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FIG. 14(3) (0°, 6, 0°) LiTaO3/ (0°, 6, 90°) Quartz
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FIG. 16(2)
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FIG. 24(a)
85
— 80 L Rayleigh
;E A10.081
2 :
*é’ 75 F
Q
Q
g
S 70|
Q
Q.
£
65 |
60 ] . . ] : ; ] i i ] ; 2 ] ; g
0 30 60 90 120 150 180
Qat (0°, 6, 0°) LINbO: [']
FIG. 24(b)
85
(0, 131, O)LN
P R il
i . B
o
-2 Rayleigh ) \‘aylelgh
= / A10.084 . ) l
QO // ‘\5
=~ B NS e g (0, 131, O)LN e 9
< / LSAW \
o | //4/ \
é 65 mo.osN\
55 N 1 1 N | 1 X 1 X X 1 : 1 1 X X
0 30 60 90 120 150 180

Qat (0°, 6,90°) quartz [°]



22/36

FIG. 20(2)%° 1

—_
W
=T Trr

ek
o
T Tt

Al0.08 A

Bandwidth [%]

(9]

L L 1 1 | " L 1 1 L L 1 1
0.0 0.5 1.0 1.5 2.0

O-..‘.l

(0°, 131°, 0°)LiNDbO:s thickness on quartz [A]

FIG. 25

90

(o]
o

70

Al0.08 4

60

I

Impedance ratio [dB]

50 1 1 1 L | L " 1 1 1 1 " 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0

(0°, 131°, 0°)LiNbOs thickness on quartz [A]




23/36

FI6. 2603 40
20 (0,38,0)LN
0 [ Rayleigh

TCF [ppm/°C]
A
o

-60
-80
i (0,154,0)LN
-100 (0,85,0)LN LSAW

LSAW

1)) ) S
0 30 60 90 120 150 180

Oquartz at (0°, Oy, 0°) LiINbO3/ (0°, Oquartz, 0°)quartz

76,250 40

20 f

(0,154,0)LN
LSAW

ok

[ (0.85.00LN
60 |- LSAW

TCF [ppm/°C]
A
o

-80 [ (0,38.0)LN
Rayleigh
-100 -
1 S S R
0 30 60 90 120 150 180

equartz at (Oo, eLN, Oo) LiNbO3/ (OO, equartz, 90°)quartz
6,280 o

40 - (0,38,0)LN
20 Rayleigh

o

(0,154,0)LN
LSAW

TCF [ppm/°C]
Y
o

- 85,0)LN
-80 - LSAW
qool e
0 30 60 90 120 150 180

Oquartz at (0°, Oix, 0°) LINbO3/ (0°, Oquartz, 30-60°)quartz



24/36

- o -
- - -
-
-
-
-
-

120 150 180

90
w at (90, 90°, w) []

FIG. 28

A

MO1

AV

150
140
130
120

10

1

0

100

9

(ar)z

80
70
60

35 3.7 39

33

29 31
Frequency [GHz]

2.7

25



FIG.29

25/36

80
- /Fusedquartz
Synthetic quartz
;@' 75 Quartz glass
=
E If
; 70 W Pyrex glass
g |
% Borosilicate glass
Fq‘g-‘ L
g 65
60-"""""""""
0.0 0.2 0.4 0.6 0.8 1.0
LiTaO:s thickness [A]
FIG.30 gq
\ (0,131,0)LN
— r-sapphire
SE P TEES———
o (0,110,0)LT
‘g c-sapphire, SiC
o 70
=
<
e
8.
=
et
60 1 L N L | 1 L 1 L | 1 1 1 ) | 1 1
0.0 0.5 1.0 1.5 2.0

Si02 thickness [A]



26/36

FIG.31@ oo 1100 0° LT 00 132.75° g0° ) quartz
8

Bandwidth [%]

O X | X | X | : |
0.0 0.1 0.2 0.3 0.4
Electrode thickness [A]
FlG 31(b) (0° ,110° ,0° )LT.~(0° ,132.75° ,90° )quartz

Impedance ratio [dB]

60— 1

0.0 0.1 0.2 0.3 0.4 0.5

Electrode thickness [4]

0.5



27/36

FIG.3@) o 1100 00 )T 00 L 132,75 00 ) quartz
7

AN
T

Bandwidth [%]

0.1 0.3 0.5 0.7 0.9
Metalization ratio of IDT electrode [A]

FIG. 32(0) 0° ,110° ,0° )LT.~(0° ,132.75° ,90° )quartz
80

13

Impedance ratio [dB]

70 1 1 X 1 L 1 X
0.1 0.3 0.5 0.7 09
Metalization ratio of IDT electrode [4]




28/36

Z)enb /LQT/LT /8ponsae Junys(plge o4 Zyenb/ 1A/ TR 9l Zpenb/aponoe Junys /L T/ LT 9l Z)enb/11/1.Al (e 914

< ol e ¥
Zi~ W
e A4S i
LI—~F LINg oz
A . zl ‘
/) el €l

& el 4! el



29/36

FIG.34@) o 110 oo )T 00 132,75 900 ) quarz

8

5 |- IDT/LT/ quartz
,
= | [
e
% : IDT/LT/shunt electrode / quartz
c S’ e
8] -
M ,°

2F R e -

,7 .~ Shunt electrode,/LT /ID T/ quartz e
:'/.' 1 i 1 i 1 i 1\ i
0.0 0.2 04 0.6 0.8 1.0
(0, 110, 0)LiTaO3 thicness [A]
F|G 34(b) (0° ,110° ,0° )LT.7(0° ,132.75° ,90° )quartz
& oo . Ue Y
[ IDT/LT/ quartz

