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To obtain shear type surface acoustic wave (SAW) thin film sensor, we 

fabricated the c-axis parallel oriented ZnO film on silica glass substrate. Shear type SAW was excited at 

first time, by applying VHF electric field to inter digital electrode fabricated on the film. Moreover, 

shear type SAW was propagated even in the liquid. Finally, the change of the conductiviy in the liquid 

was detected from the change of the SAW velocity. 

 

 

 

    

2009  2,300,000 690,000 2,990,000 

2010  1,100,000 330,000 1,430,000 

 3,400,000 1,020,000 4,420,000 

 
 

 

 

 

 
 

 

 

MEMS

 

 

 

Development of surface acoustic wave piezoelectric films sensors for liquid 

property measurement

 

 



 

 

x1

x3

x2
 c-axis

H

IDT

Silica glass substrate

SH-SAW

c-axis parallel

oriented ZnO film 

= 40 m

Type A Type B

Type C Type D

IDT

ZnO film

Silica glass

substrate

Metal electrode

layer

5.0

4.0

3.0

2.0

1.0

0.0

K
2
 (

%
)

9080706050403020100

 (deg.)

  Calculated Value
 : Type A     : Type B
 : Type C     : Type D

H /  = 0.21

(b)

 : Experimental Value

c

ZnO

AlN

 

IDT

 

 

 

SAW

K
2

K
2

K
2

ZnO (0º, 90º, ) / IDT

 / 1  = 

55º H /  = 0.21 K
2

3.4   

ZnO (0º, 90º, ) / 

IDT / = 0º, 

30º, 60º, 90º K
2

 

 

 

(1)  

RF

c ZnO

 = 0º, 30º, 60º, 90º 1

4.5 5.0 m

Al

IDT

IDT

 / 2 10 m 5 mm

7 mm 54 

1

IDT 2  

 

 

 

 

 

 

1 ZnO (0º, 90º, ) / IDT /  

XRD

c ZnO

 

 

 

 

 

 

 

 

 

 

 

 

2 IDT  

(2) 

 

K
2

IDT

K
2

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 H /  = 2.1

K
2

 



 

 

(IDT)

MODEL 600MMODEL 600M

 

-80

-70

-60

-50

-40

-30

-20

-10

0

 (
d

B
)

90858075706560

 (MHz)

3(b) H /  = 0.21 3(a)

K
2  90º K

2

 = 55º

Type A B K
2

Type C D

Type A B

SH SAW

Type C D

K
2

 

 

(3)  

K
2  = 55º

4

5

6

7

SH SAW

 

 

 

 

 

 

 

 

 

 

 

 

 

4  

 

 

 

 

 

 

 

 

5  

 

 

 

 

 

 

 

 

 

 

 

 

6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 

 

 

 

8

9 8

 

 

 



 

 

-180

-120

-60

0

60

120

180

 (
d
e

g
.)

154.8154.7154.6154.5154.4
 (MHz)

 (S/m)  7mm
 : pure water  : 1.284
 : 0.1012  : 5.010
 : 0.1966  : 6.980
 : 0.4800  : 9.960
 : 0.9860  : 11.230

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 

 

 

 

12  

1. T. Yanagitani and M. Kiuchi, “Texture 

modification of wurtzite piezoelectric films 

by ion beam irradiation,“ Surf. Coat. Technol., 

(2011) in press.  

2. T. Yoshida, T. Yanagitani, and M. Matsukawa, 

“Observation of induced longitudinal and 

shear acoustic phonons by Brillouin 

scattering,” IEEE Trans. Ultrason., 

Ferroelectr., Freq. Contr., vol. 58. no. 6, 

(2011) in press.  

3. T. Yanagitani, N. Morisato, S. Takayanagi, M. 

Matsukawa, and Y. Watanabe “c-axis zig-zag 

ZnO film ultrasonic transducers for designing 

longitudinal and shear wave resonant 

frequencies and modes” IEEE Trans. 

Ultrason., Ferroelectr., Freq. Contr., vol. 58. 

no. 5, pp. 1062–1068.  

4. T. Yanagitani, H. Sano, and M. Matsukawa, 

“A method for measuring in-plane 

unidirectional electrical properties in a wide 

band-gap semiconductor using a Brillouin 

scattering method,” J. Appl. Phys., vol. 108, 

024910-1–024910-4 (2010).  

5. T. Kawamoto, T. Yanagitani, M. Matsukawa, 

Y. Watanabe, Y. Mori, S. Sasaki and M. Oba, 

“Large-area growth of in-plane oriented 

(11-20) ZnO films by linear cathode 

magnetron sputtering,” Jpn. J. Appl. Phys., 

07HD16-1–07HD16-4 (2010).  

7 Y. Yaoi, K. Yamamoto, Y. Yamato, T. 

Yanagitani, M. Matsukawa, K. Yamazaki, and 

A. Nagano, “Distribution of longitudinal 

wave velocity and hydroxyapatite crystallite 

orientation in bovine cortical bone,”  Acoust. 

Sci. & Tech., vol. 30, no. 4, pp. 306-309 

(2009).  

8. Y. Yaoi, K. Yamamoto, T. Nakatsuji, T. 

Yanagitani, M. Matsukawa, K. Yamazaki, and 

A. Nagano, “Anisotropy of longitudinal wave 

velocity and hydroxyapatite orientation in 

bovine cortical bone,” Jpn. J. Appl. Phys., vol. 

48, pp. 07GK06-1–07GK06-4 (2009).  

 
1. T. Yanagitani, K. Arakawa, K. Kano, A. 
Teshigahara, M. Akiyama,, “Giant shear mode 
electromechanical coupling coefficient k15 in 
c-axis tilted ScAlN films” IEEE Ultrason. 
Symp. (2010) 4 pages, in press. 
2010 10 14  

2. M Suzuki, and T. Yanagitani, “Influence of 
shadowing effect on shear mode acoustic 
properties in the c-axis tilted AlN films,” 
IEEE Ultrason. Symp. (2010) 4 pages,in press. 
2010 10 14  

3. K. Arakawa, T. Yanagitani, K. Kano, A. 
Teshigahara, and M. Akiyama, “Deposition 
techniques of c-axis-tilted ScAlN films by 
conventional RF magnetron sputtering,” IEEE 
Ultrason. Symp. (2010) 4 pages,in press. 
2010 10 14  

4. S. Takayanagi, T. Yanagitani, M. Matsukawa 
and Y. Watanabe, “A simple technique for 
obtaining (11-20) or (10-10)textured ZnO 
films by RF bias sputtering” IEEE Ultrason. 
Symp. (2010) 4 pages,in press.  

2010 10 14  

 
 
 

-100

-80

-60

-40

-20

0

 (
d
e

g
.)

 (S/m)

  :  2 mm  
  :  7 mm

10210-1 10010-5 101



 

 

5. T. Yanagitani, H. Sano, and M. Matsukawa, 
“Measurement of electric properties in a ZnO 
single crystal via electromechanical coupling 
using Brillouin scattering method,” IEEE 
Ultrason. Symp.pp. 1074–1077 (2009).  

2009 9 22  
6. N. Morisato, S. Takayanagi, T. Yanagitani, M. 

Matsukawa and Y. Watanabe, “Multilayered 
shear wave resonator consisting of c-axis tilted 
ZnO films,” IEEE Ultrason. Symp. pp. 
2162–2165 (2009). 2009 9 22  

1.  

 

 

  

  

 2010-19574 

 2010 01 29  

  

 

2

 

  

  

  

 2010-270539 

 2010 12 03  

  

 Takahiko Yanagitani

10450652 


