JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS, Vol. 11, No. 4, April 2009, p. 399 - 407

Effect of Bi addition on Se-Te chalcogenide system
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The effect of Bi addition on Se-Te system has been presented. On the basis of obtained results a bright future for these
materials has been predicted. Bismuth has a unique property of p to n type conversion. A lot of information is gathered
from the present work but a lot more can be done for more detailed understanding of the selected system.
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1. Introduction

Science is not conducted by brains and hands but by
individuals as H. Fritsche said. The whole activity of many
intelligent men and women developed the field of glassy
and amorphous chalcogenides up to the bright level of
today. Chalcogenide (lone pair semiconductors) can be
either elemental semiconductors such as S, Se etc., binary
such as As;S;, As,Ses; etc multicomponent mixture as Si-
Ge-Te-As, As,S;:Tl,Se; etc. The elemental or binary
chalcogenides have chain or layered structure with
considerable order extending locally in one or two
dimensions whereas, multicomponent alloys possess 3-D
network. The understanding of electronic states in the
Chalcogenide glasses is still not complete. The absence of
rigidity of the structure in Chalcogenide glasses make
them suitable for several applications.

Chalcogenide materials obey so-called ‘8-N bonding
rule’ proposed by Mott [1] according to which all
electrons are taken up in bonds so that large changes of
conductivity with small changes of composition do not
occur. These materials find vast applications as optical
fibers, memory devices, reversible phase change optical
recording materials etc. [2-3]. All these glasses have good
mechanical properties such as hardness, adhesion, low
internal stress and water resistance. They are used as core
materials for optical fibers for transmission in the
wavelength range of 6-12 pum, especially when short
lengths and flexibility are required [4]. Selenium is mostly
used because of its wide commercial importance. Its
device applications such as rectifiers, photocells and
switching memory have made it attractive. Adding a
second element to Selenium improves the corrosion
resistance property of Selenium [5] and these alloys are
promising media for phase change recording devices.
Tohge and co-workers [6, 7] and Nagels et al. [8, 9] have
shown that the addition of Bi atoms to chalcogenide
glasses produces a remarkable change i.e., from p- to n
type conduction, while addition of other elements of group
V (Sb, As) always yields p-type conduction. The aim of

our work was to study the effect of Bi atoms on the
electrical and optical properties of a Se-Te matrix.

The first paper that dealt with the addition of Bismuth
in chalcogenides was published by Bowman and
Schotmiller in 1968. Schotmiller et al. have shown that the
Bismuth addition to certain chalcogenides (e.g., Ge-Se
chalcogenides) changed the carrier type from p-type to n-
type [10]. Bi appears to be unique in this regard, for
example, the addition of other group V elements, such as
P, As or Sb does not alter the dominant carrier type. Wang
et al. [11] studied the effect of Sn and Bi addition on the
properties and structure of Ge-Se-Te chalcogenide glass
by X-ray diffraction, differential thermal analysis (DTA),
IR transmission spectra and far-Fourier transform infra-red
(FTIR) spectra to expand the IR transparency region of the
Ge-Se-Te glasses. The addition of Sn atom increased the
Tg, crystallization temperature (T.), anti-crystallization
stability, chemical durability and IR multiphonon edge.
The addition of Bi increased the chemical durability and
broadens the IR transparency region. Influence of
composition on the electrical and optical properties of
GeyBiySeg., films have been studied by Zahed et al. [12].
They measured the optical gap and electrical resistivity of
a series of GeyBi,Sego., glasses (x =0, 5, 9, 10, 15, 20,
25). They analyzed the absorption spectra of films with
different Bi compositions to determine the optical band
gap. They found that the optical band gap decreases
sharply from 2.1-1.65 eV as the Bi content increased to 10
at. %. A slight change has been observed for Bi > 10 at.
%. A large decrease in the electrical activation energy
from 0.97-0.09 eV occurred as the Bi content is increased
up to 10 at. %. The optical and electrical data suggest that
the addition of Bi produces localized states near the
conduction-band edge, so the electrical transport is due to
hopping of electrons after being excited into localized
states at the conduction-band edge. An increasing number
of paper have been reported in literature dealing with
various properties of Bi-containing Chalcogenides bulk
glasses for the most part Ge-chalcogen (S, Se, Te) alloys.
Electrical properties such as conductivity, thermopower,
optical properties have been extensively studied as
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function of both composition and temperature and also of
pressure by various researchers [12-17]. Agnihotri et al. by
study of X-ray K absorption edges of Se and Ge in
GexnSeqs..Bi, showed that low concentration of Bi, forms
Bi-Se bonds, while at high concentration Ge-Bi bonds are
favoured [18-19]. Elliot et al. [20] in their paper on
EXAFS study concluded that coordination number of
Bismuth for all the contents is 3 ruling out all the
assumptions of 4 and 6. Elliot and Steel studied the
structural environment of Bi in Ge,oBicSego for 3<x<10
using Extended X-ray absorption fine structure [EXAFS]
microscopic information.

