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films 

P. SIKKA,  K. KUMAR 
Department of Science and Technology, New Delhi 110 016, India 

Amorphous Sel -xSbx (x=0.1, 0.15 and 0:2) films of different thicknesses were prepared by the 
electron gun evaporation technique. Their structure was studied using reflection or 
transmission electron diffraction patterns. The d.c. electrical conductivity, thermoelectric power 
and magnetoresistance measurements, were made in the temperature range 80-300 K. These 
measurements confirm intrinsic conduction in the entire range of investigation, and were 
found to be independent of the film thickness. The effect of antimony impurity on electrical 
transport properties of selenium is understood in terms of the reduction of the Se8 ring 
population. 

1. In troduc t ion  
As the potential uses for selenium for device fabric- 
ation have grown, so have the attempts to modify 
some of its properties by alloying. Electron transport 
in selenium is associated with Se 8 rings and chains. 
The alloying elements produce characteristic effects 
depending upon whether the alloying material is uni- 
valent such as chlorine or thallium, isoelectronic such 
as tellurium and sulphur, or capable of producing 
chain branching such as antimony, arsenic, bismuth or 
germanium. The latter group of additives disturb the 
ring-chain equilibrium and modify both the chain 
length and the chain branching. It may be mentioned 
ffere that in addition to the structural properties, the 
conductivity activation energy of a-Se can be effect- 
ively controlled by the introduction of suitable addi- 
tives. Besides introducing structural changes, the addi- 
tives may also provide new acceptor or donor states 
I-1]. 

It is thus quite interesting to study the effect of 
chain-branching additives on transport properties of 
selenium such as d.c. conductivity, thermoelectric 
power and magnetoresistance. 

2. Experimental procedure 
The thin films of a-Se9oSblo , Se85Sbz5 and Se8oSb2o 
used in the present work were grown by the electron 
gun evaporation technique [2, 3]. For  these films a 
charge was prepared by the melt-quenching technique 
as described elsewhere [-4]. The parent material was 
evaporated by an electron gun in high vacuum 
(10 -4 Pa) on to Corning glass substrate kept at room 
temperature. The rate of growth of these films was 
adjusted to around 50 nm s-z using a quartz crystal 
monitor. The thickness of the films was determined by 
an optical measurements technique and the composi- 
tion of the thin films was confirmed from electron 
probe microanalysis (EPMA) analysis. The films were 
found to be homogeneous and the composition was 
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found to be within 5% of the parent constituents. 
For electrical measurements, gold contacts were 
evaporated on to the films to provide a coplaner 
configuration. 

For d.c. conductivity measurements, the films were 
mounted on a copper block (electrically insulated) in a 
vacuum cryostat in which cooling of the film was 
achieved by conduction through the copper block. 
Liquid nitrogen was used as a coolant and the temper- 
ature of the films was increased from liquid nitrogen to 
room temperature (80 300 K) with the help of a 25 W 
heater coil wrapped directly to the copper block. 
Change in the current through the film on the applica- 
tion of a voltage was found by measuring the change 
in voltage drop across a standard resistance (in series 
with the sample), with a Keithley nanovoltmeter 
model 148. For  magnetoresistance (MR) measure- 
ments, the change in current through the samples on 
the application of magnetic field was measured by 
observing the change in voltage drop across the stand- 
ard resistance. 

Measurement of thermoelectric power (TEP) was 
carried out using a copper-constantan thermocouple 
to measure AT. The measurements were made in the 
coplaner configuration with an electrode spacing 

1 cm. The TEP or Seebeck coefficient is obtained as 
AV/AT where AV is the voltage developed across the 
film and AT is the temperature gradient [5]. 

3. Results and discussion 
3.1. Electron microscopic studies 
Films of different thickness, t, were used ranging from 
25-160 nm: the thin films, t < 50 nm, were studied 
using transmission electron diffraction (TED) patterns 
while relatively thick films, t > 50 nm, were studied 
with the help of reflection electron diffraction (RED) 
patterns. The TED/RED patterns for amorphous 
Seg0Sblo, Se85Sbls and SesoSb2o films were found 
to be completely diffused irrespective of thickness, 
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showing that all these films are amorphous in nature. 
One such TED pattern for a thin-film a-Se85Sba5 is 
shown in Fig. 1. 

3.2 .  D.c .  c o n d u c t i v i t y  m e a s u r e m e n t s  

The observed variation of d.c. conductivity as a func- 
tion of temperature (ln ~ versus T - t )  for Se9oSblo, 
Se85Sb15 and SesoSb2o films, is shown in Fig. 2. 
The conductivity for all the films over the entire 
temperature range (80-300 K) was found to exhibit an 
activated-type temperature dependence with a single 
activation energy. The conductivity was found to 
increase with increasing antimony concentration. No 
thickness dependence of conductivity for these films 
was observed. The data in Fig. 2 correspond to two 
different thickness: 25 nm (minimum) and 160nm 
(maximum). 

