The Influence of the Quality of CdTe Surface on the Photoacoustic Characteristics.
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In this paper the results of the photoacoustic spectral
studies of CdTe samples are presented and discussed.The
experiments were performed on the Imm thick samples
exhibiting the thermal diffusivity 0.065cm%/s. Figure 1 presents
experimentally obtained phase spectra for different frequencies
of modulation of the exciting beam of light. In a one layer
model of an ideal sample the phase of the PA signal should
tend to the value of —135 deg with the increase of the
wavelength of an exciting light being the result of a decrease of
the optical absorption coefficient. However in an experiment
the other effect is observed (see Fig.1).
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Fig. 1 Spectrum of the phase of the photoacoustic signal
obtained for CdTe sample.

Two models (thermally thick and optically thick sample —
model of Ouzafe and finite dimension approximation - model
of Bennett and Patty) do not explain experimentally obtained
amplitude and phase characteristics for the wavelengths of the
exciting light below energy gap of the CdTe(830nm). So, for
the purpose of interpretation of the experimental results the
following thermal models were checked.

1) Model of electron traps or metastable states.
2) The model of a thin thermally insulating semitransparent
layer on the thick CdTe sample.

Models of Ouzafe (describing the thermally thick
sample) and Bennet&Patty (describing the finite
dimention sample)
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Fig. 2The theoretical phase shift characteristics obtained
from the model of Bennett and Patty & Ouzafe ploted for
different frequency of beam modulation

The characteristics on the Fig.2 show that the phase shift can
change from -90 [deg] for high value of absorption coefficient
to -135[deg] for low value of absorption coefficient. For
wavelengths below Eg the phase shift should be equal to -135

[deg].

1) Model of electron traps or metastable states.

The influence of the excited metastable states that could be
present in the volume of CdTe samples on the frequency
domain amplitude and phase characteristics was checked.

Phase shift of PAS is described by the sum of two
contributions: ¢pas=PouzateTPTraps

Pouzafe = —72'+atan(ﬂ-/1(f)+l rad]

Z;Z'fT
_ d
Prraps amn[uR~[l+(2'”'f'7)2]J [I’a ]

where: B - absorption coefficient; 1- is the lifetime of the
metastable states equal to 50 ms; R- ratio of the fast to slow
contributions; f- frequency of the modulation of the exciting
beam of light
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Fig. 3 Phase shift of the PA signal caused by the electron
traps ploted for different frequencies of beam modulation
as a function of ratio of fast to slow contributions.

The results of computations show the phase of the PA signal as
a function of the frequency of modulation in the case when the
PA signal is the complex superposition of the fast and slow
contributions. This approach was not successful however as it
causes the additional decrease of the phase instead of the
increase of phase observed in experiment. The phase
characteristics were examined in the wide range of parameters
but the results can not be explained in the frame of this model.

2)The model of a thin thermally insulating
semitransparent layer on the thick CdTe sample.

In this model some part of the exciting intensity of light is
absorbed in the thin optically semitransparent surface of the
oxide layer and the rest part of the intensity is absorbed in the
volume of CdTe.
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Fig. 4 ,,Oxide layer on the sample” two layer model

The PA signal in this case is the complex superposition of the
two contributions S,. and Sg.

Pas(f,B,s)=S,+k-S,
Sy=exp(R-i -/4) - signal from layer A, R=-1
Sg-signal from layer B, given by Ouzafe equation
k -the weighing parameter of the contributions of these two
signals in the total signal
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Fig. 5 The spectra of the phase and amplitude of the PA
signals measured at different frequencies of modulation.
Lines are the theoretical curves dots are experimental
results. The value of k-1500.
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Fig.6 Normalised frequency domain phase and amplitude
characteristics measured for different wavelengths of light.
Lines-theoretical curves , dots-experimental values.

Summary

This model explains not only qualitatively but also
quantitatively all the experimentally obtained frequency and
spectral characteristics. The coincidence of the theoretically
obtained curves and experimental results is the proof that an
oxide layer can be responsible for the changes of the
characteristics which were observed in an experiment. The
mathematical character of the first contribution was
determined.
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