Usually, there is a decrease in the optical gap (Efpt),

DC activation energy (AE) with alloying or doping.

Sometimes, AE decreases more rapidly than £% | may be

g
opt >

due to the change in Eagp and the valence-alternation pair

t
energies with alloying. The Fermi energy level is quite
effectively pinned by the valence-alternation centres.
However, the presence of charged additive greatly reduces
this pinning effect [21]. The role of defects in carriers type
reversal on doping Ge-Se glasses with Bi using
photoluminescence spectroscopy has been studied by Bhat
et al. [22] for the systems GeySejgBi, and
GeypSesoBixTeg. The composition at lower Bi content
exhibited luminescence, while the composition showing n-
type conduction failed to exhibit it. Bi addition has been

observed to bring about a relative diminishing in D" as

compared to D~ ones.

2. Experimental Procedures
2.1 Preparation of bulk material

Bulk samples of Segy.<TeyBiy (0<x<8) were prepared
by conventional melt quenching technique [23-25]. The
exact proportion of high purity elements (99.999%),
Sigma-Aldrich USA, in accordance with their atomic
percentages was weighed using an electronic balance
(Sartorious; model no. GC1603S-OCE). Materials were
sealed in cleaned and evacuated glass ampoule (length~5
cm and internal diameter of 0.8 ¢cm) in the vacuum of 107
mbar. The ampoule cleaning involves following methods:
aqua regia (1 part of Nitric Acid+3Parts of HCI) cleaning,
HF cleaning, Distilled water cleaning, acetone cleaning,
ultrasonic cleaning and finally dries in oven for 2-3 hrs. It
was recognized that Se has high vapor pressure and high
tendency to react with oxygen. Thus, care and precaution
were taken to avoid any explosion during the sealing of the
tube. The sealing of the tube was done with utmost care in
high vacuum. The ampoule was kept inside the vertical
furnace and the temperature was raised to 1123 K slowly
(3-4 K/min) and maintained there for 48 hrs. The ampoule
was inverted at regular intervals of time to ensure
homogeneous mixing of the constituents. It was then
quenched in ice cold water. The material was separated
from quartz ampoule by dissolving it in HF+H,0, solution

for about 48 hrs. The obtained ingot in this manner was of
~2 cm long and ~0.8 cm in diameter. The obtained ingot is
powdered in motor pessel and the powdered material is
used for further characterization.

2.2 Thin films

Thin films are very important by technological point
of view. Thin films can be prepared by different methods
viz., vacuum evaporation [26-29], electron beam
evaporation [30], flash evaporation [31], RF sputtering
[32], ion beam evaporation [33], chemical bath deposition
[34], chemical vapour deposition and plasma-enhanced
chemical vapour deposition [35-36] etc. Electrical,
photoelectrical and optical properties of thin films are
highly dependent on prevailing deposition methods.

