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CHAPTER III
Result And Discussion

The electrical transport properties of amorphous 

semiconducting Se-Te-In system, are discussed here. Amor

phous structure of the material, under study is confirmed 

from the X-ray diffraction pattern, which consist of broad 

rings, vanishing rapidly with increasing angle, without 

any evidence of spots or sharp rings.

Before experimental work, all samples Se70 - Te3Q , 

Se7Q - -e30-x “ Inx (where x = 1,3,5,7,9% atomic weight) 

are heaued in an electric furnace up to 110°C, and the 

temperature (110°C) is kept constant for half an hour. 

For the study of I-V characteristics, electrical conducti

vity, thermopower and magnetic susceptibility, the annealed 

smaples are used. The effect of annealing on amorphous 

structure is that, the probability of heteronuclear bond 

formation is more than the homonuclear bonds. So, more 

ordered structure is formed, which causes decrease in band 

gap of the material, and altimately increase in conducti

vity [ 1 ] .

Current voltage characteristics at different composi

tions are shown in Fig. (2.11). The I-V curves are symme

tric in nature. For each sample breakdown occurs at certain 

voltage. Break-down voltage increases with increase in
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Indium concentration, (break-down voltage range 70-170volt). 
Ovshinsky reported the discovery of non-destructive fast 
electrical switching in thin films of multicomponent chal- 
cogenide glasses. It is found that, because of annealing, 
conductivity of the samples is increased to greater extent. 
For small voltage, across the samples (pellet), current 
in (mA) is observed.

Wnen a certain critical voltage is reached, the mate
rial is converted in to a highly conductive state. When 
the voltage is decreased, the material revert back to its 
original state. This type of behaviour is observed for 
all samples. Whether the switching is either of thermal 
or of purely electronic nature is a problem of discussion. 
Switching mechanism is discussed in Chapter I.

Here we would like to discuss the non-linear I-V 
behaviour on the basis of charge-defect, states, introduced 
by Kastner and Hudgens [2]. They proposed that in amorphous 
semiconductors the lower energy defect states are positi
vely charged three-fold coordinate C3 and negatively char
ged, one-fold coordinate C 1 chalcogen atoms. When an elec
tric field is applied to an amorphous semiconductor, elec
trons and holes and injected from the cathode and anode 
in to the material. Initially the injected electrons and 
holes are held up at the electrodes, as there is no inter
nal electric field. At the electrode the electrons are
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traped by C3+ (donors) centres, which transform to C3 neut
ral centres. At the cathodeutheC{ centres capture the holes 
and transform to C°3 neutral centres. The electrons are 

captured at faster rate than the holes, because, the mobi
lity of electrons is higher than that of holes. This will 
result in creating a higher concentration of Ci centres 
as compared to that of centres. Thus at the anode a
high field exists, and holes drift towards the cathode, 
where they are captured by the Cf neutral centres, thus

ocreating C3 centres at the cathode. This increases the 
field at the cathod and thus electrons drift from the ca
thode towards the anode, where they are again captured 
by the C° centres, and are formed.

The experimental conductivity data of five samples 
of the system Se70-Te30_x -Inx (where x=l,3,5,7% atomic 
weight) is listed in table 3.1. The conductivity is repre
sented by Mott's equation

*
a = C exp-( ) ..(3.1)

The values of activation energies Eg obtained from 
the curves drawn between logo against 1/T and the preexpo
nential factor C, are listed in table 3.1. It is observed 
that, conductivity decreases with increase of Indium con
centration in the samples. For Se70-Te30, activation energy 
is 0.35eV and increases to 0.43 electron volt for Se70 - 
Te23 In7 . It is suggested by Haisty and Krab (3] that the 
incorporation of Sb in Se-Te is regarded as forming mixed
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rings and strong covalent bonds, between the atoms in the 

rings. The addition of Sb leads to cross-linking between 

the chains promoting the formation of three dimensional 

network. The addition of Sb weakens the bonds in rings 

which will influence the band structure of the material 

and hence electrical properties. We may think on the same 

line fcr our system Se-Te in which Indium is incorporated. 

One may expect that, similar to the system Se-Te-Sb, we 

must get increase in conductivity with increase in In con

centration. Such type of behaviour is not observed for 

our system. It is found that, with increase in In concen

tration, the conductivity decreases. This contradiciton 

may be due to, annealing of samples ( up to 11C°C ).

