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Steady state and transient photoconductivity measurements have been done on thin film of
a-(Ge20Se80)0.90Sn0.10 as a function of temperature and intensity. Dark conductivity (σ d) and
photoconductivity (σph) measurements show that the conduction in this glass is through an
activated process having single activation energy in the temperature range 283–350 K. The
intensity dependence of steady state photoconductivity (σph) follows a power law with intensity
(F), σph ∝ F γ , where the power γ has been found between 0.5 and 1.0, suggesting bimolecular
recombination. Rise and decay of photocurrent at different temperatures and intensities show
that photocurrent (Iph) rises monotonically to the steady state value and the decay of
photocurrent is quite slow. A detailed analysis of photoconductive decay shows that the
recombination within localized states may be predominant recombination mechanism in this
glassy alloy. C© 2006 Springer Science + Business Media, Inc.

1. Introduction
Chalcogenide glasses have recently drawn great attention
due to their potential use in various solid state devices
[1, 2]. The common feature of these materials is the pres-
ence of localized states in the mobility gap [3] due to
the absence of long range order as well as various inher-
ent defects. In these materials, photocurrent behaviour is
controlled by carrier localization and delocalization pro-
cesses [4]. The steady state and transient photoconduc-
tivity may be used to determine the energy distribution
of various species of gap states, which influence carrier
mobilities and life time in these materials. The photocon-
ductivity kinetics determined the process of trapping of
non equilibrium charge carriers on localized centers of
various depths [5], such studies are, therefore, important
to understand the energy distribution of the traps. The
temperature and intensity dependence of photoconductiv-
ity allow the identification of areas with monomolecular
or bimolecular recombination behaviour.

Transient photoconductivity in chalcogenide glasses
has received increasing attention in recent years. It is
observed that under certain experimental conditions, the
photoconductivity shows different behaviours. (i) The
photocurrent passes through a maximum before the sta-
tionary sate is reached. (ii) The photocurrent rises upto
the maximum and then settles down to the steady state
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as power function of time with exponents. Work on
steady state and transient photoconductivity in chalco-
genide glasses has been reported by many authors [6–9].
These measurements have been interpreted as revealing a
broad featureless exponential tail of states above the va-
lence band mobility edge [9], or in contrast, a fairly well
defined set of recombination centres in the gap.

Chalcogenide glasses like Ge-Se are known to be very
good covalently bonded glass formers. The structure of
these glasses is a function of composition [3,10]. A dis-
continuity in various physical properties of these glasses
has been observed at a composition when the average
coordination number <r> = 2.4 [11]. The coordination
number of Ge is 4 and Se is 2, so at x = 20, the value of
<r> = 2.4 in a-GexSe100−x system. What happens to the
Ge20Se80 system, when it is alloyed with a second element
of group IV, is very important form the basic as well as
application point of view. Sn belongs to the IV group and
its atomic radii (1.41 Å) is more than the Ge (1.22 Å).
Bond-stretching forces acting as constraints are present
in Ge, Se and Sn. These bond bending constraints are im-
portant in Ge and Se but may be ignored in Sn because
the corresponding spring constant is weak compared to
Ge and Se. This fact makes Ge-Se-Sn, a useful system
to study as the addition of Sn is expected to reduce the
number of constraints per atom [12]. A lot of studies have
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been done on Ge-Sn-Se system at higher concentration of
Ge (≥33) [12–14], but not much work has been done at
lower concentrations of Ge (≥30).

The present paper reports the dark conductivity mea-
surements on the thin film of a-(Ge20Se80)0.90Sn0.10 as
a function of temperature (283–350 K). This paper also
reports the steady state and transient photoconductivity
measurements on the thin film of a-(Ge20Se80)0.90Sn0.10

as a function of temperature (283–350 K) and intensity
(3-1035 Lux). Section 2 describes the experimental de-
tails of the sample preparation and photoconductivity
measurements. The results are presented and discussed in
Section 3. Last section deals with the conclusions of the
present work.

2. Experimental procedure
A glassy alloy of (Ge20Se80)0.90Sn0.10 is prepared by
quenching technique. Materials (5N pure) are weighed
according to their atomic percentages and sealed in a
quartz ampoule in a vacuum ≈ 2×10−5 mbar. The sealed
ampoule is kept inside a furnace where the temperature is
increased upto 1250 K at a heating rate of 2–3 K/min. The
ampoule is frequently rocked for 24 h at the highest tem-
perature to make the melt homogeneous. The quenching is
done in liquid N2. Thin films of the glassy alloy have been
prepared by vacuum evaporation technique keeping sub-
strates at room temperature and base pressure ≈ 2×10−5

mbar, using a Molybednum boat. Pre-deposited thick In-
dium electrodes on well-degassed Corning 7059 glass
substrates have been used for the electrical contacts. A pla-
nar geometry of the film (length ≈ 1.78 cm; electrode gap
≈ 8×10−2 cm) is used for the electrical measurements.
The thickness of the film is ≈ 5000 A

◦
. The film has been

kept in the deposition chamber in dark for 24 hours before
mounting in the metallic sample holder to attain thermo-
dynamic equilibrium. Thin film is characterized for amor-
phous nature by using X-ray diffraction technique (Model:
Philips PW1610, Goniometer: Philips 1710, detector:
Cu Kα). The absence of any prominent peaks, confirmed
the amorphous nature of thin film.

