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PHOTOCONDUCTIVITY STUDIESIN a-SezslnasxPby THIN FILMS™

D. Kumar, S. Kumar’
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The present paper reports the steady state and transient photoconductivity measurements in
vacuum evaporated thin films of amorphous SezsIngs <Pk (X = 0, 4, 6 & 10). The behaviour
of photoconductivity is found to be same in al the compositions except that the
photoconductive parameters show a discontinuity at a Pb concentration of 4 a %.This is
explained in terms of mechanically stabilized structure at a particular average coordination
number following the theory of Phillips and Thorpe for the topological model in case of
chalcogenide glasses. Transient photoconductivity measurements at different temperatures
indicate that a persistent photoconductivity occursin these glasses, which increases at higher
temperatures. This is attributed to light induced effects in these materids. Even after
subtracting the persistent photoconductivity the decay of the resulting photoconductivity is
quite Sow which is found to be non - exponential in the present case indicating the presence
of continuous distribution of defect states.
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1. Introduction

In disordered materials and, primarily, in amorphous and glassy semiconductors, the
individual groups of localized centers are energetically spread as it follows from theoretical studies.
The presence of these localized states may act as traps for the charge carriers and hence affect many
properties of these materials. Presumably, the parameters of traps (their energy position, the
character of energy distribution, trapping concentration and cross-section for the charge carriers) are
substantially different in various materias, and these parameters determine the specific features of
kinetic processes in each case

Since the photoconductivity kinetics of amorphous semiconductors are to a great extent
determined by the process of trapping of non-equilibrium charge carriers on localized centers of
various depths, such studies are therefore important to understand the energy distribution of the
traps. From application point of view aso photoconductive properties are i mportant.

Chal cogenide glasses are normally p-type semi conductors owing to the fact that the number
of eectrons excited above the conduction band mobility edge is smaller than the number of holes
excited bdow the valence band mobility edge [1]. These systems also contain positively and
negatively charged defect states, known as vaence dternation pairs (VAPs) [2 - 3], which
essentialy pin the Fermi level at the middie of the band gap making them rather insensitive to
doping [4]. It is known that certain charged additives could change the ratio of VAPSs to such an
extent that the Fermi level can get unpinned [5].

In spite of the above problem, p to n transition has been observed in chal cogenide glasses.
Bi [6 - 9] and Pb [10 - 12] are amongst the meta impurities, which have been used to bring such a
transition in Ge - rich chalcogenide glasses. Se-In-Pb are the recently discovered non-Ge
chal cogenides, which exhibit p-n transition at Pb = 5 at % [10 -13]. Therefore, in the present work,
we have chosen a non- Ge system (a-Seysl nxs.«Ph,).

The present paper reports the steady state and transient photoconductivity measurements in
amorphous thin films of Sesins.Pby (x = 0, 4, 6 and 10) prepared by vacuum evaporation
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technique. Temperature dependence of steady state photoconductivity is studied at different light
intensities. Intensity dependence of photoconductivity, rise and decay of photoconductivity is
studied at different fixed temperatures. Section 2 describes the experimental details. Theresults have
been presented and discussed in section 3. The condl usions have been presented in the last section.

2. Experimental

Glassy alloys of Sezslngs.«Phy are prepared by guenching technique. High purity (99.999 %)
materials are weighed according to their atomic percentages and are sealed in quartz ampoules
(length ~ 5 cm and internal dia ~ 8 mm) with a vacuum ~ 10°° Torr. The ampoules containing the
constituent materials are heated to 1000 °C and hdd at that temperature for 10 - 12 hours. The
temperature of the furnaceisraised dowly at arate of 3 - 4 °C/min. During hegting, al the ampoules
are constantly rocked, by rotating a ceramic rod to which the ampoules are tucked away in the
furnace. Thisis doneto obtain homogeneous glassy dloys.

After rocking for about 10 hours, the obtained melts are cooled rapidly by removing the
ampoul es from the furnace and dropping to ice-cooled water. The quenched samples of Seslngs. Py
are taken out by breaking the quartz ampoul es.

