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EFFECT OF ECR PLASMA EXPOSURE ON THE OPTICAL PROPERTIES
OF SegoTez-xPbx THIN FILMS
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Thin films of SegeTe,o.Pby (X = 2,6 and 10) of thickness 3000A were prepared on a glass
substrate by the vacuum evaporation technique. The optical band gap for thin films before
and after exposing to ECR plasma discharge have been studied as a function of photon
energy in the wavelength region 400-900 nm. Thin films were exposed to plasma
discharge of CCI,F,/Ar/O, at a pressure ranges between 0.015 to 0.020 mbar, exposure
time 5 minutes and rf power density 0.39 W/cm?. It was found that the optical band gap of
the film increases after exposing to ECR plasma discharge. The change in optical band gap
may be due to the increase in the grain size and the reduction in the disorderness of the
system.
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1. Introduction

There has been a rapidly growing interest in the physical properties of amorphous solids
during last decade. Chalcogenide glasses are practically used as optical materials in a number of
cases. Therefore, their transparence characteristics have to include both the visible and close
infrared part of the spectrum, practically the wavelengths of He-Ne (0.6328 um) and CO2 (10.6
um) lasers [1]. It is well known that the amorphous films are more transparent than the crystalline
ones [2-3]. The optical memory effects in amorphous semiconductor films have been investigated
and utilized for various applications in recent years [4-8]. These have distinct advantages, viz.,
large packing density, mass replication, fast data rate, high signal to noise ratio and high immunity
to defects [4-9]. The use of these films for reversible optical recording by the amorphous to
crystalline phase change has recently been reported by a number of workers [10-12]. The optical
band gap is one of the most significant parameters in amorphous semiconducting thin films. Films
are ideal specimens for reflectance and transmittance type measurements. Therefore, an accurate
measurement of the optical constants is extremely important. Chalcogenide glasses have been
found to exhibit the change in refractive index under the influence of light, which makes it
possible to use these materials to record not only the magnitude but also the phase of illumination.

Plasma plays a significant role in thin film processes namely, deposition and etching by
sputtering and by plasma assisted chemistry, resulting in many ways of developing sophisticated
technological plasma process [13].. In the present work, we have chosen Se because of its wide
commercial applications. Its device applications like switching, memory and xerography etc. made
it attractive. It also exhibits a unique property of reversible transformation [14]. This property
makes very useful in optical memory devices. But in pure state, it has disadvantages because of its
short lifetime and low sensitivity. To overcome these difficulties certain additives are used [15-

“Corresponding author: kptiwary@rediffmail.com



310

19], especially the use of Se-Te, Se-Sb and Se-In alloy is of interest owing to their various
properties like greater hardness, higher sensitivity, higher crystallization temperature, higher
conductivity and smaller aging effects as compared to pure amorphous Se [20]. Here we have
chosen Te as an additive to overcome these problems. In the present work, we have incorporated
Pb in the Se-Te system. The addition of third element will create compositional and
configurational disorder in the material with respect to the binary alloy. The present work deals
with a comperative study of the optical constants of the amorphous films and the optical constants
of the thin films when exposed to ECR plasma.

2. Experimental Procedure

Glassy alloys of SegyTesq«Pby with x=2,6 and 10 were prepared by guenching technique.
The highly pure materials were weighed using electronic balance according to their atomic
percentages and sealed in quartz ampoules in a vacuum of 10®° Torr. The sealed ampoules were
then placed in a Microprocessor-controlled Programmable Muffle Furnace at 1123 K for 12 hours.
The ampoules were rocked frequently to ensure the homogenization of the melt. After that the
guenching was done in ice water to obtain the amorphous state. Thin films of glass alloys of
thickness 3000A were prepared by the vacuum evaporation technique in which the glass substrate
was kept at room temperature (300K) at a base pressure of 10° Torr using a molybdenum boat.
The films were kept inside the deposition chamber for 24 hours to achieve the metastable
equilibrium as suggested by Abkowitz [21]. The thickness of the films was measured using a
single crystal thickness monitor.
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Fig.1. ECR Plasma system.

