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Photoacoustic signal model of depletion layer spread beneath metal electrode
in metal/semiconductor structure
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Abstract

In order to clarify the detailed operation mechanism of a semiconductor device, it is necessary to
know the information of the depletion layer in the depth direction. With the Schottky barrier of a
metal/semiconductor (M/S) structure, the depletion layer spreads in the depth direction directly beneath
an electrode. The theoretical analysis of the thermal diffusion equation was applied to the photoacoustic
(PA) signal model of the depletion layer. As a result, the thermal conductivity ratio characteristic of the
PA signal of the depletion layer which spreads in the depth direction directly beneath the metal
electrode was obtained. The amplitude ratio of the PA signal increased with the increase in the ratio of

thermal conductivity and decreased with the increase in the thickness of the depletion layer. As
increasing the ratio of thermal conductivity, the phase difference of the PA signal decreased over about

0.01.

Keywords: photoacoustic (PA) method, thermal-wave, depletion layer, metal/semiconductor (M/S)

structure, Schottky barrier
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Fig. 1. Cross-sectional diagram of sample.
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Fig. 2. Schematic diagrams of the thermal-
wave signal model at the surface of sample in
case an optical-beam is absorbed with Mo
electrode. In A, depletion layer is formed
beneath Si surface, and in B, depletion layer is
not formed. Boundary-C is the interface
between depletion layer and non-depletion

layer.
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Table 1. Parameters used in the calculations.
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Fig. 3. Amplitude ratios as a function of the
thermal conductivity ratio (x»/x3) for three
different widths of depletion layers. Intensity-
modulation frequency is 1500Hz.
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Fig. 4. Phase differences as a function of the
thermal conductivity ratio (xy/x3) for three
different widths of depletion layers. Intensity-
modulation frequency is 1500Hz.
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