Thin films of these glasses are prepared by vacuum evaporation technique keeping glass
substrates at room temperature. Vacuum evaporated indium eectrodes at bottom are used for the
eectrical contact. The thickness of the films is ~ 500 nm. The co-planar structure (length ~ 1.4 cm
and el ectrode separation ~ 0.5 mm) are used for the present measurements. A vacuum ~ 10% Torr is
mai ntained in the entire temperature range (306 K to 336 K).

Before measuring the photoconductivity, the films are first annedl ed at 340 K for one hour in a
vacuum ~ 102 Torr. |-V characteristics are found to be linear and symmetric up to 30 V. The present
measurements are, however, made by applying only 2 V across the films. The resulting current is
measured by a digital Pico-Ammeter. The heating rate is kept quite smal (0.5 K/min) for these
measurements.

3. Results and discussions

3.1 DC Conductivity

The dc conductivity was measured as a function of temperature (306 K to 336 K) for
amorphous thin films of Seslns.Pby (X = 0, 4, 6 and 10). The results of these measurements are
plotted in Fig. 1. This figure shows that In o4 vs 1000/T curves are straight lines for all the samples.
The dc conductivity can, therefore, be expressed as

Ogc=0pexp[-AE/KkT] Q)
where AE is the activation energy and k is the Boltzmann's constant.
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The values of gy for different samples, at a particular temperature (306 K), are given in
Table 1 and plotted in Fig. 2 as a function of Pb concentration. The values of AE and o, are also
calculated for al the samples. These values are also given in Table 1 and plotted as a function of Pb
concentration in Figs. 3 and Fig. 4 respectivdy. It is dear from these Figs. (2 - 4) that o4, AE and
Op are highly composition dependent and show a discontinuity at x = 4. The origin of this

discontinuity is given later in this paper.
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Fig. 3. AE vsx inamorphous thin films of Sezslngs.«Pb

Table 1. DC conduction parametersin a Seys Inys Py thin films.,

Glassy Alloy Oge (Q* om™Y) AE (eV) oo (@' em™)
306 K
SeyslNps 1.07 x 10° 0.61 352 x 10"
Seys 1np:Pby 1.72 x 10° 0.54 2.67 x 10°
Seys 1nyoPbs 1.37 x 10° 0.60 2.75x 10°
Seys InsPhio 7.57 x 10° 0.61 2.27 x 10°
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3.2 Steady state photoconductivity

Photoconductivity measurements have been made on vacuum evaporated thin films of a
Sesslns4Phy. The films are mounted in a specially designed sample holder, which has a transparent
window to shine light for photoconductivity measurements. A vacuum ~102 Torr is maintained
throughout the measurements. The temperature of the filmsis controlled by mounting a heater inside
the sampl e hol der, and measured by a calibrated copper-constantan thermocouple mounted very near
to the films. Photoconductivity (o) is obtained by subtracting measured conductivity in dark from
the measured conductivity in presence of light.

The source of light is a 200 W tungsten lamp. Interference filters are used to get a desired
wave ength. The present measurements have been made at a wavel ength of 620 nm. The intensity of
light is varied, by changing the voltage across the lamp and measured by a digital lux — meter.

3.2.1 Temperature dependence of photoconductivity

The temperature dependence of photoconductivity (o) is studied at different intensities.
Fig. 5 shows such results for amorphous thin films of a Sesslngs between 306 K to 336 K. The
conductivity (aq) in dark is also plotted in the same figure. This figure shows that photoconductivity
increases exponentially with temperature as In oy, vs 1000/ T curves are straight lines similar to dark
conductivity. The activation energy of photoconduction is however much smaller as compared to
activation energy of conductivity in dark. Similar results were obtained in other glass compositions
also (results not shown here). The well - defined activation energies involved in the temperature
dependence of photoconductivity suggests that the recombination centers are located at reativey
discreteleve s of localized states.
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Fig. 5. Temperature dependence of photoconductivity in amorphous thin films of Seyslngs at
different intensities.