In this work thermal evaporation method is used to
grow the thin films of Bismuth doped Se-Te system. The
substrates used for depositing thin films were properly
cleaned Corning glass slides. Due to the presence of the
foreign material on the substrates like oil or grease film
may peel and there may be the possibility of formation of
pinholes. Cleaning of the slides can be done by similar
way as explained earlier for ampoules. Cleanliness of the
films plays a major role and hence it is one of the utmost
important parts of the thin film growing process. These
cleaned substrates are placed in the Hind High Vacuum
Coating Unit (model 12A4D) directly above the boat so
that vapors of the material are deposited on them. The
molybdenum boats are used to grow the thin films. The
coating chamber is cleaned with acetone prior to each
deposition. The thickness of the films was found to be
~2300 A for all the samples. Talysurf (Taylor Hobson:
model 2015) was used to measure the thickness of the
films. These films were used to make all necessary
electrical measurements.

3. Characterization of Se-Te: Bi

The prepared material can be characterized by number
of ways viz., content analysis of the material is done my
Kasap et. al using an Elan Inductively coupled Plasma
Mass spectrometer (ICP-MS). The thermal studies of the
system can be done by using Differential Scanning
Calorimetry [37].

3.1 Structure and composition

The amorphous nature of the bulk and thin film can be
verified by taking XRD scans by using X-Ray diffraction
technique (Model: Philips PWI1610, Goniometer:
Philips1710, detector Cu-K,. In XRD, each atom becomes
the source of scattered X-ray radiation. The scattered
radiation from all the atoms of glassy material will
combine destructively as they fall on top of one another in
the random manner. However, in the case of perfect
crystal, the X-rays scatter without the loss of energy and
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constructive interference may occur. XRD pattern was
obtained using Cu-K radiations. Absence of prominent

peaks confirmed the amorphous nature of the bulk and thin
films. The composition of the thin film was analyzed by
electron probe microanalysis (EPMA) using JEOL JXA
8600 M superprobe with accelerator voltage 15 keV, with
probe diameter Spum and probe current 50 nA.

3.2 Thermal studies

Thermal studies can be done by the Differential
Scanning Calorimetry (DSC) and the thermal parameters
can be easily and accurately obtained by it. The DSC
monitors heat effects associated with phase transitions and
chemical reactions as a function of temperature. In a DSC
the difference in heat flow to the sample and a reference at
the same temperature, is recorded as function of
temperature. Calorimetric studies were done on bulk
SegoxTex0Bix (x = 0.0, 0.2, 0.5, 1.0, 1.5, 2, 4, 6, 8) using
Mettler Toledo Star® DSC system. Calorimetric studies
performed under non-isothermal conditions at different
heating rates 5, 10, 15 and 20 Kmin™ respectively. The
DSC equipment was calibrated with standard materials
prior to the start of the experiment. 25 mg of powdered
sample were crimped into aluminium pans and scanned at
continuous heating rates (oo = 5, 10, 15 and 20 K min’l).
All DSC runs were performed under the liquid nitrogen
atmosphere. In all the scans we get three peaks, first
endothermic peak is glass transition temperature (T,), next
exothermic peak is crystallization temperature (T,) and the
third one is melting temperature peak ™.
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Fig.1 DSC trace indicating determination of T,

The glass transition temperature is defined as the
temperature corresponding to the intersection of two linear
portions adjoining the transition elbow of DSC trace of
first endothermic peak as shown in Fig. 1. The T is taken

as the temperature corresponding to the onset of
crystallization. The fraction X crystallized at temperature
T is calculated as X :AT/A, where AT is the area of the

exotherm between Tc and T and A is the total area of the

exotherm (Fig. 2). The apparent activation energies of
glass transition and crystallization have been calculated
from the heating rate dependence of Tg and Tp respectively.

The glass forming ability of the system calculated is very
important and this is the area which is steadily evolving.
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Fig. 2 Typical DSC crystallization exotherm for
calculating volume fractions of precipitated crystals.

3.3 Optical studies

The normal incidence transmission spectrum has been
measured by a double beam UV/VIS/NIR computer-
controlled spectrophotometer (Shimadzu, Japan) in the
wavelength range of 300-1100nm. The absorption
coefficient, a, was calculated using the relation

1 (100)
a=-xIn — 1
t T

where t is the thickness of the films and 7 is the
percentage transmission.