The photoconductivity of the amorphous film has been
studied by mounting it in a specially designed metal-
lic sample holder where heat filtered white light (200 W
Tungsten lamp) can be shone through a transparent quartz
window. A vacuum of about 10−3 mbar is maintained
throughout these measurements. Light intensity is mea-
sured by a digital Luxmeter (Testron, model TES-1332).
The photocurrent is obtained after subtracting dark cur-
rent from the current measured in presence of light. For
transient photoconductivity measurements, light is shone
on the thin film and the rise of photocurrent is noted man-
ually from a digital picoammeter (DPM-111 Model). The
accuracy in Iph measurements is typically 1pA. I-V curves
are symmetric and linear upto 30 V in the dark.

3. Results and discussion
Fig. 1 shows the temperature dependence of dark conduc-
tivity (σ d) and photoconductivity (σ ph) for the thin films
of a-(Ge20Se80)0.90Sn0.10. The plot of lnσ d vs. 1000/T is
straight line indicating that conduction is an activated pro-
cess having single activation energy in the temperature
range 283–350 K. The σ d can, therefore, be expressed by
the usual relation

σd = σo exp

(−�E

kT

)
(1)

where �E is the activation energy for dc conduction and
k is the Boltzmann’s constant. The values of �E and σ d

are calculated from the slope of the curve of Fig. 1 and are
found to be (0.80 ± 0.01) eV and (2.00 ± 0.05) × 10−8

�−1cm−1 at 297 K respectively. Fig. 1 also contains the
plot of σ ph vs. 1000/T. It is clear from the figure that the
photoconductivity is an activated process and the activa-
tion energy (�Eph) for photoconduction is much smaller
than dark conduction. The values of �Eph and σ ph are cal-
culated from the slope of the curve of Fig. 1 and are found
to be (0.48 ± 0.01) eV and (1.97 ± 0.01) × 10−7 �−1cm−1

at 297 K respectively. It is also clear from the figure that
no maximum in the steady state photoconductivity with
temperature has been observed in the measured temper-
ature range. Similar results have been reported [15, 16]
in various other chalcogenide glasses also. A maximum
in the photoconductivity is a general feature of chalco-
genide glasses and various theories [16–19] have been
put forward to explain the maximum.

Intensity dependence of steady state photoconductivity
has also been studied to see the nature of recombination
processes. The plots of ln σ ph vs. lnF are straight lines at
all temperatures as shown in Fig. 2, which indicate that
the photoconductivity (σ ph) follows a power law with
intensity (F) i.e.

σph ∝ Fγ (2)

where 0.5 ≤ γ ≤ 1.0. According to Rose [20] the value of
γ between 0.5 and 1.0 can not be understood by assuming
a set of discrete trap levels but considering the existence
of continuous distributions of trap levels in the band gap.
In a-(Ge20Se80)0.90Sn0.10 thin film also, the value of γ lies
between 0.5 and 1.0 which indicate that a continuous dis-
tribution of localized states exists in the mobility gap and
the resulting recombination mechanism will be bimolec-
ular [21], where the recombination rate of electrons is
proportional to the number of holes. In non-equilibrium
condition, most of the electrons and holes are generated
after shining light and are located at D◦ centres. These
centres decrease by recombination process [2D◦�→D++
D−] when the illumination is stopped [21].

Fig. 3 shows the rise and decay of photocurrent at
different temperatures. It is clear from the figure that
the photocurrent rises monotonically to the steady state
value and the decay of photocurrent is quite slow. A
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Figure 1 Temperature dependence of dark (σ d) and photo conductivity
(σ ph).
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Figure 2 Intensity dependence of photoconductivity (σ ph) at different tem-
peratures.
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Figure 3 Rise and decay of photocurrent (Iph) at different temperatures.

persistent photocurrent is observed at all temperatures,
which is a common feature of other chalcogenide glasses
[22, 23]. Fig. 4 shows the rise and decay of photocur-
rent at different intensities at 286 K. It is clear from the
figure that the decay of photocurrent is quite slow at all
intensities.