3.2.2 Intensity dependence of photoconductivity

The intensity (F) dependence of photoconductivity (ogh) is studied at different temperatures
in al the glassy aloys used in the present study. The results for a Sessln,s films are shownin Fig. 6.
Similar results were found in case of other glass compositions aso. It is clear from this figure that, a
all temperatures, In oun Vvs. In F curves are nearly straight lines which indicates that
photoconductivity follows a power law with intensity (o, O F¥'). The power y is found to vary
between 0.5 and 1.0 for al the glassy alloys studied here. Rose [14] has pointed out that the power y
beatween 0.5 and 1.0 can not be understood by assuming a set of discrete trap levels but demands the
existence of continuous distribution of traps. In the present case aso y is between 0.5 and 1.0 which
indicates that a continuous distribution of localized states exists in the mobility gap of the present
glassy system.
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Fig. 6. Intensity dependence of photoconductivity in amorphous thin films of Sezslings at
different temperatures.
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3.2.3 Composition dependence of photoconductivity

The vaues of photoconductivity at a particular temperature (306 K) and intensity 390 L ux
are given in Table 2 and plotted as a function of x in in amorphous thin films of SeslngsPby in
Fig. 7. This figure shows that a discontinuity in op, VS X curves occurs a X = 4.
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Fig. 7. In gy, vs X inamorphous thin films of Sezslngs«Pby.

The important parameter in photoconductivity measurements is photosensitivity opn/og at a
particular temperature and intensity. The value of this parameter for a particular material decides the
use of the materia in the photoconductivity devices. We have, therefore, cdculated the value of
Opn/Og & a particular temperature 306 K and intensity 390 Lux. These values are given in Table 2
and plotted in Fig. 8 as a function of x in amorphous thin films of Sesslns Phy. It is interesting to
note that a discontinuity in opn/0g also occurs around X = 4. It may be mentioned here that such type
of discontinuity at x = 4 was observed in dc conduction parameters (aq4, AE and op) also as reported
in earlier section (seeFigs. 2 - 4).
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Such type of discontinuities in the composition dependence of various physical parameters,
have been observed in chalcogenide glasses by various workers and are rdated to a mechanical
threshold at a critical composition where the network changes from an elastically floppy ( polymeric
glass) type to a rigid (amorphous solid) type [15]. This threshold occurs when the average
coordination number <Z> becomes 2.4 at that particular composition. In the present case, a
discontinuity in various e ectrical parameters occurs at a glass composition Seslnx Pb,. The average
coordination number for this composition comes out to be 2.3, which is very close to the value
<Z>=2.4 expected for the above mechanical threshold. The maxima observed in the present case
may therefore be rd ated to the above mentioned structural transition.

Table 2. Photoconduction parametersin a Sess Ny, Py thin films at 306 K and 390 Lux.

Glassy Alloy Opn (Q* em™) oq (@' em™) Opn/ T4

Sesslnps 2.75 x 10° 1.07 x 10° 257
Ses Iny;Pby, 1.24 x 10° 1.72 x 10° 0.72
Seys IngoPbg 6.70 x 10° 1.37x10° 0.49
Sess InysPbyg 7.43x 10° 7.57 x 10° 0.98

3.3 Transient photoconductivity

To measure the rise and decay of photoconductivity with time, thin film samples were
mounted in the same metallic sample holder and light of desired wave ength was shown through a
transparent window. After a certain time of exposure, the light was turned off and the decay of
current was measured as a function of time. Theinitial dark value of current was subtracted to obtain
photoconductivity during decay.

Fig. 9 shows the results of the rise of photoconductivity with timein a-Seslny Pb, thin films
at different temperatures. The ratio opn/0g4 has been plotted in Fig. 9, which shows that initially the
photocurrent rises very fast and then rises slowly before saturating at a particular value. This figure
also indicates that the values of opn/0y are smaller at higher temperatures at al the times during the
rise process. Similar results were found in other glassy alloys also (results not shown here).
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Fig. 9. Rise of photoconductivity with time at different temperaturesin a Seys Iny;Pby.
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The decay of photoconductivity in a-SesslnPb, is shown in Fig. 10. It is clear from this
figure that the decay curve has two components. The first component decays very fast and the
second oneis very slow and takes about 8 minutes timeto saturate at a particular value. A persistent
photoconductivity is also observed at each temperature. Similar results are also found in other glassy
aloys.

