬁ coordinate éonsisting qf points A, B, C, D, .

5 E, F, G, H, I, J, XK, L ahd M and lines A-B, B-C, C-D,
pD-E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
the point A being given by a coordinate point
(kh1=0.30, kh2=1.07); the point B being given by a
coordinate point (khl=0.36, kh2=1.07); the point C

10 being given by a coordinate point (khl1=0.43, kh2=1.07);
the point D being given by a coordinate point
(kh1=0.90, kh2=1.37); the point E being given by a
coordinate point (khl=1.05, kh2=1.20); the point F
being given by a coordinate point (khl=1.52, kh2=0.85);

15 the point G being given by a coordinate point
(khl=1.34, kh2=0.79); the point H being given by a
coordinate point (khl=1.05, khé=0.72); the point I
being given by a coordinate point (khl1=0.85, kh2¥0.68);
the point J being given by a coordinate point

20 (kh1=0.71, kh2=0.68); the point K being given by a
coordinate point (khl1=0.38, kh2=0.68); the point L
being given by a coordinate point (khl1=0.42, kh2=0.553);
and the point M being given by a coordinate point
(kh1=0.30, kh2=0.65). The layer structure of this SAW

25 device 1is schematically illustrated in Fig. 6A, "type

A".
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The fifth SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -iS to 15 (ppm/°C) and effective coupling

5 coefficient K’ of from 0.05 to 1.05 (%). Further, such
consfitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

A sixth surface acdustic wave device according to
the present invention is also a "Type A" SAW device,,

10 wherein the parameters khl and kh2 are given within a

region ABNOJKLMA in the two-dimensional Cartesian

coordinate graph, the outer edge of the
ABCNJKLMA being given by a closed chain

Cartesian coordinate, consisting of the

region
in the

points A, B and

15 C, a point N, a point 0, and the points J, K, L, and M,

and lines A-B, B-C, C-N, N-J, J-K, K-L, L-M and M-3,
the point N being given by a coordinate point
(kh1=0.43, kh2=0.95); and the point O being given by a
coordinate point (khl=0.61, kh2=0.75).

20 . The sixth SAW device having this constitution is

provided with propagation velocity V of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling

| such

coefficient K* of from 0.05 to 0.95 (%). Further,

25 constitution is more advantageous in manufacturing, as

mentioned in the first SAW device.
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The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 3. The region ABCDEFGHIJKLMA and the‘
region ABNOJKLMA are also shown in Fig. 3.

A seventh surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention comprises: (i) a diamond
layer, (ii) a ZnO layer disposed on the diamond layer,
the Zn0 layer having a thickness t,, (iii) an
interdigital transducer (IDT) disposed on the Zn0O
layer, the IDT having a thickness of t,, and (iv) a SiO,
layer disposed over the interdigital transducer onto
the ZnO layer, the SiO, layer having a thickness of t,;
wherein a parameter kh3 = 2n(ta[h) is: 0.231 < kh3 <
0.297, and wherein a parameter khl=2m(t,/A) and a
parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLMNA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2, the outer edge of the region
ABCDEFGHIJKLMNA being given by a closed chain in the
Cartesian coordinate consisting of points A, B, C, D,
E, F, G, H, I, J, K, L, M and N and lines A-B, B-C, C-
D, D-E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M, M-N and
N-A; the point A being given by a coordinate point
(kh1=0.30, kh2=1.15); the point B being given by a
coordinate point (khl=0.38, kh2=1.20); the point C
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being given by a coordinate point (khl=0.46, kh2§1.32);
the point D being given by a coordinate point
(kh1=0.60, kh2=1.52); the point E being given by a
coordinate point (khl1=0.73, kh2=1.60); the point F

5 being given by a coordinate point (kh1=0.81, kh2=1.44);
the point G being given by a coordinate point
(kh1=1.00, kh2=1.20); the point H being given by a
coordinate point (khl1=1.40, kh2=0.91); the point I
being given by a coordinate point (khl=1.14, kh2=0.83);

10 the point J being given by a coordinate point
(kh1=0.83, kh2=0.76); the point K being given by a
coordinate point (khl=0.60, kh2=0.73); the point L
being given by a coordinate point (kh1=0.35, kh2=0.73);
the point M being given by a coordinate point

15 (kh1=0.38, kh2=0.63); and the point N being given by a
coordinate point (khl1=0.30, kh2=0.65). The layer
structure of this SAW device is schematically
illustrated in Fig. 6A, "type A".

The seventh SAW device having above constitution is

20 provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.05 to 0.95 (%). Further, such
constitution is more advantageous in manufacturing, as

25 mentioned in the first SAW device.

A eighth surface acoustic wave device according to
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the present invention is also a "Type A" SAW device,
wherein the parameters khl and kh2 are given within a’
region AOPKLMNA in the two-dimensional Cartesian
coordinate graph} the outer edge of the region AOPKLMNA
being given by a closed chain in the Cartesian
coordinate, consisting of the point A, a point 0O, a
point P, and the points K, L, M and N, and lines A-O,
0-P, P-K, K-L, L-M, M-N and N-A, the point O being
given by a coordinate point (kh1=0.36, kh2=1.00); and
the point P being given by a coordinate point
(kh1=0.48, kh2=0.83).

The eighth SAW device having this constitution is
provided with propagation velocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (épm/°C) and effective coupling
coefficient K° of from 0.05 to 0.70 (%). Further, such
conétitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 4. The region ABCDEFGHIJKLMNA and the
region AOPKLMNA are also shown in Fig. 4.

A ninth surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) accdrding
to the present invention comprises: (i) a diamond

layer, (ii) a ZnO layer disposed on the diamond layer,



94 In order to apply the SAWdevi ces such as'the SAW

device according to the present invention for narrow wrggggwiiilQERWW
or resonators, the device is required to have hi ghdr " et Yyr&at arice!
than 600. It is also 5 advant ageous over the conventijor@dl SAW T
devices to have | ower transmission |oss of less than [102@BFrD 1noa !

It iis found that the SAW devices having | DT of < 25 ai rs_provides !
lower Q of less than 600 (i.e., pattern,

st st s s s e od

the Zn0 layer having a thickness t,, (iii) an
interdigital transducer (IDT) disposed on the ZnO
layer, the IDT having a thickness of t,, and (iv) a SiO,
layer disposed over the interdigital transducer onto

5 the ZnO layer, the SiOQ, layer having a tﬁickness of t,;
wherein a parameter kh3 = 2m(t,/A) is: 0.297 < kh3 <
0.363, and wherein a parameter khl=2m(t,/A) and a
parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLA in a two-dimensional Cartesian coordinate

10 graph having abscissa axis of khl and ordinate axis of
kh2, the outer edge of the region ABCDEFGHIJKLA being
given by a closed chain in the Cartesian coordinate
consisting of points A, B, ¢, D, E, F, G, H, I, J, K
and L and lines A-B, B-C, C-D, D-E, E-F, F-G, G-H, H-I,

15 I-J, J-K, K-L and L-A; the point A being given by a
coordinate point (khl=0.30, kh2=1.29); the point B
being given by a coordinate point (khl1=0.33, kh2=1.36);
the point C being given by a coordinate point
(kh1=0.40, kh2=1.60); the point D being given by a

20 coordinate point (kh1=0.71, kh2=1.60); the point E
being given by a coordinate point (kh1=0.82, kh2=1.41);
the point F being given by a coordinate point
(kh1=1.00, kh2=1.22); the point G being given by a
coordinate point (khl=1.27, kh2=0.97); the point H

25 being given by a coordinate point (khl=1.03, kh2=0.89);

the point I being given by a coordinate point



1), according to the experinmental results shown in 10 TABLES 7-10.

It is also found that the SAW devi ces having | DT of > 50 pairs

provi des hi gher transm ssion | oss of greater than 1Q~dB~épwe-~——m"
pattern 6). It is also found that -the snall eri aperpgﬁahkéngtn ]
of IDT of < 10[err] provides higher transm ssion | oss of % e gff-eater—y
than 10 dB (i.e., pattern 7). It is further fou dfﬂ a%eée 1909 t
greater aperture length of IDT of < 50[g£6] prOV| es I %} }

| ess than 600 (i.e., pattern 12). - It is knownit Hat—s+atter

val ue of the out of band suppression is preferablé for the \
packaged SAW devi ces. 20 The SAW devi ce of Exanpl e 9 ican—ptovide —

Zgglrltgr val Ugkh1=0.68,0fkHR® o) Ofc Ak SHPRF eseigg yheencepventi onal
coordinate point (khl=0.52, kh2=0.77); the point K '
being given by a coordinate point (kh1=0.30, kh2=0.76);
and the point L being given by a coordinate point

5 - (kh1=0.30, kh2=1.09). The layer structure of this SAW
device is schematically illustrated in Fig. 6A, "type
A".
"The ninth SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or

ld higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.05 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the first SAW device.

15 A tenth surface acoustic wave device according to
the present invention 'is also a "type A" SAW device,
wherein the parameters khl and kh2 are given within a
region LMJKL in the two-dimensional Cartesian
coordinate graph, the outer edge of the region LMJKL

20 being given by a closed chain in the Cartesian
coordinate, consisting of the point L, a point M, and
the points J and K, and lines L-M, M-J, J-K and K-L,
the point M being given by a coordinate point
(kh1=0.37, kh2=0.94).

25, The. tenth SAW device having this constitution is

provided with propagation velocity V of.from 10,000 or



SAW devi ces or the dianond SAW devi ces havi ng | ayer structure of
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provi de | ower transm ssion power suppression of -45 dB
at 3 GHz, while the transm ssion power suppression at
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higher (m/s), temperature coefficient of f:equéncy TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K*> of from 0.05 to 0.50 (%). Further, such
constiﬁution is more advantageous in manufacturing, as
mentioned in the first SAW device.

The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of kh2 is
shown in Fig. 5. The region ABCDEFGHIJKLA and the
region LMJKL are also shown in Fig. 5.

An 11th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention comprises: (i) a diamond
layer, (ii) a short circuit electrode disposed on the
diamond layer, (iii) a ZnO layer disposed over the
short circuit electrode onto the diamond layer, the ZnO
layer having a thickness t,, (iv) an interdigital
transducer (IDT) disposed on the ZnO layer, the IDT
having a thickness of t,, and (v) a SiO, layer disposed
over the interdigital transducer onto the 2Zn0O layer,
the. Si0, layer havingla thickness of t_; wherein a
parameter kh3 = 2m(t,/A) is: 0.033 < kh3 < 0.099, and
wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/\) are given within a region ABCDEFGHIJKLA

. * which are shown in Fig. 1. The layer structure of this

SAW device is schematically illustrated in Fig. 6B,

”n type B 1] N



3 GHz for packaged conventional quartz SAW devi ces or t he di anond
SAW devi ces having | ayer structure of SiJerr]/IDT/ZnOis limted
to -40 dB. 5 In addition, the SAWdevices of theg It &

according to the present invention can al so provide i “hrgher'-”
propagation velocity V of 9,000 m sec. Furt her, hngh center
frequency of 2.5 Gz is achieved even t hough the IDT gqurnyh a3
usi ng wider finger wwdth 10 of Jerrlmis enployed. hat i1s he
hi gh center frequency of 2.5: i s achi eved, whilje high device
yields is maintai ned by enpl oying wi der finger geonetry. I n
contrast, conventional quartz SAW : devi ces require narrower finger

of less than 0.5rher 11ehf SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling |
5 coefficient K' of from 1.0 to 2.4 (%). Further, such
constitution is advantageous in manufacturing, because
Zn0 having better formability is employed.
A 12th surface acoustic wave device according to
the present invention is also a "type B" SAW device

10 having a kh3 of 0.033 to 0.099, wherein the parameters
khl and kh2 are given within a region ABIJKLA shown in
Fig. 1.

The 12th SAW device having this constitution is
provided with propagation velocity Vv of from 10,000 or

15 higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient kK* of from 1.2 t§ 2.4 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 11lth SAW device.

20 A 13th surface acoustic wave device for‘an mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-B" SAW device shown
in Fig. 6B; wherein a parameter kh3 = 2m(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and

25 a parameter kh2=2n(t,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian



15 hi gh center frequency of 2.5 GHz, which requires high

| evel - m cr oprocessi ng techni que. Additionally, tenperature
frequency can be limted within 100-200
ppmfor -20 to 80 [err]C. 20 From t he i nyent+en—tius
it will be obvi ous that the invention n&iﬁﬁéﬁ@&ﬁmﬂa PHEET

Such variations are not to be regarded as :a—departtlreé
fromthe spirit and scope of the inventiion, and all | Suchs =rg 1998
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coordinate graph having abscissa axis of khl and
ordinate axis of kh2, the outer edge of the region
ABCDEFGHIJKLMA shown in Fig. 2.

The 13th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

from -15 to 15 (ppm/°C) and effective coupling

coefficient K* of from 0.75 to 2.25 ($). Further, such

constitution is advantageous'in manufacturing, as
mentioned in the 11th SAW device.

A 14th surface acoustic wave device according to
the present invention is also a "type B" SAW device
having a kh3 of 0.099 to 0.165, wherein the parameters
khl and kh2 are given within a region ABCNJKLMA in the
two-dimensional Cartesian coordinate graph, the outer
edge of the region ABCNJKLMA shown in Fig. 2.

The 14th SAW device having this constitution is
provided with propagation wvelocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/QC) and effective coupling
coefficient X® of from 0.75 to 2.25 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.

A 15th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according

to the present invention is a "type-B" SAW device shown
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in Fig. 6B; wherein a parameter kh3 = 2m(t,/A) is: 0.165

< kh3 < 0.231, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 3.

The 15th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.70 to 2.2 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.

A 16th surface acoustic wave device according to
the present invention is also a "type B" SAW device
having a kh3.of 0.165 to 0.231, wherein the parameters
khl and kh2 are given within a region ABNOJKLMA shown
in Fig. 3.

The 16th SAW device having this constitution is
provided with propagation velocity Vv of from 10,000 or
higher (m/s), temperature.coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.70 to 2.2 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the llth SAW device.

A 17th surface acoustic wave device for 2nd mode
surface.acoustic wave of a wavelength A (um) according

to the present invention is a "type-B" SAW device shown



-97- VHAT |S CLAINMED | S: 1. A surface acoustic wave

devi ce for 2nd node surface acoustic wave of a wavelength [err]
([err]m conprising: 5 (i) a dianond | ayer., —
(ii) a ZnO l ayer disposed on said dianmond | ayer, Popon sAFMERRGHEE
| ayer having a thickness t[err], (i) an iniepd%g%%f&
transducer (I1DT) di sposed on said ZnO Iayer,isaid‘AEHFgaMggg a
t hi ckness of t[err], 10 and. 25 R
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In Fig. 6B; wherein a parameter kh3 = 2m(t,/A) is: 0.231
< kh3 < 0.297, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2n(t,/A) are given within a region
ABCDE.:FG-H‘IJKLMNA shown in Fig. 4.

5 The 17th SAW device having above constitution is
provided with propagation wvelocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient X’ of from 0.55 to 1.75 (%). Further, such

10 constitution is advantageous in manufacturing, as
mentioned in the 1lth SAW device.
A 18th surface acoustic wave device according to
the present invention is also a "type B" SAW device
‘having a kh3 of 0.231 to 0.297, wherein the parameters
15 khl and kh2 are given within a region AOPKLMNA in the .
two-~dimensional Cartesian coordinate graph, the outer
edge of the region AOPKLMNA shown in Fig. 4.
The 18th SAW device-ﬁaving this constitution is
provided with propagation velocity Vv of from 10,000 or
20 higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.60 to 1.75 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.
25 A 19th surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um) according




(tv) a Si2 |ayer disposed over said interdigital transd

onto said ZnO | ayer, said Sigerr] |ayer

tlerr];
0. 033 [err]

khl =2n(t[err]/[err]) and a paraneter
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wherein a parameter kh3 = 2n(t[err]/[err]) is:
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havi ng a thickness of
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coordi nate consisting of points A, B} C D, ,E,ME;MQJ"*

to the present invention is a "type-B" SAW device shown

in Fig. 6B; wherein a parameter kh3 = 2m(t,/A) is: 0.297

< kh3 < 0.363, and wherein the parameters khl and kh2
are given within a region ABCDEFGHIJKLA shown in Fig.
5.

Thé 19th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K of from 0.30 to 1.7 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 11th SAW device.

A 20th surface acoustic wave device according to

.the present invention is also a "type B" SAW device

having a kh3.of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL shown in
Fig. 5.

The 20th SAW device having this constitution is
provided with propagation velocity V of from 10,000 or
higher (m/s), temperature coefficient of frequency TCF
of from ~-15 to 15 (ppm/°C) and efféctive'coupling
coefficient K*> of from 0.70 to 1.7 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 1llth SAW device.

A 21st surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um) according

1
i



G H I, J, Kand L and lines A-B, B-C, CGD, DE 25 E-F, F-G
GH HI, I-J, J-K K-L and L-A said A being given by

(khl =0. 30, kh2=0.87);

said B being given by (khl=0.54, kh2=0.87); -
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to the present invention is a "type-C" saw device shown
in Fig. 6C; wherein a parameter kh3 = 2n(t,/A) is: 0.033
< kh3 < 0.099, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2n(t,/A) are given within a region

5 ABCDEFGHIJKLA shown in Fig. 1.

The 21st SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

10 coefficient K*® of from 0.12 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing.
Processing temperature for forming zZnO layer is not
strictly limited when the "type C" constitution is

~employed, because the formation of zZnO layer, which

15 requires relatively higher processing temperature, is
accomplished before forming IDT which has relatively
low melting/softening point.

A 22nd surface acoustic wave device according to
the present invention is also a "type C" SAW device

20 having a kh3 of 0.033 to.0.099, Qherein the parameters
khl and kh2 are given within a region ABIJKLA shown in
Fig. 1. |

The 22nd SAW device having this constitution is
provided with propagation velocity V of from 10,000 or

25 higher (m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coﬁpling



said E being given by (khl=1.16, kh2=1.20); 5 said F being given

by (khl=1.52, kh2=0.93); said G being given by (khl=1.69,
kh2=0. 77) ; said H being given by (khl=1.31, kh2=0.59);
said | being given by (khl=1.04, kh2=0.50); said | being given
by (khl=0.68, kh2=0.40); 10 sai d K being glven by (khl= “’“;"
kh2=0.33); and said L being given by (khl=0.3 ?&ﬂ@mﬁﬁ'SHﬁ%
2. A surface acoustic wave device accor%lng to ' cr Wh
said paranmeters khl and kh2 are given 2£= within are |¢n ABI élf'?A‘ﬁr?“
sai d two-di nensional 15 Cartesi an coordi nate graph, 0t
outer edge of said region ABIJKLA being given L“
coefficient K* of from 0.12 to 0.85 (%). Furtlier, jﬂﬁﬂlﬂwwwﬂw"““'

L

constitution is more advantageous in manufacturing, as
discussed in the 21 SAW device.

A 23rd surface acoustic wave device for 2nd mode

5 surface acoustic wéve of a wavelength A (um) according
to the present invention is a "type-C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2n(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2n(t,/A) are given within a region

10 ABCDEFGHIJKLMA shown in Fig. 2.

The 23rd SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

15 coefficient K’ of from 0.05 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the 21st SAW.device.

A 24th surface acoustic wave device according to
the pfesent invention is also a "type-C" SAW device

20 having a kh3 of 0.099 to 0.165, wherein the parameters
khl and kh2 are.given within a region ABCNJKLMA shown
in Figq. 2.

The 24th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or
25 higher {m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling



by a closed chain in said Cartesian coordi nate, con5|st|ng of said

points A B, I, J, Kand L, and lines A-B, B-1, |=J4 -ﬁ-#f%ﬁ%kgapd
L-A. 20 3. A surface acoustic wave device fof Qnd nDde
surface acoustic wave of a wavelength [err] ([err]m % " COMpri si
(i) a dianond | ayer, (ii) a zZnO | ayer dis osed\on-saﬁﬂqwl nd
| ayer, 25 said ZnO 1 ayer having a thickness t enr]
(iii) an interdigital transducer (IEW) dlsposed on (I
— 4
M . :

coefficient K’ of from 0.05 to 0.80 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in the 21st SAW device.

A 25th surface acoustic wave device for 2nd mode

5 surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2m(t,/A) is: 0.165
< kh3 < 0.231, and wherein a parameter khl=2n(t,/A) and
a parameter kh2=2m(t,/A) are given within a region

10 ABCDEFGHIJKLMA shown in Fig. 3.

The 25th Saw device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling

15 coefficient K® of from 0.05 to 0.85 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the 21st SAW device.

A 26th surface acoustic wave device according to
the present invention is also a "type C" SAW device

20 having a kh3 of 0.165 to 0.231, wherein the parameters
khl and kh2 are given within a region ABNOJKLMA shown
in Fig. 3.

The 26th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or
25 higher (m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling



- 99 - said ZnO | ayer, said |IDT having a thickness of

tlerr], and (iv) a Sierr] layer disposed over
said interdigital transducer onto said ZnO | ayer, said ——
Sigerr] layer 5 having a thickness of t[err]; »w:f*‘E Qﬁﬁggi
wherein a paraneter kh3 = 2n(t[err]/[err]) is: RE?LKL{%EELELT \
kh3 [err] 0.165, and wherein a paraneter T

khl =2[err] (t[err]/[err]) and a paranegego

a—

coefficient K® of from 0.05 to 0.65 (%). Furth&®; such
constitution is more advantageous in manufacturing, as
discussed in the Zist SAW device.
A 27th surface acoustic wave device for 2nd mode
5 surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2rn(t,/A) is: 0.231
< kh3 < 0.297, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2n(t,/A) are given within a region
10 ABCDEFGHIJKLMNA shown in Fig. 4. |
The 27th SAW device having above constitution is
provided with propagation velocity V of 8,600 (m/s) or
higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
15~ coefficient K? of from 0.05 to 0.82 (%). Further, such
| constitution is more advantageous in manufacturing, as
mentioned in the 21st SAW device.
A 28th surfacé acoustic wave device according to
the present invention is also a "type C" éAW device
20 having a kh3 of 0.231 to 0.297, wherein the parameters
khl and kh2 are given within a region AOPKLMNA  in the
two-dimensional Cartesian coordinate graph, the outer
edge of the region AOPKLMNA shown in Fig. 4.
' The 28th SAW device having this constitution is
25 provided with propagation velocity V of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF



kh2=2[err] (t[err]/[err]) are given within a region 10

ABCDEFGHI JKLMA in a two-di nensional Cartesian coordi nate graph
havi ng absci ssa axis of khl and ordi nate axis of kh2,
the outer edge of said region ABCDEFGH JKLMA being rWW”“f””“-ghv a

closed chain in said Cartesian 15 coordlnateicmnglstlﬁgmg
A B C D E F G H I, J, K Land Mand'Tines A-B, B-

CD D E, E-F, F-G GH HI, -3, J-K KL £3VF&Rd908a
said A being given by (khl=0.30, kh2=03d8)" \ said B i vEn
by (khl=0.40, kh2=0.95); 20 sai d C being given By (khl =0. 45,

kh2=0. 96) ; _ said D being given by (khl=0.60} kh2=1
of from -15 to 15 (ppm/°C) and effective coupling

coefficient K’ of from 0.05 to 0.50 (%). Further, such
constitution is more advantageous in manufacturing, as
discuséed in the 21lst SAW device.

5 A 29th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-C" SAW device shown
in Fig. 6C; wherein a parameter kh3 = 2m(t,/A) is: 0.297
< kh3-< 0.363, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLA shown in Fig. 5.

The 29th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

15 from -15 to 15 (ppm/°C) and effective coﬁpling
coefficient K*> of from 0.05 to 0.75 (%). Further, such
constitution is more advantageous in manufacturing, as
mentioned in the 21st SAW device.

A 30th surface acoustic wave device according to

20 the present invention is also a "type-C" SAW device
having a kh3 of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL shown in
Fig. 5.

The 30th SAW device having this constitution is

. 25 provided with propagation velocity Vv of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF



said E being given by (khl=1.04, kh2=1.25); said F being given

by (khl=1.53, kh2=0.89); said G being given by (khl=1.60,
kh2=0.80); 25 said H being given by (khl=1.22, kh2=0.63);
said | being given by (khl=1.00, kh2=0.59);
100 said J being given by (khl=0.89, kh2=
said K being given by (khl=0.53, kh2=0.52);
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coefficient K’ of from 0.07 to 0.35 (%). Further, such
constitution is more advantageous in manufacturing, as
discussed in the 21st SAW device.

5 A 31st surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-~D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2m(t,/A) is: 0.033
< kh3 < 0.099, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2n(ts/A)'are given within a region
ABCDEFGHIJKLA shown in Fig..l. .

The 31st SAW device having above constitution is
érovided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of’

15 from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.85 to 2.0 (%).. Further, such
constitution is advantageous in manufacturing, because
Zn0 having better formability is employed.

A 32nd surface acoustic wave devicé according to

20 the present invention is also a "type D" SAW device
having a kh3 of 0.033 to 0.099, wherein the parameters
khl and kh2 are given within a region ABIJKLA shown in
Fig. 1.

The 32nd SAW device having this constitution is

25 provided with propagation velocity Vv of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF



said L being given by (khl=0.53, kh2=0.45); and said M bei ng

gi ven by (khl=0.30, kh2=0.65). 5 4. A surface acoustic wave

devi ce according to : claim?2, wherein said paraneters khl and kh2.
are given within a region ABCNJKLMA in said two-di [TEAST oI 3T SHEET
Cartesi an coordi nate graph, t he outer edge of >a|d TEGLON ey
ABCNJKLMA being given 10 by a closed chain in said Caftaésl an

coordinate, consi sting of said goints A B and C a 30|%ﬁ N"aah§3
said points J, K, L, and M and lineS a~Bf B-C, GN N 1K

K-L, L-Mand MA, said N being given by (khI:0.62 “kh2=0. 77)

15 5. A surface acoustic wave device for 2nd node |_

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 1.05 to 2.0 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 31st SAW device.

-} A 33rd surface acoﬁstic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2n(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 2.

The 33rd SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of

15 from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.75 to 1.80 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device. - |

A 34th surface acoustic wave device according to

20 the present invention is also a "type D" SAW device
having a kh3 of 0.099 fo 0.165, wherein the parameters
khl and kh2 are given within a region ABCNJKLMA in the
two-dimensional Cartesian coordinate graph, the outer
edge of the region ABCNJKLMA shown in Fié. 2.

25 The 34th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or



surface acoustic wave of a wavelength [err] ([err]m conpri si ng:
(i) a dianond | ayer, (ii) a ZnO |l ayer disposed on said di anond
| ayer; 20 said ZnO | ayer having a thickness tf[err],
(iii) an interdigital transducer (1DT) disposed on

| ayer, said |IDT having a thickness of t[err],

(iv). a Si2 | ayer disposed over said interdigital 25
onto said ZnO | ayer, said SiQ2 | ayer _ 34 - having a t
tlerr]; —_

higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.75 to 1.80 (%). Further, such
constitution is advantagéous in manufacturing, as

5 discussed ih the 31lst SAW device.

A 35th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2m(t,/A) is: 0.165

10 < kh3 < 0.231, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2m(t_/A) are given within a region

‘ ABCDEFGHIJKLMA shown in Fig. 3.

The 35th SAW device having above constitution is
prévided with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.65 to 1.7 (%$). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device.

20 . A 36th surface acoustic wave device according to
the present invention is also a "type D" SAW device
having a kh3 of 0.165 to 0.231, wherein the parameters
khl and kh2 are given within a region ABNOJKLMA shown
in Fig. 3.

25 | The 36th SAW device having this constitution is

provided with propagation velocity Vv of from 10,000 or



- 101 - “wherein a paraneter kh3 = 2[err](t[err]/[err]) is:
0.165 [err] kh3 [err] 0.231, and wherein a paraneter

khl =2[err] (t[err]/[err]) and a paraneter ' kh2=2n(t[err]/[err])
are given within a region 5 ABCDEFCGHI JKLMA in a tmurdinensrﬁp@ér

Cartesi an coordi nate graph havi ng absci ssa axi s of - khl énaf“
ordi nate axis of kh2, t he outer edge of saidjregion "
ABCDEFGHI JKLMA bei ng - 35 -

higher (m/s), temperature coefficient of fre
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.65 to 1.7 (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 31st SAW device.

A 37th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (pm) according
to the present invention is a "type-D" SAW device shown
in Fig 6D; wherein a parameter kh3 = 2m(t,/A) is: 0.231

10 < kh3 < 0.297, and wherein a parameter khl=2mn(t,/A) and
a parameter kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMNA shown in Fig. 4.

The 37th SAW device having above constitution is
provided with propagation velocity Vv of 8,000 (m/s)'or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling A
coefficient K* of from 0.55 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device.

20 A 38th surface acoustic wave device according to
the present invention is also a "type D" SAW device
having a kh3 of 0.231 to 0.297, wherein the parameters
khl and kh2 are given within a region AOPKLMNA shown in
Fig; 4.

25 The.38th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or



given by a closed chain in said Cartesian 10 coordi nate

consisting of points Al B, C, D E, F, G H I, J, K Land M
and lines A-B, B-C, CD, D -E, E-F, F-G GH, HI, 1-J, J-K
K-L, L-Mand MA; said A belng gi ven by (khI_ﬂ,BD,«kh?‘i Q?%g
said B being given by (khl=0.36, kh2=1.07); 15 Saipd ACENENAG® glve
by (khl=0.43, kh2=1.07); said D being glven by,pkm

kh2=1.37); said E being_ géégn by (khl =1. 05, k 2 % %&; ﬁﬁ%
said F being given by (khl=1.52, kh2Z0-85): saj d2@

by (khl=1.34, kh2=0.79); 20 said H being given byl QkhkﬂTﬂﬂT
kh2=0.72); said | being given by (khl=0.85, kh2=0.68);

higher (m/s), temperature coefficient of frequency—TCF‘
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.55 to 1.6. (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 31st SAW device.’

A 39th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-D" SAW device shown
in Fig. 6D; wherein a parameter kh3 = 2m(t,/A) is: 0.297

10 < kh3 < 0.363, and wherein a parameter khl=2m(t,/A) and

| a parameter kh2=2m(t,/A) are given within a region
ABCDEFGHIJKLA shown in Fig. 5.

The 39th SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.40 to 1.4 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 31st SAW device.

20 ~ A 40th surface acousfic wave device according to
the present invention is also a "type D" SAW device
having a kh3 of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL shown in
.Fig. 5. |

_25 The 40th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or



said J being given by (khl=0.71, kh2=0.68); said K being given

by (khl =0.38, kh2=0.68); © said L being given by (khl=0. 42*“,mw- -

kh2=0.55); and 25 said M being given by (khl= égﬁggﬁgééﬁ SHED G
6. A surface acoustic wave device according to R _ﬂ:ﬂ,“_,_ -
-102- claim5, wherein said paraneters khl and kh aFe glve‘ o |
el i
i

- 37 - ) é

higher (m/s), temperature coefficient of frequéncy TCF
of from 415 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.60 to 1.4 (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 31st SAW device.

A 4lst surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is: 0.033

10 < kh3 < 0.099, and wherein a parameter khl=2m(t,/A) and
a parametér kh2=2m:(t,/A) are given within a region
ABCDEFGHIJKLA shown i Fig. 1.
| The 41st SAW device having above constitution is
provided with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.2 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, because

- Zn0 having better formability is employed.

20 ~ A 42nd surface acoustic wave device according to
present invention is also a "type F" SAW device having
a kh3 of 0.033 to 0.099, wherein the parameters khl and
kh2 are given within a region ABIJKLA shoﬁn in Fig. 1.

The 42nd SAW device having this constitution is

25 provided with propagation velocity V of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF



within a regi on ABNOQIKLMA in said two-di nensional Cartesi an

coordi nat e graph, the outer edge of said regloﬁ'ABgN¢KLNAu_LT
bei ng given 5 by a closed chain in said Cartesian coordtnate~” o
consisting of said points A, Band C, a point N, a . ¢ point 0, and
said points J, K, L, and M and |ines A-B, B- C, C—N?N—J—'fﬂhggi’
K-L, L-Mand MA, said N belng gi ven by (khI q 43, Kkh2=0.95)%
and 10 said 0 being given by_(khl=0.61, kh2=0.1%5).

7. A surface acoustic wave device for d” node éurface acoustic
wave of a wavelength [err] ([err]m conpri si ng: (1)

a di anond | ayer,
of from -15 to 15 (ppm/°C) and effective coupling

coefficient K* of from 0.55 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 41lst SAW device.

5 A 43rd surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (uym) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is: 0.099
< kh3 < 0.165, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2n(t_,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 2.
The 43rd SAW device having above constitution is
.provided with propagation velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
15 from -15 to 15 (ppm/°C) and effective coupling
coefficient X* of from 0.25 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 41st SAW device.
A 44th surface acoustic wave device according to
20 the present invention is also a "type F" SAW device
having a kh3 of 0.099 to 0.165, wherein the parameters
khl and kh2 are given within a region ABCNJKLMA shown
in Fig. 2.
Tﬁe 44th SAW device having this constitutioﬁ is
25 provided with propagation velocity Vv of from 10,000 or

higher (m/s), temperature coefficient of frequency TCF



15 (i1) a ZnO | ayer disposed on said dianond | ayer

said ZnO | ayer having a thickness t[err], (ii1) an
interdigital transducer (I1DT) di sposed on said ZnO | ayer
said I DT having a thickness of t[err], and 20

a Sigerr] layer disposed over said interdigital T
onto said ZnO | ayer, said SiJerr] |ayer h vﬁ&ﬁ}ﬁg
of t[err]; wherein a par%@Ft kh3 = 2[errp(tiferr]/[err
0.231 [err] kh3 [err] 0.297, 25 “andwherein a p rdregngEB
khi=2[err] (t[err]/[err]) and a par anet er
kh2=2[err](t[err]/[err]) are given within a region ‘

of from -15 to 15 (ppm/°C) and effective couplin

istad]

o

coefficient K* of from 0.80 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 41st SAW device.

5 A 45th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. Sf; wherein a parameter kh3 = 2m(t,/A) is: 0.165
< kh3 < 0.231, and wherein a parameter khl=2m(t,/A) and

10 a parameter kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMA shown in Fig. 3. |
The 45th SAW device having above constitution is
provided with propagation-velocity V of 8,000 (m/s) or
higher, temperature coefficient of frequency TCF of
15 from -15 to 15 (ppm/°C) and effective coupling
coefficient K* of from 0.25 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 41st SAW device.
A 46th surface acoustic wave device according to
20 the present invention is also a "type F" SAW device
having a kh3 of 0.165 to 0.231, wherein the parameters
khl and kh2 are given within a region ABNOJKLMA in the
two-dimensional Cartesian coordinate graph, the outer
edge of the region ABCNJKLMA shown in Fig. 3. |
25 The.46th SAW device having this constitution is

provided with propagation velocity V of from 10,000 or



- 103 - ABCDEFGHI JKLMNA i n a two-di mensi onal Cartesian

coordi nate graph havi ng absci ssa axis of khl and ordinate axis

of kh2, the outer edge of said regi on ABCDEE A@#kfmﬁ*’" 5

given by a closed chain in said Cartesian %ﬁgfdpnﬁﬁ§lowwé}stlng

of points A, B, C D E F, G H I, J, K ane-N-and il ilnes

A-B, B-C, CD, DE EF, FG GH HI, I Ié Flé‘é-%u ﬂ N
- 40 -

M
L-_-—_’.".,-—ﬁ—
higher (m/s), temperature coefficient of frequency TCF

of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.65 to 1.6 (%). Further, such
constitution is advantageous in manufacturing, as

5 discussed in the 41lst SAW device.

A 47th surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is: 0.231

10 € kh3 < 0.297, and wherein a parameter khl=2m(t,/A) and
a parameter kh2=2m(t,/A) are.given within a region
ABCDEFGHIJKLMNA shown in Fig. 4. |

The 47th SAW device having above constitution is
providéd with propagation velocity V of 8,000 (m/s) or

15 higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K’> of from 0.3 to 1.45 (%). Further, such
constitution is advantageous in manufacturing, as
‘mentioned in the 41lst SAW device.

20 . A 48th surface acoustic wave device according to
the present invention is also a "type F" SAW device
having a kh3 of 0.231 to 0.297, wherein the parameters
khl and kh2 are given within a region AOPKLMNA shown in
Fig. 4.