From above observations, it is clear that the persis-
tent photocurrent is observed at all temperatures and
intensities and it is believed that the persistent photocur-
rent may not be simply due to carriers trapped in the
localized states [22]. So, for simplifying the analysis, the
persistent photocurrent is subtracted from the measured
photocurrent. Figs. 5 and 6 show the plots between lnIph
vs. time curves at different temperatures and different in-
tensities respectively. These curves must be straight lines
in case of single trap level. However, in the present case,
these curves are not having same slope but the slope goes
on decreasing continuously as the time of decay increases.
This indicates that the traps are present at all the energies
in the band gap. These traps have different time constant
and hence giving the non-exponential decay of photocon-
ductivity at all temperatures and intensities. In amorphous
materials, having traps in the mobility gap, the recombi-
nation time of carriers is same as the carrier life time
when the free carrier density is more than the trapped
carrier density [23]. If the free carrier density is much
less than the trapped carriers, then the recombination pro-
cess is dominated by the rate of trap emptying and is
much larger than the carrier life time, resulting in a slow
decay.

2329



0 100 200 300 400

0.00E+000

5.00E-011

1.00E-010

1.50E-010

2.00E-010

2.50E-010

3.00E-010

286 K

a-(Ge
20

Se
80

)
0.90

Sn
0.10

    43 Lux
  187 Lux
  501 Lux
 1035Lux 

I ph
(A

)

Time (sec)

Figure 4 Rise and decay of photocurrent (Iph) at different intensities.

To study the decay rate analysis quantitatively at various
temperatures and intensities the decay time constant [24]
has been calculated using relation:

τd = −
[

1

Iph

(
dlph

dt

)]−1

(3)

From the slope of Iph vs time curves (result not shown
here), we have calculated the values of τ d using Equation
3 at various times of the decay curves of Figs. 3 and 4.
Fig. 7 shows the plot of τ d vs. time at a temperature 286 K
and at intensity 1035 Lux. It is clear from the figure that
the decay constant increases with time, which confirms the
non-exponential decay of photocurrent. For exponential
decay, the decay constant should not vary with time. Fig. 8
shows the plot of τ d vs. intensity at a particular time (t =
15 s). It is clear from figure that the value of τ d increases
with intensity. The results are similar at other temperatures
also (results not shown here).

According to Fuhs and Meyer [24], the recombination
with in the localized states is considered to be the pre-
dominant recombination mechanism at all temperatures
and intensities. When Iph increases with temperature, the
excess charge carrier density is given by

�p = Nv

N

√
go

a1
exp

[
− Etp

kT

]
(4)

where N = concentration of hole traps (in this case);
Nv= density of states in the valence band; Etp= energetic
depth of hole traps; go= excess carrier generation rate;
a1= recombination rate.
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Figure 5 Time dependence of photocurrent at different temperatures during
decay.
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Figure 6 Time dependence of photocurrent at different intensities during
decay.
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Figure 8 Intensity dependence of differential life time constant (τ d).

From Equation 4 it is clear that steady state photo-
conductivity should increase exponentially with temper-
ature and square root of intensity. In this case also, the
authors have observed the same type of behaviour. Fuhs
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Figure 9 Temperature dependence of differential life time constant (τ d).

and Meyer [24] have also shown that

�p(t)

�p(0)
= 1(

1 + t
τd

) (5)

where τd = √
a1go (6)

From Equation 6, it is clear that the decay constant
(τ d) should increase with the intensity of illumination. In
the present case also τ d increases with the intensity of
illumination (see Fig. 8).

The temperature dependence of τ d has been calculated
using Equation 3 at a fixed time t = 15 sec. Fig. 9 shows the
plot between τ d and temperature at a particular intensity
1035 Lux for a-(Ge20Se80)0.90Sn0.10 thin film. It is clear
from the figure that the value of τ d first increases and
then decreases after a certain temperature. The decrease
in the value of τ d with increasing temperature is probably
due to an increase in the number of thermally generated
trap centres. This type of behaviour of τ d has also been
reported by Moustakas et al. [25] and Main et al. [26].
This behaviour has been attributed to the presence of gap
states near the mobility edge. In the presence of these
gap states, the calculated τ d will be longer than the decay
time of mobile carriers, if the carriers recombine via these
states.
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4. Conclusions
Temperature dependence of dark conductivity and pho-
toconductivity is studied in amorphous thin films of
(Ge20Se80)0.90Sn0.10, prepared by vacuum evaporation
technique. Temperature dependence of photoconductivity
measurements indicate that photoconductivity is also ther-
mally activated process in the measured temperature
range. Transient photoconductivity measurements at dif-
ferent intensities and temperatures indicate that the pho-
tocurrent is initially decays very fast and later on becomes
very slow. This decay is found to be non-exponential in-
dicating the presence of continuous distribution of defect
states. The present results can be understood if the recom-
bination is taking place within the localized states.
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