The optical band gap (£,

the intercept on the energy axis in the (ahv) * versus (hv)
plot [38].

) was obtained by taking

3.4 DC conductivity setup

The sample holder used to mount the samples is
shown in a schematic diagram (Fig. 3). It consists of a
copper base, on which thin film sample was mounted. A
Pt-100 thermocouple was placed very near to the sample
to record the temperature of the sample. A micro-heater
was attached to the copper base plate to vary the
temperature of the sample. Thin copper wires were used as
leads of electrodes, which were connected to the
electrodes with silver paint in order to make a good
electrical contact. Liquid nitrogen was used as coolant for
low temperature conductivity measurements. The dc
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conductivity of the films was calculated by using
following relationship.

B Ix]
AxV

o Q'em?! 2)

Where [ is the electrode gap, A is the area of cross

section and is given as 4 = X w, t is thickness and w is
the width of the thin film respectively, I is the current
flowing through the sample and V is the voltage applied to
the electrode of the samples.
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Fig. 3 Schematic diagram of conductivity set-up.

3.5 Electrical studies

Dark and photoconductivity studies have been done
on the temperature range of 253-333 K. All the electrical
measurements were done in the running vacuum of 107
mbar. Electrical contacts were made on the thin films
using silver paint electrodes in a coplanar geometry
(length 0.9 cm and gap between electrodes 0.3 cm) for all
the samples. During photoconductivity studies the
electrodes were well covered using aluminium foil, so that
photo-diffusion did not take place. The sample was
mounted inside a metallic cryostat with a transparent
window. For photoconductivity measurements, the
samples were illuminated using a tungsten halogen lamp
(Halonix, India) of 500 W. Infrared filters were used to
avoid the heating of the samples. The intensity of light was
measured with a digital lux meter (LX-101, Taiwan). The
photocurrent was measured using a digital picoammeter
(DPM-111 Scientific Equipments, Roorkee).

3.6 Annealing studies

Thermal annealing of SegoTesoBix (2<x<8) samples
has been done well below glass transition temperature in
the bell jar of the vacuum system in the running vacuum of
10~ mbar with heater fitted inside. The digital temperature
controller with a power supply was used to control the
temperature at the sample. The thin films grown by
thermal evaporation method were annealed in high

vacuum of the order 10 mbar. Electrical and optical
studies were carried out on annealed samples. The data of
annealed and pristine samples were compared in optical as
well as electrical measurements.

4. Results & discussions
4.1 Structure and composition

The bulk and thin films of the amorphous samples
have been characterized for their amorphous nature using
the X-ray diffraction method. No sharp peaks in the
diffractograms indicate the amorphous nature of the films.
EPMA studies have shown that the actual compositions of
the elements in thin films differ from that of bulk glass by
about 3%, 4% and 1% for bismuth, tellurium and
selenium, respectively.

4.2 Thermal Studies

In the present section attempt has been made to
analyze the effect of Bi on thermal properties of Se-Te
system. In Kasap et. Al. paper they investigated both
heating and cooling schedules. Segy TesBix (0<x<8)
system has been studied under non-isothermal conditions
at different heating rates 5, 10, 15 and 20 K min™'. From
the heating rate dependence of glass transition temperature
(T,) and peak crystallization temperature (T},), the apparent
activation energy for glass transition and activation energy
for crystallization have been investigated. The thermal
stability factor and the glass forming tendency of
Sego.x Te20Bix have also been investigated.