25 The .48th SAW device having this constitution is

provided with propagation velocity Vv of from 10,000 or



and N-A; 10
said B being

by (khl =0. 46,

kh2=1.52);
said F being

by (khl =1. 00,

kh2=0. 91) ;
said J being

by (khl =0. 60,

kh2=0. 73)

10

15

20

25

said A being given by (khl=0.30, kh2=1.15);

gi ven by (khl=0.38, kh2=1.20); said C being given
kh2=1. 32) ; sai d D being given byr{khl =0760, "o
sai d E being given by (kh=0.73, kh2=1.60); -5 Srik SHEET
gi ven by (khl=0.81, kh2=1.44); satd G belng grven,
kh2=1. 20) ; said H being given byl(khktg 7203 1398
said | being givan by (khl=1.14, kh2=0.8
gi ven by (khl=0.83, kh2=0.786); 20 said K belng gi ven
kh2=0. 73) ; ~said L being given byj(khl=0.35,

higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coefficient K’ of from 0.55 to 1.45 (%). Further, such
constitution is advantageous in manufacturing, as
discussed in the 41st SAW device.

A 49th surface acoustic wave device for 2nd mode
surface acoustic wave-of a wavelength A (um) according
to the present invention is a "type-F" SAW device shown
in Fig. 6F; wherein a parameter kh3 = 2m(t,/A) is:
0.297 < kh3 < 0.363, and wherein a parameter
khl=2n(t,/\) and a parameter kh2=2n(t,/A) are given
within a region ABCDEFGHIJKLA shown in Fig. 5.

The 49th SAW device having above constitution is

provided with propagation velocity V of 8,000 (m/s) or

higher, temperature coefficient of frequency TCF of
from -15 to 15 (ppm/°C) and effective coupling
coefficient K® of from 0.35 to 1.35 (%). Further, such
constitution is advantageous in manufacturing, as
mentioned in the 41st SAW device.

A 50th surface acoustic wave device according to
fhe present invention is also a "type F" SAW device
having a kh3 of 0.297 to 0.363, wherein the parameters
khl and kh2 are given within a region LMJKL in the two-
dimensional Cartesian coordinate graph, the outer edge
of the region LMJKL shown in Fig. 5.

The 50th SAW device having this constitution is



said M being given by (khl=0.38, kh2=0.63); and said N being

—

gi ven by (khl=0.30, kh2=0.65). 8. A surface acoustic wave

devi ce according to 25 claim7, wherein said paraneters khl and kh2
are given within a region AGPKLMNA in said two-di menstonal .- QUEET
- 104 - Cartesi an coordi nate graph, RoPLAuRMnE onEkd
' Pt i
a i
- 42 - | 25 FEB 1383 |
i H

provided with propagation velocity Vv of from 167000“Uf‘
higher (m/s), temperature coefficient of frequency TCF
of from -15 to 15 (ppm/°C) and effective coupling
coeffiéient K* of from 0.70 to 1.35 (%). Further, such

5 constitution is advantageous in manufacturing, as
discussed in the 41lst SAW device.

The two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinafe axis of kh2 is
shown in Fig. 5. The region ABCDEFGHIJKLA and the

10 region LMJKL are also shown in Fig. 5.

All of the first to 50th SAW deviceé according to
the present invention also have less propagation loss
when these utilize 2nd mode SAW than in the case when
‘these devices utilize 1lst mode SAW. The first to 50th

15 SAW devices according to the present invention can
achieve propagation loss of 0.03 dB/A for 2 GHz when
these devices utilize 2nd mode SAW, although these
deviceé achieve propagation loss of 0.05 dB/A for 2 GHz
when these devices utilize 1st mode SAW.

20 The "type-A" SAW device according to the present
invention may have a combination of khl and kh2 for
kh3=0.044, which is given within a region defined by an
upper line obtained'by increasing kh2 from a first
primary combination line (Al-B1-Cl1-D1-E1-F1-Gl) shown

2§ _ in Fig. 28 by 10 % and a lower line obtained by

decreasing kh2 from the first primary combination line



the outer edge of said regi on AOPKLMNA being given by a cl osed

chain in said Cartesian coordi nate, consisting of said point A_.a ’
point O a point P, and 5 said points K, L, Mand N1ald Tines. A Q%Lgki
OP, P-K K- L, L-M MN and N-A, sai ﬂjiﬁelng glvan_q %
by (khl=0.36, kh2=1.00); and said P being give @y (khl = 4% !
kh2=0. 83). 9. A surface acoustic wave device f ZHHSHﬁEB 3 i !
surface acoustic wave of a wavelength [gr] ([err]m ‘conpr|5|nn ‘ !
(i) a dianond | ayer, (iiy™a ZnO | ayer dispose on said {
di anond | ayer, said ZnO | ayer having a thickngss tlerr] }

(Al-B1-C1-D1-E1-F1-Gl) by 10%. The device may have a
combination of khl and kh2 for kh3=0.066, which is
given within a region defined by an upper line obtained
by incfeasing kh2 from a second primary combination

5 line (A2-B2-C2-D2-E2-F2-G2) shown in Fig. 28 by 10 %
and a lower line obtained by decreasing kh2 from the
second primary combination line (A2-B2-C2-D2-E2-F2-G2)
by 10%. The device may have a combination of khl and
kh2 for kh3=0.099, which is given within a region

10 defined by an upper line obtained by increasing kh2
from a third primary combination line (A3-B3-C3-D3-E3-
F3-G3) shown in Fig. 28 by 10 % and a lower line
obtained by decreasing kh2 from the third primary
combination line (A3-B3-C3-D3-E3-F3-G3) by 10%. The

15 device may have a combination of khl and kh2 for
kh3=0.132, which is given within a region defined by an
upper line obtained by ihcreasing kh2 from a primary
combination line fourth (A4-B4-C4;D4;E4—F4-G4) shown in
Fig. 28 by 10 % and a lower line obtained by decreasing

20 kh2 from the fourth primary combination line (A4-B4-C4-
D;—E4—F4-G4) by 10%. The device may have a
combination of khl and kh2 for kh3=0.198, which is
given within a region defined by an upper line obtained
by increasing kh2 from a fifth primary combination line

2§ (A5-B5-€5-D5~E5-F5-G5) shown in. Fig. 28.by 10 % and é

lower line obtained by decreasing kh2 from the fifth



15 ' (itii) an interdigital transducer (IDT) dlsposed on- N
“'“1)- aﬂd ]

said ZnO |l ayer, said IDT having a thickness of t[err], " P
(iv) a Sierr] layer disposed over said interdigital YM" —- 1239 [
transducer onto said ZnO |l ayer, said SiJerr] layer 20 V2% haV|ng ai !
t hi ckness of t[err]; wherein a paraneter kh %wﬁﬂwvw - e i
2[err](t[err]/Jerr]) is: 0.297 [err] kh3 [err] 0. 363, ﬁj
and wherein a paraneter khl=2n(t[err}/arr]) and a paranmeter _ ... e

kh2=2[err](t[err]/[err]) are given within a region ABCDEFGHIJKLA 25

in a two-dinmensional Carte5|an coordi nate graph havi ng
abscissa axi g oha%Y A A4 & R S -p5-c5-D5-E5-F5-G5) by 10%.

The device may have a combination of khl and kh2 for
kh3=0.264, which is given within a region defined by an
upper line obtained by increasing kh2 from a sixth

5 primary combination line (A6-B6-C6-D6~E6-F6-G6) shown
in Fig. 28 by 10 % and a lower line obtained by
decreasing kh2 from the sixth primary combination line

(A6-B6-C6-D6-E6-F6-G6) by 10%.

The "type-A" SAW device according to the present

10 invention may also have a combination of khl and kh2
for 0.044 < kh3 < 0.066, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (Al2-Bl2-
Cl12-D12-E12-F12-G12) by 10 % and a lower line obtained

15 by decreasing kh2 from the interpolated primary
combination line (Al12-B12-C12-D12-E12-F12-G12) by 10%.
Each of the points Al2, Bl2, Cl2, D12, E12, F12 and GI2
constituting the interpolated primary combination line

(Al2-B12-C12-D12-E12-F12-Gl12) is obtained by

20 implementing linear-interpolation between respective
péint of the first primary combination line Al, Bl, Cl,
D1, El, Fl1 and Gl and the corresponding point of the
second primary combination line A2, B2, C2, D2, E2, F2
and G2 haVing the identical khl value, respectively.

2? The linear interpolation (or linear insertion, or

linear interposition) between, for example, Al (khl,,



105 kh2, the outer edge of said region

ABCDEFGHI JKLA bei ng given by a closed chain in Sai@}ﬁﬁﬁhﬁﬁMQHT QhEET

coordi nate consisting of points AL B, C, D, E F, 5 ':Hblﬂlmlrmwawg

and L and lines A-B, B-C, CGD, DE, E-F, F-G G—H,;HAI, I-J,_.,J 1man i

J-K, K-L and L-A; said A being given by (khI:O.SO,EklZéh52§¥? e
‘ - 45 - | |

E
i

kh2,,) and A2 (khl,, Kh2,,) (kh1l,=0.600), gives the
interpolated point Al2 (khl, kh2,,,), by an equation:
kh2,,, = kh2,,+(kh2,,~kh2,,)x({kh3-kh3,,)/(kh3,,-kh3,,):
where kh3,;, is é kh3 for the first primary combination
5 line (0.044), kh3,, is a kh3 for the second primary
combination line (0.066), and kh3 is from kh3,, (0.044)
to kh3,, (0.066). kh2,, is 0.645 and kh2,, is 0.671.
The "type-A" SAW device according to the bresent
invention may also ﬁave a combination of khl and kh2
10 for 0.066 < kh3 < 0.099, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (A23-B23-
' C23-D23-E23-F23-G23) by 10 % and a lower line obtained
_ by decreasing kh2 from the interpolated primary '
15 combination line (A23-B23-C23-D23-E23-F23-G23) by 10%.
Each of the points A23, B23, C23, D23, E23, F23 and G23
constituting the interpolated primary combination line
(A23-B23-C23-D23-E23-F23-G23) is obtained by
implementing the linear-interpolation between
20 respective point of the second primary combination line
Ai, B2, C2, D2, E2, F2 and G2 and the corresponding
point of the third primary combination line A3, B3, C3,
D3, E3, F3 and G3 having the identical khl value,
" respectively, by using equations such as:
25 kh2,,, & kh2,,+(kh2,,~kh2,,)x(kh3-kh3,,)/(kh3,,-kh3,,).

The "type-A" SAW device according to the present



said B being given by (khl=0.33, kh2=1.36); said C being given

by (khl =0.40, kh2=1.60); 10 said D being given b .Lkhngwléfjﬁ:M::“g
kh2=1. 60) ; said E being given by (khl=0.82, kh2=1.41);"47 SHEET |
said F being given by (khl=1.00, kh2=1.22); $ai d-G- bei-ng—givgn
by (khl=1.27, kh2=0.97); said H being given QY%(kh&:%ggﬁﬁmg i
kh2=0.89); 15 said | being given by (khl=0.68, kh2=0.78); "~ ™ !
sai d J being given by (khl=0.52, kh2=0.4%)< sdi d-&k--betng-given
by (khl=0.30, kh2=0.76); and said L being givan by (khl =0. 30, _
kh2=1. 09). 10. A surface acoustic wave device otrdi-ng T 20

claim9, wherngifiiaidh AP RIES Shddldk 2"8okBEndtSoll! ¥ kn1 and kh2

for 0.099 < kh3 < 0.132, which is given within a region
defined by an upper line obtained by increasing kh2
from a'interpolated primary combination line (A34-B34-

5 C34-D34-E34-F34-G34) by 10 $ and a lower line obtained
by decreasing kh2 from the interpolated primary
combination line (A34-B34-C34-D34-E34-F34-G34) by 10%.
Each of the points A34, B34, C34, D34, E34, F34 and G34
constituting the interpolated primary combination line

10 (A34-B34-C34-D34-E34~F34-G34) is obtained by
implementing the linear-interpolation between
respective point of the third primafy'combination line
A3, B3, C3, D3, E3, F3 and G3 and the corresponding
point of the fourth primary combination line A4, B4,

15 .C4, D4, E4, F4 and G4 having the identical khl value,
respectively, by using equations. such as:

kh2,,, = kh2,,+(kh2,,~kh2,,)x(kh3-kh3,,)/ (kh3,,~-kh3,,).
The "type-A" SAW device according to the present

invention may also have a combination of khl and khz

20 for 0.132 < kh3 < 0.198, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated.primary combination line (A45-B45-
C45-D45-E45-F45~G45) by 10 % and a lower line obtained

| by decreasing kh2 from the interpolated primary
25 combination line (A45-B45-C45-D45-E45-F45-G45) by 10%.

Each of the points A45, B45, C45, D45, E45, F45 and G45



within a region LMIKL in said two-dimensional Cartesian

gr aph, the outer edge of said region LMIKL bein

a closed chain in said Cartesian coordinate, consisting 253§ ©='=0f" y

point L, a point M and said points J and K and I' E ;99 3

J-K and K-L, -1 t Ebsf. 3 *:
. L

- 47 -

constituting the interpolated primary combination line
(A45-B45-C45-D45~E45-~-F45~G45) is obtained by
implementing the linear-interpolation between
respective point of the fourth primary combination line
5 A4, B4, C4, D4, E4, F4 and G4 and the corresponding
point of the fifth primary combination line A5, B5, C5,
D5, E5, F5 and G5 having the identical khl value,
respectively, by using equations sﬁch as:
kh2,,, = kh2,,+(kh2,,~-kh2,,)x(kh3-kh3,,)/(kh3,,~-kh3,,).
10 The "type-A" SAW device according to the present
invention may also have a combination of khl and kh2
for 0.198 < kh3 < 0.264, which is given within a region
defined by an upper line obtained by increasing kh2
from a interpolated primary combination line (A56-B56-
15 'C56-D56—E56-F56—G56) by 10 % and a lower line obtained
by decreasing kh2 from the interpolated primary
combination line (A56-B56-C56-D56-E56-F56-G56) by 10%.
Each of the points A56, B56, C56, D56, E56, F56 and G56
constituting the interpolated primary combination line
20 (A56-B56-C56-~D56~E56~F56-G56) is obtained by
implementing the linear-interpolation between
respective point of the fifth primary combination line
A5, B5, C5, D5, E5, F5 and G5 and the corresponding
point of the sixth primary combination line A6, B6, C§6,
25 D6, E6, F6 and G6 having the identical khl value,

respectively, by using equations such as:



said M being given by (khl=0.37, kh2=0.94). 11. A surface

acoustic wave device for 2nd node surface acoust e~Mﬁve*Uf”Ef“'”""
wavel ength [err] ([err]m conpri si ng: 5 *&?Dkuawﬁianﬁnd

| ayer, (i) a short circuit electrode disposgd jon—sard ;
di anond | ayer, (itii) a ZnO | ayer di sposed over :sagg siwgy 8033 |
circuit el ectrode onto said dianond | ayer, d ZhO I ayer 10
havi ng a thickness t[err], - 4%jv) an |nterd|g|tal “transducer

(1 DT) disposed on said znO | ayer, said IDT having a thickness..
of t[err], and _

kh2,,, = kh2,,+(kh2,,~kh2,;)x(kh3-kh3,,)/(kh3,,~kh3,,).
Each of the SAW devices determined on the basis of
the above mentioned primary combination lines and the
interpolated primary combination lines has considerably
5 excellent thermal stability among the aforementioned
first to 50th SAW devices according to the present
invention, while maintaining higher propagation
velocity V > 8,000 m/sec. and reasonable K® which are
the equivalent level to the aforementioned first to
10 50th SAW devices. More specifically, the.superior
thermal stability is that the frequency variation on
temperature change for the temperature range from -20
°C to 80 °C is within 500 ppm, that is, the frequency
variation per 1 °C is within 5 ppm. Therefore, the
15 above described SAW devices based on the primary and
the interpolated primary combination lines are
preferably employed for applications which require
severer temperature stability. It should be also
noted that the diamond SAW devices having the layer
20 constitution of (SiO, protection layer)/(IDT)/(ZnO
piezoelectric layer)/(diamond) and utilizing 2nd SAW
mode additionally have an advantageous characteristics
of the improved propagation loss over fhe diamond SAW
devices having the layer constitution of (SioO,
25 protection layer)/(ZnO piezoelectric layer)/(IDT)/

(diamond) and utilizing 1lst SAW mode. The combination

P ...-..-v.---w-----'-"”j



(v) a Sigerr] layer disposed over said interdigitat 15

transducer onto said ZnO |l ayer, said SiJerr] |ayer havi ng a

t hi ckness of t[err]; wherein a paranmeter kh3 = car GLTET
2[err](t[err]/[err]) is: 0.033 [err] kh3 [k G@@” R
and wherein a paranmeter khl=2n(t[err]/[err]) and a paranete' U i
kh2=2[err] (t[err]/[err]) are given within a region ABCDEFGH\J‘/QS FED 1693 %
in a two-di nensional Cartesin coordinat 3raph hdving absci ssa;
axis of khl and ordinate axis of kh2, “the outer
edge of said regi on ABCDEFGH JKLA being 25 gi ven by a cl osed

chain in sai gfCankegbeler layer constiafith et £n€onsiet mBdeOkapol Nts A, B

C b E F

10

15

20

25

present reduced insertion loss of less than 10 dB when
used for the narrow-band filter having higher
temperature stability at 2.5 GHz, while the combination
of the latter layer constitution and wave mode can not’
reduce the insertion loss to such level for the use in
the same application.

In yet another aspect of the invention, SAW devices
according to the invention may comprise a interdigital
transducers (IDT) including an input interdigital
transducer for creating acoustic wave by applying
electric power to the input IDT and an output
interdigital transducer for receiving the acoustic wave
to obtain electric power, wherein a pair number Ni of
the fingers of the input IDT and a pair number No of
the fingers of the output IDT satisfy the relationship:

= Ni + No = 50 - 90 pairs, and wherein the aperture
length of the input IDT or the output IDT is 10A - 50A
(A: wavelength of the SAW). 'Further; the SAW devices
additionally include at least two reflectors (or
electrodes), which are disposed to interpose the input
and the output IDTs along the propagating direction of
the SAW, wherein the reflectors comprise fingers, the
total number of which is not more than 2 x (100 - N),
Ni + No.

where N .=

When quartz is used as the substrate material for



G H I, J, Kand L and lines A-B, B-C,CD, DE, E-F, -G GH

H1, 1-J, J-K K-L and L-A said A being given by (khl=0. 30,

kh2=0. 87) ; said B being given by (khl=0.54, kh2=0.87); 5 ———

said C being given by (khl=0.60, kh2=0.87); Tﬂ'Dﬂb@nt;fg EQ-E\Eﬁn\

by (khl=0.81, kh2=0.97); ' *ﬁiiljingﬂ~w—1 {
' - 50 -

——

the application of the narrow-band filters,
possible minimum size of the electrode portion (i.e.,
the portion of the IDTs and the reflectors) is 200 ym'x
400 pum. This size should be further reduced to meet
5 the current requirement for further miniaturizing the
devices. The miniaturizing of the devices become more
intensively required, as the whole communicating
systems become smaller and lighter.
The conventional devices can not achieve the lower
10 transmission loss of smaller than 10 dB, and it is
desirable to have lower transmissiop loss as possible,
because the devices having lower transmission loss is
advantageous for applying communicating systems.
Although one can readily reduce the size of the
15 -electrode portion by reducing the pair number of the
fingers or the aperture length of the IDTs, the
resultant devices having reduced size of the electrode
portion have deteriorated Q of less than 600 .or higher
transmission loss of higher than about 16 dB, when
20 quartz is used fof the substrate material. Thus, the
miniaturization of the SAW devices comprising quartz
substrate is limited to a certain level, if one
attempts to maintain better device characteristics.
Further, the SAW devices using conventional materials
25 such as.quartz have not achieve lower transmission loss

of < 10 dB, lower TCF of < 5 ppm and higher Q@ of not



said E being given by (khl=1.16, kh2=1.20); said F being given

by (khl=1.52, kh2=0.93); said G being given by (khl=1.69,

kh2=0.77); 10 said H being given by (khl=1.31, kh2=0.59); :
said | being given by (khl=1.04, kh2=0.50); sai Qﬁ'nahg rve et
by (khl =0.68, kh2=0.40); ~said K being given by o3
kh2=0. 33); and said L being given by (khl=0. 30, kH? 0.63). - %

12. A surface acoustic wave device actadinhg to clalnH1125 RERei T {
said paranmeters khl and kh2 are given within a regian %@LJKQAJJwami
sai d two-di nensi onal Cartesi an coordi nate graph, t he

outer edge oflessdthani 600ABLIELA BHzg edrereithough larger eliegtrode .-
portion is permitted.
The applicants of the invention have conducted a

.number of experimental evaluation, and found that, when

5 diamond is used for the substrate material, pair number
of the fingers can be considerably reduced without
adversely affecting the Q value and the transmission
loss, due to the excellent combined properties of the
diamond and the ZnO piezoelectric material. Thus, the

10 combination of the above-described layer constitution
of the invention and the séleqted pattern of IDT and/or
reflector can provides reduced size of the electrode
portion of the devices to a level of 40-200 uym x 200~
400 ym, while maintaining higher propagation wvelocity

15 ‘and thermal stability than con&entional devices, as
well as achieving better Q > 600 and lower transmission
loss of 6 - 10 dB. In addition, the SAW devices
advantageously have a bettér processibility to provide
higher yield, because the sufficient miniaturization

20 can be achieved with relatively wider finger of IDTs or
reflectors and the reduced pair number, according to
the present invention.

Further scope of applicability of the present

invention will become apparenf from the detailed

25 description given hereinafter. However, it should be

understood that the detailed description and specific



20 by a closed chain in said Cartesian coordinate, consi sting

of said points A B, I, J, Kand L, and lines A-B, B-I, |- ‘Tﬁ?;f””¥”
K-L and L-A. 13. A surface acoustic wave device o&;ﬁﬂyﬁg&hﬂé o
surface acoustic wave of a wavelength [err] ([err]m 25 %oﬁﬁLLs+ng?*ﬂw. :
[ [ g
(1) é di anond | ayer, \ % 5% FER 1909 \
- - 52 - | R

examples, while indicaﬁing preferred embodiments of the
invention, are given by way of illustration only, since
various changes and modifications within the spirit and
scope of the invention will become apparent to those

5 skilled in the art from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph in the two-dimensional Cartesian

coordinate having abscissa axis of khl(kh of Zn0O) and
- ordinate axis of kh2(kh of Sio0,), illustrating the
10 - region ABCDEFGHIJKLA and the region ABIJKLA for 6.033 <
kh3 < 0.099;

Fig. 2 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of ZnO) and
ordinate axis of kh2(kh of Si0,), illustrating the

15 -region ABCDEFGHIJKLMA and the region ABCNJKLMA.for
0.099 < kh3 < 0.165; |

Fig. 3 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of Zn0O) and
ordinate axis of kh2(kh of Si0,), illustrating the

20 region ABCDEFGHIJKLMA and the region ABNOJKLMA for
 0.165 < kh3 £ 0.231;

Fig. 4 is a graph.in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of ZnO) and
ordinate axis of kh2(kh of Si0,), illustrating the

25 region.ABCDEFGHIJKLMNA-and the region AOPKLMNA  for
‘ 0.231 < kh3 < 0.297;



-108- (i) a short circuit electrode disposed on-said..

.\? i

di anond | ayer, (ii1) a ZnO | ayer di sposed over and short R
circuit _ el ectrode onto said dianond | ayer, said Zn¢71ayer 5 !
having a thickness t[err], (iv) an interdigital ﬁr¢ BCBEE g i
(1 DT) disposed on said ZnO | ayer, said IDT haV|ng |cwngss_,.-»—J
of tferr], and (v) a Sigerr] Iayerkdlsposed over
said interdigital 10 transd@2er onto said znO Iayerl #QLQ_,”,ﬁ_——»w~’
Sigerr] layer having a thickness of t[err]; '

Fig. 5 is a graph in the two-dimensional Cartesian
coordinate having abscissa axis of khl(kh of ZnO) and
ordinate axis of kh2(kh of SiO,), illustrating the
region ABCDEFGHIJKLA and the region LMJKL for 0.297 <

5 kh3 < 0.363; | |

Figs. 6A to 6G are schematic sectional views
illustrating layer structures (type A to type G)
according to the present invention;

Fig. 7 is a graph showing relationship of

10 parameters khl and kh2 for the SAW device of "type A"
at various effective coupling coefficients K’s, which
was obtained in Example 1;

Fig. 8 is a graph showing relationship of

parameters khl and kh2 for the SAW device of "type B"
15 at various effective coupling coefficients K’s whlch was
obtained in Example 2;

Fig. 9 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type C"
at various effective coupling coefficients K’s which was

20 obtained in Example 3;

Fig. 10 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type D"
at various effective coupling coefficients K’s, which
was obtained in Example 4;

25 Fige 11 is a graph showing relationship of

parameters khl and kh2 for the SAW device of "type E”



wherein a paranmeter kh3 = 2[err](t[err]/[err]) is: O-OQQWMW,ﬁ

[err] kh3 [err] O0.165, and wherein a paraneter
khl=2[err](t[err]/[err]) and a paraneter 15 ' .
kh2=2[err] (t[err]/[err]) are given within a region r"”* ”
ABCDEFGHI JKLMA in a two-di nensional Cartesian cooy d ngﬂg‘gf%ﬁﬁ
havi ng absci ssa axis of khl and ordi nate axis of kh e e
the outer edge of said region ABCDEFCH kLA being 20 \ given by a

cl osed chain in said Cartesian coordi nate consisting of points .
A B C D E F, G H I, J, K L and Mand lines A-B, B-C,

C-D D at varioug efféctive cOupllibgl coefFicldftK-#’s,Lwhliahd M A;

said A being given by (khl=0.30, kh2=0.98);
was obtained in Example 5;

Fig. 12 is a graph showing relationship of
parameters khi and kh2 for the SAW device of 4type F"
5 at various effective coupling coefficients K?s, which
was obtained in Example 6;
Fig. 13 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type G”
at various effective coupling coefficients K?s, which
- 10 was obtained in Example 7;
Fig. 14 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
- "type B", "type C", "type D", “"type E", "type F" and
"type G", at various propagation velocities Vs, in the
15  case of kh3 = 0.066;
Fig. 15 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", “"type D", "type E", "type F" and
"type G", at various propagation velocities Vs, in the
20 - case of kh3 = 0.132;
Fig. 16 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
“type B", "type C", "type D", "type E", "type F" and
"type G", at various propagation velocities Vs, in. the
25  case of kh3 = 0.198;

Fig. 17 is a graph showing relationship of



25

said B being given by (khl=0.40, kh2=0.95);

C being given by (khl=0.45, kh2=0.96); =S D ﬁ
bei ng gi ven by (khl=0.60, kh2=1.00); said E béing QhVeR- by !
(khl =1. 04, kh2=1.25); said F being given by (khls =158 Lo
kh2=0. 89) ; said G being given by (khl=1.60, kh? q 80k £E3 "” \
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parameters khl and kh2 for the SAW device of "typé A",
"type B", "type C", "type D", "type E", “"type F" and
"type G", at various propagation velocities Vs, in the
case of kh3 = 0.264;

Fig. 18 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various propagation velocities Vs, in the
case of kh3 = 0.330;

Fig. 19 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", “type E", "type F" and
"type G", at various TCFs in the case of kh3 = 0.066;

Fig. 20 is a graph showing relationship of
?arameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various TCFs in the case of kh3 = 0.132;

Fig. 21 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G", at various TCFs in the case of kh3 = 0.198;

Fig. 22 is a graph showing relationship of
parameters khl and kh2 for the SAW device of "type A",
"type B", "type C", "type D", "type E", "type F" and
"type G, at various TCFs in the case of kh3 = 0.264;

Fig. 23 is a graph showing relationship of



5 said H being given by (khl=1.22, kh2=0.63); sai d

bei ng gi ven by (khl=1.00, kh2=0.59); _ said J being- given byn,,?ia
(khl =0. 89, kh2=0.57); said K being given by (khl=0.53,. { 1
kh2=0. 52) ; said L being given by (khl=0.53, kh2=0.45); aﬁﬁ"’l i
said M being given by (khl=0.30, kh2=0.65). 14. A suwfa£E'"qQ
acousti c wave device according to claim 13, mhereln said "
parameters khl and kh2 are given - 38 Syithin a regi on ABCkUKLNﬁ T sai d

t wo- di nensi onal Cartesi an coordi nate graph, 15 Le& the o

edge of said region ABCNJKLMA being given by a clo =gh&i N 1 n

Bg: ﬁt Cﬁj”:ﬁh%hﬁélﬁ’éééﬁé“ Rhl and kh2 €6BSichll BAWdeSAick ROt Ny B and C, a
"type B", "type C", "type D", "type E", "type F" and _
"type G", at various TCFs in the case of kh3 = 0.330;
Fig. 24 is a graph in the two-dimensional Cartesian

5 coordinate having abscissa axis of khl(kh of 2n0O) and
ordinate axis of kh2(kh of S$i0,), illustrating the
region A'B'C'D'E'F'G'H'I'J'K'L'M'N'O'P'Q'R'A' and the
region A'B'C'D'S'T'M'N'0O'P'Q'R'A', which are obtained
in the first preliminary evaluation;

10 Fig. 25 is a graph in the two-dimensional Cartesian
goordinate having abscissa axis of khl(kh of Zn0O) and
ordinate axis of kh2(kh of Si0,), illustrating the
region abcdefghijklmnopgra and the region

P abcdstmnopgra, which are obtained in the second

15 'preliminary evaluation;

Fig. 26A schematically illustrates a planar shape
of an IDT (single-type electrode) ;

Fig. 26B schematically illustrates a planar shape
of an IDT (double-type electrode);

20 Fig. 27A is a schematic plan view of a exemplary
packaged SAW device;

Fig. 27B is a schematic side cross sectional view
of the packaged SAW device;
Fig. 27C_is a bottom view of the package;
25 Figs 28 is a graph showing first to sixth primary

combination lines obtained in Example 8;



sai d pointé J, K, L, and M and lines A-B, B-C, &GN, N

K-L, L-Mand MA, 20 said N being given by (khl=0.6 m oG
15. A surface acoustic wave device for 2nd node surfdce-a S
wave of a wavelength [err] ([err]m conpri si ng: ; ‘éﬁ a

di amond | ayer, 25 (ii) a short circuit electrode di §posed fofEsaih? |
di anmond | ayer, .57 - i ' i

Fig. 29 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.099, khl=0.8 and
kh2=0.758;

Fi§. 30 is a graph showing temperature variation of

5 TCF for the SAW device having kh3=0.099, khl=1.0 and

kh2=0.832; |

Fig. 31 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.099, khl=1.2 and
kh2=0.930;

10 Fig. 32 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.044, khl=1.0 and
kh2=0.759;

Fig. 33 is a graph showing temperature variation of
- TCF for the SAW device having kh3=0.066, khl=1.0 and

15 kh2=0.789;

Fig. 34 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.132, khl=1.0 and
kh2=0.877;

Fig. 35 is a graph showing temperature variation of

20 TCF for the SAW device having kh3=0.066, khl=1.0 and
kh2=0.710;

Fig. 36 is a gréph showing temperature variation of
TCF for the SAW device having kh3=0.066, khl=1.0 and
kh2=0.750;

25 Figs 37 is a graph showing temperature variation of

TCF for the SAW device having kh3=0.066, khl=1.0 and -



-110- “(iii) a znO layer disposed over said short circuit

el ectrode onto said dianond | ayer, said ZnO | ayer havi ng a

t hi ckness tferr], (iv) an interdigital transduger.. (J.2L) ,
di sposed on 5 said ZnO |l ayer, said IDT having a thieXngssiofr SHEET
tlerr], and (v) a Sigerr] layer di SpOsed-—oMefm—-—
said.interdigital transdu onto said ZnO | ayg¢r,i said.. na ‘
Sigerr] |ayer havi ng a t%ﬁikness of t[err]; ‘Og fg FEB 1833 |

[err] kh3 [err] 0.231,

wherein a paraneter kh3 = 2n(t[err]/[err]) is: l b aed .5
kh2=0.828; ¢

Fig. 38 is a graph showing temperature variation of
TCF for the SAW device having kh3=0.066, khl=1.0 and |
kh2=0.868;
5 Fig. 39A schematically illustrates a plan view of -
the electrode portion in Example 9} and
Fig. 39B is a schematic enlarged view of a finger

of IDT.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be descfibed in detail
as following, with reference to the accompanying
drawings.
(Diamond)

15 ' The diamond méterial preferable for the use in the
present invention may be either natural diamond or
synthetic diamond. The diamond may be single
crystalline diamond or polycrystalline diamond. The
diamond plate/substrate itself can be used for

20 fabricating SAW devices according to the present
invention. Diamond layer/film formed on the other base
material can also be employed.

The base material used for forming diamond film is
not particularly limited, but may appropriately be

25 selected depending on the usage of the SAW device. For

example, the base material to be available in the



and wherein a paraneter khl= 2n(t[err]/[err]) and a paraneter

. kh2=2n(t[err]/[err]) are given within a region r ABCDEFEFEJKbNA:Ti
in a two-di nensional Cartesian 15 coordi nate graph haV|ng” mwdl
absci ssa axis of khl and ordi nate axis of kh2,1 .- |
the outer edge of said region ABCDEFGH JKLMA being | % 9g5¢@&3 Bgsh |
closed chain in said Cartesian - 59 coordi nate cons\stln mg,ﬂQQLnLSJ
A B C D E F 20 G H | =J, K L and Mand |inés"A"B  B-C !
CD D E, EF, F-G GH}M 1-J, J-K K-L, LMMMMA -
said A being given by (khI 0 30, kh2=1.07); sald“B bei ng gi ven

by (khl =0. 3Besdrx=1inyention may comprg&edsemb&q@@m RALERIA LD, 43,

kh2=1. 07); . )
. such as crystalline silicon, amorphus silicon, metals,

glass and ceramics. The process may appropriately be
selected from known synthesis processes such as
5 CVD(Chemical Vapor Deposition) including microwave
plasma CVD, plasma enhanced CVD, PVD(Physical Vapor
Deposition), sputtering, ion plating; plasma jet
method, flame method and hot filament method.
In the case where the diémond film formed on the
10 base material is employed for fabrication of SAW device
according to the present invention, a parameter kh,,
which is defined as kh,=2nt,/A, where t, is a thickness
-of the diamond film/layer and A is a wavelength of SAW,
is preferably 4 or higher, and more preferably kh, is 8
15 or higher, because such thicker diamond film can
provides less fluctuation in operating performances of
the SAW device.
The plane orientation of the diamond may be any of
(111), (100) and (110), etc.,'or may be any combination
20 of these plane orientations.
(ZnO layer)
7Zn0 layer, that is disposed on the diamond and
functions as piezoelectric layer of the SAW device
according to the present invention, is preferébly
25 ‘ polycrystalline, and c-axis oriented, in view of

‘piezoelectric property. By “c-axis oriented”, it is

s gt 408
i atep et



25 said D being given by (khi=0.90, kh2=1.37); iguf;.m¢sahd'E

bei ng gi ven by .(khl =1. 05, kh2=1.20); | .sai-d F**"””“M;
bei ng given by (khl=1.52, kh2=0.85); said G bein Q|mg bzm a8
(khl =1. 34, kh2=0.79); said H being given by (khl31.105% ﬂ_ﬂﬂwwj
kh2=0. 72); said | being given by (khl=0.85, kh2= 68%“““”“

. - §__9 - . %FW,.....----- it

meant that Zn0 layer have a'(001) plane that is
parallel to a base layer, such as diamond layer, on
which the 2Zno layer is disposed.
(Si0, layer)

5 Sio, layer, that is formed on the ZnO layer,
functions as protecting or passivating material for the
Zn0 layer and IDT accordihg to the present invention,
as well as functioning maintain the thermal stability
of the device. §i0, is preferably an amorphous SioO,

10 layer because of its better formability and
processibility.

When devicé temperature increases, the SAW
- propagation velocity through SiO, layer increases while
the SAW propagation velocities through diamond and Zno

15 | layer decrease. Thus, SiO, layer can compensate the
variation of the SAW propagation velocity through
diamond and ZnO layers to provide the operation
stability for tempefature variation.