Due to annealing, oxide layers may be formed, in 

the bulk of the material. Since the conductivity decreases 

with increasing Indium concentration, the formation of 

Indium oxide layers in the bulk, is more probable, which 

altimately cause decrease in conductivity. Conductivity 

measurement, before and after polishing the surfaces of 

sample, confirms that, the oxide layer is not formed at 

the interface between electrode and sample.

Fig. (2.14) shows variation of room temperature con

ductivity, with indium concentration. It is seen from figu

re that, conductivity decreases with increasing Indium

concentration.
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Fig. (2.15) shows variation of pre-exponential factor 
'C' against concentration of Indium. From this curve we 
find that the pre-exponential factor 'C' is not constant 
but depends up on glass composition. The value of 'C' lies 
between 0.81xl0~3to 0.26 x 10_3Jf km"1; for different concen

trations of Indium in Se-Tfe. Mott and Davis [4] argued 
that, there is no definite correlation between the inter- 
cept 'C' and activation energy E6 of amorphous semiconduct
ors. However the present investigations show that 'C' incr
eases with decrease in activation energy. According to 
Mott and Davis the intercept 'C' is related to density 
of localized state. As 'C' increases the density of locali
zed states decreases. Thus observed increase in 'C' with 
composition probably suggest the formation of glass compo
sition with higher degree of disorder. This behaviour is 
also explained by Majid et.al. [5],

Fig. (2.16) shows variation of room temperature con
ductivity with activation energy. It has been observed 
that the conductivity increases with decrease in activation 
energy, which is in agreement with observations given by 
Majid [5 1, for the system (As2- Se)1_x(T12 Se3 ) x. The vari- 
ation of E6 with concentration x and E6 with 'C' is shown 
in Figs. (2.17, 2.18). Figure (2.17) shows that as Indium 
concentration increases in the sample, the activation ener
gy increases. It means, the conductivity of the sample 
decreases as the Indium concentration increases.
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Figs. (2.27 - 2.31) shows variation of conductivity 
with field strength, at different temperatures. It is obse
rved that, the conductivity increases with increase in 
field strength, at room temperature. This increase in con
ductivity at room temperature is found to depend, on Indium 
concentration in Se-Te system. As Indium concentration 
is increased, less increase in conductivity is found. It 
is found that, above 60°C, the conductivity becomes inde
pendent of field strength.

At room temperature the charge carriers are accele
rated, due to applied field. As field is increased, more 
and more charges reach to anode, resulting increase in 
current. At high temperature the number of charge carriers 
are more as compared to room temperature, but the effect 
of field is not predominent.

Fig. (2.20) shows variation of thermo e.m.f. with 
temperature difference. It shows that the thermo e.m.f. 
varies linearly with temparature difference. As we get 
positive thermo e.m.f. for the sample, the charge carriers 
are holes, and the material is p-type in nature. The vari
ation of thermoelectric power with 1/T°K is shown in Fig. 
(2.21). It is observed that the thermoelectric power varies 
linearly in all the samples. There is increase in thermo
electric power with increase in Indium in Se-Te.
The thermoelectric power equation given by Fritzsche [6].,
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+ A ) . .(3.2)

is used to calculate the activation energy. For most of 

the cnalcogenide glasses A =1. The activation energy calcula

ted from the curves comes out to be 0.23 eV for Se70- Te3o 

and increases to 0.35 eV for Se70- Te30In7.

The activation energy increases as the percentage 
of Indium in Se-Te system increases. The difference in acti
vation energy, calculated from the conductivity and thermo-

’ff aj^

electric power measurement is, (Eq= Ea- Es) ~ 0.1 eV. The 

values of Es and Eq are listed in table no. 3.1. Several 

models have been proposed to explain the features found 

experimentally for the difference in activation energy, 

calculated from conductivity and thermoelectric power. For 

chalcogenide P. Nagels [7] proposed ambipolar transport. 

This difference in activation energy (Eq), could represent 

an activation energy in the mobility, u (T), which enters 

the expression for gi.e.

o= J g(E) f (E) eu (E) d E, ..(3.3)
— 00

but r.ot for S. In that case, conduction could be due to 
small-polaron hopping. However the conductivity data appear 
to require sufficiently large mobilities, that this mechanism 
is highly unlikely [8]. At the present time, none of the 
three standard transport properties a, S and RH can be consi
dered to be understood. It is clear that a can be modulated
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over rrany orders of magnitude both by n-type and p-type 
dopping. Overhof and Beyer [9] have reported difference 
between activation energies as 0.1 to 0.2 eV for chalcogenide 
glasses, and a Si:H. They have also discussed various trans
port nodes considering the transport properties of both 
chalcogenide and a Si:H, simultaneously. They have defined 
Q(T) by the following relation,

