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SPACE CHARGE LIMITED CONDUCTION IN GLASSY Sejp-xBix ALLOYS
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The present paper reports the measurements on space charge limited conduction (SCLC)
in bulk glassy Se;o.xBix (x = 0.5, & 2.5,). Current —voltage (I-V) characteristics have been
measured at various fixed temperatures. In all the samples, at low electric fields, ohmic
behavior is observed. However, at high fields (E ~10* V/cm), non-ohmic behavior is
observed. In all the samples studied, the experimental data fits well with the theory of
space charge limited conduction (SCLC). From the fitting of the data to the theory of
uniform distribution of traps, the density of defect states near the Fermi level is calculated.
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1. Introduction

Chalcogenide glasses belong to a special group of amorphous semiconductors, which
contain one or more of the chalcogen elements S, Se, Te from the VI group of periodic table. In
chalcogenide glasses, Se based glassy alloys have wide technical applications in electronics and
optoelectronics. Amorphous Se is a very useful material from application point of view due to its
current use as photoreceptors in TV vidicon pick-up tubes [1], conventional xerographic machines
and digital X-ray imaging [2, 3]. However, the shortcomings of pure glassy Se for its practical
application include its short life time, low sensitivity and thermal instability. To overcome these
difficulties, certain additives are used and especially the use of Se-Te, Se - Ge, and Se-Sb, Se - In
and Se - Bi binary alloys is of great interest owing to their various properties like grater hardness,
higher sensitivity, higher conductivity and smaller ageing effects as compare to pure Se.

Recently, considerable attention has been focused on glasses of Se-Bi system [4-17] as
these materials have found application for their electrical, optical, dielectric and thermal
properties.

The density of defect states in the mobility gap controls many physical properties of
amorphous semiconductors. One of the most direct methods for the determination of the density of
localized states (gop) in the mobility gap involves the measurement of SCLC which can easily be
observed at high fields in chalcogenide materials. Due to their low conductivity, amorphous
semiconductors are most suitable for high field conduction studies, as the joule hating is negligibly
small in these materials at moderate temperatures. Some such studies have already been reported
in literature [18-28] and the results have been interpreted in terms of space charge limited
conduction or Poole-Frenkel conduction. Such a technique has already been applied to a- Si:H [29-
32]. SCLC technique is not influenced by surface states; unlike field effect experiments where
surface states may come in to play.

The present paper reports the SCLC measurements in an important glassy system Se-Bi,
where properties have been found to be highly composition dependent. Using the theory of SCLC,
for the case of uniform distribution of localized states, the density of localized states near the
Fermi level is calculated for the present system.



78
2. Experimental

Glassy alloys of SejgoxBix (x = 0.5, & 2.5,) were prepared by quenching technique. High
purity (99.999%) materials were weighed according to their atomic percentages and were sealed in
quartz ampoules (length ~ 5cm and internal diameter ~ 8mm) with a vacuum 10° Torr. The
ampoules containing material were heated to 800 °C and were held at that temperature for 12
hours. The temperature of the furnace was raised slowly at a rate of 3 - 4 °C /minute. During
heating, the ampoules were constantly rocked, by rotating a ceramic rod to which the ampoules
were tucked away in the furnace. This was done to obtain homogeneous glassy alloys.

After rocking for about 12 hours, the obtained melt was cooled rapidly by removing the
ampoules from the furnace and dropping them to ice-cooled water rapidly. The quenched samples
were then taken out by breaking the quartz ampoules. The glassy nature of the alloys was
ascertained by X-ray diffraction.

The glassy alloys thus prepared were ground to a very fine powder and pellets (diameter ~
6 mm and thickness ~ 1 mm) were obtained by compressing the powder in a die at a load of 5
Tons. The pellets were mounted in between two steel electrodes of a metallic sample holder for d.
¢. conductivity measurements using a digital Picoammeter. The temperature measurement was
facilitated by a copper-constantan thermocouple mounted very near to the sample. A vacuum of
~107 Torr was maintained over the entire temperature range.

A d. c. voltage (0 to 400 V) was applied across the sample and the resultant current was
measured by a digital Picoammeter. I - V characteristics were measured at various fixed
temperatures. The temperature of the pellets was controlled by mounting a heater inside the sample
holder and measured by a calibrated copper-constantan thermocouple mounted very near to the
pallets.

3. Results and discussion

In the present work, I - V characteristics of glassy SejgBix (x = 0.5 & 2.5,) are examined
at various temperatures. At low fields (10° V/cm), an ohmic behavior is observed in all the
samples. However, at higher fields (~ 10* V/cm), a super-ohmic behavior is observed at all the
measuring temperatures.

According to theory of space charge limited conduction, in the case of a uniform
distribution of localized states g (E) = go, the current (I) at a particular voltage (V) is given by the
following relation [33]

I=(e A pneV/d)exp(SV), (1)

Where d is electrode spacing, no is the density of the thermally generated charge carriers,

u is the mobility, e is the electronic charge, A is the area of cross section of thin film and S is
given by

S=2¢¢/eg kTd )

As evident from equation (1) and (2), in the case of space charge limited conduction, a
plot of In I /V vs. V should be linear and slope of these lines should decrease inversely
proportional to temperature.

In the present case, at higher fields, In (I / V) vs. V curves are found to be straight lines
with good correlation coefficient at all the measuring temperatures for all the glassy alloys studied
here. To demonstrate this, the measurement data of In (I / V) as a function of V for various
temperatures is shown in Figs.1-2 in case of all the glassy alloys.

The slope of In(I / V) vs. V for various temperatures is shown in Figs. 1-2 in case of glassy
Sei00xBix. It is clear from these figures that the slope S decreases with the increase in temperature
as expected from equation 2. This confirms the validity of SCLC theory in case of uniform
distribution of localized states.

Using equation 2, the density of localized states is calculated from the slopes of the Figs 3-4.
The value of relative dielectric constant ¢, is taken to be 10 which is the dielectric constant value of
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glassy Se. The results of these calculations are given in Table 1 as a function of Bi concentration.
It is clear from this table that g, decreases with Bi concentration in glassy Se-Bi system.

In[(I/V)mho]

Table.1 Composition dependence of density of localized states (gy) in glassy Sejpy..Biy

g, (eV'.cm?)

Sample Slope of Svs. 1/T
Sego. sBio. 5 4.2192 1.0 x10"
Seyr. sBias 5.8126 0.5 x10"
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Fig.1. Plotof In (I/V) vs. V for glassy Seqqg sBiy s at different temperatures.
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Fig.2. Plot of In (I/V) vs. V for glassy Sey; sBi, s at different temperatures.
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Fig.3. Plot of slope(S) vs. 1 /T for glassy Sego 5Biys.
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Fig.4. Plot of slope(S) vs. 1 /T for glassy Sey; 5Bi; 5

4. Conclusions

I-V characteristics have been studied in glassy Se;p.xBix (x = 0.5 & 2.5). At low fields
(<10*V/cm), an ohmic behavior is observed. However, at high fields (~ 10* V/cm), a super-ohmic
behavior is observed. The space charge limited conduction is observed in these glasses. The
density of localized states near Fermi level is calculated by fitting the data to the theory of SCLC
in case of a uniform distribution of localized states.
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