(Interdigital transducer and reflector)

20 .Intérdigital transducer (IDT) employed for the SAW
devices according to the present invention is an
element which creates or receive surface acoustic wave
(SAW) through piezoelectric (or electro-mechanical)
transformation of the piezoelectric material. The

25 ' '"single:type“ electrode as shown in the schematic plan

view of Fig. 26A or the "double-type" electrode as



5 said | being given by (khl=0.71, kh2=0.68); _ said K
bei ng gi ven by (khl=0.38, kh2=0.68); sai d _;pghu ~%¥%§”ﬁp¥£r'
(khl =0. 42, kh2=0.55); and sai d M bei ng gi veriiALRRIE=0. 305!
kh2=0. 65). 16. A surface acoustic wave devjcg accordrmyg toi 10
claim15, wherein said parameters khl and kh2 are giveni | 95§ Frighgnia
regi on ABNQJKLMA in said two-dirrensiongél Cart esi gn coordr nafe

gr aph, the outer edge of gai d region ABCNJKLNVR™Derng gi ven

by a closed chain in said Cartesian coordinate, 15 consi sting of saiid
points A, Band C, a point N, a point O and said points J, K L,.

and M and shows 2nBthe schematBcCpl@m\view of-KigK-26BLoM afg M A,

10

15

20

25

type of electrode may typically be used for the present

invention.

The IDT comprises an input IDT for creating surface
acoustic wave by being applied with electric power and
an output IDT for receiving the surface acoustic wave
to obtain electric energy. The SAW device according
to the present invention may fﬁrther include at least
one pair of reflectors such as grating reflectors which
intérpose the input and the output IDTs along the
propagating direction of the surface acoustic wave, so

that the multiple-reflection of SAW is achieved between

‘'the reflectors to create a standing wave. Any of

electric conductive materials can be used for the IDT
or the reflectors. Aluminum (Al) or aluminum alloy may
preferably be used as the material for the IDT because
of its better processibility.

When device temperature increases, the Saw
propagation velocity through diamond layer, aluminum
IDT and ZnO layer decreases while the SAW propagation
velocities through and sio, iayer increase.
(Short-Circuiting Electrode)

The short-circuiting electrode to be disposed as
desired, is an electrode having a function of providing
an équipotential state to an electric field so as to-

change the SAW characteristics of the device. This



said N being given by (khl=0.43, kh2=0.95); and said O being

given by (khl=0.61, kh2=0.75). 20 17. A surface facousricwave
device for 2nd node surface acoustic wave of a waverdrgid¥iier gHet:
([err]m conpri si ng: (1) a dianond ljayer ey
(i1i1) a short circuit electrode disposed on said 25 ) ghend E;;giger
(iii) a znO layer disposed over said shgpt circuit T

electrode may preferably comprise a (thin) film of a
metal such as Al, Au or Al-Cu. Since the
short-circuiting electrode has different function from
that of the IDT, the matérial of the short-circuiting
5 electrode may not be same as that of the IDT.
The thickness of the short-circuiting electrode is
not particularly limited, as long as it can function as
a shdrt-circuiting electrode of a SAW device. The
thickness of the short-circuiting electrode may
10 preferably be in the range of about 50 to 3,000 A (more
preferably, about 100 to 500 A). When the thickness is
less than 50 A, it is difficult to obtain an
- equipotential state as described above. On the other
hand, when the thickness exceeds 3,000 A, it may affect
15 the reflection of SAW.
For example, the short¥circuiting electrode may
preferably has a planner sﬁape of a "solid electrode"
having an area substantially equal to that of the IDT

to be used in combination therewith.

. 20
EXAMPLES
The following examples were carried out to
determine optimum khl and kh2, which provide
propagation velocity (V), electrical- mechanical
25 coupling coefficient (K?), temperature coefficient of

frequency (TCF) and propagation loss, by focusing a



- 112 - el ectrode onto said dianmond |ayer, said ZnO | ayer

havi ng a thickness t,, (iv) an interdigital-%+ﬂﬁﬁﬂﬁ¢€$%j¥£ﬁf:”
di sposed on said ZnO | ayer, said | DT havi ng {aRtRLAKRSS G
tferr], 5 and (v) a Sigerr] |ayerj di~sposed—over—
said interdigital transducer onto said ZnO | ayéerg SEW 1929
Siqerr] layer havi ng a_thickness of tf[err]; g ]

wherein a paraneter kh3 = 2[err](t[errfFerr]) is: 10 MRS 07231

[err] kh3 [err] 0.297,

thickness of aluminum IDT.
Example 1
The "type A" of SAW devices, illustrated in Fig.
6A, haﬁing different thickness of layers 14 and 16 and
5 IDT, were prepared, and the desired thickness of ZnoO '
and Si0, layers were evaluated for 2nd SAW mode so as to
provide improved propagation velocity (V), effective
coupling coefficient K’, temperature coefficient of
frequency TCF and propagation loss. |
10 More specifically, each of the SAW devices of
Examples 1 includes: a 20 um thick of diamond 20; one
of twenty different thicknesses within the range of
0.20 to 2.5 um, of Zn0O layer; one of twenty differeht
thicknesses within the range of 210 to 4600 angstrom
15 | for single and double types of Al IDT; and one of
twenty different thicknesses within the raﬁge of 0.15
to 2.0 uym, of SiO,. The desired thicknesses of ZnO and
S$i0, layers and Al IDT are expressed by the parameters

khl, kh2- and kh3 for 2nd mode SAW having wavelength A:

20 khl = 2o(t,/A), t,:thickness of zZnO layer;
kh2 = 2m(t,/A), t,:thickness of SiO, layer; and
kh3 = 2o(t,/A), t,:thickness of aluminum IDT.

A polycrystalline diamond film was formed on a
(100) plane of monocrystalline silicon having dimension
25 of 10x1@xl (mm), via microwave plasma CVD process. The

Silicon substrate was placed within a vacuum CVD



and wherein a paraneter khl=2n(t[err]/[err])

kh2=2n(t[err]/[err]) are given within a region AR
in a two-di nensiona
absci ssa axis of khl and 15
the outer edge of said regi on ABCDEFGH JKLMNA bei ng
closed chain in said Cartesian
A B C D E F,

B-C, CD,
and N-A;

10

15

20

25

20

Cart esi an

coordi nat e grthrﬁé'Tﬁ
ordi nate axis of kh2,

coordi nate consi sting..of.- points
G H 18-k L Mand Naad I'ines A B,
D-E, E-F, -G GH HI, 1-J, J-K K

and a paraneter

]_ 2 iRk 1998 a

i L l-_ :.M.-.,, -MN

said A being given by (khl=0.30, kh2=1.15);
sai d B bei ng qliantsedyof kil mDcB8wakkb2pladfp; CVD apparatus, and the

CVD chamber was evacuated.

Then a reactant gas which

contains CH, and H,(volumetric flow rate ratio; CH,:H, =

1 : 200) was introduced.

Diamond layer 12 having

thickness of 20 ym was then deposited in the plasma

created under the condition of:microwave power of 400

W, pressure of about 40 Torr and temperature of 850 °C.

The deposition rate of the diamond was about 1.0 um/hr.

The deposited diamond layer was
minutes in the air of 450°C, to
of diamond layer.

After the deposited diamond
the Si substrate having diamond
transferred to a vacuuﬁ chamber

sputtering apparatus to deposit

allowed to stand for 10

enhance the resistance

surface was polished,
layer thereon was
of a magnetron

Zno layer 14 onto the

diamond layer 12. ‘A polycrystalline 2ZnO target was

included within the chamber.

The Zn0O target was

sputtered with flowing a sputtering gas containing Ar

and O, (Ar:0, = 1:1) through the chamber, under the

sputtering condition of: sputtering power of 150 W and

substrate temperature of 380 °C.

of the ZnO layer was 1.8 um/hr.

The deposition rate

The thickness of ZnoO

layer could be controlled by adjusting the deposition

duration under the constant deposition rate (1.8

um/hr) .

Aluminum IDTs 20 having planer shape of one of



said C being given by (khl=0.46, kh2=1.32); 25 said D being given

by (khl =0.60, kh2=1.52); said E being giveg by (khl =0. 73,
kh2=1. 60) ; -113- pany appaae - )|
F being given by (khl=0.81, kh2=1.44); sai d chb}h‘E.§¥Eﬁ%ﬁ§?
(khl =1. 00, kh2=1.20); said H being given by;(@hlzl.4qh m_f
kh2=0. 91) ; - 65 - L 25 FED 1998

i a - |

single-type and double-type electrodes as shown in
Figs. 26A and 26B, respectively (electrode element
width 4 = 1lum; aperture length (pitch) = 200 uym so as
to provide wavelength = 4um for single type IDT,

5 aperture length (pitch) = 400 pym so as to provide
wavelength = 8um for double type IDT) was formed on ZnO
layer 14 by resistance heating processing and
subsequent etching. Thus, the SAW devices having
single type IDT and the SAW devices having double type

10 IDT were formed. The thickness of Al IDT could be
controlled by adjusting the duration of the resistance
heating brocessing.

Then, after ZnO target in the apparatus was
replaced by Si target, an Siozlayer 16 having

15 'predetermined thickness was formed over the IDTs via RF
sputtering process under the condition of: pressure of
1 x 107 Torr, substrate temperature of 150 °C and Ar :
O, =1 : 1, RF power of 200 W. The deposition rate of
the Sio2 layer was 0.54 uym/hr. The thickness of SiO,

20 layer could be controlled by adjusting the deposition
duration under the constant deposition rate (0.54
um/hr).

With respect to each of the SAW devices illustrated
in Fig. 6A, radio frequency (RF) power was applied to

25 the input IDT to generate SAW of 2nd mode. The

propagation velocities V (m/s) of the generated SAW of



said | being given by (khl=1.14, kh2=0.83); 5 sai d-J—be+ng-ghven-—

by (khl=0.83, kh2=0.76); said K being g |ven by (KREE@B, SHEET
kh2=0. 73) ; + said L being glven by (khl =0. 35, kh2 O F3)

said M being given by (khl=0.38, kh2=0.63); and depN g
gi ven by (khl=0.30, kh2=0.65). 10 18. A surfacela 0325 bhaaggg
devi ce according to claim17, wherein said para téfS“khf‘aﬁﬁ“Kﬁi
are given within a region ACPKEONA in said two-dinensional
Cartesi an coordi nate graph, t he outer edge of—sard~TEgron
AOPKLMNA bei ng given 15 by a closed chain in said Cartesian

coordinate, 2nd mode WX ddidEmDedd&peRiNhgronaaPeelhtPond8hAD B P and
= f£f x A (f£: center frequency, A = 4d = 4 um for

single type IDT, A = 8d = 8 um for double type IDT).
The effective coupling coefficient (K*) was also

5 evaluated by measuring the radiation conductance
(wherein the real part is denoted by "G") of the IDT by
using a network analyzer ("Network Analyzer 8719A",
commercially available from Yokogawa Hewlett Packard
(YHP), Japan), and by using following formula:

10 K’

G/ (8'£,C'N)
(f,: center fregquency, C: total electrostatic
capacitance of IDT, N: pair number of IDT).
TCF measufement was carried out by the following
manner: SAW device was heated by an external heater
15 from room temperature to 70°C. The central frequency F,
was measured at every 10°C from the room temperature to
70°C. Proportional relationship between the central
frequency and the device temperature. TCF was given by
the slope of the relationship.
20 Further, propagation loss was evaluated by the
| following manner: SAW devices having same
layer/electrode constitution but different spacing
between input IDT and output IDT (e.g., 50 wavelength,
100 wavelength and 150 wave length) were fabricated. A
25 | relatioaship of insertion loss with the spacing was

evaluated to be proportional. Then the propagation



said points K, L, Mand N, and lines A-O, OP, P-K K- L, L-M MN
and N-A said O being given by (khl=0.36, kh2=1.00); and 20
said P being given by (khl=0.48, kh2=0.83). 19. A surface ..
acoustic wave device for 2nd node surface acoustlcs?age Q%Fﬁq 3T G

wavel ength [err] ([err]m conpri si ng: ’

| ayer, 25 (ii) a short CIrCUIt electrode di sposed pbn{said

di anond | ayer, 87 - E ?5 FEB!?%s i

arirs ot &3S
b tar

|

loss was obtained by the slop of the felations.*p“fwf”fwwwm

The thickness t, (um) of the ZnO layers of each SaW
devices, and the thickness t, (um) of the SiO, layers of
each SAW device were measured by cutting off the device

5 after the measurement of device performances as
described above, and observing the resultant section of
the device with a scanning electron micréscope (SEM) at
a magnification of 1000-5000x. Thus, the values of the
parameters of khl = 2m(t,/A) and kh2 = 2n(t,/A) were

10 determined for each of the SAW devices.

Variation of the effective coupling coefficient K’
with the thickness of ZnO layer 14 and SiO, layer is
illustrated in Fig. 7. Fig. 7 is a graph having
abscissa axis of khl and ordinate axis of kh2, showing

15. ‘the relationship of the parameters khl and kh2 at the
given effective coupling coefficient K’. The numerical
value at each curve is the value of K’ in %. The K>
value in Fig. 3 do not depends on value of kh3.

Similarly, the relationship of propagation velocity

20 (V) and TCF with t, and t, were evaluated. V and TCF,
unlike K?, vary with a value of kh3, and the exemplary
results for specific kh3 are shown. The propagation
velocity V (m/sec) with the parameters khl = 2n(t,/X)
and kh2 = 2mo(t,/A) in the case of kh3 = 0.066, is shown

25 in Fig.,14. V (m/sec) with the parameters khl(kh os

Zn0) and kh2(kh of SiO,) in the case of kh3 = 0.132, is



- 114 - : (i1i) a ZnO | ayer disposed over said short circuit

el ectrode onto said dianond | ayer, said ZnO | ayer I $d ,mmrzév%;g a
t hi ckness tferr], ' (iv) an interdigital tran$ducer; r
di sposed on 5 said ZnO | ayer, said IDT having & thl.kJ T.§HE T
tlerr], and (v) a Sigerr] Iayeridls osed over
sai d.-interdigital : transdu onto said ZnO |ayer® 5s8E8 1998
Sierr] layer - having a’t kness of tlerr]i 0,

wherein a paranmeter kh3 = 2n(t[err]/[err] ) is:

Shown in Fig. 15. Similarly, V in the case of kh3 =
0.198, is shown in Fig. 16, V in the case of kh3 = .
0.264, is shown in Fig. 17, and V in the case of kh3 =
0.330, is shown in Fig. 18. The relationship of TCF

5 (ppm/°C) with khl and kh2 for kh3 = 0.066 is also shown
in Fig. 19. Similarly, TCF in the case of kh3 = 0.132,
is shown in Fig. 20, TCF in the case of kh3 = 0.198, is
shown in Fig. 21, TCF in the case of kh3 = 0.264, is
shown in Fig. 22, and TCF in the case of kh3 = 0.330,

10 is shown in Fig. 23.

Further, measured propagation lqss was 0.05
dB/wavelength for 1lst mode SAW, and 0.03 dB/wavelength
for 2nd mode SAW.

Examples 2 - 7
15 ‘ In Examples 2 - 7, following SAW devices were
fabricated by similar fabricating processes as used in
Example 1: "type B" SAW device 10b (Fig. 6B) was made
in Example 2; "type C" SAW device 10c (Fig. 6C) was
made in Example 3; "type D" SAW device 10d (Fig. 6D)
20 was made in Example 4; "type E" SAW device 1l0e (Fig.
6E) was made in Example 5; "type F" SAW device 10f
(Fig. 6F) was made in Example 6; and "type G" SAW
device 10g (Fig. 6G) was made in Example 7.
As seen in these figures, the arrangement of IDT is
25 ‘ different by Examples. In Example 2 (type B), Example

3 (type C) and Example 4 (type D), IDT 20 was formed



0.297 [err] kh3 [err] 0.363, and wherein a paraneter

khl =2n(t[err]/[err]) and a paraneter kh2=2n(t [ ers#}-+|errdiate— ..
given within a regi on ABCDEFGHI JKLA in a two-di MeRSPORGHNSHT SHzCT
Cartesi an coordi nate graph 15 ° havi ng absci ssa axi s !of ;ht—anrd ,
ordi nate axis of kh2, the outer edde jof gagd 199 |
r egi.on ABCDEFGHI JKLA bei ng given by a closed chaiq In~ Fg 1893 :
Cartesi an coordi nate coﬁsfﬁt?ng of points A B, {C-bB—E—+; ! :
20 G H I, J, Kand L and lines A-B, B-C, GCGD, DE} g
E-F, -G GH, HI, I-J, J-K K-L and L-A sai d A bermg—ygrven :

by (khl =0. 30nt&h2md. 28¥er 14 after ZnOsdiayeld & mpdyibesen by (khl =0. 33,
khz=1. 30); deposited, as described in Example 1. In Example 5
(type E), Example 6 (type F) and Example 7 (type G),
IDT 20 was formed by the same forming process as used
5 in Example 1, after polishing the surface of diamond
layer 12 and before depositing ZnO layer; and then 2ZnO
layer 14 was deposited onto diamond layer 12 to cover
IDT 20.
In Example 2 (type B), Example 3 (type C), Example
10 4 (type D), Example 6 (type F) aﬁd Example 7 (type G),
| short circuiting electrodes 22 and 24 are included in
the SAW device. The formati&h of the short circuiting
-electrodes 22 and 24 was carried out by the following
manner: in Examples 2 (B) and 6 (F), after diamond 12
15 | Qas deposited and polished, an aluminum layer having
thickness of 50 to 250 angstrom was formed by resistive
heating method. Then the aluminum layer was patterned
via conventional photolithography to form short
circuiting electrode 22, which has a geometrically
20 corresponding to the locaﬁion of IDT 20. In Example 3
(C) and Example 7 (G), short circuiting electrode 22,
which has a geometry corresponding to the location of
IDT 20, was formed on SiO, layer 16 via similar process
as used in Examples 2 and 6, after depositing SiO, layer
25 f 16. In-Example 4, short circuit;ng electrode 22 was

formed onto diamond 12, and short circuiting electrode



said C being given by (khl=0.40, kh2=1.60); 25 ' SaldkELESL%g”g]veﬁ

by (khl =0.71, kh2=1.60); said E being given by ( $“8~'Ei'\
kh2=1. 41) ; , - 185 gep  AGEMEYT 7 \
said F being given by (khl=1.00, kh2=1.22); _ _ K elngﬁgkvén‘
by (khl=1.27, kh2=0.97); said H being given (E?g =ggB3iE0 | \
kh2=0. 89) ; - 70 - E

24 was formed onto ZnO layer 14. In both formation
processes for electrodes 2 and 24, similar processing
as used in Examples 2 and 3 was employed. Each of |
electrodes 22 and 24 has a geometry corresponding to
5 the location of IDT 20.
As carried out in Example 1, plurality of SAW

devices having different thickness of layers 14 and 16,
were prepared in each Example, and the desired
thickness of Zn0 and SiO, layers were evaluated for 2nd

10 SAW mode so as to provide improved propagation velocity
(V), effective coupling coefficient K?, temperature
coefficient of frequency.TCF and propagation loss.

More spécifically, each of the SAW devices of each

of the Examples 2 - 7 includes: a 20 um thick of

15 diamond 20; one of twenty different thicknesses within
the range of 210 to 4600 angstrom, of Al IDT; one of
twenty different thicknesses within the range of 0.20
to 2.5 um of ZnO layer; and one of twenty different
thicknesses within the range of 0.15 to 2.0 um of Sio,.

20 In the Examples 2 - 7, each of the thicknesses of the
layers and IDT were controlled by adjusting the
deposition duration (deposition time) under constant
deposition rate. The desired thicknesses of ZnO and
510, layers are expressed by the parameters khl and kh2

25 " for 2nd.mode SAW having wavelength A, as in Example 1:

khl = 2m(t,/A), t,:thickness of 2Zn0 layer;



said | being given by (khl=0.68, kh2=0.78); 5 _ said | being given

by (khl=0.52, kh2=0.77); said K being given by kiit=06--36; e
kh2=0. 76); and said L being given by (khl=0.30, khi?t&ﬂ@@ﬁfﬂ Szl
20. A surface acoustic wave device according to cl aijmo—wherern i
said paranmeters khl and kh2 are given 10 within a regian LN?Kerm 1238 |
sai d. t wo- di nensi onal Cartesian coordlnate gr aph, the |
outer édge of said region LMIKL being &Even by a clgseg—Tharn 1n

said Cartesian coordinate, consisting of said point %;Ka poi nt M

and said points J and K, 15 and lines L-M MJ, J-K an . _

said M being given bykhXh# =DapE,/Nh2¥):8h)ickness of SiO, layer; and

10

15

20

25

kh3 = 2n(t,/A), t,sthickness of Al IDT.

Effective coupling coefficient K? of each of the SAW
devices was evaluated by similar manner as used in
Example 1.

Variation of the effective coupling coefficient K?
(%) with the thickness of ZnO layer 14 and SiO, layer is
illustrated in Figs. 8 to 13. Figs. 8 to 13 are graph
having abscissa axis of khl and ordinate axis of kh2,
showing the relationship of the parameters khl and kh2

at the given effective coupling coefficient K*> in’

Examples 2 to 7, respectively. The numerical wvalue at

each curve is the value of K’ in %. Fig. 8 illustrates
the relationship obtained in Example 2; Fig. 9 shows
the results of Example 3; Fig. 10 shows the results of
Example 4; Fig. 11 shows the results of Examplg_s; Fig.
12 shows the results of Example 6; and Fig. 13 shows
the results of Example 7.

Propagation velocity V (m/sec) and TCF (ppm/°C) of
each of the SAW devices were obtained by similar manner
as used in Example 1. The same result as in Example 1

in relationship of V with khl and kh2, is obtained in

.each of Example 2 - 7. Thus, the relationship of the

propagation velocity V (m/sec) with the parameters khl
= 2n(t,A\) and kh2 = 2m(t,/A) in Each of Example 2 - 7

is shown in Figs. 14 to 18. In TCF, the same result as



21. A surface acoustic wave device for 2nd npde surface acoustic

wave of a wavelength [err] ([err]m conprising: 20 SRR 0 W B
di anond | ayer, (ii) a ZnO |l ayer di sposed on. sald dlanond ' '
| ayer, said ZnO | ayer having a thickness t[err] _____ PR |
(tii1) an interdigital transducer (IDT) disposed on Lo .§QLQ€;Qy;1
| ayer, said IDT having a thickness of 5£err] 25 L (lvy a Fgert]y
| ayer di sposed over said interdigital transdu%etwannﬂsa+duZﬂ®
| ayer, said Sierr] |ayer }

in Example 1 is also thained in each of Example 2 - 7.
Thus, the relationship of TCF (ppm/°C) with these
parameters is also shown in Figs. 19 to 23.
Further, measured propagation loss was 0.05

5 dB/wavelength for 1lst mode SAW, and 0.03 dB/wavelength
for 2nd mode SAW, in each of Examples 2 - 7.
E2Qlu3LiQn_Qi_Lhs_Qb:éinsd_zﬁﬁuls_in_EXQmpl§§_l_:_1

As described in.above Examples 1 to 7, a series of

efforts to oétimize the thickness of piezpelectric Zno

10 layer 14 and passivating SiO, layer 16 for each
thickness of IDT, were carried out for the SAW devices
of various device constitutions as illustrated in Figs.
6A to 6G. A number of obiained results were
collectively analyzed and evaluated to provide the

15 optimized relationships of khl and kh2 for each
constitution of SAW devices according to the present
invention. Thus, dimensionless thicknesses of ZnO and
Si0, layers 14 and 16 for each constitution of SAW
devices according to the present invention were

20 obtained for given waveléngth of SAW. 1In the
evaluation on the basis of the obtained results of
Ekamples, significant improvement in device
performances was achieved by optimizing dimensionless
thicknesses khl and kh2 for the SAW devices having

25 layer/electrode constitutions of "type A", “"type B",

"type Cll’ lltype DII and "type F"-



having a thickness of t[err], and (v) a short CIrCUIt

el ectrode di sposed on said SiJerr] | ayer;

wherein a paranmeter kh3 = 2[err](t[err]/[err]) is: 5 ¢ :
[err] kh3 [err] 0.099, and wherein a paraneter Pt
khl =2n(t[err]/[err]) and a paraneter kh2= 2[err](t[errrrherTT) \
are given within a regi on ABCDEFGH JKL in a two:di mensi onal 1 ;
Cartesi n coordi nate graph - ving absci ssa axi sl of—KkHr&nd *
ordi nate axis of L~

The distribution of the optimized values of khl and
kh2, which is obtained by the evaluation of results of
Examples 1 to 7 (shown in Figs. 7 to 23), is shown in
Figs. 1 to 5 by kh3 range. Fig. 1 shows an optimum

5 range of khl (kh of ZnO) and kh2 (kh of SiO,) for 0.033
< kh3 < 0.099. Fig. 2 shows an optimum range of khl
and kh2 for 0.099 < kh3 < 0.165. Fig. 3 shows an
optimum range of khl and kh2 for 0.165 < kh3 < 0.231.
Fig. 4 shows an optimum range of khl and kh2 for 0.231

10 < kh3 < 0.297. Fig. 5 shows an optimum range of khl
and kh2 for 0.297 < kh3 < 0.363.

It was found that, in the case of 0.033 < kh3 <
0.099, the SAW device having improved performances can
be fabricated to have zZnO and Si0, layers, that have the

15 ' ‘optimized dimensionless thickness khl and kh2 given
within the region ABCDEFGHIJKLA shown in Fig. 1. More
preferably, SAW device having more improved
performances can be fabricated to have khl and kh2
given within the region ABIJKLA shown in Fig. 1.

20 In the case of 0.099 < kh3 < 0.165, the SAW device
having improved performances can be fabricated to have
Zn0 and Si0, layers, that have the optimized
dimensionless thickness khl and kh2 giwven within the
region ABCDEFGHIJKLMA shown in Fig. 2. More

25 preferably, SAW device having more improved

performances can be fabricated to have khl and kh2



10 kh2, the outer edge of said regi on ABCDEFGH JKLA

bei ng given by a closed chain in said Cartesian

coordinate consisting of points AL B, C, D, E F, Hrdy s
Kand L and lines A-B, B-C, CGD, DE 15 E-F, -G GH EWHXCts‘J"’" we
J-K, K-L and L-A said A being given by (khl=0. 30, <h?"6“8?r“'m~“—
sai d.B being given by (khl=0.54, kh2= C} 87), said C pei %g yen o

by (khl'=0.60, kh2=0.87); —sald D bei ng glven by (khl£0f8

kh2=0.97); 20 said E being glven by (khl=1.16, kh2=1.20);

said F being, given_ by (khl=1.52, kh2=0.93 said G peing given

by (khl 1(g;vqm2wgt%y§ the region ABCNJKLMA shown in Fig. 2.
In the case of 0.165 < kh3 < 0.231, the SAW device
having.impréved performances can be fabricated to have
Zn0 and S§i0, layers, that have the optimized
5 . dimensionless thickness khl and kh2 giﬁen within the
region ABCDEFGHIJKLMA shown in Fig. 3. More
preferably, SAW device having more improved
performances can be fabricated to have khl and kh2
given within the region ABNOJKLMA shown in Fig. 3.
10 In the case of 0.231 < kh3 < 0.297, the SAW device
having improved performances can be fabricated to have
Zn0 and SiO, layers, that have the optimized
.dimensionless thickness khl and kh2 given within the
region ABCDEFGHIJKLMNA.shown in Fig. 4. More
15 preferably, SAW device having more improved
performances can be fabricated to have khl and kh2
giﬁen within the region AOPKLMNA shown in Fig. 4.
In the case of 0.297 < kh3 < 0.363, the SAW device
having improved performances can be fabricated to have
20 Zn0 and Si0, layers, that have the optimized
dimensionless thickness khl and kh2 given within the
region ABCDEFGHIJKLA shown in Fig. 5. More preferably,
SAW device having more improved performances can be
fabricated to have khl.and kh2 given within the region
25 " LMJKL shown in Fig. 5.

The improved performances V, TCF and K’ can be seen



said H being given by (khl=1.31, kh2=0.59);
by (khl=1.04, kh2=0.50);

kh2=0. 40) ;
-117-

22. A surface acoustic wave device according to
sai d paraneters khl and kh2 are given

10

15

20

25

said | being given
said J being given by (khl=0.
said K being given by (khl=0.63, kh2=0{33) -
said L being given by (khl=0.30, kh2=0.63).{ "~ = "7~

claim 21,

25

75 -

——

with reference to Figs. 7 to 23. The detailed
improvement have been described in the above "SUMMARY
OF THE.INVENTION" for SAW devices of types A, B, C, D
and F.

Figs. 27A to 27C shows an exemplary packaged SAW
devices according to the present invention. Fig. 27A
is a plan view of a package 58 without 1lid 60. Fig.
27B is a side cross sectional view of the package, and
Fig. 27C is a bottom view of the package. Package 58
is provided with pads 62a - 62f for electrodes. A SAW
device 50 of the present invention is centrally

positioned on the bottom of package 58. Electrodes

54a, 54b, 54c and 54d are provided for the purpose of

input to and output from a IDT 52 of SAW device 50.
Electrodes 54a,.54b, 54c and 54d are connected to each
of pads 62 via wires 56. Lid 60 is welded to package
58, as shown in Fig. 27B. |

The packaged SAW device shown in Figs. 27A to 27C
is typically used for various applications, and, for
example, used for filters which is typically used in
optical communication equipments.
EXAMPLE 8

The eighth Example according to the present

invention was carried out to further improve thermal or

' temperature stability of the SAW devices.

-SAW devices having layer structure of "type-A"



within a region ABIJKLA in said two-di nensional 5 Cartesi an

coordi nat e graph, the outer edge of said region ABIJKLA belng N
gi ven by a closed chain in said Cartesian coordinat e~ "7"7T7"""..
consisting of said points A B, I, J, Kand L, and | ifnBs&* A—B» B
1-J, J-K K-L and L-A. 10 23, A surface acoustic wale device for !
2nd node surface acoustic mavg_gf a wavel ength [err] ([ romEEn 703
conpri si ng: (i) a dianon ayer, iy a zZnO

| ayer di sposed on said dianond | ayer, 15 said ZnO | ayer having a

t hi ckness tferr], - (tii) an interdigital transducer (IDT)

di sposed on shown in Fig. 6A were manufactured through the similar

process as used in Example 1, in which thicknesses of
the Zn0 and Si0O, layers were selected to narrow the khl

and kh2 down to an optimal range. TCF of the devices

5 was evaluated in the similar method as used in Example
1.

The dimensionless thickness kh3 defined as
kh3=2n(T,/A) for a wave length A of 2nd mode-SAW and a
thickness t, of IDT was selected for evaluating thermal

10 stability: kh3= 0.044. 0.066, 0.099, 0.132, 0.198 and
0.264; khl=2m(T,/\) was also selected: khl= 0.600,
0.800, 1.000, 1.100, 1.200 and 1.400; and the
kh2=2n(T,/A) was selected to give the smaller variation
of TCF within 500 ppm for temperature range of -20 °C

15 ' to 80 °c, for each of the combinations (6x7=42 types)
of the kh3 (6 types) and the khl (7 types).

Figs. 29 - 34 disclose a portion of the
experimental results on TCF variation of the SAW
devices obtained in Example 8. The khl, kh2, kh3 and

20 the resultant temperaturé variation are listed below:
Fig. kh3 khl kh2 TCF wvariation for
(=) (=) (=) -?0 to 80 °C (ppm)
29  0.099 0.8 0.758 100 |
25 30 8= 099 1.0 0.832 130

31 0.099 1.2 0.930 100



said ZnO | ayer, said IDT having a thickness of tf[err], (iv) a
Sierr] layer disposed over said interdigital t Fansducer

onto said ZnO | ayer, said Sierr] layer 20 havi ng a t hirgkness of R
t[err], and _ (v) a short circuit el ectrode disposgdyen-said ... 7
Sigerr] | ayer; wherein a paranetef m; FEA span :
2[err](t[err]/Jerr]) is: -7 0.099 [err] kh3 [ert] 165 ' :
and wherein a paraneter kh1:2n(t[err]/5ng]) and a paraneter mi
kh2=2n(t[err]/[err]) are given within a region '

32 0.044 1.0 0.759 100
33 0.066 1.0 0.789 200
34 0.132 1.0 0.877 100.

As shown in Figs. 29 - 34, the SAW devices
5 including the combinations of khl, kh2 and kh3 listed
above have very small frequency variation of 100 - 200
ppm for the temperature range of -20 °C to 80 °C.
Other SAW devices having other combination of khl, kh2
and kh3 than listed above were evaluated to give

10 suitable kh2 for obtaining very small frequency
variation of 100 -~ 200 ppm for the temperature range of
-20 °C to 80 °C.

The combinations of khl and kh2 for 6 kh3 wvalues,
obtained in this Example, is shown in Fig. 28.

15 ' Fig. 28, having abscissa of khl and ordinate of
kh2, shows the combinations of khl and kh2 for 6 values
of kh3, which gives very small frequency variation of
100 ~ 200 ppm. The obtained khl and kh2 for
respective points in Fig. 28 are shown in TABLES 1 - 6.

20



-118- ABCDEFGH JKLMA i n a two-di nensi onal Cartesian

coordi nate graph havi ng absci ssa axis of khl and ordinate axis
of kh2, the outer edge of said regi on ABCDEFGHI JKLMA being 5
given by a closed chain in said Cartesian coor di nate- COﬂSlsgan:
of points A, B, C, D, E F, G H I, J, K L and NI badtfisésiit SHEct
A-B,.B-C, CGD D E, E-F, G GH HI, I-J, J-Ki KT, LMam i
MA ’ said A being given by—ékm =0. 30, kh2=0.98); ! 25 FER 193 ;
TABLE 1 l
kh3=0.044
poiht khl kh2 increased reduced
kh2(+10%) kh2(-10%)
5 Al 0.600 0.645 0.710 0.581
Bl 0.800 0.684 0.752 0.616
Cl 0.900 0.718 0.790 0.646
D1 1.000 0.759 0.835 0.683
El  1.100 0.809 0.890 0.728
10 Fl 1.200 0.866 0.953 0.779
Gl 1.400 0.987 1.086 0.888
. TABLE 2
15 kh3=0.066
point khl kh2 . increased reduced
kh2(+10%) kh2(-10%)
A2 0.600 0.671. 0.738 0.604
B2 0.800 0.713 0.784 | 0.642
20 c2 0.900 0.747 - 0.822 0.672
- D2 1.000 0.789 0.868 . 0.710
E2 1.100 0.837 0.921 0.753
F2 1.200 0.891 0.980 0.802

G2 1.400 1.011 1.112 0.910



10 said B being given by (khl=0.40, kh2=0.95); said C

bei ng gi ven by (khl=0.45, kh2=0.96); sai d D heing_given by
(khl =0. 60, kh2=1.00); said E being given by (kgkggg ﬁiu~ 17£;3§
kh2=1. 25) ; said F being glven by (khl=1.53, kh2=0. 15 it
said G being given by (khl=1.60, kh2=0.80); aild %lng vqn}
by (khl=1.22, kh2=0.63); sgid | being given By hﬁ— ““ g {
kh2=0.59) ; said J belng g+ven by (khl =0. 89, khZ—v 540 d
said K being given by (khl=0.53, kh2=0.52); 20 aid L belng glveni
by (khl =0.53, kh2=0.45); and sgid M bei ng gi y-{khLmQ¢3QF”J
kh2=0. 65) . 24. A surfac I c wave device according to
kh3=0.099
point khl kh2 increased reduced
kh2(+10%) kh2(-10%)
5 A3 0.600 0.713 0.784 0.642
B3 0.800 0.758 0.834 0.682
c3  0.900 0.790 0.869 0.711
D3 1.000 0.832 0.915 1 0.749
E3 1.100 0.879 ~ 0.967 0.791
10 - F3  1.200 0.930 1.023 0.837
"~ G3  1.400 1.046 1.151 0.941
) IABLE 4
15 kh3=0.132
point  khl kh2 increased reduced
Kh2(+10%)  Kh2(-10%)
A4 0.600 0.755 0.831 0.680
B4 0.800 0.803 0.883 0.723
20 c4 0.900 0.837 0.921 0.753
-D4 1.000 0.877 0.965 0.789
E4 1.100 0.922 1.014 0.830
F4 1.200 0.972 1.069 0.875

G4 1.400 1.083 1.191 0.975



claim 23, wherein said paraneters khl and kh2 are given within a

regi on ABCNJKLMA in said two-dinmensional 25 Cartesian coordinate
gr aph, the outer edge of said region ABCAUKLNA{be{_ :;:fhﬂ
L; a chééd'éhéih ;ﬁssald Cart esi an coordi nate, con§"§rrﬁg"0f ;h- "
points A, B and C, a point N, and - ggo - said points J, K L?gﬂﬁt@ﬂ oghdy
lines AAB, B-C, CGN, N . g ) ]
§
TABLE 5 -
kh3=0.198
point khl kh2 increased reduced
kh2(+10%) kh2(-10%)
5 A5 0.600 0.837 0.921 0.753
B5 0.800 0.897 0.987 0.807
C5 0.900 0.933 1.026 0.840
D5 1.000 0.973 1.070 0.876
ES5 1.100 1.017 1.119 0.915
10 . F5 1.200 1.063 1.169 0.957
G5 1.400 1.167 1.284 1.050
) IABLE 6
15 ’ kh3=0.264
point khl kh2 increased reduced
kh2(+10%)  kh2(-10%)
A6 0.600 0.914 - 1.005 0.823
B6 0.800 0.989 1.088 0.830
20 cé 0.900 1.029 1.132 0.926
.D6 1.000 1.069 1.176 0.962
E6 1.100 1.111 1.222 1.000
Fé 1.200 1.156 1.272 1.040

G6 1.400 1.257 1.383 1.131



J, J-K K-L, L-Mand MA, 5 said N being given by (khI =0. 62,

. 25. A surface acoustic wave devi cg 101 2Imdnode
surface acoustic wave of a wavelength [err] ([err]m P CGﬁleSTﬁb‘rf
(i) a dianond | ayer, 10 (i1i) a ZnO | ayer dispoéed on SaArgTTT
said ZnO | ayer having a thickness t[zerzn a0
(iii) an interdigital transducer (ID]) gqi sposed on P ‘sai'd zn0
“said I DT having a thickness of err], f vy as™

| ayer disposed over said interdigital 15 transd@per onto said ZnO
said Si Q2 _|ayer havi ng a thickness of t[err], and

kh2=0. 77) .

di anond | ayer,

| ayer,

| ayer,

10

15

20

.25

It can be seen in Fig. 28 and the above tables that
the SAW devices having combinations of khl and kh2,
which are included in one of the lines (Al—Bl-Cl-Dl-Ei—
F1-Gl, A2-B2-C2-D2-E2-F2-G2, A3-B3-C3-D3-E3-F3-G3, Ad-
B4-C4-D4~E4~F4-G4, A5-B5-C5-D5-E5-F5-G5 and A6-B6-C6~ -
D6-E6-F6-G6, these lines are referred as "primary
combination lines") shown in Fig. 28, are provided with
better thermal stability (100 - 200 ppm for -20 to 80
°C).

