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Abstract

An interferometric technique was used to measure a displacement or a vibrational
amplitude in a sub-angstrom range caused by an external applied electric field for a
piezoelectric material. A Michelson interferometer used a He-Ne laser as a
monochromatic light source. The laser beam was split into two beams by a beam splitter.
The first beam incident on a reference mirror and the second one on a sample whose the
piezoelectric coefficient was unknown. The beams reflected back from the sample and the
mirror recombined at the beam splitter and formed an interference pattern. The intensity
at the interference pattern depends on an optical path length difference of the two beams.
An optical detector and a lock-in amplifier were used to convert an optical signal into a
voltage, which related to the sample displacements. A ratio between the displacement and
the driving voltage is a piezoelectric coefficient. This work calibrated the optical system
using a single crystal of lithium niobate. Afterwards, the extensional of lead zirconate
titanate ceramics was measured and piezoelectric coefficient was found to be (270 + 50)

pm/V . A displacement resolution of the system was consequently determined to be of

the order of 107> meter. From further literature survey, the piezoelectric responses in
semiconductors were rarely reported due to their high electrical conductivity and small
values of the piezoelectric coefficient. The 107*meter resolution was not capable of
measuring the the displacement of the semiconducting materials. The present work
improved the stabilization of the interferometer and applied to the measurements of
semiconducting gallium arsenide. From the measurement in a frequency range of 4 — 20
kHz , the piezoelctric coefficient of GaAs was found to be (2.8 + 0.1) pm/V , which
agreed well with a reported value. This result indicated that the displacement resolution of
the system was of the order of 10" meter. Investigations of the piezoelectric response
were carried out for semiconductor of the thin films of gallium arsenide and aluminum

gallium arsenide. The sample vibrations were observed at the frequencies of 10 kHz and

)



above. From the graph of the displacement-voltage relation, the measured displacements
tended to be linear with the voltages. A slope of the graph was approximately 1.3 pm/V,

hence, a magnitude of the piezoelectric coefficient. The piezoelectric field in this material

was anticipated that it was induced by the strain at the interfaces of the thin films.
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