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Measurement of in-plane electric properties in a wide band-gap semiconductor

by Brillouin scattering method
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Non-contact electric property measurements are required in semiconductor samples to avoid mechanical and chemical damages at
sample surface. We propose the measurement in the in-plane direction of the sample, using electromechanical coupling. Wide
band-gap semiconductors such as GaN, AIN, ZnO, etc. have piezoelectric effect. Therefore, electric properties of these materials can
be measured via an electromechanical coupling. To estimate the properties in the crystal with less than 1 Q-m, (which is general in
intrinsic wide band-gap semiconductors), acoustic measurement above the GHz range is essential. Brillouin scattering method allows
us to measure GHz bulk acoustic wave velocities in the in-plane direction without mechanical contact. We studied distribution of

electric properties in a ZnO single crystal using the method.
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Fig. 1 Theoretically estimated longitudinal wave
velocities propagating toward c-axis in a ZnO crystal as
functions of resistivity and frequency. Hutson’s equation
was used *). The carrier diffusion is estimated in the case
that carrier mobility is constant in 100 cm*/ V sec ® and
temperature is 300 K.
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Fig. 2 1C-50~180°C IC #5355 GHz & 18.5 GHz
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Fig.2 Longitudinal wave velocities at 4.9-5.2 GHz and
18.2-19.0 GHz as a function of resistivity (temperature). In
the theoretical curves, the carrier diffusion is estimated from
extrapolated carrier mobility data measured in ZnO crystal
% A change of the elastic due to heating is excluded using
temperature coefficient of 1.23x10™ /°C. The temperature
dependence of resistivity (x-axis) of the sample was
determined by standard sandwiched liquid Ga alloy
electrode configuration with 2 mm-diameter. Note that this
value is resistivity in the out-of-plane direction (1/033), but
the resistivity coupling to present velocity measurement
(RI®A) corresponds to that of the in-plane direction (1/07;).
In addition, the resistivity in x-axis was just an average
value in the area of 2 mm-diameter circular electrode. In
contrast, the actual diameter of the focused laser beam in
Brillouin scattering method was approximately 50 gm.
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Fig. 3 Distribution of the longitudinal wave velocity in the
ZnO single crystal.
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