Q (T) = In (a (T) Lcm ~1) + S(T) ..(3.4)

With q=-|e| for electrons and q=+|e| for holes. They 
have also shown that both for silicon and chalcogenide the 
Q(T) curves are generally well represented by,

Q(T) = Q0 - ..(3.5)

Following Overhof and Bayer, we have plotted the graph 
of Q(I) against T1 k for our system as shown in Fig. (2.23). 
The slope of curve yields Qo values which are presented 
in table (3.1). Many attempts have been made to explain 
the non-zero value of Eq,[9]. When transport takes place 
in the extended states, above the mobility edge,

Q(T) = In ( amin 1citr 1 ) + 1 ..(3.6)
The values of Eq obtained from above equation are 

in agreement with values reported in the literature [103. 
The non-zero slope of Q(T) is due to long range static pote
ntial that modulates the energy of mobility edge in space 
[93. The origin of this potential could be electrostatic
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potential of charged centres which are probably not homoge
neously distributed in space than rondom distribution. In 
this case variation of Eq with preparation and doping level 
had to be attributed to long range potential. It has been 
reported that, in highly doped or more disordered samples 
Eq may as large as 0.25 eV, while for undoped sample 
Eq= 0.05 eV [11].

The plot of lna against S is shown in Fig. (2.22). 

The slope of which enables to calculate ao • It seems to 
us that further work both theoretical and experimental is 
necessary to determine <j0.

The conductivity is given by,

a = aoexp - [
Et

k T
at zero temperature

a, 0.03 e' 
h 1,

(3.7)

where lj_ is inelastic diffusion length, aQ is obtained from 
the slope of lna against S curves the values of 1-^ are listed 
in table 3.1.

Magnetic susceptibility measurements shows that, the 
sample is diamagnetic in nature. The diamagnetism is found 
to depend on Indium concentration in the Se-Te system. It 
is found that diamagnetism decreases with increase in Indium 
concentration. This may be due to the dependence of diama
gnetic susceptibility on Z, (atomic number). The dependence
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of magnetic susceptibility on temperature Fig. ( 2.26) shows 
that x(T) nearly remains constant for the temperature range 
298°k to 3530k. Afler 353°k, x (T) considerably increases 
with temperature.
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SUMMARY
The study of physical properties of amorphous semicon

ductors has become an active field in solid state physics 
over the last decade. In perticular, the nature of electro
nic transport in these material has attracted much attention 
during recent years.

When low electric field is applied to multicomponent 
chalcoqenide glasses, the current is ohmic and material 
is in an almost nonconductive state. The resistivity of

q inthe material lies typically in the range 10 - 10 ^cir. at 
room temperature.

It is observed that, for our sample, the resistivity 
lies in the range 10 - 10 £2 cm at room temperature. This 
considerable decrease in resistivity may be due to annealing 
of samples. For the study of I-V characteristics, dc ele
ctrical conductivity, thermoelectric power and magnetic 
susceptibility measurement we have used the annealed samples. 
Due to annealing homonuclear bonds break and more hetero- 
nuclear bonds are formed. This results finally in to an 
ordered structure. The band gap of the material is decreased, 
and therefore conductivity increases.

For our samples, the study of I-V characteristics 
shows that, at a certain perticular voltage, for each sample, 
breakdown occurs. The resistance drops drastically and the 
material is converted in a very short time from a highly
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resistive into a highly conductive state. When the voltage 
is decreased, the material revert back to its original state.

It is found that the electrical conductivity decreases 
with increase in, Indium concentration. This type of beha
viour may be due to the formation of Indium oxide layers 
in to the bulk of the material. This may happen due to anne
aling. Experimentally, it is found that, oxidation layer 
is not formed at the interface between electrodes and sample, 
which altimately supports to the formation of oxide layers 
in to the bulk.

The difference in activation energy, calculated from 
the conductivity and thermoelectric power measurement, i.e. 
Eq k 0.1 eV. This is in good agreement with the reported 
values by overhof and Beyer, for chalcogenide glasses.

Introduction of Indium in Se-Te system also affects 
the magnetic properties of the system. Experimental values 
of Xdia supports to the dependence of yon Z, the atomic numb
er .

There must be some structural differences between 
the same material prepared by different methods and care 
is obviously necessary in any comparison of properties.
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