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DIELECTRIC PROPERTIES ON LEAD SELENIDE THIN FILMS

S.PRABAHAR®", N.SURYANARAYANAN®, K.RAJASEKAR®,
S.SRIKANTH?, D.KATHIRVEL*

“Department of Physics, Tamilnadu College of Engineering, Karumatham Patti,
Coimbatore-641 659, India

"Department of Physics, Government College of Technology, Coimbatore-641
018, India

‘Department of Physics, Kongunadu Arts and Science College, G.N. Mills,
Coimbatore- 641 029, India

“Department of Physics, Kalaingar karunanithi Institute of Technology,
Coimbatore- 641 402, India

Thin films of PbSe are prepared by vacuum deposition technique on to well cleaned glass
substrates. The film thicknesses are measured by quartz crystal monitor method. Thin film
capacitors of the type (Al-PbSe-Al) have been fabricated. Dielectric studies performed on
a stabilized samples of thickness 1000A and 2000Aat various frequencies (20Hz-100KHz)
and temperatures (303K-483K). The variations of the dielectric constant and loss as
function of frequency at different temperature are observed and the results are discussed.
Temperature co-efficient of capacitance and permittivity are evaluated.
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1. Introduction

In recent years, chalcogenide films of different metals have found worldwide application
in various fields of science and technology. The study of narrow-gap IV-VI semiconductors has
been motivated by their use as mid-infrared photo detector materials and as primary material used
to fabricate tunable mid-infrared lasers[1].Lead salts (PbSe,PbTe and PbS ) have known
characteristics such as a small energy gap a positive temperature coefficient of the gap and large
carrier mobilities [2].The applications of these material are extended to fabricate ideal
thermoelectric cooling and power generating devices[3].For the understanding of basic features of
PbSe chalcogenide films and their potentiality in application, the knowledge of the electron states
and their behavior with different frequencies and at high fields becomes important. The present
paper reports the dielectric studies made on PbSe thin films.

2. Experimental details

PbSe thin films are prepared by melting high purity lead selenide in a vacuum of 10 torr.
Thin film samples are prepared on to well cleaned glass substrates kept to room temperature by
thermal evaporation, using 12A4 Hind Hivac coating unit under a vacuum of 10° Torr.
Thicknesses of the films are measured using quartz crystal monitor method. Thin film capacitors
(Al-PbSe- Al) are fabricated using aluminum (99.99 % purity) as top and bottom electrodes and in
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between PbSe as a sandwich layer for dielectric studies. The capacitance and loss factor (tand) are
measured in the frequency range of 20 Hz to 100 kHz at various temperatures (303 K to 483 K)
using an 819A multi frequency LCR meter.

3. Results and discussion

3.1. Effect of Frequency

Fig.1 shows that the variations in the capacitance, with frequency for the PbSe thin films

having thickness 1000A at different temperatures. The capacitance decreases with increasing
frequency, but at high frequencies the capacitance is almost constant.
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Fig. 1.Variation of capacitance C, with log frequency at different temperatures for PbSe
Thin film of thickness 1000 A

The large increase in capacitance with decrease of frequency can be explained on the basis
of charge carriers being blocked at the electrodes [4].
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Fig. 2. Variation of tan 0 with log frequency at different Temperatures for PbSe thin film of
thickness 1000 A.
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The variation of loss tangent (tan ) with frequency at different temperature for PbSe thin
film of thickness 1000 A as shown in Fig.2, and the loss factor is found to increase with increase
in frequency and also with increase in temperature, even at lower frequencies it is found almost
constant. The increase in loss factor at high frequencies may be due to the effect of lead resistance

[3].
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Fig. 3. Variation of Dielectric constant &' with log frequency at different temperatures for
PbSe thin film of thickness 2000 A

The Fig.3 indicates the variation of dielectric constant, which founds to be decreasing with
increase in frequency. The variation of the dielectric constant is dependent on temperature. It can
be attributed to the presence of interfacial polarization mechanism [6].

3.2. Temperature coefficient of capacitance and permittivity

The temperature coefficient of capacitance (TCC) is an important parameter for assessing
the expected behavior of thin film circuits. The temperature dependence of the capacitance for
various constant frequencies is shown in Fig.4. The temperature coefficient of capacitance has
been evaluated using the relation.
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Fig. 4. Temperature dependence of capacitance at different Frequencies for PbSe thin film
of thickness 1000 A

The temperature coefficient of capacitance is found to be 6.8737x10” ppm/K at 1 kHz and
at room temperature.
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Fig. 5. Temperature dependence of permittivity at different Frequencies for PbSe thin film
of thickness 1000 A

Temperature coefficient of permittivity (TCP) has also been determined from the Fig.5, by
using the relation,
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The value of TCP obtained for 1 kHz and at room temperature is 6.7502x10” ppm/K.Since
the capacitance of a capacitor is proportional to the permittivity of the capacitor dielectric; it is
possible to relate TCC to TCP by the equation

TCC = o + TCP 3)

Where o is the linear expansion coefficient and is evaluated as 0.1235 X 103 ppm/K

5. Conclusions

The dielectric properties of pure PbSe thin films have been studied in a wide range of
frequencies and temperature. In the low frequencies and at higher temperature, the capacitance is
dependent on both temperature and frequency. This may be due to the blocking of charge carriers
at the electrodes. The loss factor is found to be increasing with increase in frequency and also with
increase in temperature in a higher frequency region. It may be due to the effect of lead resistance.
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