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ABSTRACT

Biological function-oriented odor sensors are required to fulfil needs for various applications of
biological electronic nose systems. Surface acoustic wave (SAW) devices, in which Rayleigh waves
propagate, have also been studied for biological function-oriented odor sensors. I describe
measurement of SAWs velocities to identify five odorant molecules by using a SAW device as the
biological function odor sensor.

Dr. Tatsuo Iwasa in Muroran Institute of Technology has studied olfactory related proteins in
amphibian newts. He found a Cynops pyrrhogaster lipocalin (Cp-Lip1) protein, an odorant-binding
protein discovered in newts, which can combine with various hydrophobic odorant molecules. Dr.
Hisashi Fukuda in Muroran Institute of Technology has studied SAW devices to realize odor sensors.
In this study, I used the Cp-Lip1 odorant-binding protein and the SAW device as an odor sensor.

In chapter 2, I determined a new mathematical formula for estimating the velocity of SAWSs. Surface
acoustic waves propagate from InterDigital Transducer (IDT) generating leaky Rayleigh waves when
liquid is on the quartz substrates in the SAW device developed in Dr. Fukuda laboratory. The Leaky
Rayleigh waves travel radiating longitudinal waves into a liquid layer. On the other hand, Rayleigh
waves propagate in the vacuum-solid interface.

In chapter 3, I measured the propagation velocities in a SAW device in which ethanol, BSA protein
and five kinds of odorant molecules were used as liquid medium. I used ethanol and BSA protein as
sample solutions and clarified that the theoretical formula for estimating the velocity of SAWs is
effective. In order to determine the appropriate size of the groove two different sizes of grooves were
examined. The groove with width-height of 0.41mm-0.26mm showed higher intensity than the groove
with width-height of 0.24mm-0.25mm did. Then five kinds of odorant molecule solutions were placed
on the SAW device which had the groove with width-height is 0.41mm-0.26mm. I identified five kinds
of odorant molecules in the measurement of SAWs velocities.

In chapter 4, I compared between the theoretical and the experimental velocities in order to verify
validity of the SAW device for the biological function-oriented odor sensor. I showed that the
theoretical and the experimental propagation velocities of the five kinds of odorant molecule solutions
were nearly identical.

I have described that our frequency equation can predict different odorant molecules in the SAW
device. My study provides the basis for a new method for developing biological function-oriented

odor sensors.
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