The samples were then exposed to CCI,F,/Ar/O, discharge inside the ECR plasma
chamber. ECR plasma source is RR 160 PQ. In this source there is a plasma chamber where the
plasma is produced due to the ionization and excitation of the neutral particles. The microwave is
generated by a magnetron through a power supplier SM 445 that generates power up to 1250 W
and transmitted by a waveguide system. At a frequency of microwaves of 2.46 GHz and 875
Gauss of magnetic field, plasma are generated inside the plasma chamber when the electrical field
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lines of the microwaves (axial component) and magnetic field lines of the magnetic field (radial
component) stand perpendicular to each other and gyration frequency of the electrons in the
magnetic field is equal to microwave frequency. In this experiment plasma exposure time for all
the samples were kept 5 minutes and rf power density was 0.39 W/cm?. A vacuum system is
necessary for generation of a base pressure of >/= 10 mbar which enables a gas flow through the
ECR plasma source of >/= 50 sccm/min in the pressure range of (1-5) x 10”° mbar. A sufficient gas
flow is required for this operation in which the vacuum level is not disturbed. ECR plasma system
is shown schematically in fig.1. After exposing the amorphous thin films to ECR plasma, optical
band gap were measured. A JASCO, V-500, UV/VIS/NIR spectrophotometer was used for
measuring optical absorption. The optical absorption and reflectance were measured for as
deposited thin films and after exposing to ECR plasma on SegoTeq«Pby thin films as a function of
wavelength (400-900 nm) and incident photon energy.

3. Result and discussion

The variation of the absorption coefficient (o) as a function of incident photon energy (hv)
for deposited thin films and after exposing to ECR discharge of a SeggTey.<Pby are shown in fig.2
and fig.3 respectively. The absorption coefficient (o) has been obtained directly from the
absorbance against wavelength curves using the relation [22-30]

a= OD/t 1)

where OD is the optical density measured at a given layer thickness(t).

It has been observed that the value of absorption coefficient (o) increases linearly with the
increase in photon energy for as deposited and after exposing to ECR discharge on a SegoTex.xPby
thin films. The values of absorption coefficient (o) for amorphous and ECR plasma exposed films
at different concentrations of lead is given in Table-1. It is clear from this table that the value of
absorption coefficient (o) of the films increases after exposing to ECR plasma discharge.
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Fig.2. Absorption coefficient («) against photon energy in amorphous SegyTe,q«Pby thin films.
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Fig.3. Absorption coefficient (o) against photon energy of ECR plasma exposed SegyTeyo«Pby thin films.

In the absorption process, a photon of known energy excites an electron from a lower to a
higher energy state, corresponding to an absorption edge. In chalcogenide glasses, a typical
absorption edge can be broadly ascribed to one of the three processes, firstly residual below gap
absorption; secondly Urbach tails and thirdly interband absorption. Chalcogenide glasses have
been found to exhibit highly reproducible optical edges, which are relatively insensitive to
preparation conditions and only the observable absorption with a gap under equilibrium conditions
account for the first process. In the second process the absorption edge depends exponentially on
the photon energy according to the Urbach relation [31]. In the amorphous materials, o increases
exponentially with the photon energy near the energy gap. The optical absorption edge is given by
the equation

o ~ exp [A(hv- hve)/KT @)

where A is a constant of the order of unity and v, is the constant corresponding to the lowest
excitonic frequency. In various absorption processes, the electrons and the holes absorb both a
photon and phonon. The photon supplies the needed energy, while the phonon supplies the
required momentum. The variation of o with photon energy can be explained in terms of
fundamental absorption, exciton absorption and valence band acceptor absorption. The
measurement of transmission allows us to determine the absorption coefficient i.e. the number of
absorbed photons per incident photons. The present system obeys the role of indirect transition
(m>1) and the relation between the optical band gap, optical absorption coefficient o and the
energy hv of the incident photon is given by the equation

(ahv)"? o (hv-Ey) (3)

The value of indirect optical bandgap (Eg) has been calculated from the plot of (ahv)"?
versus photon energy (hv) by taking the intercept of X- axis.
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Fig.4. Variation of (¢hv)? against photon energy (hv) in amorphous SegoTesoPby thin films.
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Fig. 5. Variation of (ehv)"? against photon energy (hv) of ECR plasma exposed SegyTezo.Pb, thin films.

