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Development of Surface Acoustic Wave Sensor for Viscosity Measurement of Low
Viscose Liquid Using Love Wave
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Love wave is one of the shear horizontal waves and it can propagate between two layers in liquid without energy loss.

The SAW (surface acoustic wave) sensor using Love wave is very useful for real time measurement of the viscosity of
liquid with high sensitivity. In this study, the 77 MHz and 155 MHz Love wave SAW sensors were fabricated and use
to measure the viscosity of low viscous liquid. To generate the surface acoustic wave, the inter-digital transducers were
fabricated on the quartz crystal wafer. In order to obtain the optimal thickness of the coating film (novolac photoresist)
generating the Love wave on the surface of SAW device, theoretical calculation was performed. The performances of
fabricated Love wave SAW sensors were tested. As test liquid, pure water and glycerol solutions having different
concentrations were used. Since the determination coefficients of the regression equations for measuring the viscosity of
liquid are greater than (.98, the developed Love wave SAW sensors in this study will be very useful for precise

measurement of viscosity of liquid.
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Fig. 1 Definition of axes and propagation direction for shear horizontally
polarized waves in a finite substrate covered by a finite waveguide
layer.
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Fig. 2 Theoretical calculated phase speed as a function of normalized
thickness of waveguide layer at given material conditions.
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Fig. 3 Theoretical calculated mass sensitivity as a function of normalized
thickness of waveguide layer at 77 and 155 MHz
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Fig. 4 Schematic of Love wave SAW device.
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Fig. 5 Measured frequency responses of (a) 77 MHz and (b) 155
MHz Love wave SAW devices.
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Fig. 6 Experimental setup for viscosity measurement.
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Table 1 Viscosities and densities of various aqueous glycerol solutions
at 20C

Glycerol weight Density Viscosity
proportion (%) (kg/m’) (cP)
0 1000 1.005
10 1021 1.31
20 1043 1.76
30 1066 2.56
40 1090 3.72

Note: CRC Handbook of Chemistry and Physics, 58th Ed., 1977.
1 cP = 0.001 Pa-s.
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Fig. 7 Real-time phase changes of (a) 77 MHz and (b) 155 MHz Love
wave SAW devices at various glycerol weight proportion.

190
. 155MHz i
2 4g0] » 77MHz *
5
(4
b~
g 170t
2 .
©
S 160}
8 .
14
£ 150t
- . .
140F = ¢ *
1 1 1 1 1
1] 10 20 30 40

Glycerol weight fraction, g glycerol/100 g water

Fig. 8 Phase variations for different weight concentrations of aqueous
glycerol solution.



180 -
| x 155 MHz ¥=41.14x+99.12

o 180 - R'=0.997

2

e i

& 170+

o

[ vt

8

5 160 -

2

g f » 77 MHz ¥y=7.21x+133.18

o 150 - R=0.988
! J,w_/«/”"'

140 L
i i L N s . .
1.0 1.2 1.4 1.6 1.8 2.0

(Densityx Viscosity)'?, kg/im’s'?

Fig. 9 Phasc change variations for \/jp of agueous glycerol solution.

5.0 g 3

riu

27 AR FA0 AEE desA HHE Ui
Loved} SAW AIAEE 7HEs}7] <ls) T3 glom #a ¢dy
A= Uzt gtk

Alzkatr] Slel

At

(1) #HA AHE 2R Loved SAW AllA&
Aol & ‘Yé’éﬁ wavegmde =9 HA T
St Aot waveguide 58 FA7F A /1Y @ Lovedt
SAW iAo Aerzbi-r) 744 28 R0y YERKREC
™ o]& WO & 77 MHzS} 155 MHz Loved} SAW

AN E A2
(2) 100 g8 7ol FufAlEs FAuR wgdsete] e
5 2 MRS ol gstel i sl wh Lovest
SAW AIX2] 917 Waks 5% 43 Lovedt SAW
Aajel o1 sk Ajgel Vi ol Ao nlgat
%301 77 MHz8} 155 MHz Loved} SAW AlA{ofjA]

R

[0}

0.

10.

. Gizeli, E.

. McHale

J. of Biosystems Eng. Vol. 33, No. 4.

A AT 098 olgow w7l et Jakd
Trﬂu 41 ol Thsd oz pekEd,

2000. Study of the sensitivity of the acoustic
waveguide sensor. Analytical Chemistry 72:5967-5972.

. Gizeli, E., F. Bender, A. Rasmusson, K. Saha, F. Josse and

R. Cernosek. 2003. Sensitivity of the acoustic waveguide
biosensor to protein binding as a function of the waveguide

properties. Biosensors and Bioelectronics 18:1399-1406.

. Herrmann, F., D. Hahn and S. Buttgenbach. 1999. Separate

determination of liquid density and viscosity with sagittally
corrugated LOVE-mode sensor. Sensors Actuators 78:99-107.

. Jakoby, B. and M. J. Michael. 1998. Viscosity sensing using

a Love-wave device. Sensors and Actuators 68:275-281.

. Kovacs, G., M. J. Vellekoop, R. Haueis, G. W. Lubking and

A. Venema. 1994. A Love wave sensor for (Bio)chemical
sensing in liquids. Sensors and Actuators 43:38-43.
McHale, G., M. Newton and F. J. Martin. 2002. Layer guided
shear horizontally polarized acoustic plate modes. Applied
Physics 91(9):5735-5744.

, G., M. Newton and F. J. Martin. 2002. Theorical
mass sensitivity of Love wave and layer guided acoustic plate
mode sensors. Applied Physics 91(12):9701-9710.

. McHale, G., F. Martin and M. J. Newton. 2002. Mass

sensitivity of acoustic wave devices from group and phase
velocity measurement. Applied Physics 92(6):3368-3373.

. McHale, G. 2003. Generalized concept of shear horizontal

acoustic plate mode Love wave sensors. Measurement Science
and Technology 14:1847-1853.

Teston, F., G. Feuillard, L. P Tessier, H. H. Tran and M.
J. Lethiecq. 2000. Analysis of the coupling between shear
horizontal plate waves and liquids. Applied Physics 15:689-694.

287