Fig. 10 shows that the behavior of the decay curves is smilar at different temperatures
except that the persistent photoconductivity increases as temperature of measurement increases. This
is observed in al the glassy samples studied here.
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Fig. 10. Decay of photoconductivity with time at different temperaturesin a Seys In21Pba.

The persistent photoconductivity is observed in other chal cogenide glasses by many workers
[16-18] and is attributed to some kind of photo- induced structural changes and may not be due to
trapping of charge carriersin the traps because of the large time constants invol ved.

To understand the trapping effects, the persistent photoconductivity is subtracted from the
measured photoconductivity, and then the natural log of corrected photoconductivity is plotted
against time at different temperaturesin Fig. 11. These curves must be straight linesin case of single
trap leve. However, in the present case, these curves are not having same slope but the dope goes
on decreasing continuously as the time of decay increases (see Fig. 11). Thisindicates that the traps
exist at dl the energiesin the band gap which have different time constant and hence giving the non-
exponential decay of photoconductivity. This indicates the presence of a continuous distribution of
localized states in the mobility gap of the present glassy aloys. The similar conclusion was drawn
from the intensity dependence of the steady state photoconductivity measurements.
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To anadyze the decay curves in case of non-exponential decay, we prefer to use the concept
of differential lifetime suggested by Fuhs and Stuke [19] which is given as:

w=[(dInom/d)]* @)

In the case of exponentia decay, the differential lifetime will be equal to the carrier lifetime.
However, in case of a non-exponential decay 14 will increase with time and only thevdueatt =0
will correspond to the carrier lifetime.

From the slope of In oy, Vs time curves, we have calculated the va ues of 14 using equation
(2) at various times of the decay curves of Fig. 11. The results have been plotted in Fig. 12 in case of
& Sesslny; Ph, at two different temperatures 306 K and 316 K. Theresults for other samples were of
the same nature.

Itisdear from Fig. 12 that 14 increases with the increase of time This confirms the non-
exponential decay in the present case as, for an exponential decay 14 should be constant with time. A
decrease of 14 with increasing temperature (see Fig. 12) is consistent with the decay of
photoconductivity in presence of traps [14].
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Fig. 12. Differential life time as afunction of time at different temperaturesin a Se;sin,;Ph,.

4. Conclusions

Temperature dependence of dark and steady state photoconductivity is studied in amorphous
thin films of Sezslngs.<Pbx (x = 0, 4, 6 and 10), prepared by vacuum evaporation technique, in the
temperature range 306 K to 336 K.

Temperature dependence of photoconductivity measurements at different intensities indicate
that photoconductivity is aso thermally activated in the above temperature range in all the samples
studied as in case of dark conductivity. The activation energy of photoconduction is found to be
much smaler as compared to activation energy in dark. The wel defined activation energies
involved in the temperature dependence of photoconductivity suggests that the recombination
centers arelocated at rlatively discrete levds of localized states.

The behavior of photoconductivity is found to be same in dl the compositions except that
the photoconductive parameters show a discontinuity at a Pb concentration of 4 at %. This is
explained in terms of mechanicaly stabilized structure a a particular average coordination number
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following the theory of Phillips and Thorpe for the topological mode in case of chalcogenide
glasses.

Transient photoconductivity measurements at different temperatures indicate that decay of
photoconductivity has two components. Initialy it is very fast and then become quite slow. This
component is found to be non- exponentia in the present case indicating the presence of continuous
distribution of defect states. A persistent photocurrent is also observed which increases at higher
temperatures. This is attributed to light induced effects in these materials. An analysis of non-
exponential decay of photoconductivity is done by the differentia life time concept which is
consistent with the ki netics of photoconduction in presence of traps.
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