- 20K/min
3 _.-;i—\/—
15K/min
e 10K/min
¥
= 5K/min
1 1 1 1
303 363 423 483 543

Temperature (K)

Fig. 4 DSC thermograms of Se;oTeBi; at different
heating rates

DSC thermograms for Sego TeyBix (x = 1.0) are
shown in the Fig. 4. It can be seen from the figure that T,
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and T, shifts towards higher temperature with increase in
heating rate. Samples with other values of x also show
similar behavior. The glass activation energy is the amount
of energy that is absorbed by a group of atoms in the
glassy region so as to jump from one metastable state to
another [39]. In other words, the activation energy is
involved in the molecular motions and rearrangements of
the atoms around the glass transition [40]. In the system
under study the glass transition temperature was found to
increase with increase in heating rate as well as with
increase in Bismuth concentration. This increase in the
value of T, with Bismuth content can be explained with
the help of chemically ordered network (CON) model
according to which the heteropolar bond is favoured over
the homopolar bond. This explains the increase in T, with
the increase in Bi content. When the sample is reheated in
the DSC furnace, the atoms undergo infrequent transitions
between the local potential minima separated by different
energy barriers in the configuration space where each local
minimum represents a different structure. The most stable
local minimum in the glassy region has lower internal
energy. Accordingly, the atoms in a glass having minimum
activation energy have a higher probability to jump to the
metastable state (or local) of lower internal energy and
hence is the most stable [39]. Therefore, one can argue that
the addition of Bi reduces the stability of the glasses under
investigation. A plot of glass transition temperature (Ty)
versus the heating rate (o) is shown in Fig. 5. In all the
samples T, obeys the empirical relation.

T, = A+ BLog(a) 3)

where A and B are constants. The value of B is calculated
from the slope of T, vs. log () plots. The change in B with
Bi concentration indicates that the Se-Te-Bi alloy
undergoes structural changes with Bi addition [41]. The
apparent activation energy for glass transition E, is
calculated using the Kissinger formula [3, 42] and the
values of apparent activation energy (E, for glass
transition for all the samples, obtained from their slopes
are listed in the Table 1. Activation energy for
crystallization is calculated from the modified Kissinger
equation [3, 43-44]. The activation energy for
crystallization has been calculated by using the expression
given by Matusita et al. [45]. The value of m & n
depending on the morphology of the growth is taken as m
= n-1 if there is no previous heat treatment and m = n if
the sample undergone a heat treatment [46]. In the present
case no heat treatment was given, however, the presence
of an endothermic peak indicates that a thermal relaxation
has taken place. Also, due to the lower value of the T, it
can be reasonably assumed that the sample might have
undergone a heat treatment at room temperature. Hence,
the value of m is taken as equal to n in the present case for
further analysis. The values of both m and n are reported
in Table 1. The values of E. calculated from different
methods show similar behavior but a discrepancy in the

values of E. evaluated may be attributed to the different
approximations that have been adopted while arriving at
the final equation. In addition the, pressure and
temperature gradients in the sample (resulting from heat
effect e.g. heating rate) vary randomly and such random
variations have predominant effects on kinetic parameters.
Hence, the variation in the value of E, is expected to occur
in the light of the reasons mentioned above. Similar
variations in the activation energy have also been observed
in the case of LiO,-2SiO, glass and various other
chalcogenide glasses [47-49].
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Tablel Parameters determined from the heating rate
dependence of Segy..TeBi, [3].

X B E¢ mE/n n m E. mE, Ec
(KJ/mol) (KJ/mol) (KJd/mol)  (KJ/mol) (KJ/mol)

0.0 16.61 125.16 97.35 4.05 4 97.35 380.18 95.04

0.2 1221 185.70 86.06 245 2 86.06 267.00 133.50
0.5 11.47 197.00 69.20 2.01 2 69.20 237.00 118.50
1.0 9.74 236.00 63.30 2.30 2 63.30 299.00 149.50
1.5 843 272.62 72.14 1.96 1 72.14 247.57 247.57
2.0 485 471.00 67.76 2.03 2 67.76 257.00 128.50
4.0 375 499.00 56.28 2.10 2 56.28 247.00 123.50
6.0 3.00 508.00 50.10 222 2 50.10 230.00 115.00
8.0 215 520.00 58.18 245 2 58.18 288.00 144.00

The ease in glass formation is determined by
calculating the reduced glass transition temperature. The
value obtained obey the two-thirds rule which states

T”

n

L. 2 “
3

Two-third rule holds well for this composition. The
difference between T, and T,, which is an indication of the
thermal stability of glasses against crystallization
decreases with the increase in Bismuth content. This
indicates a decrease in the thermal stability of the glass
with increase in Bismuth concentration in Se-Te-Bi glass
system. The glass forming parameter is calculated using
Hruby’s parameter [50]

T -T,
K,=——* ®)
y Tm_Tc

The values of K, are found to decrease with
increasing Bi content. The values of T.-T,, K, and T,, are
listed in Table 2.