The conductivity of the films was found to satisfy 
the relation 

= cy o exp( - E ~ / K T )  (1) 

where E,~ and cy o represent the conductivity activation 
energy and pre-exponential factor, respectively. The 
values of c% and E,~ for different compositions are 
shown in Table I. The values of Eo and ~0 for a-Se are 
also included for comparison. 

It can be seen from Table I that there is a sharp 
decrease in activation energy and the pre-exponential 
factor up to 15% Sb after which no appreciable 
change is observed with increasing antimony concen- 
tration in selenium. This can be attributed either to a 
large decrease in the optical band gap of the Se-Sb 
system or to the increase in width of the localized 
states region. Lucovsky has shown that a-Se contains 
both polymeric chain and Se8 ring molecules [6]. It 
has been further shown that the incorporation of a 
branching additive, namely arsenic, reduces the Se 8 
ring population sharply up to 20% As and produces 
deep hole presumably at branch points on polymeric 
chains. The reduction of the Se 8 ring population 
causes a decrease in the mobility of the carrier. How- 
ever, at higher concentration, the branch points coal- 
esce and produce a new network. Because antimony is 
also one of the branching additives, a sharp change in 
the transport parameter  up to certain percentage of 
antimony in selenium is expected, as is observed in the 
present case, i.e. up to 15% Sb in Selenium. The 
observed decrease in the value of ~o with the increase 
of antimony content also indicates the decrease in the 
conductivity mobility with reduction of Se 8 rings. 

Figure 1 TED pattern for a-Se85Sb15 film of thickness 160 nm. 
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Figure 2 Semilog plots of conductivity versus reciprocal temper- 
ature for a-Seg0Sblo, Se 8 s Sbl 5 and SesoSbz0 films of various thick- 
nesses: (0) 25 and (�9 160 rim. 

TABLE I Various transport parameters for a-Se9oSblo, Se85Sbt5 and SesoSb20 films 

Sample Sample Conductivity TEP activation Pre-exponential 
composition activation energy, energy, factor, 

E~ (eV) E. (eV) o0 (~- ~ cm - 1) 

A 

1 Se 0.82 - 
2 S%o Sb~o 0.58 0.43 
3 Sess Sbl~ 0.39 0.36 
4 Se8o Sb2o 0.35 0.31 

80.0 
6.0 
0.21 
0.19 

2.6 
2.6 
2.1 
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3.3. Thermoelectric power (TEP) 
measurements 

The variation of TEP with the reciprocal temperature 
(S versus T -1) for films of a-SegoSblo, Se85Sb15 and 
SeaoSb2o is shown in F~g. 3. The TEP was found to be 
positive, indicating that the conduction occurs due to 
holes in the valence band. The magnitude of TEP 
decreases with increasing antimony concentration. 
TEP is found to be independent of the film thickness. 
The variation of TEP with temperature is found to 
obey the relation 

) S = e \ ~ -  + A (2) 

where E, is the TEP activation energy and A is a 
constant which represents thermal energy transported 
by charge carriers. The values of E, and A are also 
listed in Table I. The values of the activation energy 
pre-exponential factor and the sign of thermopower 
indicate that the conduction is in the localized states at 
the valance band edge. It can be observed from Table I 
that the conductivity activation energy is much grea- 
ter than the TEP activation energy for Se9oSbxo film, 
indicating a thermally activated mobility. The phys- 
ical basis of the thermally activated mobility could not 
be provided by a small polaron model [7] owing to 
the dependence of the potential barrier (E~ - Ea) on 
sample composition (Table I). The other possibility is 
that the conduction is not a single channel process [8] 
but involves two bands of states simultaneously, such 
as extended states beyond the mobility edge and in 
localized states below the edge, as in the Davis and 
Mott model [9]. It may be mentioned that for 
SessSb15 and SeaoSb2o the (Ec,-E,) is very small 
( ~ 0.03 eV) thereby indicating that the single channel 
conduction is dominating. 

3.4. Magneto resistance (MR) measurements 
The variation of MR with magnetic field, B, at 
ambient temperatures 300 and 80 K for Se9oSblo, 
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Figure 4 Plots of magnetoresistance versus magnetic field for 
a-SegoSbto, Se85Sbls and SesoSb2o films of various thicknesses at 
(a) T = 80 K and (b) T = 300 K (see Fig. 2). 
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Figure 3 Plot of thermoelectric power against reciprocal temper- 
ature for a-Se9oSblo, Se85Sb15 and SesoSb2o films of various thick- 
nesses (see Fig. 2). 