Further evaluations were carried out to obtain less
restrictive conditions for good thermal stability (2500
ppm for -20 to 80 °C), by deviating a certain amount of
kh2 from thé primary combination lines. Figs. 35 - 38
are graphs showing results of a series of experiments,
which provide good temperatﬁre stability of =500 ppm
for -20 to 80 °C at kh3=0.066 and khl=1.0. The khl,
kh2, kh3 and the resultant temperature variation are
listed below:

Fig. kh3 khl kh2 = TCF variation for
(=) (=) (=) -20 to 80 °C (ppm)
35 0.066 1.0 0.710 400
36 0.066 1.0 0.750 200
37 0.066 1.0 0.828 ~ 150
38 0.066 1.0 0.868 400
As ean be seen from the results shown in Figs. 33

and 35 - 38, the SAW devices including the combinations



(v) a short circuit electrode disposed on said Sierr] ; : layer;

wherein a paraneter kh3 = 2n(t[err]/[err]) is: 20 | hchLGS Saeo. .
[err] kh3 [err] 0.231, and wherein a paraneter T
khi=2n(t[err]/[err]) and a paraneter kh2=2n(t[ern] /| m]L are
given Wwithin a region ABCDEFGHI JKLMA in a two- di fenjsi dral - 3
Cartesi an coordi nate grapg havi ng absci ssa axis ¢f kh%uand_mZBN_ﬁ
ordi nate axis of kh2, the—euter edge of said reglon

ABCDEFGHI JKLMA bei ng

10
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o - -

of kh3=0.066 and khl1=1.000 have small frequency
variation of within 500 ppm'for the temperature range
of -20 °C to 80 °C, when kh2 is selected to be within
+/- 10% from kh2=0.789 (Fig. 33, or point D2 along the
primary combination line in Fig. 28). Similar
evaluation were carried out fér other points A2, B2,
C2, E2, F2 and G2 in the primary combination line for
kh2=0.066, and found that.small frequeﬁcy variation of
Within 500 ppm for the temperature range of -20 °C to
80 °C is obtained, when kh2 is selected to be within
+/~ 10% from these points.

It is also found for other priméry combination
lines (Al1-B1-Cl-D1-E1-Fl1-Gl, A3-B3-C3-D3-E3-F3-G3, A4-
B4-C4-D4-E4~F4~-G4, A5-B5-C5-D5-E5-F5-G5 and A6-B6-C6-
D6-E6-F6-G6) that small frequencf variation of within
500 ppm for the temperature range of -20 °C to 80 °C is
obtained, when kh2 is selected to be within +/-.10%
from the points in the lines. The increased (by 10%)
and reduced'(by 10%) values of kh2 for respective
points in Fig. 28 are indorporated in TABLES 1-6.

Further, it is found that, for a kh3 of between
0.044 and 0.066, the linear interpolation (or linear
insertion, or linear interposition) of kh2 with the kh3
value can provide Al2, B12, Cl2, D12, El1l2, Fl12 and Gl12,
which‘ﬁgrms an interpolated primary combination line

(A12-B12~-C12-D12-E12-F12-G12). . The interpolated



- 120 - given by a closed chain in said Cart
coordi nate consisting of points A, B, C, D E F, S
K, L and Mand lines A-B, B-C, CD, D E, E-F

h by (khl=0.30, i
201 20 EER T

ai 4-D.being giveh
V' (khl =1. 05,

1-J, J-K K-L, L-Mand MA; 5 said A being give
kh2=1. 07); said B being given by (khl=0.36, k
sai d. C being given by (khl=0.43, kh2=1.¢§%/). )
by (khl=0.90, kh2=1.37); ' said E being given b
kh2=1. 20);

LV SR

10
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‘100, as shown in Fig. 39A.

primary combination line gives reduced TCF variation of

100-200 ppm for -20 to 80 °C.

EXAMPLE 9

The ninth Example according to the present
invention was carried out to achieve miniaturization of
the SAW device while maintaining its operating
characteristics, by selecting electrode pattern for the
specified layer structure of the device.

Fig. 39A illustrates a schematic plan view of an
electrode portion of Example 9. The electrode portion
comprises an input interdigital transducer 100 and an
output interdigital transducer 110 facing input IDT
Input IDT 100.comprises
two busbars 102 which are disposed in parallel.
relationship, and a plurality of fingers 104 each of
which extends from one busbar toward the other busbar.
Output IDT 110 also includes busbars 112 and fingers
114 as shown in Fig. 39A. Output IDT is positioned to
receilve surface acoustic wave created by input IDT 100.
Each of fingers 104 extended from one busbar 102
alternates with each of fingers 104 extended from the
other busbar 102. The number of pairs consisting of a

finger extended from one busbar and a next finger

extended from the other busbar is referred as "pair



10 said F being given by (khl=1.52, kh2=0.85); _ said G

bei ng gi ven by (khl=1.34, kh2=0.79); said H giveh by

(khl =1. 05, kh2=0.72); said | being given by - -
kh2=0. 68) ; said J being given by (khl=0.71, } “1SH’pT
said K being given by (khl=0.38, kh2=0.68); a d “Be. TTg~g+v.?n
by (khl=0.42, kh2=0.55); and - 84 - said M belng gijve By§(kht19q3 i
kh2=0.65). 26. A surface acoustic wave devige caordlng t o f |

cl ai m 25, mherein said paraneters khl and kh2 are given 20 w thin a
arapn, - Cnamper 52 Bl WiESYPRTapnipg,1 sroRBoRFUAIR IR Ty 4 ven
shown in Fig. 39A, is referred as "aperture length".
The thickness or the width of a finger is referred as
"finger width", the interval between fingers is
5 referred as "finger interval and the distance between -
the centers of fingers is referred as "electrode
interval”, as shown in Fig. 39B. The wavelength A of
surface acoustic wave created by output IDT 100 equals
to double the electrode interval (or equals to
10 2x(finger width + finger interxrval). These definition
on geometric relationships of the electrode are
schematically shown in Fig. 39B, which is an enlarged
~view of the fingers.
The electrode portion of this Example further
15 includes at a pair of reflectors 120 and 130 which
interﬁose the input and the output IDTs 100 and 110
along the propagating direction of the surface acoustic
wave. The multiple-reflection of SAW is achieved
between the reflectors 120 and 130 to create a standing
20 wave. Unlike the fingers of IDTs 100 or 110, fingers
124 and 134 of reflectors 120 and 130 bridge both
busbars 122 and 132, respectively.
48 types of SAW devices were manufactured in this
'Example: 4 types of layer structures for "type-A"
25 * structure shown in Fig. 6A x 12 types of electrode

patterns. Details of the layer-structures 1-4 and the



by a closed chain in said Cartesian coordinate, consi t ng.o

ald

1
:n-v;-\ ’

points A, Band C, a point N, a 25 point O and said poi ht§ J,
and M and |ines A-B, B-C, CGCN NJ, J-K KL, L-Man (Pi/h@.
121 said N being given by (khl=0.43, kh2=0.95);

said O being given by (khl=0.61, kh2=0.75). 27. Ajsu face

acousti c wave device for 2nd node . 85 - .

10

15

20

25

electrode patter 1-12 are listed below. Transmission
loss and Q of these 48 types of SAW devices were

measured.

LAYER STRUCTURE
structure 1: .

diamond film (polycrystalline, CVD) thickness:30 um;

Zn0 film (c-axis oriented polférystalline, sputtering),
thickness:0.688 um (khl=1.2);

§io, film (amorphous, sputtering), |
thickness:0.496 um (kh2=0.866);

Al electrode film for IDTs and reflectors
(polycrystalline , sputtering),
thickness:0.027 um (kh3=0.044):

-structure 2:

diamond film (polycrystalline, CVD) thickness:30 um;

Zn0 film (c-axis_oriented polycrystalline, sputtering),
thickness:0.63 um (khl=1.1);

Sio, film (amorphous, sputtering),
thickness:0.48 uym (kh2=0.837);

Al electrode film for IDTs and reflectors
(pelycrystalline , sputtering),
thickness:0.038 um (kh3=0.066):

structure 3:

" diamond.film (polycrystalline, CVD) thickness:30 um;

Zn0 film (c-axis oriented polycrystalline, sputtering),



surface acoustic wave of a wavelength [err] ([err]m 5 conpri si ng:

(i) a dianond |ayer, (ii) a ZnO | ayer di sposed aid di anond

| ayer, said ZnO | ayer having a thickness t[err]J ﬁ_r EMENT oo
(tii) an interdigital transducer (IDT) disposed on 10 ' 5H5 «%CTg
| ayer, said IDT having a thickness of t[err], (iv SFETE??T““" §
| ayer di sposed over said interdigital t ransducef n?diaaﬁﬁ‘ﬁwp

| ayer, said Sierr] |ayer havi ng a thickness of err], and

(v) a short circuit electrode disposedggn-said SiJerr] 157 | ayer:
wherein a paraneter kh3 = 2[err](t[err]/]err]) is: . .

thickness:0.573 pm (khl=1.0);
Sio, film (amorphous, sputtering),
thickness:0.477 pm (kh2=0.832);
Al electrode film for IDTs and reflectors
5 (polycrystélline ;, Sputtering),
thickness:0.057 pm (kh3=0.099): and
structure 4: '
diamond film (polycrystalline, CVD) thickness:30 yﬁ;
Zn0 film (c-axis oriented polycrystalline, sputtering),
10 | thickness:0.516 pm (kh1=0.9);
Sio, film (amorphous, sputtering),
thickness:0.48 im (kh2=0.837);
Al electrode film for IDTs and reflectors
(polycrystalline , sputtering),
15 . thickness:0.076 um (kh3=0.132).
ELECTRODE PATTERN
pattern 1:
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 20-pairs each for input IDT and
20 . _ output IDf (total 40 pairs);
number of fingers of reflectors = 20 each for input

side and output side (total 40 fingers);

aperture length of IDTs = 15 A;
25 electrade interval = 3.5 pu:

pattern 2:



0.231 [err] kh3 [err] 0.297, and wherein a paraneter

khil=2n(t[err]/[err]) and a paraneter kh2=2n(t[err]/[err]). are
given within a region 20 ABCDEFGHI JKLMNA in a two-dlﬁEﬂ§¢@n§%w?£ g
Cart esi an coordi nate graph having absci ssa axis oé KHL;QDQM'

ordi nate axis of kh2, : the outer edge of said region{ 0 inn
ABCDEFGHI JKLMNA bei ng given by a closed chain in gaiid 29 FEB 1583
Cartesian 25 coordi nate consisting of points A B, C D...EE,

G H I, J, K L, Mand N and |ines A—@g B-C, C D, '

finger width = finger interv;l = 0.9 yum (A=3.6um);
pair number of IDT = 25 pairs each (total 50 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 A;
5 electrode interval = 3.5 pu:
| pattern 3:
finger width = finger intérval = 0.9 ym (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
10 aperture length of IDTs = 15 A;
electrode interval = 3.5 u:
pattern 4:
finger width = finger interval = 0.9 uym (A=3.6um);
pair number of IDT = 40.pairs each (total 80 pairs);
15 reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 A;
electrode interval = 3.5 u:
pattern 5:
finger width = finger interval = 0.9 um (A=3.6mm);
20 pair number of IDT = 45 pairs each (total 90 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 15 A;
electrode interval = 3.5 u:
péttern 6:
25, finger width = finger interval = 0.9 uym (A=3.6um);

pair number of IDT = 50 pairs each (total 100 pairs);



-122 - DE, E-F, G GH HI, I-J, J-K K-L, L-M MN

and N-A; said A being given by (khl=0.30, kh2= 1 15);

said B being given by (khl=0.38, kh2=1.20); 5 _ sai d iven

by (khl =0.46, kh2=1.32): said D being given by ( hI-*ﬁ’L,@@EMwT
kh2=1. 52) ; said E being given by (khl=0.73, kh2= 9) praa N, Qf"”?
said. F being given by (khl=0.81, kh2=1.44); saldiGibQung_ |Vén~»f
by (khl'=1.00, kh2=1.20); o8 “‘” “i29 ;

~— '““-\

wnd ¢

H
H

|

reflector fingers = 20 each (total 40 fingers);
aperture léngth of IDTs = 15 A;
electrode interval = 3.5 u:

pattern 7:

5 finger width = finger intérval = 0.9 pm (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 5 A;
electrode interval = 3.5 u:

10 pattern 8: |
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
‘aperture length of IDTs = 10 A;
15 ‘electrode interval = 3.5 yu:
pattern 9:
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
20 aperture length of IDTs = 30 A;
electrode interval = 3.5 u:
pattern 10:
finger width = finger interval = 0.9 um (A=3.6um);
pair number of IDT = 30 pairs each (total 60 pairs);
25 reflector fingers = 20 each (tofal 40 fingers);

aperture length of IDTs = 40 A;



10 said H being given by (khl=1.40, kh2=0.91); sai d

bei ng given by (khl=1.14, kh2=0.83); said J being glven_Qy
(khl =0. 83, kh2=0.76); said K being give {kﬁ#‘ﬂ”ﬁﬁ, v :
kh2=0. 73) ; said L being given by (khl=0.BREFKRQ=E73) 151
said M being given by (khl=0.38, kh2=0.63); and —Sdid N belng

gi ven by (khl=0.30, kh2=0.65). 28. A surta
devi ce according to claim 27, wherein said par
are given within a region ACPKBNA in said t

néﬁgopsmlﬁ”ﬂavei

&rs khl _and kh2
nsional 20

Cartesi an coordi nate graph, t he outer edde of EngnggLanvg.
ACPKLMWNA bei ng gi ven by a closed chain in sai esl an

coordinate, o1 ectrode interval = 3.5 H:

pattérn 11:
finger width = finger interval = 0.9 um (h;3.6ym);
pair number of IDT = 30 pairs each (total 60 pairs);
5 reflector fingers = 20 each (total 40 fingers);
aperture length of IDTs = 50 A;
electrode interval = 3.5 u: and
pattern 12:
finger width = finger interval = 0.9 pm (A=3.6um);
10 pair number of IDT = 30 pairs each (total 60 pairs);
reflector fingers = 20 each (total 40 fingers);
.aperture length of IDTs = 60 A;

electrode interval = 3.5 H.

15 The obtained transmission loss and Q of the 48

types of SAW device are shown in TABLE 7-10.



consisting of said point A, a point O a point P, and said points

K, L, Mand N, and lines A-O OP, P-K K- 25 L, L-MMN and N-A,
said O being given by (khl=0.36, kh2=1.00); and
-123- said P being given by (khl=0.48, kh2=0.83).
29. A surface acoustic wave device for 2nd nopde surface acoustic
wave. of a wavel ength [err] ([err]m
REPLACEMENT SHEET
- _J] -
25 FEB 1933
TABLE ~ 7
5 [structure 1]
structure pattern transmission Q
loss (dB)
10 1 1 8.1 400
1 2 7.3 , 600
1l 3 8.0 707
1 4 8.8 729
1 5 9.5 759
15 1 6 12.0 777
1 7 12.3 813
1 8 8.9 742
1 9 7.4 618
1 10 8.4 601
20 1 11 9.2 583
1 12 9.0 495



conprising: 5 (i) a dianond | ayer,

di sposed on said di anond | ayer,

t hi ckness tferr], (i) an interdigital
di sposed on said ZnO | ayer,

(ii) a ZnO | ayer

said ZnO | ayer having a

transducer onto said ZnO |l ayer, said SiJerr] |ayer

t hi ckness of t[err], and

(v) a short circutt retectrode

transducer (1DT)
said I DT having a thickness of

tferr], 10 (tv) a SIiQ2 |ayer disposed over sa

4
€t llll.ClUl

REPLA UE’\'*:‘r"faVI-ﬁgt h

di sposed on sai_d Sigerr] T ayer; 15 \é@Fr FEF ggg
paranmeter kh3 = 2n(t[err]/[err]) is: Q. 297 [err h
[err] 0.363,
TABLE - 8
[structure 2]
5
structure pattern transmission Q
| loss (dB)
2 1 8.5 440
2 2 7.5 604
10 2 3 8.1 740
2 4 9.0 780
2 5 9.9 800
2 6 12.5 810
2 7 12.2 860
15 2 8 9.0 802
2 9 7.9 620
2 10 8.5 608
2 11 9.2 598
2 12 9.5 460

20



and wherein a paranmeter khl=2n(t[err]/[err]) and a paraneter
kh2=2n(t[err]/[err]) are given within a regi on ABCDEFGH JKLA

in a two-di nensional Cartesian coordinate graph 20 havi ng

absci ssa axis of khl and ordinate axis of kh2,

the outer edge of said regi on ABCDEFGH JKLA bei ng given by a
closed chain in said Cartesian coor di nat e cansi.sting.of.-poi-nt-s
A B C D E F 25 G H I, J, Kand L and |inesrPAaEEMBNT SIED,
D E, E-F, -G GH, HIr £2J- J-K, K-L and L- A~

25 FEB 1053

TABLE - 9
[structure 3]

5

structure pattern transmission Q
loss (dB)

3 1 8.9 48.0
3 2 7.8 644
10 3 3 8.6 - 762
3 4 9.5 , 788
3 5 9.9 817
_ 3 6 13.3 859
’ 3 7 12.4 . 882
15 3 8 9.7 837
3 9 8.3 650
3 10 8.5 649
3 11 9.4 625
3 12 9.9 487

20



-124- said A being given by (khl=0.30, kh2=1.29);

said B being given by (khl=0.33, kh2=1.36); said C being given
by (khl =0.40, kh2=1.60); said D being given by (khl=0.71,
kh2=1. 60) ; 5 said E being given by (khl=0.82;~kh2=1-41)..
said F being given by (khl=1.00, kh2=1.22); ° | BANRG bemg;;;gj:ﬁh
by (khl=1.27, kh2=0.97); sald H bei ng glve - WJZ ;
kh2=0. 89) ; said | bein iven b khl =0. 68 h |

) ggg;_y( %%Qﬁgzngi

[1 i
TABLE - 10

[structure 4]

5
structure pattern transmission Q
loss (dB)
4 1 9.7 499
4 2 8.5 : 685
10 4 3 8.8 770
4 4 9.6 . _ 791
4 5 9.9 842
4 6 13.8 | 880
4 7 13.4 889
15 4 8 S.8 872
4 9 8.9 693
4 10 9.6 : 681
4 11 9.9 655
4 12 11.0 507

20



10 said J being given by (khl=0.52, kh2=0.77); said K

bei ng gi ven by (khl=0.30, kh2=0.76); and said L being given by
(khl =0. 30, kh2=1.09). 30. A surface acoustic mave.dgylce_ _
according to claim29, wherein said paranet grs—kht——amd K2 —are
given 15 within a region LMIKL in said tmo-dintn§ﬁbﬁahﬂéﬁr¢e§%§h
coor di nat e graph, the outer edge of said reggiron TMIRC bei n

gi ven by a closed chain in said Cartesian ccordlpgtEﬁfnang!sﬁlng
of said point L, a point M and said padhts J and K, | 20 and i nles
L-M MJ, J-K and K-L, said M being givgn By (KhT=0. 37,
kh2=0.94) . 31. A surface acoustic wave gevice for 2nd npde

In order to apply the SAW devices such as the SAW
device according to the present invention for narrow-
- band filters or resonators, the device is required to
ha&e higher Q of greater than 600. It is also
5 advantageous over the conventional SAW devices to have
lower transmission loss of less than 10 dB.
It is found that the SAW devices having IDT of < 25
pairs provides lower Q of less than 600 (i.e., pattern
'l), according to the experimental results shown in
10 TABLES 7-10. It is also found that the SAW devices
having IDT of > 50 pairs provides higher transmission
loss of greater than 10 dB (i.e., pattern 6).
It is also found that the smaller aperture length
-0f IDT of < 10A provides hiéher transmission loss of
15 greater than 10 dB (i.e., pattern 7). It is further
found that the greater aperture length of IDT of < 50X
provides lower Q of less than 600 (i.e., pattern 12).
It is known that smaller wvalue of thé out of band
suppression is preferable for the packaged SAW devices.
20 The SAW device of Example 9 can provide smaller value
of the out of band suppression than conventional quartz
SAW devices or the-diamond SAW devices having layer

structure of Sio0,/IDT/Zno.

25 The .SAW devices according to the Example 9 can

provide lower transmission power suppression of -45 dB



surface acoustic wave of a wavelength [err] ([err]m conpri si ng:
25 (i) a dianond |ayer, (i) a first short circuit
el ect rode di sposed on -125-
sai d di anond | ayer, (iii) a ZnO | ayer disposed over said
short circuit el ectrode onto said di anond- iayerhlsaLd ZnO_

| ayer e

—
PANET

- 95 - L -moprgong l

fs

at 3 GHz, While the transmission power supﬁneésien—aﬁr————-f
3 GHz for packaged conventional quartz SAW devices or

the diamond SAW devices having layer structure of
$i0,/IDT/Zn0 is limited to -40 dB.

5 In addition, the SAW devices of the ninth example
according to the present invention can also provide
higher propagation velocity V of 9,000 m/sec. |
Further, high center frequency of 2.5 GHz is achieved
even though the IDT geometry using wider finger width

10 of 0.9 um is employed. That is, the high center
frequency of 2.5 GHz is achieved, while high device

~ yields is maintained by employing wider finger

geometry. In contrast, conventional quartz SAW
devices require narrower finger of less than 0.5 uym for

15 high center frequency of 2.5 GHz, which requires high
level-microprocessing technique.

Additionally, temperature variation on fhe center

frequency can be limited within 100-200 ppm for -20 to
80 °C.

20 . 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
éuch modifications as would be obvious to one skilled

25. in the art are intended to be included within the scope



having a thickness tferr], 5 (iv) an interdigital transducer

(1 DT) di sposed on said ZnO |l ayer, said I DT having a thickness

of t[err], (v) an Siderr] layer disposed over said
~interdigital transducer onto said ZnO | ayer ~~said SiJerr]

| ayer having a thickness of t[err], and 10 prr -~ Tfwid—a

second short circuit el ectrode disposed on !ga}..d.__;Si',@"i}‘--éyﬁlﬂggr [

wherein a paraneter kh3 = 2n(t[err]/[err]) is: /0083~

[err] kh3 [err] 0.099, ar®P wherein a parangtgr = 7 "7 gl

khl =2n(t[err]/[err]) and a paraneter 15 kh2=2n{t [ [[err]) “arfe.

given within a regi on ABCDEFGH JKLA in a tio-di mensio

Cartesin cogidithad i PRbing claims. e



havi ng absci ssa axis of khl and ordinate axis of kh2,

the outer edge of said regi on ABCDEFGH JKLA being 20 given by a

cl osed chain in said Cartesian coordinate consi sting of

points A, B, C D, E, F, G H I, J, X and L[aﬂdeLnes A B,

B-C, CGD DE, E-F, -G GH H1I, I- , Pand kA rxr*T

said. A being given by (khl=0.30, kh2=0.87); 25 s I q behng~gLvén

by (khl'=0.54, kh2=0.87); said C being given by|( =0..

kh2=0. 87) ; - 97 - ] 7% *?g 1293

——

WHAT IS CLAIMED IS:

i. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

5 (i) a diamond layer,

(ii) a ZnO layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(111) an lnterdlgltal transducer (IDT) disposed on

said zZno layer, said IDT having a thickness of t,,

10 and _

(iv) a SiO, layer disposed over said interdigital

transducer onto said ZnO layer, said SiO, layer

having a thickness of t,; ‘

wherein a parameter kh3 = 2m(t,/A) is:

15 0.033 < kh3 < 0.099,
and wherein a pafamefer kh1=2n(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
20 . kh2,
| the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K and L. and lines A-B, B~C, C-D, D-E,
25 E-Fp F-G, G-H, H-I, I-J, J.-K, K-L and L-A;

said A being given by (khl1=0.30, kh2=0. 87),

\\\l\l\\\\\l\\ Y \l\\



-126

said D being given by (khl=0.81, kh2=0.97);

said E being given by (khl=1.16, kh2=1.20); said F being given

by (khl

said |
by (khl

kh2=0. 33);

10

15

20

25

5

and said L being given by (khl=
- 98 - '

=1.52, kh2=0.93); said G being given by (khl=%. 69,
kh2=0. 77) ; :
bei ng given by (khl=1.04, kh2=0.50); salq “Jbei-ng. glven
=0. 68, kh2=0.40); said K being glven ﬁf (khl 5063,

said H being given by (khl=1.31, kh2=0."59):

ng; =0. 63)»33 i

—_— ]

being given by (khl=0.54, kh2=0.87);

said
said C being given by (khl1=0.60, kh2=0.87);
said D being given by (kh1=0.81, kh2=0.97);
said being given by (khl=1.16, kh2=1.20);
said F being given by (khl=1.52, kh2=0.93);
said G being given by (khl=1.69, kh2=0.77);
‘said being given by (khl=1.31, kh2=0.59);
said I being given by (khl=1.04, kh2=0.50);
said J being given by (kh1=0.68, kh2=0.40);

said K being given by (khl1=0.63, kh2=0.33); and

"R 9 H m o "M U 0w

said L being given by (kh1=0.30, kh2=0.63).
2. A surface acoﬁstic wave device according to

claim 1, wherein said parameters khl and kh2 are given

within a region ABIJKLA in said two-dimensional

Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B, I, J, K and L, and
lines A-B, B-I, I-J, J-K, k-L and L-A.

3. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a ZnO0 layer disposed on said diamond layer,

said Zn0 layer having a thiékness t,,

(1ii) an interdigital transducer (IDT) disposed on

\\ll\ll\ T A \ll\



10

31, wherein said paraneters kh

32. A surface acoustic wave device according to

ABI JKLA in said two-di nensi ona

t he outer edge of said region ABIJKLA being given
chain in said Cartesi an coordi nat e,

B!

J )

K and L, and

di anond | ayer,

on

10

15

20

25’

lines A-B, B-1,
33. A surface acoustic wave device for
wave of a wavel ength [err]

([err]m - 29 -
(ii) a first short circuit e

and kh2 are given

claim
within a region

Cartesi an coordi nate graph, .
by a closed

d p0|nts Pr"
ﬁdéE?Aﬂwg

Qusti

con5|st|ng
l-J,

2nd node

conpfi3|ng”

15

KJL g

said zZnO layer, said IDT having a thickness of t,,

and

(iv) a SioO, layer disposed over said interdigital

'~ transducer onto said ZnO layer, said SiO, layer

having a thickness of t,;

wherein a parameter kh3 =

0.099 < kh3 < 0.165,

2o(t,/A) is:

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2m(t.,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being

given by a closed chain in said Cartesian

coordinate cohsisting of points A, B, C, D, E, F,

G, H, I, J,

E, E-F, F-G,
said A being
said B being
said C being
said D being
said E being
~said F being
said G being
said H being
said I being

K,

G-H,

given
given
given
given
given
given
given
given

given

H"I ’

by
by
by

by

by
by
by
by
by

L and M and lines

I—J,
(kh1=0.30,

J-K,

(kh1=0.40,
(kh1=0.45,
(kh1=0.60,
(khl=1.04,
(kh1=1.53,
(kh1=1.60,
(khl=1.22,
(kh1=1.00,

A-B ’

B""C r .C-D r D-

K-L, L-M and M-A;

kh2=0.98);
Kh2=0.95);
Kh2=0.96);
kh2=1.00);
kh2=1.25);
Kh2=0.89);
Kh2=0.80);
Kh2=0.63);
kh2=0.59);

i




sai d di anond | ayer, (iii) a ZnO | ayer disposed over said short

circuit 25 el ectrode onto said dianond | ayer, said ZnO | ayer
having a thickness t[err], 127
(iv) an interdigital transducer (1DT) disposed on said ZnO

| ayer, said |IDT having a thickness of t[err], (v) an Sigerr]

| ayer di sposed over said interdigital I et SUEET
- 1 REPLAGEHIZNT =n

- 100 -
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said J being given by (khl1=0.89, kh2=Q.57);

said K being given by (kh1=0.53, kh2=5f52);
said L being given by (kh1=0.53, kh2=0.45); and
said M being given by (khl=0.30, kh2=0.65).

5 " 4. A surface acoustic wave device according to
claim 2, wherein said parameters khl and kh2 are given
within a regidn ABCNJKLMA in said two-dimensional
Cartesian coordinate graph,:

the outer edge of said region ABCNJKLMA being given

10 by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, and
said points J, X, L, and M, and lines A-B, B-C, C-N, N-_
J, J-K, K-L, L-M and M-3,

said N being given by (khl=0.62, kh2=0.77).

15 5. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,
(ii) a 2n0 layer disposed on said diamond layer,

20 - said ZnO layer having a thickness t,,

(iii) an interdigital transducer (iDT) disposed on

said znO layer, said IDT having a thickness of t,,

and

(iv) a S5i0, layer disposed over said interdigital
25 transducer onto said ZnO lajer, said siO, layer

having a thickness of t ;
S

e

o



transducer onto said ZnO | ayer
t hi ckness of tf[err],

el ectrode di sposed on

wherein a paraneter
kh3 [err]
=2n(t[err]/[err]) and a paraneter
ABCDEFGHI JKLMA in a t

[err]
khl

0. 165,

given within a region

Cartesi an

ordi nate axis of kh2,
ABCDEFGHI JKLMA bei ng

10

15

20

25

wherein a parameter kh3

kh3

and

= 2[err](t[err]/[err]) -
and wherein a parane

10

coordi nate grapk@havi ng absci ssa
the outer edge of sai
given by a closed cha

= 2m(t,/A) is:

15

said Sigerr]

| ayer 5

havi ng a

(vi) a second short circuit
said Si2 | ayer;

0.165 < kh3 < 0.231,

i S:

0. 099

kh2=2n

r"-e:‘* et e g

ehﬁ/[ar])a?

di mensi onal |
x{s 208 KA ‘andl :
egi_on

and wherein a parameter khl=2n(t,/A) and a parameter

kh2=2n(t,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being

given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

H-I’

L and M and lines

I-J, J-K,

given by (kh1=0.30,

G, H, I, J, K,

E, E-F,.F-G, G-H,
said A being

said B being given
said C being given
said D being given
said E being given
said F being given
said G being given
said H being given
said I being given
said J being given
said K being given
said L being given
said M being given
6. A surface

acoustic wave device according

by
by
by
by
by
by
by
by
by
by
by
by

(kh1=0.36,
(kh1=0.43,
(kh1=0.90,
(kh1=1.05,
(kh1=1.52,
(khl=1.34,
(kh1=1.05,
(kh1=0.85,
(kh1=0.71,
(kh1=0.38,
(kh1=0.42,
(kh1=0.30,

A—B’ B—C,

C-D,

D-

K-L, L-M and M-A;

kh2=1.07);
kh2=1.07);
kh2=1.07);

kh2=1.37);.

kKh2=1.20);
kh2=0.85);
kh2=0.79);
kh2=0.72);
kKh2=0.68);
kh2=0.68) ;
kh2=0.68);
kh2=0.55);
kh2=0.65).

and

Hllllll I Illll A
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in said Cartesian
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coordi nate consisting of points A, B, C D, E, F, G H I, J,

K, L and Mand lines A-B, B-C, CD, D E, E-E . EG GH-HA
1-J, J-K, K-L, L-Mand MA, 20 said A belng gi yen: by,lkh%ﬁo £86ET
kh2=0. 98) ; sai d B being given by (khl=0.40, kKh2=0.,.95) -~
sai d C being given by (khl=0.45, kh2=0.96); Sai d _D

gi ven by (khl=0.60, kh2=1.00); sai d E bei ng Q|v£§ gQ% 1598
(khl =1. 04, kh2=1.25); 25 F being given by (khi=% E“

kh2=0. 89) ; said G belng g+ven by (khl =1.60, t{kh2=0. 80)

claim 5, wherein said parameters khl and kh2 are given
within a region ABNOJKLMA in said two-dimensional
Cartesian coordinate graph,
the outer edge of said region ABCNJKLMA being given
5 by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, a
point O, and said points J, K, L, and M, and lines A-B,
B-C, C-N, N-J, J-K, K-L, L-M and M-3, '
said N being given by (khl=0.43, kh2=0.95); and
10 said O being given by (kh1=0.61, kh2=0.75).

7. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

15 (ii) a zZnoO layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said Zno'layer, said IDT having a thickness of t,,

and ’

20 . (iv) a Si0, layer disposed over said interdigital
transducer onto said zZnO layer, said SiO, layer

having a thickness of t,;

wherein a parameter kh3 = 2n(t,/A) is:

0.231 < kh3 s 0.297,
25 and.wherein a parameter khl=2mn(t,/A) and a parameter

kh2=2n(t,/A) are given within a region

—_—
%\
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- 128 - said H being given by (khl=1.22, kh2=0.63); -
said | being given by (khl=1.00, kh2=0.59); ' said J being given
by (khl =0.89, kh2=0.57); said K being given by (khl=0.53,
kh2=0.52); 5 said L being given by (khl=0.53, kh2=0.45); and

said M being given by (khl=0.30, kh2=0.65). 3;.g£g§yﬂﬁa§%-vu;:'
acoustic wave device according to claim 33, wherefn gaprd = =0
parameters khl and kh2 are given

03 Wthin a region

ABGNJKLMA i n" sai d
t wo- di nensi ona

paked » IS Jatate
2 5 £ .'..f'

ABCDEFGHIJKLMNA in a two-dimensional Cart

|

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMNA being

5 given by a closed chain in said Cartesian
coordinate consisting of points A, B, ¢, D, E, F,
G, H, I, J,.K, L, M and N and lines A-B, B-C, C-D,
p-E, E-F, F-G, G~H, H-I, I-J, J-K, K-L,. L-M, M-N
and N-A;

10 said A being given by (khl1=0.30, kh2=1.15);
said B being given by (kh1=0.38, kh2=1.20);
said C being given by (kh1=0.46, kh2=1.32);
said D being given by (khl1=0.60, kh2=1.52);
said E being given by (kh1=0.73, kh2=1.60);

15 said F being given by (khi1=0.81, kh2=1.44);
said G being given by (khl=1.00, kh2=1.20);
said H being given by (khl=1.40, kh2=0.91);
said I being given by (khl=1.14, kh2=0.83);
said J being given by (khi=0.83, kh2=0.76);

20 said K being given by (khl1=0.60, kh2=0.73);
said L being given by (khl=0.35, kh2=0.73);
said M being given by (khl=0.38, kh2=0.63); and
said N being given by (kh1=0.36, kh2=0.65).
8. A surfacé acoustic wave device according to

25 claim 7, wherein said parameters khl and kh2 are given

within a region AOPKLMNA in said two-dimensional

SO



10 Cartesi an coordi nate graph, the outer edge of said

regi on ABCNJKLMA being given by a closed chain in said Cartesian
coor di nate, consisting of said points A, B and C, a point N, and
said points J, K L, and M and lines A-B, B-C,L CGCN N 15 J, J-K,
K-L, L-Mand MA, said N belng gi ven by (kATZ0862; .
35. A surface acoustic wave device for 2nd node : suﬁﬁécaga¢0@§¢¢£
wave of a wavelength [err] ([err]m _ 104 conpri si ngk '20“”*“~~~«m,4)
di anond | ayer, (i) a first short circuit elecbwodﬁ”ﬁ|$ oskd
on sai d di anond | ayer, Pha ] 1

I i

e ;

Cartesian coordinate graph,

the outer edge of said region AOPKLMNA being given:
by a closed chain in said Cartesian coordinate,
consisting of said pdint A, a point O, a point P, and

5 said points X, L, M and N, and lines A-O0, O-P, P-K, K-

L, L-M, M-N and N-A,
said O being given by (kh1=0.36, kh2=1.00); and
said P being given by (kh1=0.48, kh2=0.83).
9. A surface acoustic wave device for 2nd mode
10 surface acoustic wave of a wavelength A (um)
comprisings
(i) a diamond layer,
(ii) a Zno layer disposed on said diamond layer,
said Zn0O layer having a thickness t,,

15 (iii) an interdigital transducer (IDT) disposed on
said ZnO layer, séid IDT having a thickness of t,,
and |
(iv) a Si0, layer disposed over said interdigital
transducer onto said ZnO layer, said SioO, layer

20 . having a thickness of t ;
wherein a parameter kh3 = 2m(t,/A) is:

0.297 < kh3 < 0.363,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA

25 in a two-dimensional Cartesian coordinate graph

having abscissa axis of khl and ordinate axis of

* c LY M H *




(iti) a ZnO | ayer disposed over said short circuit el ectrode

onto said dianond | ayer, said ZnO | ayer 25 havi ng a thi ckness
tlerr], (iv) an interdigital transducer (1DT) disposed on
-129- said ZnO | ayer, said IDT having a thickness of t[err],

(v) an Sigerr] layer disposed over said interdigital
transducer onto said ZnO |l ayer, said SiJerr] |ayer

- 105 -
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. kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,

5 G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,

said A being given by (khl1=0.30, kh2=1.29);
said B being given by (khl=0.33, kh2=1.36);
said C being given by (khl1=0.40, kh2=1.60);
10 | said D being given by (khl=0.71, kh2=1.60);
said E being given by (khl=0.82, kh2=1.41);
said F being given by (khl=1.00, kh2=1.22);
said G being given by (khl=1.27, kh2=0.97);
said H being given by (khl=1.03, kh2=0.89);
15 said I being given by (khl1=0.68, kh2=0.78);
said J being given by (kh1=0.52, kh2=0.77);
said K being given by (khi=0.36, kh2=0.76); and
said L being given by (khl=0.30, kh2=1.09).

10. A surface acoustic wave device according to
20 claim 9, wherein said parameters khl and kh2 are given
within a region LMJKL in said two-dimensional Cartesian
coordinate graph, _
the outer edge of said region LMJKL being given by
a closed chain in said Cartesian coordinate, consisting
25 of said point L, a point M, and said points J and K,

and lines L-M, M~-J, J-K and K-L,
—

T O A



havi ng a thickness of t[err], and 5 (vi) a second short circuit

el ectrode di sposed on said SiQ2 | ayer; wherein a
parameter kh3 = 2[err](t[err]/[err]) is: 0. 165 [err] kh3
[err] 0.231, and wherein a paraneter khl=2n(t] Jﬁ SGETEL anumm.
a paraneter 10 kh2=2[err] (t[err]/[err]) are given 'th gt ﬁégvo#ﬂ
ABCDEFGHI JKLMA in a two-di nensional Cartesian copr di nat e graph
havi ng ‘absci ssa axis of khl and ordinate axis pfjki#% FEB {958
the outer edge of said regi on ABCDEFGHIKLMA being 15 given by a
closed chain in said Cartesian coordi nate consfisting of points
A B C D E F,

10

15

20

25

said M being given by (khl=0.37, kh2=0.94).

11. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(1) a diamond layer,

(ii) a short circuit electrode disposed on said

diamond layer,

(iii) a ZnO layer disposed over said short circuit

electrode onto said diamond layer, said ZnO layer

having a thickness t,,

(iv) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having'a thickness of t,,

and |

(v) a Si0, layer disposed over said interdigital

transducer onto said ZnO layer, said SiO, layer

having a thickness of t_;

wherein a parameter kh3 = 2mo(t,/A) is:

0.033 < kh3 < 0.099,

and wherein a parameter khl=2m(t,/A) and a,parameter

kh2=2n(t_,/A) are given within a region ABCDEFGHIJKLA

in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,

the outer edge of said region ABCDEFGHIJKLA being

given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

Hllllll HIIH IIIH Hlll ll llll



G H I, J, K Land Mand lines A-B, B-C, CGD, D E, E-F

F-G GH HI, I-J, J-K K-L, L-Mand MA, said A being given
by (khl=0.30, kh2=1.07); 20 said B being given by (khl=0. 36,
kh2=1. 07); said C being given by (khl=0.43, kh2=1.07);

said D being given by (khl=0.90, kh2=1.37); ' Sal d, E’belng Q}ven
by (khl =1.05, kh2=1.20); said F being give rby (kh1*1 5L
kh2=0. 85) ; ‘

said H being given by (khl=1.05, kh2=

10

15

20

25.

25 said G being given by (khl=L1. kh2=0. 79) ;
Loy, 25 FEB 1933

H
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G, H, I, J, K and L and lines A-B, B-C, iG~Py—D=E,

E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-A;

said A being given by (khl=0.30, kh2=0.87);
said B being given by (khl1=0.54, kh2=0.87);
said C being given by (khl1=0.60, kh2=0.87);
said D being given by (khl1=0.81, kh2=0.97);
said E being givén by (khl=1.16, kh2=1.20);
said F being given by (khl1=1.52, kh2=0.93);
said G being given by (khl1=1.68, kh2=b.77);
said H being given by (khl1=1.31, kh2=0.59);
said I being given by (kh1=1.04, kh2=0.50);
said J being given by (kh1=0.68, kh2=0.40);
said K being given by (kh1=0.63, kh2=0.33); and
said L beiﬁg given-by (khl1=0.30, kh2=0.63).

12. A surface acoustic wave device according to
claim 11, wherein said parameters khl and kh2 are-given
within a region ABIJKLA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B, I, J, K and L, and
lines a-B, B-I, I-J, J-K, K-L and L-A.

13. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

g gy



- 130-

Eai?kﬂlbeing gi ven by (khl=0.71, kh2=0.68); said K being glven
y =0. 38, kh2=0.68); said L being given b = e
kh2=0. 55) ; Yk y*tk e
36. A surface acoustic wave device according to cl hi 35 Wherei n 5

said.paranmeters khl and kh2 are given within a regio ﬁﬁﬁKﬂﬁfhﬂﬁﬁni
sai d two-di mensi onal Cartesiggscoordinate gr aph,

10

15

20

25

said | being given by (khl=0.85, kh2=0.68);

et

and 5 said M being given by (khl =0. 30} FbAGEES):

? .~ —~ oLt s A Ak
A O

(ii) a short circuit electrode disposed on said

diamond layer,

(iii) a ZnO layer disposed over said short circuit

electrode_onto said diamond layer, said ZnO layer

having a thiékness t,,

(iv) an interdigital transducer (IDT) disposed on

said znO layer, said IDT having a thickness of t,,

and

(v) a Si0, layer disposed over said interdigital

transducer onto said zZnO layer, said SiO, layer

having a thickness of t;;

wherein a parameter kh3 = 2mn(t,/A) is:

0.099 < kh3 < 0.165, |

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2m(t,/A) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2, |

the outer edge of said region ABCDEFGHIJKLMA being

given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, K, L and M and lines A-B, B-C, C-D, D-

E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-3;
 said A being given by (kh1=0.30, kh2=0.98);

said B being given by (kh1=0.40, kh2=0.95);

said C being given.by (kh1=0.45, kh2=0.96);



10

the outer edge of said regi on ABCNJKLMA being given by
a closed chain in said Cartesian coordinate, consisting of sai d
points A, B and C, a point N, a point O, and sai[d PO TS Kt
and , and lines A-B, BC CN NJ, J-K KL L{MGhd #ENT ShEET
sai d N being given by (khl=0.43, kh2=0.95); and [Tsairao ey
gi ven by (khl=0.61, kh2=0.75). 37. A surfacg gcoust ¢
device for 2nd node o surface acoustic wave of a uavelength [err]
([err]m conprising: 20 = 103 - (i) a dianondjlayer,
(i1) a first short circuit el ectrode di sposed on ...Sai_d di anond
| ayer, -
said D being given by (kh1=0.60, kh2=1.00);
said E being given by (khl=1.04, kh2=1.25);
said F being given by (khl1=1.53, kh2=0.89);
said G being given by (kh1=1.60, kh2=0.80);
5 said H being given by (khl1=1.22, kh2=0.63);
said I being given by (kh1=1.00, kh2=0.59);
said J being given by (kh1=0.89, kh2=0.57);
sdid K being given by (khl1=0.53, kh2=0.52);
said L being given by (khl1=0.53, kh2=0.45); and
10 said M being given by (kh1=0.30, kh2=0.65).
14. A surface acoustic wave device according to
claim 13, wherein said parameters khl and kh2 are given
within a region ABCNJKLMA in said two-dimensional
Cartesian coordinate graph,
15 the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, and
said points J, X, L, and M, and lines A-B, B-C, C-N, N-
20 said N being given by (khl1=0.62, kh2=0.77).
15. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:
(i) a diamond layer,
25 (ii)} a short circuit electrode disposed on said

diamond layer,

\ H\\ A \\\\\\\\\\\\ ) \\ \\\



(iti) a ZnO | ayer disposed over said short circuit el ectrode
onto said dianond | ayer, said ZnO | ayer 25 havi ng a thickness T
tferr],

-131-

(v) an Sigerr]

10

15

20

25

| ayer di sposed over said interdigital
transducer onto said ZnO |l ayer, said SiJerr] |ayer

(iv) an interdigital transducer (IDT)rdi-sposed-or
said ZnO | ayer, said I DT having a thlckﬁéss obEfiery

3
2
<7
T
d
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(iii) a ZnO layer disposed over said short circuit
electrode onto said diamond layer, said ZnO layer
having a thickness t,,
(iv) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and |
(v) a Sio, layer disposed over said interdigital
transducer onto said 2ZnO layer, said SiO, layer
having a thickness of t,;
wherein a parameter kh3 = 2n(t,/A) is:

0.165 < kh3 < 0.231,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2mn(t,/A) are given within a region
ABCDEFGHIJKLMA in a tﬁo-dimensional Cartesian
coordinate gréph having abséissa axis of khl and
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, XK, L and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
said A being given by (kh1=0.30, kh2=1.07);
said B being given by (khl1=0.36, kh2=1.07);
said C being given by (kh1=0.43, kh2=1.07);
said D being given by (khi=0.90, kh2=1.37);
said E being given by (khl=1.05, kh2=l. =1.20);

_——
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having a thickness of t[err], and 5 (vi) a second short circuit

el ectrode di sposed on said SiQ2 | ayer; wherein a
parameter kh3 = 2n(t[err]/[err]) is: 0.231 [err] kh3 [err]
0. 297, and wherein a paraneter khl=2n(t[err]/[err]) and a
paranmeter 10 ~kh2=2n(t[err]/[err]) are given within a region
ABCDEFGHI JKLMNA in a two-di nensional Cartesian coordi nat e
graph havi ng absci ssa axis of khl and ordi nate axis of kh2,
t he outer edge of said regi on ABCOEF&HLIKLMNA being 15 given by a
cl osed chain in said Cartesian . coordi nate consi sting of points
A B C D E F, ' '

said F being given by (khl=1.52, kh2=0.85);.

said G being given by (khl=1.34, kh2=0.79);

said H being given by (khl=1.05, kh2=0.72);

said I being given by (khl1=0.85, kh2=0.68);

5 said J being given by (khl=0.71, kh2=0.68);

said K being given by (khl=0.38, kh2=0.68);

'said L being given by (khl1=0.42, kh2=0.55); and

said M being given by (khl1=0.30, kh2=0.65).

16. A surface acoustic wave device according to

10 claim 15, wherein said parameters khl and kh2 are given
within a region ABNOJKLMA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,

15 consisting of said points A, B and C, a point N, a
point O, and said points J, X, L, and M, and lines A-B,

- B-C, C-N, N-J, J-K, K-L, L-M and M-A,
said N being given by (khl=0.43, kh2=0.95); and
said O being given by (khl=0.61, kh2=0.75).

20 . 17. A surface acoustic wave device for 2nd mode
surface acousfic wave of a wavelength A (um)
comprising:

(1) a diamond layer,
(ii) a short circuit electrode disposed on said

25 diamond layer,

(iii) a ZnO layer disposed over said short circuit

el




H I, J, K L Mand Nand lines A-B, B-C, CD, D-E, E-F
F-G GH HI, I-J, J-K KL, L-M MN and NA; 20
sai d bei ng gi ven by (khl=0.30, kh2=1.15); said B being given
by (khl =0.38, kh2=1.20); said C being given by (khl=0.46, _.
kh2=1. 32); said D being given by (khl=0.60, khz= .SZY'. T qﬁtF
said E being given by (khl=0.73, kh2=1.60); 25 sa &wﬁ—berng,gLven'

by (kht=0.81, kh2=1.44); said G being given b =100,
Kh2=1. 20) : - 112 - 99 y (‘V‘ 100 seee

electrode onto said diamond layer, said ZnO
having a thickness t_,
(iv) an interdigital transducer (IDT) disposed on
said Zno layer, said IDT having a thickness of t,,
5 and
(v) a Sio, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t,;
wherein a parameter kh3 = 2m(t,/A) is:
10 0.231 < kh3 < 0.297,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMNA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
15 ordinate axis of kh2,
. the outer edge of said region ABCDEFGHIJKLMNA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, XK, L, M and N and lines A-B, B-C, C-D,
20 . D-E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M, M-N
and N-A;
said A being given by (khl1=0.30, kh2=1.15);
said B being given by (kh1=0.38, kh2=1.20);
said C being given by (khl1=0.46, kh2=1.32);
25 said D being given by (khl=0.60, kh2¥1.52);
said E being given by (khl1=0.73, kh2=1.60);

R
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said |
by (khl =0.83, kh2=0.76)
kh2=0. 73) ; 5

sai d. M bei ng given by (khl=0.38, kh2=0.63);
gi ven by (khl=0.30, kh2=0.65).

devi ce according to
are given

said

said

B T

said

[

said
5 said
said
said

said

2 B B R" 4

said

bei ng given by (khl=1.14, kh2=0. 83;

sai d

being
being
being
being
being
being
being
being

being

said H being given by (khl-=2-40;~2=0--9%)
| SEEHLAG BAENG SFiteén
said K being given!byrﬁkh+=ﬁ?6®r*“”

L being given by (khl=0.35,1 kh25Q. 3 1nax
and § ggaﬁiqﬂhﬁﬁn

38. A surfacke acoustitwave
cl ai m 37 53hérein said par ajnet er s khl and kh2

given
given
given
given
given
given
given
given

given

by
by
by
by
by
by
by
by
by

(kh1=0.81,
(kh1=1.00,
(kh1=1.40,
(kh1l=1.14,
(kh1=0.83,
(kh1=0.60,
(kh1=0.35,
(kh1=0.38,
(kh1=0.30,

kh2=1.44);
kh2=1.20);
kh2=0.91);
kh2=0.83);
kh2=0.76);
kh2=0.73);
kh2=0.73);
kh2=0.63); and
kh2=0.65).

10 18. A surface acoustic wave device according to
claim 17, wherein said parameters khl and kh2 are given
within a region AOPKLMNA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region AOPKLMNA being given
15 by a closed chain in said Cartesian coordinate,
consisting of said point A, a péint O, a point P, and
said points KX, L, M and N, and lines A-O, K-

O"P f P_K ’

L, L-M, M-N and N-A,
said O being given by (kh1=0.36, kh2=1.00); and
20 said P being given by (kh1=0.48, kh2=0.83).

19. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

25 (ii) a short circuit electrode disposed on said

diamond layer,

A

R



10 within a region AOPKLMNA in said two-dinensional —— . Cart.esiran, .
coordi nat e graph, the outer edge of said regior .w*.,ﬁlﬁe%@g?“
gi ven by a closed chain in said Cartesian coordinate,rm—m~- et e,
consisting of said point A, a point O a point P, and 15 Ld,p WAl ns
K, L, Mand N, and lines A-0, OP, P-K K- L, L-M Rd* N—Aﬂiu §
sai d O being given by (khl=0.36, kh2=1.00); and o-P-bet-Rg——

gi ven by (khl=0.48, kh2=0.83) 39. A surface a(oustlc wave
device for 2nd node 20 surface 2bustic wave of a wav rengttr-ferrg
([err]m conpri si ng: (i) a dianond | ayer,

(iii) a ZnO layer disposed over said short circuit

electrode onto said diamond layer, said ZnO

having a thickness t,,

layer

(iv) an interdigital transducer (IDT) disposed on

5 said zZnO layer, said IDT having a thickness

and

of t,,

(v) a Si0, layer disposed over said interdigital

transducer onto said 2ZnO layer, said SiO, layer

having a thickness of t_;
10 wherein a parameter kh3 = 2o(t,/A) is:

0.297 < kh3 < 0.363,

and wherein a parameter khl=2mn(t,/A) and a parameter

kh2=2m(t,/A) are given within a region ABCDEFGHIJKLA

in a two-dimensional Cartesian coordinate graph

15 having abscissa axis of khl and ordinate axis of

kh2,
the outer edge of said region ABCDEFGHIJKLA
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D,
20 . G, H, I, J, K and L and lines A-B, B-C, C-D,
E-F, F~G, G-H, H-I, I-J, J-K_,'K-L'and L~A;
said A being given by (kh1=0.30, kh2=1.29);
said B being given by (khl1=0.33, kh2=1.36);
said C being given by (kh1=0.40, kh2=1.60);
25 said D being given by (kh1=0.71, kh2=1.60);
said E being given by (kh1=0.82, kh2=1.41);

being

E' F,

D-E ’

g
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(i1) a first short circuit el ectrode di sposed on ' sai d di anond

| ayer, 25 - (iii) a ZnO | ayer disposed over said short circuit
el ectrode onto said dianond | ayer, said ZnO | ayer
- 133 - havi ng a thickness t[err], 1 {UENEN SHEET

interdigital transducer (IDT) disposed on rwﬂmwwmwwm~m«~—
{
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said

F being given by (khl=1.00, kh2=1.22);
said G being given by (khl=1.27, kh2=0.97);
said H being given by (kh1=1.03, kh2=0.89);
said I being given by (khl1=0.68, kh2=0.78);

5 said J being given by (khl=0.52, kh2=0.77);
said K being given by (khl1=0.30, kh2=0.76); and
said L being given by (kh1=0.30, kh2=1.09).

20. A surface acoustic wave device according to

claim 19, wherein séid parameters khl and kh2 are given
10 within a region LMJKL in said two-dimensional Cartesian
coordinate graph,

the outer edge of said regién LMJKL being given by
a closed chain in said Cartesian coordinate, consisting
.0of said point L, a point'M, and said points J and K,

15 and lines L-M, M-~J, J-K énd K-L,
| said M being given by (kh1=0.37, kh2=0.94).

21. A surface acoustic wave device for 2nd mode
surféce acoustic wave of a wavelength A (um)
comprising:

20 ) (i) a diamond layer,
| (ii) a Zno layer disposed on said diamond layer,

said 2ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said 2Zn0 layer, said IDT having a thickness of t,,

25 (iv) a SiO, layer disposed over said interdigital

transducer onto said ZnO layer, said §iO, layer

A




said ZnO | ayer, said IDT having a thickness of t[err] (v) an

SiJerr] layer disposed over said interdigital 5 transducer onto
said ZnO | ayer, said SiJerr] |ayer havi ng a thi ckness of
t[eargzcgn? (vi) a second short circuit electrode. dispased-gn
sali | ayer; wherein a paraneter kh3 F@a{ LLeieENT[©eEd)
Is: .10 0.297 [err] kh3 [err] 0. 363, prommm—ist@-REH €11 N
a paraneter khl=2n(t[err]/[err]) and a paraneter | 5 £EA 100
kh2=2n(t[§rr]/[err]) are given w thirn1&8r egi on ABCDEFGHI JKIAY FER 1908
I n a two-di nensional Cartesian coordinate graph e R
absci ssa axis of khl and ordinate axis of 15 kh2,

having a thickness of t_,, and - e

(v) a short circuit electrode disposed on said SioO,
layer;
_ wherein a parameter kh3 = 2m(t,/A) is:

5 0.033 < kh3 < 0.099,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/\) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of

10 kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,

15 E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-A;
said A being given by (kh1=0.30, kh2=0.87)h
said B being given by (khl1=0.54, kh2=0.87);
said C being given by (kh1=0.60, kh2=0.87);
said D being given by (kh1=0.81, kh2=0.97);

20 said E being given by (khl=1.16, kh2=1.20);
said F being given by (khl=1.52, kh2=0.93);
said G being given by (khl=1.69, kh2=0.77);
said H being given by (khl=1.31, kh2=0.59);
said I being given by (khl=1.04, kh2=0.50);

25 said J being given by (kh1¥0.68, kh2=0.40);
said X being given by (kh1=0.63, kh2=0.33); and

e
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the outer edge of said region ABCDEFGHI JKLA bei ng
closed chain in said Cartesian

given by a
coordi nate consisting of points

A B C D E F, G H I, J, Kand L and_lines. A:B. B—Cl C—D
DE 20 E-F, F-G GH HI, 1-J, J-K KL anfl decAscrenNT SHEET
said A being given by (khl=0.30, kh2=1.29); Sal. en
by (khl=0.33, kh2=1.36); said C being giveéni by khI =0, 40
kh2=1. 60) ; said D being %_iin by (khl =0. ,,kﬁbil“%ﬁ)?“v 2%
said E being given by (khl=0.82, kh2= wsai-d--E-belng-gi yen
by (khl=1.00, kh2=1.22);

said L being given by (kh1=0.30, kh2= 0 63).

22. A surface acoustic wave device according to

claim 21, wherein said parameters khl and kh2 are given

within a region ABIJKLA in said two-dimensional

5 Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given

by a closed chain in said Cartesian coordinate,

consisting of said points A, B, I, J, K and L, and

lines A~B, B-I, I-J, J-K, K-L and L-A.

10

23. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (pum)

comprising:

15

20

25

(i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
said ZnO layer having a thickness t,,
(iii) an'interdigital transducer (IDT) disposed on
said Zn0 layer, said IDT having a thickness of t,,
(iv) a Si0, layer disposed over said interdigital
transducer onto said zZn0O layer, said Sio, layer
having a thickness of t,, and
(v) a short circuit electrode disposed on said SiO,
layer;
wherein a parameter kh3 = 2m(t,/A) is:

0.099 < kh3 < 0.165,
and wherein a parameter khi=2m(t,/A) and a parameter

kh2=2n(t,/N) are given within a region

* [ L M S *




-134 said G being given by (khl=1.27, kh2=0.97);

said H being given by (khl=1.03, kh2=0.89); said | being_given
by (khl =0.68, kh2=0.78); said J being given p ,@%hkg@;ﬁ%, HEET
kh2=0. 77) ; 5 said K being given by (khl=0.30, kh iOf?GTT“andsm”.
said L being given by (khl=0.30, kh2=1.09). 40 A surface
acoustic wave device according to claim 39, wherkifn $BdFER 98
paranmeters khl and kh2 are given 118 within a regioniL Ao said..!
t wo- di nensi onal Cartesian To==2 T .

ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2, |

the outer edge of said-region ABCDEFGHIJKLMA being

5 given by a closed chain in said Cartesian- -

coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, XK, L. and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;

said A being given by (kh1=0.30, kh2=0.98);

10 said B being given by (khl1=0.40, kh2=0.95);
said C being given by (kh1=0.45, kh2=0.96);
said D being given by (kh1=0.60, kh2=1.00)}
said E being given by (khl=1.04, kh2=1.25);
said F being given by (khl=1.53, kh2=0.89);

15 said G being given by (khl=1.60, kh2=0.80);
said H being given by (khl=1.22, kh2=0.63);
said I being given by (khl1=1.00, kh2=0.59);
said J being given by (kh1=0.89, kh2=0.57);
said K being given by (khl1=0.53, kh2=0.52);

20 ) said L being given by (khl1=0.53, kh2=0.45); and
said M being given by (khl1=0.30, kh2=0.65).

24. A surface acoustic wave device according to
claim 23, wherein said parameters khl and kh2 are given
within a region ABCNJKLMA in said two-dimensional

25 Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given

* 4 L M S *




10 coordi nat e graph, the outer edge of said region LMIKL
bei ng gi ven by a closed chain in said Cartesian dihate o
consi sting of said point L, a point M and said pofntis: -l and Kurcer
and lines L-M MJ, J-K and K-L, 15 said M being given By,
(khl =0. 37, kh2=0.94). 41. A surface acoustic méveidengemfgr
2nd node surface acoustic wave of a wavel ength [qarrg']-([e'r'ifl]-'rr)"“3
conpri si ng: (i) a dianond ] ayer, 20 (U o = L b
interdigital transducer (IDT) disposédgb% - saj d di anond | ayer,
said I DT having a thickness of tlerr], —

10

15

20

25

by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, and
said points J, K, L, and M, and lines A-B, B-C, C-N, N-
J, J-K, K-L, L-M and M-A,

said N being given by (khl=0.62, kh2=0.77).

25. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a Zn0 layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t,,

(iv) a Ssio, lajer disposed over said interdigital

transducer onto said ZnO layer, said SiO, layer

having a thickness of t,, and

(v) a short circuit electrode disposed on said SioO,

layer;

wherein a parameter kh3 = 2n(t,/d) is:

0.165 < kh3 < 0.231,

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2m(t,/\) are given within a region

ABCDEFGHIJKLMA in a two-~dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being

R AR




(iii) a ZnO | ayer disposed over said interdigital e transducer
onto said dianond | ayer, said ZnO | ayer 25 havnng—a Lﬁrckness*
tlerr], (iv) a short circuit electrode dlsposed ot sawd«zagr

ety

| ayer, and (v) an SiJerr] l|ayer disposed over ﬂsglﬁ"shoﬁ-t
circuit P R Ten mpg
- !__2—.0 -
given by a closed chain in said Cartesian
coordinate.consisting of points A, B, C, D, E, F,
G, H, I, J, XK, L and M and lines A-B, B-C, C-D, D-
E, E~-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
5 said A being given by (khl1=0.30, kh2=1.07);
said B being given by (kh1=0.36, kh2=1.07);
said C being given by (khl1=0.43, kh2=1.07);
said D being given by (kh1=0.90, kh2=1.37);
said E being given by (kh1=i.05, kh2=1.20);
10 said F being given by (khl=1.52, kh2=0.85);
said G being given by (khl=1.34, kh2=0.79);
said H being given by (kh1=1.05, kh2=0.72);
said I being given by (khl1=0.85, kh2=0.68);
said J being given by (khl=0.71, kh2=0.68);
15 said K being given by (kh1=0.38, kh2=0.68);
said L beihg given by (khl=0.42, kh2=0.55); and
said M being given by (kh1=0.30, kh2=0.65).
26. A surface acoustic wave device according to
claim 25, wherein said parameters khl and kh2 are given
20 within a region ABNOJKLMA in said two-dimensional
Cartesian coordinate graph,
the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, a
25 point Q, and said points J, X, L, and M, and lines A-B,
B-C, C-N, N-J, J-K, K-L, L-M and M-A,

) O O R



el ectrode onto said ZnO |l ayer, said SiJerr] |ayer

t hi ckness of t[err]; 5 wherein a paraneter kh3
) is: 0.033 [err] kh3 [err] 0.099,
wherein a paraneter khl=2[err](t[err]/[err]) and a paraneje

havi ng a

= 2n(t[err]/[err]

and

kh2=2n(t[err]/[err]) are given within a regi on ABCDEFCH J
I n a two-di nensional Cartesin coordinate graph 10

axis of khl and ordinate axis of - 121 - Kkh2,

edge of said regi on ABCDEFGHI JKLA bei ng—— gi ve
chain in said Cartesian coordi nate consistin
C D E F, 15 G H I, J, Kand L and lines A-B

said N belng given by (kh1=0.43, kh2=0.
said O being given by (kh1=0.61, kh2=0.

27. A surface acoustic wave device for

<LP““=AC MENT °r!‘:E” 7

1 ly 25488 e‘M r
poi-at-s—A—B]

y o

B- C, C-D D-E
95); and e

75).

2nd mode

surface acoustic wave of a wavelength A (um)

5 comprising:

(1) a diamond layer,

(ii) a Zn0 layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT)

disposed on

10 said Zn0 layer, said IDT having a thickness of t,,

(iv) a SiO, layer disposed over said interdigital

transducer onto said ZnO layer, said SiO, layer

having a thickness of t,, and

(v) a short circuit electrode disposed
15 | layer;

wherein a parameter kh3 = 2m(t,/A) is:

0.231 < kh3 < 0.297,

on said Sio,

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/\) are given within a region

20 . ABCDEFGHIJKLMNA in a two-dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMNA being

given by a closed chain in said Cartesian

- 25 coaxdinate consisting of points A, B, C, D, E, F,

G, H, I, J, K, L, M and N and lines A-B, B-{, C-D,

AR A




E-F, -G GH HI, |

by (khl

by (khl

by (khl

10

15

20

.25

D-E, E-F, F-G, G-H,
and N-A;
said A being given
said B.being given
- said C being given
said D being given
said E being given
said F being given
said G being given
said H being given
said I being given
said J being given
said K being given
said L being given
said M being given
said N being given

-J,
=0. 30, kh2=0.87);
kh2=0. 87) ;
said D being given by (khl
=1. 16, kh2=1.20);
kh2=0.93) ;
said H being given by (khl
=1. 04, kh2=0.50);
kh2=0. 40) ;

J-K, K-L and L-A;

-said B being given
said C being given by (khl=
=0. 81, kh2

H"I,

by
by
by
by
by
by
by
by
by
by
by
by
by
by

=0. 97) ;
said F being given
said G being given by (khl
=1. 31, kh2=Q 533 - 25
sard J being given

I-J,

(kh1=0.30,
(kh1=0.38,
(kh1=0.46,
(kh1=0.60,
(kh1=0.73,
(kh1=0.81,
(kh1=1.00,
(kh1=1.40,
(khl=1.14,
(kh1=0.83,
(kh1=0.60,
(kh1=0.35,
(kh1=0.38,
(kh1=0.30,

=1. 69,

J"’K’

said A being given

by (

sdi d

by (khl
Kh2=0-87)

sdi EJM$%ﬁigLVEbi
RTTT“’I’“’S? N
kH2=0. 78) pr
|

=0. 54,

Baswiimminial

2. FEB 1398
el ng gl vern

e -

by (

KRT=0""08,

kh2=1.15);
kh2=1.20);
kh2=1.32);
kh2=1.52);
kh2=1.60);
kh2=1.44);
kh2=1.20);
kh2=0.91);
kh2=0.83);
kh2=0.76);
kh2=0.73);
kh2=0.73);
kh2=0.63);
kh2=0.65).

K-L, L-M, M-N

and

28. A surface acoustic wave device according to

claim 27, wherein said parameters khl and kh2 are given

within a region AOPKLMNA in said two-dimensional

_Cartesian coordinate graph,

the outer edge of said region AOPKLMNA being given

by a closed chain in said Cartesian coordinate,

consisting of said point A, a point O, a point P, and

said points

K, L, M and N, and lines A-Q,

L, L-M,-M-N and N-A,

O—P ¢

P"'K' K"

said O being given by (khl=0.36, kh2=1.00); and

I



136- said K being given by (kh1=0.63, kh2=0.33):

said L being given by (khl=0.30, kh2=0.63). 42, A surface-—
acoustic wave device according to claim4il, ereln s@rqifhiﬁ"h
paranmeters khl and kh2 are given 5 within a regipn” ABL;KLA,Ln-satd

t wo- di nensi onal Cartesi an coordi nate graph, utier
edge of said region ABI JKLA being given by a %I&séﬁqchéanw ald
Cartesi an coordinate, conS|st1§g of said pointsiA,. . Bt

L, and

said P being given by (kh1=0.48, kh2=0.83).

29. A surface acoustic wave device for Zﬁd mode
surface acoustic wave of a wavelength A (um)
comprising:

5 (i) a diamond léyer,

(ii) a ZnO0 layer disposed on said diamond layer,

said Zn0 layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said Zn0 layer, said IDT having a thickness of t,,

10 (iv) a Si0, layer disposed over said interdigital
transducer onto said ZnoO layer,'said Si0, layer
having a thickness of t_, and

(v) a short circuit electrode disposed on said SiO,

layer; |

15 wherein a parameter kh3 = 2n(t,/A) is:
0.297 < kh3 < 0.363,

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA

in a two-~dimensional Cartesian coordinate graph
20 _ having abscissa axis of khl and ordinate axis of
kh2,

the outer edge of said region ABCDEFGHIJKLA being

given by a closed chain in said Cartesian

coordinate consisting of points A, B, ¢, b, E, F,

25 G, H, I, J, XK and L and lines A-B, B-C, C-D, D-E,

e

A




10
acousti

wavel ength [err] ([err]m conpri si ng:

| ayer,
said di

(iii) a ZnO |l ayer disposed over said interdigital

lines A-B, B-I, 1-J, J-K K-L and L-A. 43. A surface

¢ wave device for 2nd node surface acoustic wave of a

1) p e g

15 (ii) an interdigital transducer (IDT) dis oggdjgnfmﬂf SHEET
anond | ayer, said IDT having a thickness of tlerr],7
r 5 dBERrigng |

onto said diamond | ayer, said ZnO | ayer; 540 havi ng a Iﬁiigm§s

tlerr],
| ayer,

10

15

20

25

(iv) a short circart el ectrode di sposed] on said Znt
and

- said A being given by (kh1=0.30, kh2=1.29);

said B being given by (khl=0.33, kh2=1.36);
said C being given by (khl=0.40, kh2=1.60);
said being given by (khl=0.71, kh2=1.60);
said E being given by (kh1=0.82, kh2=1.41);
said being given by (khl=1.00, kh2=1.22);
said being given by (khl=1.27, kh2=0.97);
said H being given by (khl=1.03, kh2=0.89);
said being given by (khl1=0.68, kh2=0.78);
said J being given by (khl1=0.52, kh2=0.77);

said being given by (khl=0.30, kh2=0.76); and

H ®" g4 A mm o6 wm =# o a0 w o p

said being given by (khl=0.30, kh2=1.09).

30. A surface acoustic wave device according to
claim 29, wherein said parameters khl and kh2 are given
within a région LMJKL in said two-dimensional Cartesian
coordinate graph;

the outer edge of said region LMJKL being given by
a closed chain in said Cartesian coordinate, consisting
of said point L, a point M, and said points J and K,
.and lines L-M, M-J, J-K and K-L,

said M being given by (khl1=0.37, kh2=0.94).

31. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a first short circuit electrode disposed on

YRR




(v) an Si 2 | ayer disposed over said short circuit

onto said ZnO |l ayer, said SiJerr] layer 25 havi ng a thi ckness—ef

tlerr];
- 137 -

wherein a paranmeter khl=2[err](t[err]/[err]) and a paraneﬂen

10

15

20

<25

wherein a paraneter kh3 = 2[err](t[erfITweﬁﬁ]) IS GHEET

0.099 [err] kh3 [err] O0.165, i ndw*

s eon 1220
'-.' : VS

\

i
13
H

el ectrode

- 125 -
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|
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said diamond layer,
(iii) a Zn0 layer disposed over said short circuit
electrode onto said diamond layer, said ZnO layer |
having a fhickness t,,
(iv) an interdigital transducer (IDT) disposed on
said Zn0 layer, said IDT having a thickness of t,,
(v) an SiO, layer disposed QQer said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t,, and
(vi) a second short circuit electrode disposed on
said Si0, layer;
wherein a parameter kh3 = 2n(t,/A) is:

0.033 < kh3 < 0.099,
and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2m(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, XK and L and lines A-B, B-C, C-D, D-E,
E-F¥, F-G, G-H, H-I, I-J, J-K, K-L and L-3;
said A being given by (kh1=0.30, kh2=0.87);
said B being given by (khl1=0.54, kh2=0.87);

said C being given by (khl=0.60, kh2=0.87);
R
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kh2=2[err] (t[err]/[err]) are given within a region
ABCDEFGHI JKLMA in a two-di nensional Cartesian 5
havi ng absci ssa axis of khl and
the outer edge of said regi on ABCDEFGHI JKLMA being

ordi nat e - axi

~coord|n%
S bf Kio:=

i

[BER Yo ol nd

2

closed chain in said Cartesian
A B C-D E F 10

CD D

G H I, J
E, EEF, -G GH1 _25

L-M and M A

gi ven by
coordi nate cansi i st néF@‘ 1388
K, L and M anq liLnes -

said A being given by (khl

i
=0. 30, kh2=0.98);

~ 1-3, J-K K-l

sail-d.B hping givpn

by (khl =0.40, kh2=0.95); said C being given by (khl=0. 45,
kh20.96): 15 aid p°Bing SSvad BLVORAILoUEY TGP0 Ko7y 00):
said E being given by (khl=1.16, kh2=1.20);
said F being given by (khl=1.52, kh2=0.93);
said G being gi&en by (khl=1.69, kh2=0.77);
5 said H being given by (khl=1.31, kh2=0.59);
said I being given by (khl=1.04, kh2=0.50);
said J being given by (khl=0.68, kh2=0.40);
said K being given by (khl=0.63, kh2=0.33); and
said L being given by (kh1=0.30, kh2=0.63).

10

15

20

25

32. A surface acoustic wave device according to
claim 31, wherein said parameters khl and kh2 are given
within a region ABIJKLA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B, I, J, K and L, and

33. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

.comprising:

(i) a diamond layer,

(ii) a first short circuit electrode disposed on
said diamond layer,

(iii) a 2n0 layer disposed over said short circuit
eleetrode onto said diamond layer, said ZnO layer

having a thickness t_,

* [+ L M S *



said E being given by (khl=1.04, kh2=1.25); said F being given

by (khl=1.53, kh2=0.89); said G being given by [KhlIZL

kh2=0. 80) : sai d H bei ng given by (khi=L 22, k 2'*q‘63)N’ﬁ‘=Q"305HEET
said | being given by (khl=1.00, kh2=0.59); said | being give
by (khl=0.89, kh2=0.57); sald K bei ng glven b (kn1§0r5a,ww3
kh2=0. 52) ; said L being given by (khl=0.53, k 0.45): and
said M being given by (khl=0.30, kh2=G.6p). 25 44. A surface
acoustic wave device according to ——— claim43, whereiin_said

paraneters khl and kh2 are given
(iv) an interdigital transducer (IDT) disposed on
said 2Zn0 layer, said IDT having a thickness of t,,
(v) an SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer

5 having a thickness of t,, and
(vi) a second short circuit electrode disposed on
said SiO, layer;
wherein a parameter kh3 = 2m(t,/A) is:
0.099 < kh3 < 0.165,

16 and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2, _

15 the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,

G, H, I, J, K, L and M and lines A-B, B-C, C-D, D-
E, E-F, F~-G, G-H, H-I, I-J, J-X, K-L, L-M and M-A;

20 ) said A being given by (khl1=0.30, kh2=0.98);
said B being given by (kh1=0.40, kh2=0.95);
said C being given by (khl=0.45, kh2=0.96);
said D being given by (kh1=0.60, kh2=1.00);

said E being given by (khl=1.04, kh2=1.25);

25 said F being given by (khl=1.53, kh2=0.89);

6 = ™ O

said being given by (khl=1.60, kh2=0.80);

Hlllll! ﬂllﬂ lll" Hlll | !lll



within a regi on ABCNJKLMA in said two-di nensional Cartesi an

coordi nat e graph, the outer edge of said regjon- ABCAUKL&MLQ”[{W
bei ng gi ven by a closed chain in said Cartesian ,doxdlnate ' “5"
consisting of said points A, B and C, a point N, and said p0|nts;
J, K L and M and lines A-B, B-C, CGN N J, J-K,‘K;L *L2aMERd
MA - said N being gi ven by (khl=0.62, kh2=0. '7)Lﬁ ______

45. A surface acoustic wave device fory2nd node T

said H being given by (khl=1.22, kh2=0.63);

said I being given by (kh1=1.00, kh2=0.59);

said J being given by (khl1=0.89, kh2=0.57);

said K being given by (khl=0.53, kh2=0.52);

5 said L being given by (khl1=0.53, kh2=0.45); and
said M being given by (kh1=0.30, kh2=0.65).

34. A surface acoustic wave device according to
claim 33,'wherein said parameters khl and kh2 are given
within a region ABCNJKLMA in said two-dimensional

10 Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, and
.said points J, K, L, and M, and lines A-B, B-C, C-N, N-

15 J, J-K, K-L, L-M and M-A,

said N being given by (kh1=0.62, kh2=0.77).

35. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

20 ) (i) a diamond layer,

(ii) a first short circuit electrode disposed on

said diamond layer,

(iii) a zZnO0 layer disposed over said short circuit

electrode onto said diamond layer, said zZnO layer

25 having a thickness t,,

(iv) an interdigital transducer (IDT) disposed on

——— -
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10 surface acoustic wave of a wavelength [err] ([err]m

conpri si ng: (i) a dianond |ayer, (i1) . an
interdigital transducer (I1DT) disposed on sai ,ﬂyanand qu@m*t~ 
said I DT having a thickness of 15 t[err], i)y At

ZnO | ayer disposed over said interdigital
di anond .| ayer, said ZnO | ayer

(iv) a short circuit electrode disposgd

(v) an Si 2 | ayer disposed over said ghcr
onto said ZnO | ayer, said SiQ2 |ayer

tra sdugej onto said
havi ng a thi ckness tlertis 1908 |

Pn said ZnO 20 Jayemeanﬁ
t circuit electrode

'L.-.‘.

said Zn0 layer, said IDT having a thickness of t,,
(v) an Si0, layer disposed over said interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t,, and

5 (vi) a second short circuit electrode disposed on.
said SiO0, layer;
wherein a parameter kh3 = 2n(t,/A) is:

0.165 < kh3 < 0.231,

and wherein a parameter khl=2m(t,/A) and a parameter

10 kh2=2n(t /\) are given within a region

ABCDEFGHIJKLMA in a two-dimensional Cartesian
coordinate graph having abscissa axis of khl and
ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being

15 given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

G’ H’ I, J' K’ L and M and lineS A-'B' B“‘C' C"'D, D"‘

E, E‘-F, F_G' G-'H’ H"'I’ I"'J, J-K’ K""L’ L-M and M"A;

said A being given (kh1=0.30, kh2=1.07);

by

20 said B being given by (kh1=0.36, kh2=1.07);

25

said
said
said
said
saig

said

T 6 = HW O 0

being
being
being
being
being

being

given
given
given
given
given

given

by
by
by
by
by
by

(kh1=0.43,
(kh1=0.90,
(kh1=1.05,
(kh1=1.52,
(khl=1.34,
(kh1=1.05,

kh2=1.07);
kh2=1.37);
kh2=1.20);
kh2=0.85);
kh2=0.79);
kh2=0.72);

AR



having a thickness of t[err]; wherei n a paraneter
2[err](t[err]/[err]) is: 25 0.165 [err] kh3 |
and wherein a paraneter khl=2[err](t[err]/[err]) and a para
kh2=2[err] (t[err]/[err]) are given within a region
ABCDEFGHI JKLMA in a two-di nensional Cartesian

10

15

20

23

- 130 - \ .
said I being given by (khl1=0.85, kh2=0.68);

said J being given by (khl=0.71, kh2=0.68);

said K being given by (kh1=0.38, kh2=0.68);

said L being given by (khl=0.42, kh2=0.55); and

said M being given by (kh1=0.30, kh2=0.65).

36. A surface acoustic wave device according to
claim 35, wherein said parameters khl and kh2 are given
within a-regioﬁ ABNOJKLMA in said two-dimensional
Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a point N, a

point O, and said points J, K, L, and M, and lines A-B,

.B-C, C-N, N-J, J-K, K-L, L-M and M-3,

said N being given by (kh1=0.43, kh2=0.95); and

said O being given by (khl=0.61, kh2=0.75)._

37. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a first short circuit electrode disposed on

said diamond layer,

(iii) a ZnO0 layer disposed over said short circuit

electrode onto said diamond layer, said ZnO layer

having a thickness t,,

(iv) an interdigital transducer (IDT) disposed on

e

L




coordi nate graph having absci ssa axis of khl and ordi nate axis
of kh2, 5 the outer edge of said regi on ABCDEFGH JKLMA bei ng
given by a closed chain in said Cartesian coor,inalemﬂw«~m-
consisting of points A, B, C, D, E, F, G lhamdfm
and lines A-B, B-C, CGD, D E, E-F, F-G GuH kkl,-¢»

K-L, L-Mand MA, 10 said A belng gi ven by (khl =0 rﬁgfx% %
said B being given by (khl=0.36, kh2=14y); |

by (khl =0.43, kh2=1.07); satd D being glven b& (kh%ae—Qﬁ“*“
kh2=1. 37) ; said E being given by (khl1l=1.05,}{kh2=1.20); 15

said F being given by (khl=1.52, kh2=0.85);
said ZnO layer, said IDT hav1ng a thickness of t,,

_)

(v) an SiO, layer disposed over said interdigital
transducer onto said ZnO layer, said $io, layer
having a thickness of t_,, and |
5 (vi) a second short circuit electrode disposed on
said Sio2 layer;
wherein a parameter kh3 = 2n(t,/d) is:
0.231 < kh3 < 0.297, |
and wherein a parameter khl=2m(t,/A) and a parameter
10 kh2=2n(t,/A) are given within a region
ABCDEFGHIJKLMNA in a two-~dimensional Cartesian
coordinate graph having abscissa axis of khl énd
ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMNA being
15 given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L, M and N and lines A-B, B-C, C-D,
D-E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M, M-N

and N-A;

20

25

said A being

said
said
said
said
said

said

B being
C being
D being
E being
F being

G being

given
given
given
given
given
given

given

by
by
by
by
by
by
by

(kh1=0.30,
(kh1=0.38,
(kh1=0.46,
(kh1=0.60,
(kh1=0.73,
(kh1=0.81,
(khl=1.00,

kh2=1.15);
kh2=1.20);
kh2=1.32);
kh2=1.52);
Kh2=1.60);
kh2=1.44);
kh2=1.20);
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said G being given by (khl=1.34, kh2=0.79); said H being given
by (khl=1.05, kh2=0.72); said | being given by (kh=10. 85,
kh2=0. 68) ; said J being given by (khl=0.71, kh2=0.68); 20
said K being given by (khl=0.38, kh2=0.68); said L being given
by (khl=0.42, kh2=0.55); and said M being given by (khl=0.30,
kh2=0."65) . 46. A surface acoustic wave device according to

cl ai m45, wherein said paraneters khl %?g kh2 are given 25 within a
regi on ABNQIKLMA i n said two-di nension Cartesi an coordi nate

gr aph,

REPLACERIEN TeT
said H being given by (khl=1.40, kn2=0.91)} o -ACEMENT SHEET

—~
>

said I being given by (khl=1.14, kh2=0.83) 1308

Y]
LW

25 FEL

said

b1

being given by (kh1=0.83, kh2=0.76)

said K being given by (kh1=0.60, Xh2=0.73)

~e

5 said being given by (kh1=0.35, kh2=0.73);

said being given by (kh1=0.38, kh2=0.63); and

2 B B R®" 4y

said N being given by (kh1=0.30, kh2=0.65).
38. A surface acoustic wave device according to
claim 37, wherein said parameters khl and kh2 are given
10 within a region AOPRKLMNA in said two—diménsional
Cartesian coordinate graph, o
the outer edge of said region AOPKLMNA being given
by a closed chain in said Cartesian coordinate,
. consisting of said point A, a point O, a point P, and
15 said points K, L, M and N, and lines A-0, O-P, P-K, K-
L, L-M, M-N and N-a, |
said O being given by (khl=0.36, kh2=1.00); and
said P being given by (khl1=0.48, kh2=0.83).
39. A surface acoustic wave device for 2nd mode
20 .surface acoustic wave of a wavelength A (um)
comprising:
(i) a diamond layer,
(ii) a first short circuit electrode disposed on
said diamond layer,
25 (iii) a 2ZnO layer disposed over said short circuit

electrode onto said diamond layer, said ZnO layer

A A




- 140- the outer edge of said regi on ABCNJKLMA bei ng given

by a closed chain in said Cartesi an coordi nate, consisting of said
points A, Band C, a point N, a point O and said points J, K, L,
and M and lines A-B, 5 B-C, CN NJ, J-K K-L, L-Mand MA,

said N being given by (khl=0.43, kh2=0.95); and Sy

gi ven by (khl=0.61, kh2=0.75). 47. A surface §

devi ce for 2nd node - 133 - ;

having a thickness t,,

i
ond

(iv) an intérdigital transducer (IDT) disposed on
said Zn0O layer, said IDT having a thickness of t,,
(v) an Sio, layer disposed over said interdigital
5 ' transducer onto said zZnoO 1ayer, said Sio, layer
having a thickness of t,, and
(vi) a second short circuit electrode diéposed on
said SiO, layer;
wherein a parameter kh3 ='2n(tA/h) is:
10 0.297 < kh3 < 0.363,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesian coordinate graph
having abscissa axis of khl'and ordinate akis of
15 kh2, _
the outer edge of said region ABCDEFGHIJKLA. being
given by a closed chain in said Carfesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K and L aﬁd lines A-B, B-C, C-D, D-E,
20 - E-F, F~-G, G-H, H-I, I-J, J-K, K-L and L-3;
said being given by (kh1=0.30, kh2=1.29);
said being given by (kh1=0.33, kh2=1.36);
said being given by (khl1=0.71, kh2=1.60);

25 said

A
B

said C being given by (khl1=0.40, kh2=1.60);
D
E being given by (kh1=0.82, kh2=1.41);
F

said being given by (kh1=1.00, kh2=1.22);

een



surface acoustic wave of a wavelength [err] ([err]m 10 conpri si ng:

(i) a dianond | ayer, (i1i) an interdigital transducer. (1DT)

di sposed on sai d dianond | ayer, said |IDT having p i gkpessr ”EEJ
of t[err], 15 (iii) a zZnO | ayer disposed«ﬁMéKLSELéiijj
i nterdigital : transducer onto said dianond |ayer, {sajd ZnO _

| ayer = - having a thickness t[err], | (iv) @ éfort ] 10
circuit electrode disposed on said ZnOj334 - | ayer, and 20e......._.

(v) an SiQ2 | ayer disposed over said short circuit el ectrode

onto said ZnO | ayer, said Sierr] |ayer ' — -

said G being given by (khl1=1.27, kh2=0.97);
said being given by (khl=1.03, kh2=0.89);
said I being given by (kh1=0.68, kh2=0.78);

5 said

H
I
said J being given by (khl1=0.52, kh2=0.77);
K being given by (khl1=0.30, kh2=0.76); and
L

said being given by (kh1=d.30, kh2=1.09).

40. A surface acoustic wave device according to
claim 39, wherein said parameters khl and kh2 are given
within a region LMJKL iﬁ said two-dimensional Cartesian

10 coordinate graph,

the outer edge of said region LMJKL bein§ given by
a closed chain in said Cartesian: coordinate, consisting
of said point L, a poinf M,'aﬁd said points J and K,

-and lines L-M, M-J, J-K énd K-L, -
15 said M being given by (khl1=0.37, kh2=0.94).

41. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

20 . (ii) an interdigital transducer (IDT) disposed on
said diamond layer, said IDT having a thickness of

t,,

(iii) a 2ZnO layer disposed over said interdigital

transducer onto said diamond layer, said ZnoO layer'

«25 having a thickness t,,

(iv) a short circuit electrode disposed on said ZnO

—

T



T

having a thickness of t[err]; wherein a paraneter kh3 =
2n(tferr]/[err]) is: 0.231 [err] kh3 [err] 0.297, 25
and wherein a paraneter khl=2[err](t[err]/[err]) and a paraneter-

kh2=2n(t[err]/[err]) are given within a region T
ABCDEFGHI JKLMNA i n a two-di nensional Cartesian RO T 8HEET
graph havi ng absci ssa axis of khl and r"'”"-~w«-~
- 135 - [ 25 £79 10g
| S
layer, and

(v) an SiO, layer disposed over said short circuit
electrode onto said ZnO layer, said SiO, layer
havihg a thickness of t ;

5 wherein a parameter kh3 = 2n(t,/A) is:

0.033 < kh3 < 0.099,

and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesin coordinate graph

10 having abscissa axis of khl and ordinate axis of
kh2,
the outer edge of said region ABCDEFGHIJKLA being
given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

15 G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,
E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-A;
said A being given by (kh1=0.30, kh2=0.87);
said B being given by (kh1=0.54, kh2=0.87);
said C being given by (kh1=0.60, kh2=0.87);

20 . said D being given by (khl=0.81, kh2=0.97);
said E being given by (khl=1.16, kh2=1.20);
said F being given by (khl=1.52, kh2=0.93);
said G being given by (khl=1.69, kh2=0.77);
said H being given by (khl=1.31, kh2=0.59);

'25 saig_I being given by (khl=1.04, kh2=0.50);
said J being given by (khl=0.68, kh2=0.40);

R B UL



ordi nate axis of kh2, the outer edge of said region

ABCDEFGHI JKLWMNA bei ng 5 given by a closed chain in said

Cartesi an coordi nate consisting of points A, B,_C D E._F,

G H I, J, K L, Mand N and lines A-B, B-C, CD, m:r:i%@@:ﬁ% .
F-G GH HI, I-J, J-K KL, L-M MN and I\I-..;""‘lbm‘_';;:,_,.,._', '
said A being given by (khl=0.30, kh2=1.15); sgi B bei n g‘véﬁ
by (khl =0.38, kh2=1.20); - 38d-C being given b $hfﬁ0?¢%

kh2=1. 32); said D being gTV€n by (khl=0.60, k 241 52); - 3
said E being given by (khl=0.73, kh2=1.60); 15 sgid F belng glven
by (khi=0.81, kh2 1 é4k being given by (khl1=0.63, kh2=0.33); and

said L being given by (khl=0.30, kh2=0.63).

42. A surface acoustic wave device according to
claim 41} wherein said parameters khl aﬁd kh2 are given

5 within a region ABIJKLA in said two-dimensional

Cartesian coordinate graph,

the outer edge of said region ABIJKLA being given
by a closed chain in said Cartesian coordinate,
consisting of said points A, B, I, J, K and L, and

10 lines A-B, B~-I, I-J, J-K, K-L and L-A.

43. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

15 (ii) an interdigital transducer (IDT) disposed on
said diamond layer, said IDT having a thickness of
tar
(iii) a ZnO layer disposed over said interdigital
transducer onto said diamond layer, said ZnO layer

20 . having a thickness t,, »

(iv) a short circuit electrode disposed on said ZnO

layer, and

(v) an SiO, layer disposed over said short circuit

electrode onto said ZnO layer, said SiO, layer

. 25 having a thickness of t;

wherein a parameter kh3 = 2n(t,/A) 1is:

I

A



said G being given by (khl=1.00, kh2=1.20); said H being glven

by (khl=1.40, kh2=0.91); said | being glven by . (khl =l-d4;— "
kh2=0. 83) ; : said J being given by (khl =0. 83, EhZ O'HQﬁdWDﬁh"EY
said K being given by (khl=0.60, kh2=0.73); gald L.-betng~given
by (khl =0.35, kh2=0.73); said M bei ng given by (khthtgggﬁm
kh2=0. 63); and sai d N being given by (khl=0. 30, kh2:0

25 c§a|n14 . erein

48. A surface acoustic wave device accegging to
“— w thin a regi on ACPKLMNA
L

sai d paranmeters khl and kh2 are given
sai d two-di nensi ona

0.099 < kh3 < 0.165,
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within a region |
ABCDEFGHIJKLMA in a two-dimensional Cartesian

5 coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMA being

given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

10 G, H, I, J, K, L and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H~I, I-J, J-K, K-L, L-M and M-A;
said A being given by (kh1=0.30, kh2=0.98);
said B being given by (kh1=0.40, kh2=0.95);
said C being given by (khl1=0.45, kh2=0.96);

15 said D being given by (kh1=0.60, kh2=1.00);
said E being given by (khl=1.04, kh2=1.25);
said F being given by (kh1=1.53, kh2=0.89);
said G being given by (khl=1.60, kh2=0.80);
said H being given by (khl=1.22, kh2=0.63);

20 said I being given by (kh1=1.00, kh2=0.59);
said J being given by (khl=0.89, kh2=0.57);
said X being given by (khl1=0.53, kh2=0.52);
said L being given by (khl1=0.53, kh2=0.45); and
said M béing given by (kh1=0.30, kh2=0.65).

25 44..A surface acoustic wave device according to

claim 43, wherein said parameters khl and kh2 are given

—_—
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-142- Cartesi an coordi nate graph, t he outer edge of

sai d regi on AOPKLIWMNA bei ng given by a closed chain in said i
Cartesi an coordi nat e, consisting of said point A a pa fENT QMEET
point P, and 5 said points K 'L, Mand N, and |ines A-CTé%&qgﬁwgéﬁg -
K- . - L, L-M MN and NA, said O being give 3% o 0 |
(khl =0. 36, kh2=1.00); and said P being given by (khl = MaBER 12ER
kh2=0. 83). - 138 - ~

within a region ABCNJKLMA in said two-dimensional

Cartesian coordinate graph,

the outer edge of said region ABCNJKLMA being given'
by a closed chain in said Cartesian coordinate,
consisting of said points A, B and C, a peint N, and

said points J, K, L,land M, and lines A-B, B-C, C~N, N-

J, J-K, K~L, L-M and M-A,

10

15

20

25

said N being given by (khl1=0.62, kh2=0.77).

45. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) an interdigital transducer (IDT) disposed on

said diamond layer, said IDT having a thickness of

t,,

(1ii) a Zn0 layer disposed over said interdigital

transducer onto said diamond layer, said ZnO layer

having a thickness t,,

(iv) a short circuit electrode disposed on said ZnO

layer, and

(v) an Si0, layer disposed over said short circuit

electrode onto said Zn0O layer, said SiO, layer

having a thickness of t,;

wherein a parameter kh3 = 2n(t5/h) is:

<0.165 < kh3 < 0.231,

and wherein a parameter khl=2n(t,/A) and a parameter

e
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49. A surface acoustic wave device for 2nd node
wave of a wavelength [err] ([err]m
a di anond | ayer, [

di sposed on sai d di anond | ayer,

of 15, tlerr], (iii) a ZnO | ayer di sposed--over

I nterdigital transducer onto said di anond Iayeri saLd ZRCq

| ayer havi ng a thickness 13®r¢], (itv) 4 shert"qa
circuit electrode disposed on said ZnO 20 | ayer, {and-

(v) an Si Q2 layer disposed over said short circuit

10

conpri si ng:
(ii) an interdigita
said | DT hav

transd

cer

surface acoustic

(i)
(1D1)

W§”3~th¢%ﬂPSHEET

kh2=2m(t,/A) are given within a region

ABCDEFGHIJKLMA in a two~dimensional Cartesian

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

S the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian
coordinate consisting of points A, B, ¢, D, E, F,
G, H, I, J, K, L and M and lines A-~B, B-C, C~D, D~
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L~M and M-A;
10 said A being given by (khl1=0.30, kh2=1.07);
said B being given by (khl=0.36, kh2=1.07);
said C being given by (khl=0.43, kh2=1.07);
said D being given by (kh1=0.90, kh2=1.37);
said E being given by (khl=1.05, kh2=1.20);
15 said F being given by (khl=1.52, kh2=0.85);
said G being given by (khl=1.34, kh2=0.79);
said H being given by (kh1=1.05, kh2=0.72);
said I being given by (khl=0.85, kh2=0.68);
said J being given by (khl=0.71, kh2=0.68);
20 said K being given by (kh1=0.38, kh2=0.68);
said L being given by (khl=0.42, kh2=0.55); and
said M being given by (kh1=0.30, kh2=0.65).
46. A surface acoustic wave device according to
claim 45, wherein said parameters khl and kh2 are given
25 within a region ABNOJKLMA in said two-~dimensional

Cartesian coordinate graph,

) O




el ectrode onto said ZnO | ayer, said SiQ2 | ayer havi ng a

t hi ckness of t[err]; wherein a paraneter kh3 =
2n(t[err]/[err]) is: 25 0.297 [err] kh3 [err] 0.363,
and wherein a paranmeter khl=2n(t[err]/[err]) and a parangtge :’T
-143- . kh2=2[err](t[err]/[err]) are given Wt a réq i
ABCDEFGHI JKLA in a two-di mredgi®nal Cartesian c@ordLnglg &Sgph
H EARA B 3 Bt
i e

10

15

20

25

the outer edge of said region ABCNJKLMA B&Iifig given

by a closed chain in said Cartesian coordinate,

consisting of said points A, B and C, a point N, a

point O, and said points J, K, L, and M, and lines A-B,

B-C, C-N, N-J, J-K, K-L, L-M and M-A,

said N being given by (kh1=0.43, kh2=0.95); and

said O being given by (khl=0.61, kh2=0.75).

47. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) an interdigital transducer (IDT) disposed on

said diamond layer, said IDT having a thickness of

t,,

(iii) a znoO layer disposed over said interdigital

transducer onto said diamond layer, said zZnO layer

having a thickness t,,

(iv) a short circuit electrode disposed on said ZnO

layer, and

(v) an Si0, layer disposed over said short circuit

electrode onto said ZnO layer, said SiO, layer
having a thickness of t,;
wherein a parameter kh3 = 2mn(t,/A) is:

0.231 < kh3 < 0.297,

and-wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/A) are given within a region

-

A AL




havi ng absci ssa axis of khl and ordinate axis of
t he outer edge of said regi on ABCDEFGH JKLA bei ng e -
closed chain in said Cartesian. coor di nat e congi Bti ng-ot<poiht's
A, B C D E F, G H I, J, Kand L and lings gvTi”TEﬂ:'"ﬁiDJ
DE . E-F, -G GH HI, 1-J, J-K K-L and L-A 195 FEB 1393
said A being given by (khl=0.30, kh2=13129) - aid B being qivek

kh2, 5 )
g VRIL Y 8

by (khl =0.33, kh2=1.36); said C being given by TkhI:0.40, E
kh2=1. 60) ; said D being given by (khl=0.71, kh2=1.60); ;
said E being given by (khl=0.82, kh2=1.41); 15 sard F being given
by (khi=1.00, khaHd-gederrokimma in a two-dimensional Cartesian '

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMNA being
5 given by a closed chain in said Cartesian

coordinate consistihg of points A, B, C, D, E, F,

G, H, I, J, K, L, M and N and lines A-B, B~C, C-D,
D-E, E~F, F~-G, G-H, H-I, I-J, J~K, K-L, L-M, M-N
and N-A;
10 said A being given by (khl1=0.30, kh2=1.15);
said B being given by (khl=0.38, kh2=1.20);
said C being given by (khl=0.46, kh2=1.32);
said D being given by (khl=0.60, kh2=1.52);
said E being given by (khl=0.73, kh2=1.60);
15 said F being given by (khl=0.81, kh2=1.44);
said G being given by (khl=1.00, kh2=1.20);
said H being given by (khl=1.40, kh2=0.91);
said I being given by (khl=1.14, kh2=0.83);
said J being given by (khl1=0.83, kh2=0.76);
20 said K being given by (khl=0.60, kh2=0.73);
said L being given by (khl1=0.35, kh2=0.73);
said M being given by (kh1=0.38, kh2=0.63); and
said N being given by (kh1=0.30, kh2=0.65).
48. A surface acoustic wave device according to
+ 25 claim 47, wherein said parameters khl and kh2 are given

within a region AOPKLMNA in said two-dimensional
—

onal
(AR
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said G being given by (khl=1.27, kh2=0.97); said H being given

by (khl=1.03, kh2=0.89); said | being given by (khl=0.68,
kh2=0. 78) ; said J being give? by ékhI:O.SZ, kh2=0. 77) 20
said K bein i ven by (khl=0.30, kh2=0.76); an sat-e—t—bei -
gi ven by (k%l go. 30, kh2=1.09). 50. A surface WL-E“'W@WH
devi ce according to cl aim 49, erein said paranej efs—kht—and~KnZ
are given within a region LM in said two-dinmen |é qCar e@§E
25 coordi nat e graph, the outer edge of sai reglon L L

bei ng given by %

10

15

20

25

b-u.-..

e

Cartesian coordinate graph,

the outer edge of said region AOPKLMNA being givern
by a closed chain in said Cartesian coordinate,
consisting of said point A, a poiht O, a point P, and
said points K, L, M and N, and lines A-0, 0-P, P-K, K-
L, L-M, M-N and N-A,

said O being given by (khl1=0.36, kh2=1.00); and

said P being given by (khl1=0.48, kh2=0.83).

49. A surface acoustic Qave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer, _

(ii) an interdigital transducer.(IDT) disposed on

- said diamond layef, said .IDT having a thickness of

t,, |

(iii) a 2Zno layer disposed over said interdigital

transducer onto said diamond layer, said 2ZnO layer

having a.thickhess t,,

(iv) a short circuit electrode disposed on said ZnO

layer, and

(v) an Sio, layer disposed over said short circuit

electrode onto said ZnO layer, said Si0, layer

having a thickness of t,;

wherein a parameter kh3 = 2n(t,/A) is:

0.297 < kh3 < 0.363,

and wherein a parameter khl=2n(t,/A) and a parameter

AN




a closed chain in said Cartesian coordi nate, consisting of said
point L, a point M and said points J and K, . and lines L-M MJ,
J-K and K-L, said M being given by (khl=0.3F—kh2=0:94)——5"
51. A nethod for manufacturing a surface acoustic QERLAGENMGYT BhgET
node surface acoustic wave of a wavel ength [err] {([ferTTT,
conpri si ng; (i)form ng &4h0 | ayer onto a di annngl 5 e iogpid
kh2=2n(t,/A) are given within a region ABCDEFGHIJKLA
in a two-dimensional Cartesian coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
5 the outer edge of said region ABCDEFGHIJKLA being'
given by a closed chain in said Cartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,
E-F, F-G, G-H, H-I, I-J, J-K, K-L and L-A;
10 said A being given by (kh1=0.30, kh2=1.29);
said B being given by (khl1=0.33, kh2=1.36);
said C being given by (khl1=0.40, kh2=1.60);
said D being given by (khl=0.71, kh2=1.60);
said E being given by (kh1=0.82, kh2=1.41);
15 said F being given by (khl=1.00, kh2=1.22);
said G being given by (khl=1.27, kh2=0.97);
said H being given by (kh1=1.03, kh2=0.89);
said I being given by'(kh1=0.68, kh2=0.78);
said J being given by (kh1=0.52, kh2=0.77);
20 said K being given by (khl1=0.30, kh2=0.76); and
said L being given by (kh1=0.30, kh2=1.09).
50. A surface acoustic wave device according to
claim 49, wherein said parameters khl and kh2 are given
within a region LMJKL in said two-dimensional Cartesian
25 coordinate graph,

the outer edge of said region'LMJKL being given by

U
—
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ZnO | ayer having a thickness t[err], 10 (iii) formng an

interdigital transducer (I1DT) on said ZnO layer,_said 1DT
havi ng a thickness of t[err] and ('FtPtRQﬂ%Bg &

Si 2 layer over said interdigital _ transducer and safd’ znd"

| ayer, said SiQ2 |ayer 15 havi ng a thickness of.t[erP n ; i
wherein said t[err] and said t[err]- agggsel ected so that a 25 FED 1898 | |
paraneter khl=2n(t[err]/[err]) and a paraneter kh2=2n(t[err]jy/ [eerl)—are ...; ;|
given within a regi on ABCDEFGHI JKLA in a two- di merfsi onal Cartesin |
coordi nate graph having abscissa 20 axi s of khl and orteh-Rat-e—axis-ol ]

kh2,

10

15

20

25

t he outer edge.of said regi on ABCDEFGH JKLA bei ng
a closed chain in said Cartesian coordinate, consisting

of said point L, a point M, and said points J and K,
and lines L-M, M-J, J-K and X-IL,

said M being given by (kh1=0.37, kh2=0.94).

51. A method for manufacturing a surface acoustic
device for 2nd mode surface acoustic wave of a
wavelength A (um), comprising;

(i)forming a zZn0 layer onto a diamond layer, said

Zn0 layer having a thickness t,,

(iii) forming an interdigital transducer (IDT) on

said ZnO layer, said IDT having a thickness of t,,

and

(iv) forming a Si0, layer over said interdigital

transducer and onto said Zno layer, said SiO, layer

having a thickness of-ts;
wherein said t, and said t, are selected so that a
parameter khlézn(tz/h) and a parameter kh2=2m(t,/\) are
given within a region ABCDEFGHIJKLA in a two- |
dimensional Cartesin coordinate graph having abscissa
agié of khl and ordinate axis of kh2,

the outer edge.of said region ABCDEFGHIJKLA being

given by a closed chain in said Cartesian

coordinate conéisting of points A, B, C, D, E, F,

G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,

E-F, F-G, G-H, HfI, I-J, J-K, K-L and L-A;

said A being given by (khl1=0.30, kh2=0.87);

* [+ L M S *



given by a closed chain in said Cartesian
consisting of points Al B, C, D E, F,

lines A-B, B-C, CD, DE,
and L-A;

25

EEE, E-G GH HI, |-
said A being given by (khl=0.30, kh2

said B being given by (khl=0.54, kh2=0.87);
- 145 - .

10

15

20

25

said
said
said
said
said
said
said
said
said
said

said
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being
being
being
being
being
beihg
being
being
being
being

being

given
given
given
given
given
given
given
given
given
given

given

by
by
by
by
by
by
by
by
by
by
by

(kh1=0.54,
(kh1=0.60,
(kh1=0.81,
(khl=1.16,
(khl=1.52,
(kh1=1.69,
(kh1=1.31,
(kh1=1.04,
(kh1=0.68,
(kh1=0.63,
(kh1=0.30,

coordi nat e

G H |

J

K

J-

and L and
K, K-L

kh2=0.87);
kh2=0.87);
kh2=0.97);
kh2=1.20);
kh2=0.93);
kh2=0.77);
kh2=0.59);
kh2=0.50);
kh2=0.40);

)
1)
%&ﬁ
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kh2=0.33); and

kh2=0.63),
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and wherein said t, is selected so that a parameter

kh3 =

2rn(t,/A) is:

0.033 < kh3 < 0.099.

52. A method for'manufacturing a surface acoustic

device for 2nd mode surface acoustic wave of a

wavelength A (um), comprising;

(i) forming a short circuit electrode disposed on a

diamond layer,

(ii) forming a 2Zn0 layer over said short circuit

electrode and onto a diamond layer, said ZnO layer

having a thickness t_,

(1ii) forming an interdigital transducer (IDT) on

said ZnO layer, said IDT having a thickness of t,,

and.
1.