Table 2. Values of (T,-T,), Ky and T,, calculated from
DSC thermograms taken at 10 K/min heating rate for

SespTexBi, [3].

x o Tk T Tm®) (Te-Tg) (Tw-Td) Ky Trg

0.0 337 402 521 65 119 0.54 0.64
0.2 343 389 529 46 140 0.32 0.64
0.5 344 384 530 40 146 0.27 0.64
1.0 345 380 534 35 154 0.22 0.64
1.5 346 375 536 29 161 0.18 0.64
2.0 347 375 531 28 145 0.19 0.60
4.0 349 374 533 25 146 0.17 0.60
6.0 351 371 536 20 156 0.12 0.60
8.0 353 368 538 15 172 0.08 0.60

4.3 Optical Band Gap

In this section, a systematic study of optical properties
of thermally evaporated thin films of amorphous
Segox Te2Bix (0<x<1) has been discussed. The values of
the band gap energy calculated for different Bismuth
concentrations [2] are given in Table 3. From this table it
can be seen that the optical band gap decreases with
Bismuth concentration. Optical absorption depends upon
both the short range order in the amorphous state and the
defects associated with it. A decrease in optical band gap
in this system may be due to reduction in the amount of
disorder in the system and increase in the density of the

defect states [51]. The variation of E ;’p " follows the same

trend as that reported for antimony addition to the Se-Te
system [52-53].

4.4 Temperature dependent dark conductivity in
Se-Te-Bi system

The conductivity of the samples increases with
increase in temperature [2]. Table 3 shows the variation of
AEq4 with Bismuth concentration. It is seen from the table
that the activation energy decreases with an increase in
Bismuth content. Increase in dark conductivity and
decrease in activation energy is associated with the shift in
the Fermi level in impurity doped chalcogenide glasses
[54-57].

Table3 The variation of optical band gap ( E;p ! ) and

conductivity activation energy in dark (AEy) and in light
(AE,;) on bismuth content (x) in Segy..Te;oBi, (x=0, 0.2,
0.5, 1.0) thin films [2] .

Composition ~~ Optical bandgap, ~ Conductivity activation energy
X E™  hdwk AR Inlight A,
) (&) (&)
0.0 1.46 0.73 0.20
0.2 141 0.60 0.17
0.5 1.38 0.56 0.16
1.0 1.32 0.50 0.14

4.5 Temperature and intensity dependent
photoconductivity in Se-Te-Bi system

The temperature dependence of steady state
photoconducticty has been studied in the a-Segy.TeyoBiy
system in the range 253-333 K. The temperature
dependence of photoconductivity at 800 1x for different
samples (x = 0.0, 0.2, 0.5, 1.0) has been performed [2].
The variation of photoconductivity with temperature is
similar to the variation of the dark conductivity. The
values of activation energy in the light (AEy;) have been
reported in Table 4. It is clear from the table that the
activation energy in the light is less than the activation
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energy in the dark. The lower activation energy under
illumination can be explained by assuming the presence of
electron and hole traps in the band gap. In the presence of
light, the Fermi level splits into electron and hole
quasi-Fermi levels and move towards the conduction band
for electrons (Er,) and towards the valence band for holes
(Erp). The position of the quasi-Fermi level depends on the
light intensity [58]. Simmons and Taylor [59] have shown
in their theoretical model for photoconductivity that for
moderate and intermediate level illumination, the
photoconduction is mainly due to holes and the hole
concentration in the light, p, is proportional to
exp [-(E»-E,)/2kT), where E, is the energy level of the hole
traps near the valence band. They also assumed electron
traps at E; below the conduction band such that (E.-E,) >
(E»-E,). A model constructed on similar lines for the
present Se,oTeyBi; system [2]. The photocurrent
dependence on temperature is same as that of the hole
concentration dependence on temperature. It can be seen
from the above relation that the photocurrent will be
activated with activation energy equal to (E,-E,)/2. The
variation of photocurrent with light intensity for samples
with x = 1.0 is shown in Figure 6. This variation of
photocurrent with light intensity obeys the power law