% 60 L T R LT/IDT/ quartz
= o ’ e ——y — lDT/ﬁ/shunt electrode / quartz
S | r o . e
§ A0 ) Shunt electrode /LT /ID T / quartz e ™
(=] L 7 e
< . S
y= - ~.
Q : Ny,
o - N
é 20 /'/

0 1 L 1 " 1 " 1 L

0.0 0.2 0.4 0.6 0.8 1.0

(0, 110, 0)LiTaOs3 thicness [A]



FIG. 35

Impedance ratio [dB]

30

30/36

~
O
T

AN
O
T

50

0.0

0.2

0.4
LT

0.6
thickness [A]

0.8

1.0



31/36

F|G36(a) 0° . 110° ,0° )LT/Bounda[yﬂlm/(O° ,132.75° ,90° )quarz

5000 r

4500 [ SiNy

4000 p-.

[, Si02
3500 F \ '«

Phase velocity [m/s]
|

3000F S 10

[ T e
2500 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0

Boundary film thickness [4]

FlG 36(b) 0° ,110° ,0° )LT.Boundayfim~ (0° , 132.75° ,90° )quarkz
8

Bandwidth [%]
.J;

0 ....\l‘ -.T.az.osl...

Pl T

0.0 0.5 1.0 1.5 .2.0 .2.5 I3.0
Boundary film thickness [1]

FIG. 30

©° ,110° ,0° )LT.Bundayfim~ (0° , 132.75° , 90° )quartz

80
Si02
AN
m N
= LR
\ =N Si
=] y \
g * - ZnO
St N \
8 70 r \‘\}‘\
g \ “\\\i ___________ SixN)
] ' >SS i A SN
o ! = B
Q. ‘| ““““
g \
= |
Ta20s |
|
L 1
6oL ... PP R b
0 1 2 3

Boundary film thickness [A]



32/36

[¥] ssowyor 01S
0s (I o1 c0 al
B Bas _ 1"
19 F
1 o
J [¢]
] o
] g
1or 3
......... &
2
“wfvlllllllll llllllllllll _m_l
=
1000
08
Zenb /201 /5071 /11 (zg 914
[¥] ssauxyorys < Q1S
; 01 S0 00
R
=)
=]
[«
Q.
o
=
&
g
=
i =%
S e ™~ =
10000 100 P—_— ]
08
20enh /2018 /NS /L1 @914

[v] ssewyory <015

. ST 01 S0 00
OMVW........_...._.....OO
1o §
1 =
4 o
I {1 B
| lo. 2
SN e emaa e s e s Smenare e ae s s nas ymewe samsanm e i s s e S s e ] ON- Q
vw ........................................................................ -] 8
T — 1 &
50 1o b P
A I | -~
- 7 ol R
1000 100500 (|
08 ;
Zuenb/?01S/0YZ/ 11 (96914
[¥] ssausjory) 201§
: 01 0] 00
om|ww..._...._.._..oo
4s9 T
1 S
4 (¢
o
oo
=
(@}
(¢}
-
8
=
Gl \ ‘e
SO (O I A=
r— Ko, wid
g %90 So.ow
Z1enb/*NXS /20!S /11 (8)/¢ 914



FIG. 38(a)

Impedance ratio [dB]

FIG. 38(b)

Impedance ratio [dB]

33/36

LT/Si02/SixNy/ 3rd thin film /quartz

80

70 |

65 -

60 L—

T .

75 ;&;‘:'::?“-v'-—=::-:::-:: ------------------------------------------------------- \‘r ..... _S .i_..\l._../ -

0.0

80

0.5

1.0

L.5

Third layer film thickness []

LT/SixNy/SiO2/3rd thin film /quartz

3
om0
—

N
W
T

: Si02
75 B e reeeeoe e tes et ot e oo eoe s ees oot e BO—— g g_
\ S Si
e N SixNy
B N \\
N
\\‘
\\\‘
A\
W\
W
\,
A\
W\
N\
\\\\
W\
Y\
‘N ZnO
\ \.
Taz20s"\
A% 9

0.0

0.5

1.0

L

Third layer film thickness [1]

5.0



Z(Mag)

FIG. 40

Impedance ratio [dB]

80

34/36

70 |

60

0.0

0.2

0.4 | 0.6
Electrode thickness [A]

0.8

1.0



35/36

FIG. 41 -

12

13
12

Impedance ratio [dB]
~l
e

60 N 1 N 1 N | (( |
0 1 2 3 /7 9 10

LiTaOs thickness [A]

FIG. 42(a)

FIG. 42(b)

) g

] 2

i B

51 3

T 2 st

3 65 F g

E L
60 7 : ¢ . = 600 30 50 % 20 150 180
0 30 60 90 120 150 180

6 at (0°, 0, 0°) quartz [°] 0 at (0°,0, 0°) quartz []



36/36

S ARIE o) 71
ol | Vi NOILYYYd3S (o)
1] 1
¢l
| 4 ONIINYO4 300410313 ANY T4NSOdX3 (P)
L1
Ll ch .- L] ONIHSI0d (@)
¢ m. 1€ 31Y4189nS 073ld 50 EEw%wom_m
¢
ez _\ 1 ) BZ]  ONONo(@
3LvdLSEnS 0Z3ld

ecl " (NTL ) 3MLS80S 073K ()