The variation of (ahv)*® with photon energy (hv) for amorphous films and plasma

exposed thin film of SegyTe,o.xPby are shown in fig.4 and fig.5. The value of indirect optical band
gap (Eg) has been calculated by the intercept of X-axis. The calculated values of E4 for these two
cases of SegyTe,n«Pby are given in Table-2. The variation of optical band gap with Pb
concentration in SegyTe,oxPby System for two cases is shown if fig.8.
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Tablel. Absorption coefficient and reflectance of amorphous films and plasma exposed thin films.

Absorption coefficient(a)) and reflectance(R%)

Samples Amorphous films Plasma exposed films
a (cm™) R% a(cm™) R%
SegoTe1Ph, 2.01x10* 22.25 39x10* 2725
SegoTe14Phs 247 x 10*  18.17 2.58 x 10  29.06
SegoTe10Pbyo 152 x10* 27.67 1.78 x 10*  34.62

Table2. Optical bandgap of amorphous films and plasma exposed thin films.

Optical Bandgap E, (eV)

Samples Amorphous films Plasma exposed films
SegoTelgpbz 0.27 0.51
SegoTe14Pbs 0.38 0.62
SegoTelopblo 0.81 1.00

Fig. 6 and Fig. 7 depict the variation of reflectance (R) for amorphous and ECR plasma
exposed films with the wavelength. These figures show that the value of reflectance in both cases
increases with wavelength. The values of reflectance for amorphous and after exposing ECR
plasma discharge with different compositions of lead is shown in Table-1. It is clear from this table

that the value of reflectance increases after exposing ECR plasma discharge.
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Fig.6. Variation of reflectance (R) with wavelength in amorphous SegyTe,o.xPby thin films.
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Fig.7. Variation of reflectance (R) with wavelength of ECR plasma exposed SegyTe,o.xPby thin films.
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Fig.8. Variation of optical band gap (Eg) with Pb concentration in SegyTezo.xPby for
amorphous and ECR plasma exposed films.

It is evident from Table-2 that the value of optical band gap (Ey) increases with increasing
Pb concentration. The increase in the optical band gap with increasing Pb concentration may be
due to the increase in grain size, the reduction in the disorder and decrease in density of defect
states (which results in the reduction of tailing of bands) [31-33]. The increase in the optical band
gap could also be discussed on the basis of density of state model proposed by Mott and Davis
[34]. Chalcogenide thin films always contain a high concentration of unsaturated bonds or defects.
These defects are responsible for the presence of localized states in the amorphous band gap. The
effect of ECR Plasma on the thin film is interpreted on the basis of amorphous crystalline
transformation. After plasma exposure on amorphous films the optical band gap increases, which
shows that the amorphous films became crystallized. The optical band gap increases during
crystallization. After exposing to the plasma discharge, the optical band gap of the thin films
Sego TexxPby increases. During ECR plasma discharge, the unsaturated defects are gradually
comes out and producing a large number of saturated bonds. The reduction in the number of
unsaturated defects decreases the density of localized states in the band structure consequently
increasing the optical band gap.
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4. Conclusion

The optical absorption measurements on the SegyTesxPby thin films after exposing ECR
plasma discharge indicate that the absorption mechanism is due to indirect transition. The effect of
ECR plasma exposure is interpreted on the basis of change in optical band gap. The optical band
gap increases after exposing to ECR plasma discharge and also Pb concentration. This may be due
to the decrease in the density of defect states, which results in a reduction in the tailing of the
bands. Due to large absorption coefficient and compositional dependence of reflection, these
materials may be suitable for optical data storage.
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