1, =F’ (©6)

where I, is the photocurrent (total minus dark current), F
is the intensity of light and yis the exponent that
characterizes the recombination mechanism. In the present
case the value of y calculated from the slope of the figure
is 0.5, which shows that the bimolecular recombination
process is dominant mechanism [60] that controls the
photoconductivity in SegoTesBix. In these materials the

recombination is between an electron trapped at D" and a

hole at D™, which is nothing but the exchange of an
electron between two D° centers. A value of y= 0.5 has
been predicted by Simmons and Taylor for amorphous
semiconductors for moderate light intensities. This value is
observed for all the samples.

Table. 4 The variation of optical band gap (E,”” and the

conductivity activation energy (E,,) on bismuth content

(x) in as-prepared and annealed Seg. Te,)Bi, (x = 2, 4, 6,
8) thin films [64].

Bismuth E™(eV) Eu(eV)
(at%)
(x) as-prepared  annealed  as- prepared  Annealed
2 1.30 1.28 0.106 0.081
4 1.24 1.20 0.090 0.065
6 1.21 111 0.076 0.043
8 0.97 0.87 0.062 0.041

4.6 Annealing effects on optical properties of
Se-Te-Bi system

In order to determine the absorption coefficient qof
the films versus the incident energy, transmission T (})
measurements were carried out at room temperature. The
linear relation of the (athv) "? vs. (hyplot indicates that the
absorption mechanism in this system is a non-direct
transition. The optical band gap for non-direct transition
can be obtained by the intercept of the above plots with the
energy axis at (ahv)"?= 0. The optical band gap decreases
from 1.30 to 0.97 in as-prepared thin films. Increasing the
Bi content causes an increase in the density of states in the
valence band. On the other hand, the increase in the Bi
content creates the localized states in the band gap [61].
The decrease in the optical band gap of annealed films
from 0.081 to 0.041 as the Bismuth content x is increased
from 2 to 8 is due to the rearrangement of localized defect

states, D" and D~ [62].

4.7 Annealing effects on electrical studies of
Se-Te-Bi system

The DC conductivity measurements yield valuable
information about the conduction mechanism in
amorphous  semiconductors.  Chalcogenide  glasses
normally show an activated temperature dependent dark
conductivity.

The dark conductivity of the samples increases with
the increase in the temperature [63]. The activation energy
decreases with the increase in Bismuth content as seen
from Table 4 for as-prepared samples. This increase in the
conductivity and decrease in the activation energy is due
to movement of Fermi level (Er) towards the conduction
band and hence the origin of extrinsic n-type
semiconductor. The activation energy (Table 4) has
substantial decrease when the samples are annealed below
glass transition temperature. Thermal annealing seems to
re-adjust the localized states in such a way that there is
substantial decrease in the value of AE.

5. Summary

In this paper we have reviewed the most striking
experimental results obtained while studying the effect of
Bismuth addition on Se-Te chalcogenide system. The
results were discussed on the basis of defects and disorder
present in chalcogenide system. A model for
photoconductivity of samples was presented for Se-Te:Bi
system on the basis of Simmons and Taylor model for
photoconductivity.

From overall review we come to the conclusion that a
little more work should be done in order to understand the
effect of Bismuth on chalcogenide glasses. X-ray
absorption near edge structure (XANES) can be performed
for better understanding of the local structure. Differential
Scanning Calorimetry studies for higher heating rates (up
to 100 K/min) is essential in order to have a better
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understanding of the dependence of Tg and T, on heating

rates.
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