(iv) forming a SiO, layer over said interdigital

e

I .




said C being given by (khl=0.60, kh2=0.87); said D being given

by (khl=0.81, kh2=0.97); said E being given by.(khl =1.16

kh2=1. 20) ; 5 said F being given by (khl=1.52, k?anrggyw ENT SHEET
sai d G being given by (khl=1.69, kh2=0.77); sai d-H'b eLagﬂgLueﬁf
by (khl=1.31, kh2=0.59); said | being given by (k@% Q

kh2=0. 50); said J being gigen by (khi=0.68, kH240.48) Fs§1@98
said K'being given by (khl=0.63, kh2=0.33); and Sata—t-being

gi ven by (khl=0.30, kh2=0.63), and wherein saijd t[err] is

sel ected so that a paraneter kh3 = 2[err] (t[err]/ ettt —tstomo

0.033 [err] kh3 [err] 0.099.
: transducer and onto said 2n0O layer, said SiO, layer

having a thickness of tg;
wherein said t, and said t, are selected so ihat a
parameter khl=2n(t,/A) and a parameter kh2=2n(t,/A) are
5 given within a region ABCDEFGHIJKLMA in a two-
dimensional Cartesian coordinate graph having abscissa
axis of khl and ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLMA being
given by a closed chain in said Cartesian
10 coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, X, L and M and lines A-B, B-C, C-D, D-
E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
said A being given by (khl1=0.30, kh2=0.98);
said being given by (khl1=0.40, kh2=0.95);
15 said being given by (kh1=0.45, kh2=0.96);
said D being given by (khi=0.60, kh2=1.00);
' said E being given by (khl=1.04, kh2=1.25);
said F. being given by (khl=1.53, kh2=0.89);
20 ‘ said being given by (khl=1.22, kh2=0.63);
said being given by (khl1=1.00, kh2=0.59);
said being given by (kh1=0.89, kh2=0.57);

said

B
Cc
D
E
F
said G being given by (khl=1.60, kh2=0.80);
H
I
J
K being given by (kh1=0.53, kh2=0.52);
L

said being given by (khl1=0.53, kh2=0.45); and
25 said M being given by (kh1=0.30, kh2=0.65),

and wherein said t, is selected so that a parameter

Hllllll IHIH IIIH 1] H lll!




15 52. A nethod for manufacturing a surface acoustic

device for 2nd node surface acoustic wave of a wavel ength [err]
([err]m; conprising; (i) formng a short circuit g .
di sposed on a di anond | ayer, 20 (ii) for FE@LACQWENT SHE:
l-ayer over said short circuit . elﬁptLode a?ﬁ on}o a di-aRBn -
| ayer, said Zno | ayer vi4m a thickness err], ; J

(i?i) forming an interdigital transducer (IDT) on dzﬁhﬁEQ'QQS ;
| ayer, said IDT having a thickness of t[err], 25 and; —
(tv) formng a SiJerr] layer over said interdigital. j o

kh3 = 2n(t,/\) is:
0.099 < kh3 < 0.165.
53. A method for manufacturing a surface acoustic
device for 2nd mode surface acoustic wave of a

5 wavelength A (um), comprising;

(1) forming a Zn0O layer onto a diamond layer, said
Zn0 layer having a thickness t,,

(ii) forming an interdigital transducer (IDT) on
said ZnO layer, said IDT having a thickﬁess of t,,

10 (iii) forming a Si0, layer over said interdigital

transducer and onto said Zno layer, said sio, layer
" having a thlckness of t,, and

(iv) forming a short circuit electrode on said Sio,

layer;

15 wherein said t., and said t, are selected so that a
parameter khl=2n(t,/A) and a pérameter kh2=2n(t_,/A)
are given within a region ABCDEFGHIJKLMA in a two-
dimensional Cartesian coordinate graph having
abscissa axis of khl and ordinate axis of kh2,

20 the outer edge of said region ABCDEFGHIJKLﬁA being

. given by a closed chain in said éartesian
coordinate consisting of points A, B, C, D, E, F,
G, H, I, J, K, L and M and lines A-B, B-C, C-D, D-
_ E, E-F, F-G, G-H, H-I, I-J, J-K, K-L, L-M and M-A;
2§ said A being giveﬁ by (kh1=0.30,'kh2=1.07);
said B being given by (kh1=0.36, kh2=1.07);

—
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transducer and onto said ZnO | ayer, said Sierr] |ayer havi ng

a thickness of tferr]; wherein said t[err] and said t[err] are

sel ected so that a . _paraneter khl=2n(t[err]/[err])[and. a pajanetgr. .
kh2=2n(t[err]/[err]) are 5 given within a region A&i&ﬁ%ﬁ#ﬁKLwﬂ Ry
t wo- di mensi onal Cartesian coordi nate graph havi pg{abscissa |
axi s.of khl and ordinate axis of khz, 148 - t he ouier dfe~bR €88d I
regi on ABCDEFGHI JKLMA bei ng §

said being given by (khl1=0.43, kh2=1.07);

said being given by (kh1=0.90, kh2=1.37);
said E being given by (kh1=1.05, kh2=1.20);
said F being given by (khl=1.52, kh2=0.85);
5 said being given by (khl=1.34, kh2=0.79);
said being given by (khl1=0.85, kh2=0.68);
said J being given by (khl=0.71, kh2=0.68);

said

C
D
E
F
G
said H being given by (khl=1.05, kh2=0.72);
I
J
K being given by (khl1=0.38, kh2=0.68);
L

10 said L being given by (kh1=0.42, kh2=0.55); and
said M being given by (kh1=0.30, kh2=0.65),
and wherein said t, is selected so that a parameter
Kh3 = 2m(t,/A) is:
0.165 < kh3 < 0.231.

15 54. A method for manufacturing a surface acoustic
device for 2nd mode surface acoustic wave of a
wavelength A (um), comprising;

(i) forming a first short circuit electrode on a
diamond layer,

20 ) (ii) forming a ZnO layer over said short circuit

. electrode and onto said diamond layer, said ZnO
layer having a thickness t,,
(iii) forming an interdigital transducer (IDT) on
said ZnO layer, said IDT having a thickness of t,,
25 (ivy forming an SiO, layer disposed over said

interdigital transducer and onto said Zn0 layer,

e
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given by a closed chain in said Cartesian 10 coordi nate
consisting of points A B,. C D E, F, G H I, J, K Land M
and lines A-B, B-C, GD, D E, EEF, -G GH_HI, 1-3J, J- K

K-L, L-Mand MA; said A being given by (khl

said B being given by (khl=0.40, kh2=0.95); 15 %% EJEMEP:Q @#‘Ve‘nj

by (khl =0. 45, kh2=0.96); - 148i d D being glven y ( T“U“ﬁﬂ*««~
sai d E being given by (khl=1.04, |khP=2 2% : 1
a|d G &grhfa 3

kh2=1.-00) ;
said F. being given by (khl=1.53, kh2=0.89);
gi ven by (khl=1.60, kh2=0.80); 20 said H being glven

(khl'=1. 22, kh2=0.63); said | being given byil(khl =1. 00
kh2=0. 59) : said siO, layer having a thickness of t_ , and .

(v) forming a second short circuit electrode on
said SiO, layer;

wherein said t, and said t, are selected so that a

5 parameter khl=2m(t,/A) and a parameter kh2=2m(t,/A)

are given within a region ABCDEFGHIJKLMNA in a two-
dimensional Cartesian coordinate graph having
~abscissa axis of khl and ordinate axis of kh2,

the outer edge of said region ABCDEFGHIJKLMNA being

10 given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

G’ H, I, J, K’ L', M and N and lines A—B, B-c’ C"'D,

D-E’ E"F’ F-G, G-H, H—I' I-J, J-K’ K_L’ L"'M' M-N

and N-A;

15 said A being given by (kh1=0.30, kh2=1.15);

said B being given by (kh1=0.38, kh2=1.20);.

20

25

said
said
said
said
said
said
said

said

- said

said

0" 94 H @ @ W M OO a0 w

being
being
being

being

‘being

being
being
being
being

being

given
given
given
given
given
given
given
given
given

given

by
by
by
by
by
by
by
by
by
by

(kh1=0.46,
(kh1=0.60,
(kh1=0.73,
(kh1=0.81,
(kh1=1.00,
(kh1=1.40,
(khl=1.14,
(kh1=0.83,
(kh1=0.60,
(kh1=0.35,

kh2=1.32);

kh2=1.52);

kh2=1.60);
kh2=1.44);
kh2=1.20);
kh2=0.91);
kh2=0.83);
kh2=0.76);
kh2=0.73);
kh2=0.73);

L

R



said J being given by (khl=0.89, kh2=0.57); said K being given
by (khl=0.53, kh2=0.52); said L being given by (khl=0.53,
kh2=0.45); and 25 said M being given by (khl=0. 30, Tﬁ‘65),~_
and wherein said tAis selected so that a paraneter *LA
kh3 = 2[err](t[err]/[err]) is:

..]:E_O..

said M being given by (kh1=0.38, kh2=0.63); and
said N being given by (kh1=0.30, kh2=0.65),
and wherein said t, is selected so that a parameter
kh3 = 2n(t,/A) is:
5 0.231 < kh3 < 0.297.
55. A method for manufacturing a surface acoustic
_device for 2nd mode surface acoustic wave of a
wavelength A (um), éomprising;
(i) forming an interdigital transducer (IDT) on a
10 diamond layer, said IDT having a thickness of t,,
(ii) forming a ZnO layer over said interdigital
transducer and onto said diamond layer, said ZnO
layer having a thickness t,, _
(iii) forming a short circuit electrode on said ZnO
15 layer, and |
(v) forming an SiO, layer over said short circuit
electrode and onto said ZnO layer, said SiO, layer
having a thickness of t_; '
wherein séid t, and éaid t, are selected so that a
20 pafameter khl=2n(t,/A) and a parameter kh2=2n(t_,/A)
are given within a region ABCDEFGHIJKLA in a two-
dimensional Cartesian coordinate graph having
abscissa axis of khl and ordinate axis of kh2,
the outer edge of said region ABCDEFGHIJKLA being
25. given by a closed chain in said Cartesian

coordinate consisting of points A, B, C, D, E, F,

AR




0.099 [err] kh3 [err] O0.165. 53. A nethod for manufacturing a
surface acoustic device for 2nd node surface acoustic wave of a

5 wavel ength [err] ([err\]m, conprising; fﬁg%:forﬂ% L s
ZnO | ayer onto a dianond | ayer, said ZnO | ayer ﬁﬂ@tMEY. SHEET
t hi ckness tferr], (ii) forming an interdigital{ tfansttcet —
(IDT) on said ZnO | ayer, 18ai d | DT having a thick1e2 (ﬂ~ A 1599 {
t[err] " 10 (iii) formng a ST |ayer over said irterdlgltal RiECIN
transducer and onto said ZnO | ayer, said Si Q2 | ayer navinmg—e--
thi ckness of t[err], and (iv) forming a short icircuit

el ectrode on said SIiQ2 | ayer; |
G, H, I, J, K and L and lines A-B, B-C, C-D, D-E,

said A being given by (kh1=0.30, kh2=1.29);

said B being given by (kh1=0.33, kh2=1.36);

B e

10

said
said
said
said
said
said
said

said

W "M moooN

H

being
being
being
being
being
being
being

being

given

given
given
given
given
given
given

given

by
by
by
by
by
by
by
by

(kh1=0.40,
(kh1=0.71,
(kh1=0.82,
(kh1=1.00,
(kh1=1.27,
(kh1=1.03,
(kh1=0.68,
(kh1=0.52,

kh2=1.60);
kh2=1.60);
kh2=1.41);
kh2=1.2

kh2=0.97);
kh2=0.89);
kh2=0.78);
kh2=0.77);

said K being given by (kh1=0.30, kh2=0.76); and

said L being given by (khl=0.30, kh2=1.09),

15 and wherein said t, is selected so that a parameter
kh3 = 2m(t,/)) is: |
0.297 < kh3 < 0.363.
56. A surface acoustic wavé device for 2nd mode
surface acoustic wave of a wavelength A (um)
20 comprising:
(i) a diamond layer,
(ii) a zn0 layer disposed on said diamond layer,
said ZnO layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on
2§ said 2ZnO layer, said IDT having a thickness of t,,

and

[
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15

di nensi onal
of khl

Cart esi an

G H I, J,

by (khl
kh2=1.07);

10

15

20

25

wherein said t[err]
parameter khl=2n(t[err]/[err]) and a parameter kh2= 2n(t[errjf{efr]}ﬁ“
are given within a regi on ABCDEFGH JKLMA in a two- i

Cartesi an coordi nate graph having
and ordi nate axis of kh2,
ABCDEFGHI JKLMA bei ng

""~—~-.-...._

1’».

20

K, L and Mand lines A-B, B-C, CD, D
F-G GH HI, |

-],

said B being

%.ven by (khl =0. 36,
(iv) a §i0, layer disposed over sal

interdigital
transducer onto said ZnO layer, said SiO, layer
having a thickness of t,;
wherein a parameter kh3 = 2n(t,/A) is
kh3 = 0.044;

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2m(t,/A) are given within a region defined by an

; absglssé*ﬁ“rs*ﬁ !
the outer edde of- §ar@3rggﬁod |

gi w82 by a cl osed chaan|n~saLd‘m___F“‘J
coordi nate consisting of points A /B, C D E
J-K K-L, L- Nlana MA 25 said A belng glve

=0. 30 kh2=1. 07) ;

upper line obtained by increasing kh2 from a

primary combination line (Al-B1-C1-D1-El1-F1-Gl) by

10 % and a lower line obtained by decreasing kh2

from said primary combination line (Al-Bl1-Cl-D1-El-

F1-Gl) by 10%, in a two-dimensional Cartesin

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

said primary combination line (Al1-B1-C1-D1-El-Fl-

Gl) consisting of pOlntS Al, Bl, C1, D1, El, Fl, Gl and

said
said
said
said
said
said
said

57.

surface acoustic wave of a wavelength A (um)

// |

T

Al
Bl
Cl
D1
El
Fl

Gl

being
being
being
being
being
being

being

A surface

given
given
given
given
given
given

given

by
by
by
by
by
by
by

acoustic

D1-E1,
(kh1=0.600,
(kh1=0.800,
(kh1=0.900,
(kh1=1.000,
(khl=1.100,
(kh1=1.200,
(kh1=1.400,

wave -device for 2nd mode

El-F1,

Fl1-Gl;

kh2=0.645);
kh2=0.684);
kh2=0.718);
kh2=0.759);
kh2=0.809);
kh2=0.866);
kh2=0.987).

and



- 148- said C being given by (khl=0.43, kh2=1.07);

said D being given by (khl=0.90, kh2=1.37); ~said E being given
by (khl =1.05, kh2=1.20); said F being giv {khl =1. 52,
kh2=0.85); 5 sai d G being given by (khl=1.34,] R§2:0: 79}@» g:”::*

ﬁﬁH{LJ.belng~g|ven

e

said H being given by (khl=1.05, kh2=0.72);
by (khl =0.85, kh2=0.68); - 153 -

comprising:
(i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
said ZnO layer having a thickness t,,
5 (iii) an interdigital transducer (IDT) disbosed on
| said ZnO layer, said IDT having a thickness of t,,
and
(iv) a Sio, layer disposed over said interdigital
transducer onto said ZnO layer, said sSiO, layer
10 having a thickness of t,;
wherein a parameter kh3 = 2n(t,/A) is
kh3 = 0.066;
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t_ /A) are given within a region defined by an
15 | upper line obtained by increésing kh2 from a
primary combination line (A2-B2-C2-D2-E2-F2-G2) by
10 3 and a lower line obtained by decreasing kh2
from said primary combination line (A2-B2-C2-D2-E2-
F2-G2) by lO%,lin a two-dimensional Cartesin
20 coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
said primary combination line (A2-B2-C2-D2-E2-F2-
G2) consisting of points A2, B2, €2, D2, E2, F2, G2 and
f lines A2-B2, B2-C2, C2-D2, D2-E2, E2-F2, F2-G2;
25 said A2 being given by (khl1=0.600, kh2=0.671);
- said B2 being given by (kh1=0.800, kh2=0.713);

e———
,‘__,_-
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said J being given by (khl'=0.71, kh2=0.68);
by (khl =0.38, kh2=0.68); 10

and wherein said tAis selected so that a paraneter
2[err](t[err]/[err]) is: 0. 165 [err]
54. A nethod for manufacturing a surf&B# acoustic

TRA2Z0.65), |
;khea—~r8 {993
kh3 [lerr] 0.231. 154

sald K belng ggyeﬂ~
said L being given b (khl~0 gl T
kh2=0.55); and said M being given by (khl=

device for 2nd ..

nmode surface acoustic wave of a
conpri si ng;
di anond | ayer, 20

circuit

10

15

20

25

wavel ength [err] ([err]lm

AR UM BT P

(i) formng a first short circuit electrode on a

(it) formng a ZnO | ayer over said short
said C2 being given by (kh1=0.900, kh2=0.747);

said D2 being given by (kh1=1.000, kh2=0.789);

said E2 being given by (kh1=1.100, kh2=0.837);

said F2 being given by (kh1=1.200, kh2=0.891); and
said G2 being given by (kh1=1.400, kh2=1.011).

58. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a 2nO0 layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t,,

and

(iv) a 5i0, layer disposed over said interdigital

transducer onto said Zn0 layer, said SiO, layer

having a thickness of t_;

wherein a parameter kh3 = 2m(t,/A) is

kh3 = 0.099; | |

and wherein a parameter khl=2n(t,/A) and a parameter

kh2=2m(t,/A) are given within a region defined by an

upper line obtained by increasing kh2 from a

primary combination line (A3-B3-C3-D3-E3-F3-G3) by

10 % and a lower line obtained by decreasing kh2

from said primary combination line (A3-B3-C3-D3-E3-

F3-G3) by 10%, in a two-dimensional Cartesin



el ectrode and onto said dianond | ayer,
t hi ckness t[err],
(IDT) on

25

I nterdigital
- 149 -

10

15

20

25

said ZnO

(iii1) formng an interdigital
said ZnO | ayer,
(iv) formng an SiJer]r |ayer disposed over sai

‘transducer and onto said ZnO | ayer,
-~ 155 -

_JayEL.haMlng_
transgueEn T O
said I DT having a thicknrssmoi L{ennym

25 Fi3 198

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

said primary combination line (A3-B3-C3-D3-E3-F3-
G3) consisting of points A3, B3, €3, D3, E3, F3, G3 and
lines A3-B3, B3-C3, C3-D3, D3-E3, E3-F3, F3-G3;
said A3 being given by (kh1=0.600, kh2=0.713);
said B3 being given by (kh1=0.800, kh2=0.758);
said C3 being given by (kh1=0.900, kh2=0.790);
said D3 being given by (kh1=1.000, kh2=0.832);
said E3 being given by (kh1=1.100, kh2=0.879);

said F3 being given by (kh1=1.200, kh2=0.930); and

said G3 being given by (kh1=1.400, kh2=1.046).
59. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising: |
(i) a diamond layer,
(ii) a 2Zno layer-disposed on said diamond layer,
said ZnO layer having a thickness t,, |
(iii) an interdigital transducer (IDT) disposed on _
said ZnO layer, said IDT having a thickness of t,,
and |
(iv) a Sio, layer disposed over said interdigital
transducer onto said 2Zn0 layer, said Sio, layer
having a thickness of t_;

wherein a parameter kh3 = 2n(t,/A) is
kh3 = 0.132;

% [ L M s *



said SiJerr] layer having a thickness of t[err] and (v)
formng a second short circuit el ectrode on

wherein said t[err]

and said t[err]

-are given wthin a regi on ABCDEFC
di mensi onal

are selected so that
paraneter khl=2n(t[err]/[err]) and a parameter kh2= 2[err](PEewaJPeﬁrr EET
KLMNA in a two-

Cartesian coordinate” graph havi ng
khl and ordi nate axis of kh2,
ABCDEFGHI JKLMNA bei ng

10

t he outer edge o
gi ven by a cl osed chai

said Si 02 Iayer'

regio

FTsal d

coordi nate consisting of points A lB C, D _E _E

K, L, Mand N and lines A-B,
RaNAMeRer Khis 2n(t /A) and a parameter

Rng whezein |

TRt

|

orpwsmd

DE E-F,

kh2=2n(t,/A) are given within a region defined by an

upper line obtained by increasing kh2 from a

primary combination line (A4-B4-C4-D4-E4-F4-G4) by

10 $ and a lower line obtained by decreasing kh2

from said primary combination line (A4-B4-C4-D4-E4-

F4-G4) by 10%, in a two-dimensional Cartesin

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

said primary combination line (A4-B4-C4-D4-E4-F4-

G4) consisting of points A4, B4, C4, D4, E4, F4, G4 and

llnes A4-B4, B4-C4, C4-D4 D4-E4,

being
being
being
being
being
being

being

60. A surface

given
given
given
given
given
given

given

acoustic wave device

by
by
by
by
by
by
by

(khl =0.600,

(kh1=0.800,

(kh1=0.900,
(kh1=1.000,
(kh1=1.100,
(kh1=1.200,
(kh1=1.400,

E4- F4, F4-G4;

kh2=0.755);
kh2=0.803);
kh2=0.837);
kh2=0.877);
kh2=0.922);
kh2=0.972); and
kh2=1.083).

for 2nd mode

surface acoustic wave of a wavelength A (um)

(i) a diamond layer,

(ii) a 2n0 layer disposed on said diamond layer,

Cartesi an
G H I, J,
F-G GH HI,
5
10
said a4
said B4
15 said C4
said D4
said k4
said F4
said G4
20
comprising:
25

said ZnO layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

AR



and N-A; 15 said A being given by (khl=0.30, kh2=1.15);

said B being given by (khl=0.38, kh2=1.20); Sai "%T‘Lyen
by (khl=0.46, kh2=1.32); sai d D bei ng gi ven byrPkALEAESD, oHtE
kh2=1. 52) ; said E being given by (khl=0.73, kh =66 "20"" |
sai d F being given by (khl=0.81, kh2zl,44); | o bg{qgfggvén
by (khl=I.00, kh2=1.20); - 15dard H bei ng gi ven

kh2=0.91); said | being given by (khl=1.14 8 ——

said J being given by (khl=0.83, kh2
by (khl =0.60, kh2=0.73);

kh2=0. 73);

=0.76); 25
said L being given

said ZnO layer, said IDT having a thickness of t,,
and
(iv) a Sio, layer disposed over said interdigital
transducer onto said Zno layer, said SiO, layer
5 having a thickness of t_;
wherein a parameter kh3 = 2n(t,/A) is
kh3 = 0.198;
and wherein a parameté¥riﬁl=2n(tzﬁh) and a parameter
kh2=2n(t,/A) are given within a region defined by an
10 upper line obtained by increasing kh2 from a
primary combination ;ine (A5-B5-C5-D5-E5-F5-G5) by
10 % and a lower line obtained by decreasing kh2
from said primary combination line (A5-B5-C5-D5-E5-
F5-G5) by 10%, in a two-dimensional Cartesin
15 coordinate graph having abscissa axis of khl and
ordinate axis of kh2,
said primary combination.line (A5-B5-C5-D5-E5-F5-
G5) consisting of points A5, B5, C5, D5, E5, F5, G5 and

lines A5-B5, B5-C5, C5-D5, D5-E5, E5-F5, F5-G5;

20

25

said
said
said
said
said
said

said

A5
BS
G5
D5
E5
F5

G5

being given
being given
being given
being given
being given
being given

being given

by
by
by
by
by
by
by

(kh1=0.600,
(kh1=0.800,
(kh1=0.900,
(kh1=1.000,
(kh1=1.100,
(kh1=1.200,
(kh1=1.400,

kh2=0.837);
kh2=0.897);
kh2=0.933);
kh2=0.973);
kh2=1.017);
kh2=1.063);
kh2=1.167).

and
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- 150 - sai d M being given by (khl=0.38, kh2=0-68) —and_ .,
sai d N being given by (khl=0.30, kh2=0.65), " and WhbBE & edd!

‘t[err] is selected so that a paraneter kh3 = 2n(t[err
5 0.231 [err] kh3 [err] 0.297. 55. A
- manufacturing a surface acoustic ___device for 2nd node
acoustic wave of a ~ 158 -

el
ey L
AF i o

| /{&FF]) T15s:
et hod FEQ 1933
sur face

10

15

20

25

61. A surface acoustic wave device for 2nd mode
su;face acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a 2nO layer disposed on said diamond layer,

said Zn0 layer having a thickness t,,

(iii) an interdigital transducer (IDT) disposed on

said zZnO layer, said ¥BT having a thickness of tys

and |

(iv) a Si0, layer disposed over said interdigital

transducer onto said zZnO layer, said 5i0, layer

having a thickness of t,;

wherein a parameter kh3 = 2n(t,/A) is

kh3 = 0.264; . |

and wherein a parameter khl=2n(t,/A) and a parameter

kh2=2n(t,/\) are given within a region defiped by an

upper line obtained by inqreasing kh2 from a

primary combination line (A6-B6-C6-D6-E6-F6-G6) by

10 % and a lower line obtained by décreasing kh2

from said primary combination line (A6-B6-C6-D6-E6-

F6-G6) by 10%, in a two-dimensional Cartesin

coordinate graph having abscissa axis of khl and

ordinate axis of kh2,

said primary combination line (A6-B6-C6-D6-E6-F6-
G6) consisting of poiﬂts A6, B6, C6, D6, E6, F6, G6 and

lines A6-B6, B6-C6, C6-D6, D6-E6, E6-F6, F6-G6;

e —
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wavel ength [err] ([err]mnm), conprising; (1) formng an
interdigital transducer (IDT) on a 10 di anmond | ayef., 34l d {u;
having a thickness of t[err] : (ii) formng a ZnQ f&yé% UBVENT SHIzT
said interdigital transducer and onto said dianpndd Tayer, said i
Zn0O | ayer having a thickness t[err], (I9%)FER 4999 |
forming a short circuit electrode orr 383 ZnO 15 | ayér, and 1933 :
(v) formng an Si2 |ayer over said short circuit sl ectrode

and onto said ZnO | ayer, said SiQ2 |ayer havi ng{ a t hi ckness of

tlerr];
that a 20

wherein said t[err] and sai d t[err] are selected so

kh2=2n(t[err]/[ eFRER Asagpter %Pl Zn(%;e(kﬁflgrééb RH220R813T}"

said B6 being given by (kh1=0.800, kh2=0.989);
said C6 being given by (kh1=0.500, kh2=1.029);
said D6 being given by (kh1l=1.000, kh2=1.069);
said E6 being given by (khl=1.100, kh2=1.111);
said F6 being given by (kh1=1.200, kh2=1.156); and
said G6 being given by (kh1=1.400, kh2=1.257).

6§2. A surface acoustié'Wave device for 2nd mode

surface acoustic wave of a wavelength A (um)

10 comprisings:

15

20

25

(i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
said ZnO layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and
(iv) a Sio, layer disposed over said interdigital
transducer onto said-Zné layer, said SiO, layer
having a thickness of t,;
wherein a pafameter kh3 = 2m(t,/A) is

0.044 < kh3 < 0.066: o
and wherein a parameter khl=2n(t,/A) and a parameter
kh2=2n(t,/\) are given within a region defined by an
upper line obtained by increasing kh2 from a
interpolated primary combination line (Al12-B12-Cl2-

D12-E12-F12-G12) by 10 % and a lower line obtained

LU




are given within a regi on ABCDEFGH JKLA in a two- di nensi ona

Cartesi an coordi nate graph having absci ssa axis of khl and

ordi nate axis of kh2, the outer edge of said region

ABCDEFGHI JKLA being 25 given by a closed chain nnrsald rIesTan—
coordi nate consisting of points A, B, C D, E, F, - o Qﬁttt}

_].:_6_9..

by decreasing kh2 from said interpolated primary
combination line (A12-B12-C12-D12-E12-F12-G12) by .
10%, in a two-dimensional Cartesin coordinate graph
haﬁing abscissa axis of khl and ordinate axis of
5 kh2,
said interpolated primary combination line (Al2-
B12-C12-D12-E12-F12-Gl2) consisting of points Al2, Bl12,
Cl2, D12, El2, Fl1l2, Gl2 amrd-lines Al2-Bl12, Bl2-Cl2,
Cl2-pl2, D12-E12, E12-Fl2, F12-Gl2;
10 said Al2 being giveh by the linear interpolation
| between Al (kh1=0.600, kh2=0.645) and A2 (kh1=0.600,
kh2=0.671);
said B1l2 being given by the linear interpolation
‘between Bl (kh1=0.800, kh2=0.684) and B2 (khl1=0.800,
15 kh2=0.713);
said C12 being given by the linear interpolation
between Cl1 (kh1=0.900, kh2=0.718) and C2 (kh1=0.900,
Kh2=0.747); o
said D12 being given by the linear interpolation
20 between D1 (kh1=l.000, kh2=0.759) and D2 (khl1=1.000,
Kh2=0.789) ;
said E12 being given by the linear interpolation
between E1 (khl=1.100, kh2=0.809) and E2 (khl=1.100,
kh2=0.837); |
25_ said F12 being given by the linear interpolation

between F1 (kh1=1.200, kh2=0.866) and F2 (kh1=1.200,

!
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J, Kand L and lines A-B, B-C, CGD, DE, E-F, F-G
I-J, J-K K-L and L-A; said A being given by

H,

T

0

: I,

I 30, kh2=1.29); said B being given by (kkt=0-33;

=1. 36) ; 5 said C being given by (khl=0. 40, khF*f“GG)FWEJISHCE"
d bei ng given by (khl=0.71, kh2=1.60); saj d;E berﬂg'grven
by (khl=0.82, kh2=1.41); - 16hi€d F being given byi(kh 1% 9 1308
kh2=1. 2 said G being given by (khl=1.27, kh2 G 933
said H being given by (khl=1.03, kh2=0.89); d“r berng“grven

by (khl =0.68, kh2=0.78); said J being given byl(khl =0. 52,

G |
GH H
(khl =0.
kh2=1.

sai D

- NI

)' kh2=0.891); and g gi y ( YA

said G12 being given by the linear interpolation
between G1 (khl=1.400, kh2=0.987) and G2 (kh1=1.400;
kh2=1.011).

5 63. A surface acoustic wave dévice for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,
(ii) a ZnO layer disposed on said diamond layer,
10 said znO layer having a thickness t,,
(iii) an interdigital transducer (IDT) disposed on
said ZnO layer, said IDT having a thickness of t,,
and |
(iv) a Sio, layer disposed over said interdigital
15 transducer onto said ZnO layer, said SioO, layer
having a thickness of t.;
wherein a parameter kh3 = 2m(t,/A) is
0.066 < kh3 < 0.099;
and wherein a parameter kh1=2n(t=/X) and a parameter
20 ‘ kh2=2n(t,/A) are given within a region defined by an
upper line obtained by increasing kh2 from a
interpolated primary combination line (A23-B23-C23-
D23-E23-F23-G23) by 10 % and a lower line obtained
by decreasing kh2 from said interpolated primary
25 combination line (A23-B23-C23-D23-E23-F23-G23) by

10%, in a two-dimensional Cartesin coordinate graph

e —
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said L being given by (khl=0.30, kh2=1.09), 15

and wherein said

t[err] is selected so that a paraneter kh3 = 2n(t[err
0.297 [err] kh3 [err] 0.363. 56. A surface acoust
device for 2nd node surface acoustic wave of a wavel g
([err]m 20 conpri si ng: (i) a dianond | ayer
(ii).a ZnO l ayer disposed on said di anthg@ kayer,

| ayer having a thickness t[err], (tii) an interdi
transducer (1DT) disposed on 25 said ZnO | ayer, said

IEAR:IRPY
| & naiet

25 rty g |
d ZnO 2

s
gi tal

t hi ckness of t[err], and

| DT havi ng a

having abscissa axis of khl and ordinate axis of
kh2,
said interpolated primar& combination line (A23-

B23-C23-D23-E23-F23-G23) consisting of points A23, B23,

5 C23, D23, E23, F23, G23 and lines A23-B23, B23-C23,
C23-D23, D23-E23, E23-F23, F23-G23;
said A23 being given by the linear interpolation
between A2 (kh1=0.600, kh2#0.671) and A3 (kh1=0.600,
kh2=0.713);

10 said B23 being given by the linear interpolation
between B2. (kh1=0.800, kh2=0.713) apd B3 (kh1=0.800,
kh2=0.758); |

said C23 being given by the linear interpolation
between C2 (kh1=0.900, kh2=0.747) and C3 (kh1=o.9oo,

15 Kh2=0.790); | | |

said D23 being-given by the linear interpolation
between D2 (khl1=1.000, kh2=0.789) and D3 (kh1=1.000,
kh2=0.832); o

said E23 being given by the linear interpolation

20 between E2 (khl1=1.100, kh2=0.837) and E3 (kh1=1.100,

Kh2=0.879);

said F23 being given by the linear interpolation
between F2 (khl=1.200, kh2=0.891) and F3 (khl=1.200,
kh2=0.930); and |

25

said G23 being given by the linear interpolation

between G2 (kh1=1.400, kh2=1.011) and G3 (khl=1.400,

e
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- 152 - (tv) a Sigerr] layer disposed over said
said Si@ |aver

I nterdigital transducer onto said ZnO | ayer
havi ng a thickness of t[err]; wherein a paran
2n(tferr]/Jerr]) is 5 kh3 = 0. 044;

parameter khl=2n(t[err]/[err]) and a paraneter
kh2:2n(t[err]/[err]) are given w thiknia3regi on defined by

@an

kh2=1.046).

Eh@bLl@hﬁ,', ENT SHELT

‘wherein

-~

25 FEB 1933

64. A surface acoustic wave device for 2nd mode

surface acoustic wave of a wavelength A (um)
comprising:

5 (i) a diamond layer,

*

(ii) a ZnoO layer disposed on said diamond layer,

said ZnO layer having a thickness t,,

(iii) an interdigital itransducer (IDT) disposed on

said zZnO layer, said IDT having a thickness of t,,

10 and

(iv) a Si0, layer disposed over said interdigital

transducer onto said Zno layer, said SiO, layer

having a thickness of t.;
K wherein a parameter kh3 = 2n(t,/A) is

15 0.099 < kh3 < 0.132:

and wherein a parameter khl=2m(t,/A) and a parameter

kh2=2n(t,/h) are given within a region defined by an

upper line obtained-bjlihcreasing kh2 from a

interpolated primary combination line (A34-B34-C34-

20 D34-E34-F34-G34) by 10 % and a lower line obtained

by decreasing kh2 from said interpolated primary

combination line (A34-B34-C34-D34-E34-F34-G34) by

10%, in a two-dimensional Cartesin coordinate graph

having abscissa axis of khl and ordinate axis of

25 kh2,

said interpolated primary combination line (A34-

AL




25

surface acoustic wave of a wavelength A (um)

upper line obtained by increasing kh2 froma primry
- conbination line (Al-Bl-Cl1-D1-E1-FI-d) by 10 10 % and a | ower
| i ne obtai ned by decreasi ng kh2 from sai d prinpry conbi-hat--eh
line (Al -B1-Cl-D1-El - F1-Gl) by 10% in a tmoﬁdpmgﬂarénat“ =1
Cartesin coordi nate graph havi ng absci ssa axi §—of--khd ard
ordinate axis of kh2, 15 sai Y6grmary cpnbinatloﬁ Ié%!:i_5 Fﬂé
(Al -Bl -C -Dl -El -FI - Gl) consisting of points A} Bl 1 1-EL,
F1, GL and lines Al -Bl, Bl1-Cl, Cl1-D1, D1-El, El 4F t—Ftct
said Al being given by (khl=0.600, kh2=0.645); sald Bl being.
gi ven by (k % al Dy
(khl =0. 900, rﬁﬁﬁ‘g %p‘e D) §25941 58916349 consistind?ol po:.nel:s ST
C34, D34, E34, F34, G34 and lines A34-B34, B34-C34,
C34-D34, D34-E34, E34-F34, F34-G34;
said A34 being given by the linear interpolation
5 between A3 (kh1=0.600, kh2=0.713) and A4 (kh1=0.600,
kh2=0.755);
said B34 being given by the linear interpolation
between B3 (khl=0.800, kh2=d.758) and'B4 (kh1=0.800,
kh2=0.803);

10 said C34 being given by the linear interpolation
between C3 (kh1=0.900, kh2=0.790) and C4 (kh1=0.900,
kh2=0.837); |

said D34 being given by the linear interpolation
between D3 (kh1=1.000, kh2=0.832) and D4 (kh1=1.000,

15 kh2=0.877); |

said E34 being given by the linear interpolation
between E3 (khl=1.100, kh2=0.879) and E4 (khl=1.100,
kh2=0.922);

said F34 being given by the linear interpolation

20 between F3 (kh1=1.200, kh2=0.930) and F4 (khl=1.200,

kh2=0.972); and

said G34 being given by the linear interpolétion
between G3 (khl1=1.400, kh2=1.046) and G4 (khl=1.400,
kh2=1.083). ' |

65. A surface acoustic wave device for 2nd mode

* c L M S *




said D1 being given by (khl=1.000, kh2=0.759); said El being

gi ven by (khl=1.100, kh2=0.809); - said F1 being given by
(khl =1. 200, kh2=0.866); and said GL being given by (khl=1.400,
kh2=0.987). 25 57. A surface acoustic wave devi ce for2nreé-hnde
surface acoustic wave of a wavelength [err] ([err]m REPLAP-p,MT

.EE

- 153, - - 165 -
| P 5 FEB 1093

—
3

comprising:

1

— |

(i) a diamond layer,
(ii) a 2Zn0 layer disposed on said diamond layer,
said ZnO layer having a thickness t,,

5 _ (iii) an interdigital transducer (IDT) disposed on
said 2nO layer, said IDT having a thickness of t,,
and
(iv) a Si0, layer disposed over said interdigital
transducer onto said 2n0O layer, said SiO, layer

10 having a thickness of t,;
wherein a parameter kh3 = 2i(t,/A) is
0.132 < kh3 < 0.198:
and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t_ /A) are gi§en within a region defined by an

15 upper line obtained by increasing kh2 from a
interpolated primary combination line (A45-B45-C45-
D45-E45-F45-G45) by 10 % and a lower line obtained
by decreasing kh2 from said interpolated primary
combination line (A45-B45-C45-D45-E45-F45-G45) by

20 10%, in a two-dimensional Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
said interpolated primary combination line (A45-

B45-C45-D45-E45-F45-G45) consisting of points A45, B45,

25 C45, D45, E45, F45, G45 and lines A45-B45, B45-C45,

C45-D45, DA45-E45, E45-F45, F45-G45;

—_—
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conpri si ng: (i) a dianond | ayer, (1i) a ZnO | ayer
di sposed on said dianond | ayer, said ZnO’L@yer.haMLng~&~~-~
t hi ckness tferr], 5 (iii) an interdigital tﬁansﬂ=gef LA DEF
di sposed on said ZnO | ayer, said | DT having a-bhlekness 0%
tlerr], and (iv) a SiQ2 |ayer} d g eduovew i ¢l
I nterdigital transducer- @t sai d ZnO | ayer i"d i QEr
| ayer having a thickness of t[err]; memsinsn
paranmeter kh3 = 2n(t[err]/[err]) is kh3 = 0. 066;
and wherein a paranmeter khl=2[err](t[err]/[err]) and a -ETeteT
said A45 being given by the linear interpolation
between A4 (kh1=0.600, kh2=0.755) and A5 (kh1=0.600,
kh2=0.837);
said B45 being given by the linear interpolation .
5 between B4 (khl1=0.800, kh2=0.803) and B5 (kh1=0.800,

10

15

20

25

kh2=0.897);

said C45 being given by the linear interpolation
between C4 (kh1=0.900, kh2=0.837) and C5 (khl1=0.900,
kh2=0.933);

said D45 being given by the linear interpolation
between D4 (kh1l=1.000, kh2=0.877) and D5 (khl=1.000,
kh2=0.973);

said E45.being given by the linear interpolation
between E4 (kh1=1.100, kh2=0.922) and E5 (khl1=1.100,
kh2=13017);

said F45 being given by the linear interpolation
between F4 (kh1=1.200, kh2=0.972) and F5 (kh1=1.200,
kh2=1.063); and

said G45 being given by the linear interpolation
between G4 (kh1=1.400, kh2=1.083) and G5 (kh1=1.400,
Kh2=1.167).