Se85Sb15, and SeaoSbzo films are shown in Fig. 4a and 
b, respectively. No thickness dependence of MR is 
observed for these films and the data in Fig. 4a and b 
corresponds to two different thickness (25 and 
160 nm) of the films. It can be seen from Fig. 4a and b 
that the MR is negative (i.e. the conductivity is found 
to increase with increasing magnetic field). The magni- 
tude of negative MR is found to be independent of 
angle between current and the magnetic field. The 
negative MR is found to vary in accordance with the 
relation 

- Ap/p oc 13" ( 3 )  

The values of exponent n for different compositions at 
both the ambient temperatures are given in Table II. 

The presence of a negative MR in amorphous chal- 
cogenide Se-Sb samples cannot be explained in terms 
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T A B L E  II Magnetoresistence mobility, ~MR, of a-Se90Sblo, 
Se85Sb15 and SesoSbzo films 

Sample Composit ion Exponent, / /  PMR 
(cm 2V-IS-1) 

300K 8 0 K  300K 8 0 K  

1 Se 1.96 1.35 5000 4900 
2 SegoSblo 1.4 1.1 923 2850 
3 Se85Sb15 1.15 0.6 237 86 
4 SesoSb2o 1.13 0.55 195 32.2 

(gauss). The calculated values of P-MR for all the sam- 
ples are given in Table II. The value of P-MR for a-Se 
films is also included in the table for comparison. The 
value of IaMR is found to decrease with increasing 
antimony content. A similar decrease in the conduct- 
ivity mobility has been inferred from the composi- 
tional dependence of G o in the present system. It may 
be mentioned that the values of P-MR are found to be 
abnormally high. High values of g~R have also been 
observed in other Se-Te chalcogenide glasses [16, 17]. 
The physical significance of such high values of P-MR is 
intriguing and requires further study of another type. 

of Toyozawa's localized spin moment model [10] and 
the semi-classical random-walk hopping model [11] 
because of the absence of localized magnetic states in 
the chalcogenides and the absence of Mott's VRH 
conduction in the present Se-Sb system [12]. The 
effect of electron correlation and the shrinkage of the 
localization length of a doubly occupied space due to 
magnetic field could account for the anomalous beha- 
viour of MR in hydrogenated a-Si [13]. In the present 
system, the anomalous behaviour of MR, i.e. the 
presence of positive components of MR, is not ob- 
served, so the effect of electron correlation is not 
considered. The two-band model of Hedgcock and 
Raudorf [14], which does not require the existence of 
localized magnetic states can, however, be applied to 
these chalcogenide films. It assumes the existence of a 
band with higher mobility over a band with lower 
mobility with a sharp mobility edge in between the 
two. The negative MR is attributed to the dumping of 
the charge carriers (holes in this case) with the applica- 
tion of magnetic field, from the localized states to the 
extended states. The amorphous chalcogenide Se-Sb 
samples also possess extended states separated from 
the localized states by a mobility edge. The conduction 
mechanism in these samples is found to be via ther- 
mally assisted tunnelling of the carriers in the localized 
states at the mobility edges. The negative MR in these 
samples, therefore, can be attributed to magnetic field- 
induced dumping of the carriers from the localized 
states to the extended states. 

It can be seen from Fig. 4a and b that the magnitude 
of the negative MR is higher at 80 K compared to that 
at 300 K. The increase in the magnitude of the negative 
MR with decreasing temperature is due to the shift of 
the carriers to the localized states region away from 
the mobility edge. The change in the mobility due to 
dumping of the carriers with the magnetic field will, 
therefore, be more. 

It can be noted from Table II that the value of 
exponent n at 80 K is less than the value at 300 K. The 
exponent n is, however, found to decrease sharply up 
to 15% Sb in the Se Sb system. This is due to a sharp 
decrease in the activation energy up to SessSbt s films. 
The values of magnetoresistance mobility, I.tMR, have 
been determined [-15] using the relation 

where C = 10 8 and H is the applied magnetic field 
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4. Conclusion 
The transport properties ofa-Se t xSbx (x = 0.1, 0.15, 
0.2) are sensitive to antimony content. The d.c. con- 
ductivity measurements show a singly activated 
conduction throughout the temperature range 
80-300 K. The TEP is found to be a positive, indicat- 
ing holes as the majority charge carriers. The conduct- 
ivity activation energy exceeds the TEP activation 
energy, representing a thermally activated mobility, 
the physical basis of which is probably provided by 
two-channel conduction. Magnetoresistance is found 
to be negative and best interpreted on the basis of the 
two-band model of Hedgcock and Raudorf. All the 
above electrical transport properties are found to be 
independent of the thickness of Se-Sb films. 
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