66. A surface acoustic wave device for 2nd mode
surface acoustic wave of a wavelength A (um)
comprising:

(i) a diamond layer,

(ii) a ZnO layer disposed on said diamond layer,

T



kh2=2n(t[err]/[err]) are given within a region defined by an 15
upper line obtained by increasing kh2 froma primary
conbi nation |ine (A2-B2-C2-D2-E2-F2-@&) by 10 % and ra:l wer,.. . .77
| i ne obtained by decreasing kh2 fromsaid primary |coghi/nati on’ '
i ne (A2-B2-C2-D2- E2- F2-&) by 10% in a two-di _ i
Cartesin 20 coordi nate grapR6&iawi ng absci ssa axis of {khl 35d?f§'@§3'?
ordi nate axis of kh2, - said primary conbination |ine W i
(A2- B2- C2- D2- E2- F2- &) consisting of points A2, B2, "
F2, & and | i nes A2-B2, B2-C2, C2-D2, D2-E2, E2-F2, FP=~c2w .
said A2 being giu kid = s k2= . said B2 being
given by (khi =0. 500 b{'héz%g%%??g"lw &%Rickness ¢,
(iii) an interdigital transducer (IDT) disposed on

said ZnO layer, said IDT having a thickness of t,,
and
5 (iv) a Si0, layer disposed over said interdigital
transducer onto said Zn0 layer, said SiO, layer
having a thickness of t.; |
wherein a parameter kh3 = 2m(t,/A) is
0.198 < kh3 < 0.264:
10 and wherein a parameter khl=2m(t,/A) and a parameter
kh2=2n(t,/A) are given within alregion defined by an
upper line obtained by increasing kh2 from a
interpolated primary combination line (A56-B56~C56~
N - D56-E56~F56-G56) by 10 % and a lower line obtained -
15 . by decreasing kh2 from séid interpolated primary
combination line (ASG-BSS-CSG—DSG—ESG—FS6-G56) by
10%, in a two—dimensional.Cartesin coordinate graph
having abscissa axis of khl and ordinate axis of
kh2,
20 said interpolated priméry combination line (A56-
BéG-CSS-DSG—ESG-FSG—GSG) consisting of points A56, B56,
C56, D56, ES56, F56, G56 and lines A56-B56, B56-C56,
C56-D56, D56-E56, E56-F56, F56-G56;
said A56 being given by the linear interpolation
2§ between A5 (kh1=0.600, kh2=0.837) and A6 (kh1=0.600,

e

Kh2=0.914); —

R



154 said C2 being given by (khl=0.900, kh2=0.747);

said D2 being given by (khl=1.000, kh2=0.789); said E2 being

gi ven by (khl=1.100, kh2=0.837); said F2 being given by B
(khl =1. 200, kh2=0.891); and 5 -~ said @ being given By (RN =I,400, -
kh2=1. 011). 58. A surface acoustic wave device fdth%HAﬁﬁ@é“ 5““?*

surface.acoustic wave of a mavelengt113§ﬁw1 ([err]m

{ 25 FEB 193 }

said B56 being given by the linear interpolation : -

between B5 (kh1=0.800, kh2=0.897) and B6 (kh1=0.800,
kh2=0.989);
said C56 being given by the linear interpolation
5 between C5 (khl1=0.900, kh2=0.933) and C6 (khl1=0.900,
kh2=1.029); |
said D56 being given by the linear interpolation
between D5 (kh1=1.000, kh2=0.973) and D6 (kh1=1.000,
Kh2=1.069); |
10 said E56 being given by the linear interpdlation
between E5 (kh1=1.100, kh2=1.017) and E6 (kh1=1.100,
kh2=1.111);
said F56 being given by the linear interpolation
between F5 (kh1=1.200, kh2=1.063) and F6 (kh1=1.200,
15 Kh2=1.156); and =
| said G56 being given by the linear interpo;gtion
between G5 (kh1=1.400, kh2=1.167) and G6 (khl1=1.400,
kh2=1.257).
67. A surface acoustic wave device according to one
20 of claims 1, 3, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65
ar 66, wherein said interdigiﬁal transducer comprises
an input interdigital transducer (input IDT) for
creating surface acoustic wave by being applied with
electric power and an output interdigital transducer
2§ (output.IDT) for receiving the surface acoustic wave to
obtain electric energy; wherein sum N of a pair number

e
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conpri si ng: (i) a dianond |ayer, 10 e (1) a ZnQ

| ayer di sposed on said dianond | ayer, sai fl ZnO | ayer havi-Ag sa
t hi ckness tferr], (iii) an interdigital tfamsducer (IEHT““'§§
di sposed on said ZnO | ayer, said IDT havingaaihiekﬁesggof i
tlerr] and 15 iv) a SiQ2 |layer|diisposed over's i§
I nterdigital t ransducer” said ZnO Iayerﬁ“sard“STTIETT?' s
| ayer having a thickness of t[err]; wherein a éé
paranmeter kh3 = 2[err](t[err]/[err]) is —Kh3 = 0.099; j

and wherein a paranmeter khl=2n(t[err]/[err]) and a paraneter
Ni of said input IDT and a pair number No of said

output IDT ( N = Ni + No) is 50 to 90 pairs; and
wherein a crossing width of said input IDT or said
output IDT is 10A to 50A.
5 68. A surface acoustic wave device according to one
of claims 1, 3, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66 or 67, further comprising at least one pair of
reflectors which are disposed to interpose an input IDT
and an output IDT along the propagating direction of
10 the SAW, wherein said reflectors comprise fingers, the
total number of which is not greate; than 2 x (100 -
N), where N is sum of a pair number Ni.of'said inpuf
IDT and a pair number No of said output IDT (N = Ni +
No).
15 69. A surface acoustic wave device according to one
| of claims 67 or 68, wherein said wavelength A is about
3.2 um to about 4.5 um.
70. A surface acoustic wave device according to one
of claims 67 or 68, wherein Q of said surface acoustic
20 wave device is greater than 600.
. 71. A surface acoustic wave device according to one
of claims 67 or 68, wherein an operating center
frequency of said surface acoustic wave device is about
2.4 GHz to about 2.6 GHz.
gs 72. A surface acoustic wave device according to one

of claims 67 or 68, wherein a transmission loss of said

* c L M s *



kh2=2n(t[err]/[err]) are given within a region defined by an;

upper |ine obtained by increasing kh2 froma pr|= ma,ry‘zﬁ FEB 13k {1
combi nation |ine (A3-B3-C3-D3-E3-F3-G3) by 10 %dadd a Jower 1 ¢
| i ne obtained by decreasing kh2 25 fromsaid primaiy combination o
| i ne (A3-B3-C3-D3-E3- F3 GS) by 10% in a two-di

Cartes-i_n 170
+ 6 dB to about 10

surface acoustic wave device is abou

dB.

\

\\\\\\\\\\\\\\\\\\\\\\\\\\\\



coordi nate graph having absci ssa axis of khl and ordi nate

) K s

axi s of kh2, said primary conbination |ine

( A3- B3- C3- D3- E3- F3- &) consisting of points A3, Bﬂ €3+—B3—£3 -
F3, G3 and 5 | i nes A3-B3, B3-C3, C3-D3, D3-E3, E3-F3,: EE?GQPEWt\’ QHEET
said A3 being given by (khl=0.600, kh2 0 713); i sard*BS“berTmrw'
gi ven by (khl =0. 800, kh2=0.758); 171 - sai d C3 bei ng g‘v? q%ﬁ%§3,3
(khl =0. 900, kh2=0.790); sald D3 belng glven by- ~

kh2=0.832); 10 i
said F3 being given by (khl
bei ng gi ven

wave device for 2nd_pode ) .
A first surface acoustic wave device for 2nd mode

-1. 200, kh3=0. 930) ;

and
ace acoustic

59. A sur
surface acoustic wave of a wavelength A (um) according -
to the present invention is a SAW device of "type A"

5 device shown in Fig. 6A, wherein a parameter kﬁ3 =
2m(t,/A) is: 0.033 s kh3 < 0.099, and wherein a
parameter khl=2m(t,/\) and a parameter kh2=2n(t,/A) are
given within a region ABCDEFGHIJKLA in a two-
dimensional Cartesin coordinate graph of E;g:;;.

10
Figure 1



surface acoustic wave of a wavelength [err] ([err]m

15 conpri si ng:
(i) a dianond | ayer,

(ii) a ZnO |l ayer disposed on said di.aoond,
| ayer, said ZnO | ayer having a thickness t[Q‘FTl T ONEET %
(iii) an interdigital transducer (IDT) disposed on 20 |} *_:_'___ﬁﬂa_l,_d;ZDQ--‘.
| ayer, said |IDT having a thickness of t[err] - ‘ e e
(iv). a Si®2 |layer disposed over said_interdigital i 2 5 el JE%r
onto said ZnO iayer, said SiQerr] -l &yér havi ng a _thickness—bf
tferr]; 25 whetrein a paraneter kh3 = 2[err](t[‘err]/[err]) IS
kh3 = 0.132; : !

FIG. 1
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and wherein a paranmeter khl=2[err](t[err]/[err]) and a paraneter
“kh2=2n(t[err]/[err]) are given within a region defined by o
upper line obtained by increasing kh2 froma ﬁftﬂﬁl’:y_"ﬂ‘ T Sl

conbi nation |ine (A4-B4- C4- D4-E4-F4-G4) by 5 10} %, and-a—ower— |
| i ne obtained by decreasing kh2 fromsaid pri ry comalnnatqgo

i ne. (Ad4-B4- C4- D4- E4- F4-G4) by 10% in a't nS| ‘onal
Cartesin -2 - M\ b e e

\ e

S A ST

FIG. 2
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coordi nate graph havi ng absci ssa axis of khl' and ordi nate axis

of kh2, 10 said primary conbination |ine (A4-B4-C4-D4- E4- F4-

(A) consisting of points A4, B4, C4, D4, E4, F4, 4 and LLdne :
A4-B4, B4-C4, C4-D4, D4-E4, E4-F4, F4- A saf - “Ads ;bﬁ;,ng‘gi HEbR |
by (khI:O.600, kh2:0.755); sai d B4 being glvgﬁ by,@khl-@» b
kh2=0.803); 15 said C4 being given by (khl=0. 900 ‘'kh2=0, '
said D4 being given by (khl=1.000, kh230,877) : salﬁ E4 be$%g

gi ven by (khl=1.100, kh2=0.922); said F4 belmg igi.ve

(khl =1. 200, kh2=0.972); and said 4 being g|Qen by (khl =1. 400,

kh2=1.083). 20 60. A surface acoustic wave deV|Q§ 1. Obeeiagl

FIG. &
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surface acoustic wave of a wavelength [err] ([err]m
(i) a dianond |layer, .
said ZnO | ayer having a thickness t[err],

| ayer, 25

(iii) an interdigital

(ii) a ZnO |l ayer disposed on said di anond

transducer (1DT) disposed on

FIG. 4
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said ZnO | ayer, said IDT having a thickness of t[err] and
(iv) a Sigerr] |ayer disposed over said interdigital

transducer onto said ZnO |l ayer, said SiJerr] |ayer Rerw-Ag—a
t hi ckness of tferr]; _ wherei n a paraneter kh3 % REPLACEMENT SuEst
2[err](t[err]/[err]) is kh3 = 0.198; P e

wherein a parameter khl=2n(t[err]/[err]) and a parameter 2 5 FER 1202
kh2=2n(t[err]/[err]) are given within a region defined by f% B 53
upper line obtained by increasing kh2 from a rinuly

conbi nation |ine (A5-B5-C5-D5-E5-F5-G5) by 10:i% and a | ower
| i ne obtained by decreasi ng kh2 from sai d pri mHTyCOUMOrTatt+on
i ne (A5-B5-C5- D5- E5-

FIG. &
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F5-G5) by 10% in a two-dinmensional Cartesin 15
havi ng absci ssa axis of khl and or di
said primary conbination |ine (A5-B5-C5-D5-E5-F5-

coordi nat e graph

nate axi s 0f.KR2, oo

GS} 90n345t1ng

of points A5, B5, C5, D5, E5, F5, Gb and lines A5-Bp, B85~ ~v«-}
C5- D5, D5-E5, E5-F5, F5-Gb; 20 said A5 being given b féh ng ;
kh2=0. 837); said B5 being given by (khl=0.800, 8978 W i
said C5 being given by (khl=0.900, khsz 933); trg "
gi ven by (khl=1.000, kh2=0.973); said E5 being

(khl =1. 100, kh2=1.017); 25 said F5 being given by fdh '
kh2=1.063); and said G5 being given by (khl=1.400, kh2 1. 167)

FIG. 6A

FIG. 68

TYPEG
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Y s it s e it e



- 158- 61. A surface acoustic wave device for 2nd nopde

surface acoustic wave of a wavelength [err] ([err]m "‘:c;‘(igr‘r‘}g";’j:sji'j"__"g‘:";_j;.’.'_".'___"
(i) a dianond | ayer, 5 (ii) a ZnO | ayer di sposed pA*ard=eiErond=:
| ayer, said ZnO | ayer having a thickness t[err] t
(iti) an interdigital transducer (IDT) disposed on 25 FEB 1933 ;
- 1
-9 -

b minrom o rtons s ¢ o irtar. o pr -

FIG. 7
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said ZnO | ayer, said IDT having a thickness of t[err] and 10

(iv) a Si2 |ayer disposed over said interdigital t ransducer

onto said ZnO | ayer, said SiQ2 |ayer havi ng a thi ckness of

tlerr]; wherein a paraneter kh3 = 2n(t[err]/[errj3—s

kh3 = 0.264; 15 and wherein a paraneter khl=2n(t[erf{zFert})z aﬁdeEtT
a paraneter kh2=2n(t[err]/[err]) are given withijn @ 'C“'““
defined by an upper |ine gbgai_ned by increasing khp O &y
primary combination |ine. (A6-B6-C6-D6- E6=F6-G6) by %%fnc?g%rg

| ower |ine obtained by decreasing kh2 20 from said {primery

conbi nation |ine (A6-B6-C6-D6- E6-

FIG. &
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F6- &) by 10% in a two-dinensional Cartesin coordi nate graph

havi ng absci ssa axis of khl and ordi nate axi g—of-—-kh2,
said primary conbination |ine (A6-B6-C6-D6-E6-F6- 25 CB)LACEMENTt SmEET
of points A6, B6, C6, D6, E6, F6, G656 and | i nes Ap- IPE‘rrBC A R
C6D6 D6- E6, E6-F6, F6-GH; . 25 FES 1998
159:

-9 - ]

FIG. 9
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said A6 being given by (khl=0.600, kh2=0.914); said B6 being

gi ven by (khl =0.800, kh2=0.989); . said C6 being given by

(khl =0. 900, kh2=1.029); said D6 being given by (khl=1.000,
kh2=1.069); 5 said E6 being given by (khl=l.100, kh2=lwllllL_memmm;_
said F6 being given by (khl=1.200, kh2=1.156); and apd: &6 o
bei ng given by (khl=1.400, kh2=1.257). 62. A surfac oustie ' ™
wave device for 2nd node surf a@e -acousti ¢ wave of a wav Ien%gp _"
[err] ([err]m 10 conpri si ng: - (i) a dianond | &ydr,23 FED 1503
(i1) a ZnO | ayer disposed on said dianond | ayer, sajl d A0
| ayer having a thickness t[err], e A e

YL LI st
Nl S e

FIG. 10
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(iti) an interdigital transducer (IDT) disposed on 15
| ayer, said IDT having a thickness of t[err]

(iv) a Sigerr] layer disposed over said interdigital
transducer onto said ZnO |l ayer, said SiJerr] |ayer

said ZnO

and

havi ng a

t hi ckness of t[err]; 20 wherein a paraneter kh
2n(tferr]/[err]) is 0.044 [err] kh3 [er
and wherein a paranmeter khl=2n(t[err}/figarx]) and a param
kh2=2[err] (t[err]/[err]) are given withfn a region defin
upper line obtained by increasing kh2 froma 25

primary conbination |line (Al2-B12-Cl2- D12-
% and a | ower |ine obtained

FIG. 17
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by decreasing kh2 fromsaid interpolated primary
conbi nation line (Al2-B12-Cl12-D12-E12-F12-Gl2) by 10% in a
“havi ng absci ssa axis

t wo- di nensi onal Cartesin coordi nate graph

of khl and ordinate axis of 5 kh2, sai dr+-Aterpalated
primary conbination |line (Al12- B12- C12- D12- E12- F12- GLP)RERMASERA:N 081 =
of points Al2, B12, ) g

160

- 12 - 25 FEB?S%J

FIG. 72
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Cl2, D12, E12, F12, Gl2 and |lines Al2-Bl12, Bl12-C12, Cl2-D12,

D12-E12, E12-F12, F12-Gl2; 10 said Al2 being given by the |inear

i nt erpol ati on bet ween Al (khl =0. 600, kh2=0.645) and A2 (khl =0.600,
kh2=0.671); _ said B12 being given by the linear interpolation

bet ween Bl (khl =0. 800, kh2=0.684) and B2 (khl=0.800, 15 kh2=0.713);

sai d. C12 being given by the Iinear interpolation [b&t;meae.n._glﬁ___

(khl =0: 900, kh2=0.718) and C2 (khl=0.998, . kh2=0. 74?2}5?;_,,@35;&*;;«4TWF
said D12 being given by the linear int&rpolation .20 beﬂveen_ﬁl'_._ HEET

(khl =1. 000, kh2=0.759) and D2 (khl =1. 000, i _ .
( 75 FFB 1908 |

<.

FIG. 713
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kh2=0. 789) ;

bet ween E1 (khl=1.100, kh2=0.809) and E2 (khl=1.100,
said F12 being given by the linear interpolatio

25
F1 (khl =1.200, kh2=0.866) and F2 (khl=1. 200, REPLACEMERT morre

-161-

FIG.

kh of Si02

74

- 14 -

said E12 being given by the linear interpolation

kh2=0. 837) ;
bet ween

! 25 FEB 1993
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kh2=0.891); and said Gl2 being given by the linear

I nterpol ation between Gl (khl =1.400, kh2=0.987) and & (khl=1.400,
kh2=1.011). 5 63. A surface acoustic wave device fP‘f"""Lzﬂd-—DD.dﬁw‘__n__._
surface acoustic wave of a wavelength [err] ([err]m i Rﬁﬁm@,r;g;@mg:qm;;h?
(i) a dianond |ayer, (ii) a zZnO | ayer disposed bnrsa+d.di_apgpond-*' i
| ayer, 10 said ZnO |l ayer having a thickness t[err]] | 2 i
(iii) an interdigital transducer (IDI)q4di gsposed on ] sa‘r.ﬁ 5E§1¢998 '
| ayer, said IDT having a thickness of f]err] and “— -

FIG. 15
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(iv) a Sigerr] layer disposed over said interdigital 15

transducer onto said ZnO |l ayer, said SiJerr] |ayer havi ng a
t hi ckness of t[err]; wherein a parameter kh3 =
2[err](t[err]/[err]) is 0.066 [err] kh3 [err] 0.099:

and wherein a paranmeter khl=2n(t[err]/[err]) and a paranmeter 20
kh2=2n(t[err]/[err]) are given within a region defined by an,

upper [ine obtained by increasing kh2 g em a i nt eREBLM@ﬁENT ngET
primary conbination |ine (A23-B23-C23- D23- E23- F23&23)

% and a | ower |ine obtained by decreasing kh2 f onLn Sz?llsd
interpolated primary 25 conbi nation |ine FEB 1398
(A23- B23- C23- D23- E23- F23- QR3) by 10% in a two-di rens+oenad
Cartesin coordinate graph |

Ittt msmn pes .+ e,

FIG. 16
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- 162 - havi ng absci ssa axis of khl and ordinate axis of

kh2, said interpolated prinmary conbination |[ine (A23-
B23- C23- D23- E23- F23- &R3) consi sting of points A23, B23, 5 C23, D23,
E23, F23, &3 and lines A23-B23, B23-C23, C23- D23, D23-E23,

E23- F23, F23- &X3; said A23 being given by the llﬂcalh““ﬂ“~{“FTT
| nterpol ation : REPLACTMENT o

_.1_2_

25 FEB 1398

FIG. 17
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between A2 (khl =0.600, kh2=0.671) and A3 (khl =0. 600,  kh2=0.713)

10 said B23 being given by the linear interpolation

bet ween B2 (khl =0.800, kh2=0.713) and B3 (khl =0. 800, kh2=0. 758) ;
said C23 being given by the linear interpolation ~between C2
(khl =0. 900, kh2=0.747) and C3 (khl=0.900, 15 kh2=0.790) ; i
sai d. D23 being given by the linear interpolation ! bet ween D2 e
(khl =1. 000, kh2=0.789) and D3 (khil=1.080- kh2:0.b32);“ .

said E23 being given by the linear interpolation 20 [ bet ween E2 F
(khl =1. 100, kh2=0.837) and E3 (khl =1. 100, -

FIG. 18
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kh2=0. 879) ;

said F23 being given by the linear interpolation

bet ween F2 (khl =1.200, kh2=0.891) and F3 (khl=1. 200, kh2=0. 930)
and 25 said &3 bei ng given by the |inear |nterpolat|on

between & (khl=1.400, kh2=1.011) and G3 (khl =1. 400,

FIG.
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kh2=1. 046) . 64. A surface acoustic wave device for 2nd node

surface acoustic wave of a wavelength X (pm conprising: 5

(i) a dianond | ayer, (ii) a ZnO | ayer disposed on said dianond
| ayer, said ZnO | ayer having a thickness tf[err],

(iti) an interdigital transducer (IDT) disposed on said ZnO

| ayer, said IDT having a thickness of t[err], 10 and

(iv) a"Sigerr] layer disposed over s 'djj nterdigital

transducer onto said ZnO | ayer, said err] layer havi ng a

t hi ckness of t[err];

REPLACEMZHT SHEET

FIG. 20
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wherein a paraneter kh3 = 2n(t[err]/[err]) is 15 0.099 [err]

kh3 [err] 0.132: and wherein a paraneter khl=2n(t[err]/[err])
and a paraneter kh2=2n(t[err]/[err]) are given within a region
defined by an upper line obtained by increasing kh2 froma
interpolated primary conbination |ine (A34-B34-C34- 20

D34- E34- F34-G34) by 10 % and a | ower |ine obtained e by

decreasi ng kh2 fromsaid interpol at ed alii mary { (;Qﬁi)ﬁ'éﬁ“ T +Re--.

( A34- B34- C34- D34- E34- F34- G34) by 10% in a tvo- di fEhsHeNal SHEET

Cartesin coordi nate graph havi ng absci ssa axifs jof khl "and .
ordi nate axis of 25 kh2 said inter olktéﬁ FEBTI08
conbi nation |ine (A34-

FIG. 27
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B34- C34- D34- E34- F34- G34) consi sting of points A34, B34, C34, D34,

E34, F34, G34 and |ines A34-B34, B34-C34, C34- D34, D34- E34,
E34- F34, F34- G34; said A34 being given by the linear
i nt er pol ation 5 bet ween A3 (khl =0. 600, kh2=0.713) and A4 (khl =0. 600,

kh2=0. 755) ; said B34 being given by the linear interpolation
~ REPLACEMENT SHEET
- 22 - ﬁ"if_%“ﬁ N SrEb

—

25 FEB 1893
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bet ween B3 (khl =0. 800, kh2=0.758) and B4 (khl =0.800, kh2=0. 803) ;

10 said C34 being given by the linear interpolation
bet ween C3 (khl =0.900, kh2=0.790) and C4 (khl =0.900, kh2=0. 837) ;
said D34 being given by the linear interpolation bet ween D3
(khl=1. 000, kh2=0.832) and D4 (khl=1.000, - 15 kh2=0. 877 -
sai d. E34 being given by the linear interpolation &een E3 N
(khl'=1.100, kh2=0.879) and E4 (khl=1.100; _ kh2=0. 9 -*“ uﬁLC’
said F34 being given by the linear |nte+polat|on 20 an,FB
(khl =1. 200, kh2=0.930) and F4 (khl=1.200, FER 1998 -

| l

FIG. 23
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kh2=0.972); and said G34 being given by the linear

I nterpol ation bet ween G3 (khl =1.400, kh2=1.046) and &4 (khl=1.400,
kh2=1.083). 25 65. A surface acoustic wave device for 2nd node.
surface acoustic wave of a wavelength [err] ([err]m

conpri si ng:

- 24 - REPLACEMENT SHEET

"5 TER 1998

[4
| SPp—

FIG. 24

1.6

1.4

0.8 ~ D O o

kh of Si02
m\o
o
O I

O w,
0 O,
o)
n.
o)
[

0.6 [

04 RO O]__'
o o w
Q’ '

<0

0.2 O
P,
|

{ 1 | | {

0 1] |
0.2 04 06 08 1 12 14 16 18 2

kh of ZnO




(i) a dianond | ayer, (ii1) a ZnO | ayer disposed on said dianond

| ayer, said ZnO 1 ayer having a thickness t[err], 5

(itii) an interdigital transducer (IDT) disposed on said ZnO

| ayer, said IDT having a thickness of t[err], ' and

(iv) a Sigerr] layer disposed over said interdigital

transducer onto said ZnO |l ayer, said Sierr] layer 10 REFLACHRIENIOS QST
t hi ckness of t[err]; vvhergi n a paranmeter kh3 g
2n(tferr]/Jerr]) is T0=¥32 [err] kh3 [err]i0 1%85 FE

and wherein a paranmeter khl=2n(t[err]/[err]) and a paranetger B 1998 )

kh2=2n(t[err]/[err]) are given within a region defined by gnk

FIG. 25
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15 upper line obtained by increasing kh2 froma

oy

interpol ated primary conbi nation |ine (A45-B45- C45-

D45- E45- FA5- (A5) by 10 % and a | ower |ine obtained ;;rlay__ _;‘ﬁ»,“, SHEET
decreasi ng kh2 fromsaid i nterpol ated primary cotbiBartan T & ="
( A45- B45- CA5- D45- E45- F45- (A5) by 20 10% in a two- c%l nsion n
Cartesin coordi nate graph havi ng absci ssa axi s of !khd 5aﬁd3 1993
ordi nate axis of kh2, said int erpol'atLed_pr.J..nnr.;L____‘
conmbi nation |ine (A45- B45- 488 DA5. E45- F45- (A5) consl sting of

poi nts A45, B45, 25 CA5, D45, E45, F45, (A5 and |ines A45-B45,

B45- C45, C45- D45, D45- E45, E45- F45, F45- (45;

FIG. 26A
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-166 - said A45 being given by the linear interpolation

bet ween A4 (khl =0. 600, kh2=0.755) and A5 (khl =0.600, kh2=0. 837) ;

said B45 being given by the linear interpolation 5 bet veer—B4-

(khl =0. 800, kh2=0.803) and B5 (khl =0. 800, kh2=0.897ﬁ;ht?i§%

said C45 being given by the linear interpolation betiwaemCA™ -y

(khl =0. 900, kh2=0.837) and C5 (khl =0.900, o] { 25 FFR 1003 %
- 27 - :
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kh2=0.933); 10 said D45 being given by the linear interpolation

bet ween D4 (khl =1. 000, kh2=0.877) and D5 (khl=1.000, kh2=0.973) ;

said E45 being given by the linear interpolation bet ween E4
(khl =1. 100, kh2=0.922) and E5 (khl=1.100, 15 kh2=1.017);

said F45 being given by the linear interpolation bg%wee&4=¢w .
(khl'=1. 200, kh2=0.972) and F5 (khl =1. 200, kh2=1. 06B)REPAADEMENT SHEET
said (A5 being given by the linear ig;gépglation, 20 biet e e
(khl =1. 400, kh2=1.083) and G5 (khl =1. :

kh2=1. 16/7) | 25 FEQ 008 }
;‘l : L. ioGaid e ] f

b s eraatesy

FIG.28
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66. A surface acoustic wave device for 2nd nopde surface acoustic

wave of a wavelength [err] ([err]m conprising: 25 (i) a
di anond | ayer, (ii) a ZnO | ayer disposed on sal d-di am)nd
| ayer, - 167 - ll f s “‘%"d"“‘”w
ZnO | ayer having a thickness t[err], (i) an f?I I-e-l’-dLgI t’g ” [
transducer (1DT) disposed on 2R on

- 29 - S "B 1098

FIG.29
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said ZnO | ayer, said I DT having a thickness of tlerr], and 5

(iv) a Si2 |ayer disposed over said interdigital t ransducer

onto said ZnO | ayer, said SiQ2 | ayer havi ng a t hisgkness_of

tlerr]; wherein a paraneter kh3 = 2n(t[err]/[err]l) st,_, ‘”W
0.198 [err] kh3 [err] 0.264: 10 . and wherein a para GF e |
khl =2n(t[err]/[err]) and a paraneter kh2=2n(t[ e r]/[ﬁé }'_% are i
given wWithin a region defined by an _ 3q upper line bt aiféd f 1393 /
i ncreasing kh2 froma |nte+pol ated primary conbjn

(A56- B56- C56- D56- E56- F56- G56) by 10 % and a | ower |ine _ 1
obt ai ned 15 by decreasing kh2 fromsaid interpol ate f

FIG.30
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conbi nation |ine (A56-B56- C56- D56- E56- F56- G56) by 10% in a

t wo- di mensi onal Cartesin coordinate graph havi ng absci ssa axi s

of khl and ordi nate axis of kh2, 20 sgtth

i nterpolated prinary conbination line (A56- ] REPLAC CEMER ;";“L
B56- C56- D56- E56- F56- G56) consi sting of points A56, B56, «~C56, & HEET
E56, . F56, Gb6 and |ines A56-B56, B56-C56, C56- D56, D56a£ T
E56- F56, F56- Gb6; sai d A5§q being given by the ii 6'53 1393 { /
interpolation 25 bet ween- A5 (khl=0. 600, kh2=0.837) an Q0,

kh2=0. 914) : | :

]
N

FIG.31
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- 168 - sai d B56 being given by the linear interpolation

bet ween B5 (khl =0.800, kh2=0.897) and B6 (khl =0.800, kh2=0. 989) ;

said C56 being given by the linear interpolation 5 bet ween C5

(khl'=0. 900, kh2=0.933) and C6 (khl =0.900, kh2=1. 029); '

sai d D56 being given by the linear interpolation bet ween-bB5——e

(khl =1. 000, kh2=0.973) and D6 (khl =1.000, kh2=1. 069) ;{ ﬁtPiACEWEHT’Ser;i
' - 32 - P ———

/ 25 Fsg@ |

FIG.32
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10 sai d E56 being given by the linear interpolation bet ween

E5 (khl=1.100, kh2=1.017) and E6 (khl =1.100, kh2=1.111);

said F56 being given by the linear interpolation bet ween F5

(khl =1. 200, kh2=1.063) and F6 (khl=1.200, 15 kh2=1. 156) ; : and, e e
sai d G566 being given by the linear interpolation betheﬁ-GSL““&3i SHTE]
(khl =1. 400, kh2=1.167) and G5 (khl =1. 400, . kh2=1.257).

67. A surface acoustic wave device accggding to one 20 0 ,Hg5mFg§s§:

56, 57, 58, 59, 60, 61, 62, 63, 64, 65— or 66, whereinj sg

interdigital transducer conprises an input interdigitlal transducer

(i nput IDT) for

FIG.33
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creating surface acoustic wave by being applied with el ectric power

and an output interdigital transducer 25 (output 1DT) for receiving
the surface acoustic wave to obtain electric energy, wherein sumN
of a pair nunber -169-

Ni of said input IDT and a pair nunber No of said out put_ | DT | ‘IU\I

Ni + No) is 50 to 90 pairs; and wherein a crossing w dt
input DT or said - 34 - hE@iAﬁi EENT 3

25 FEB 109 |

FiG.34
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output IDT is 10[err] to 50[err]. 5 68. A surface acoustic wave

devi ce according to one of clains 1, 3, 56, 57, 58, 59, 60, 61,

62, 63, 64, 65, 66 or 67, further conprising at |east one pair of
reflectors which are disposed to interpose an input |IDT and an

out put 1DT along the propagating direction of 10 t he SAW -l sald
reflectors conprise fingers, the total nunber of which é?ﬁmL k”M“
greatef than 2 x (100 - N) .- Weere Nis sumof a pair nunber-. “%#”“"Ql'
sai d i nput | DT and a pair nunber No of said output IDT{(N = yl T
No). 15 69. A surface acoustic wave device according {o/ore? FFg 992"
of clains 67 or 68, wherein said wavelength [err] is about ’ 8

FIG.35
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3.2 [err]mto about 4.5 pm 70. A surface acoustic wave device

according to one of clains 67 or 68, wherein Q of said surface
acoustic 20 wave device is greater than 600. F 1. A
surface acoustic wave device according to one pth{g:Z ,;QE @gf;;-;
wherein an operating center frequency of said surf Acoustic

wave. devi ce i s about 2.4 GHz to about 2.6 GHz. {2

surface acoustic wave device accordingg o-one ot ¢l di n%SGFEBr ?%@,
wherein a transnission |oss of said — L =

T N R e L O

FIG.36
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170 - surf ace acoustic wave device is about 6 dB to about 10 dB.
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FIG.39A:
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