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Abstract
An investigation of photoconductivity in bulk glass of  Ge20  (Te35  Se65)80 prepared by a  melt-quenching method is described. 
The measurements were carried out at room temperature and at different levels of illumination. The I–V data have been 
detected to be straight lines for all intensities, which specify ohmic conduction. Intensity (F) dependence of the photocurrent 
demonstrates nearby power law dependence of the photocurrent on incident radiation. The photosensitivity was found to 
increase with increasing light intensity. Both the life time and the differential life time decrease with increasing the intensity 
of the light. The differential life time and the life time are represented by nonlinear fitting by the exponential function. This 
behavior can be well interpreted in terms of the photo-induced effect. New localized states (recombination of localized 
electrons and holes) are induced in the band gap due to prolonged strong photo illumination. Thermal measurement reveals 
that the present glass is a good glass former.
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Introduction

Chalcogenide semiconducting glasses are recognized as 
heavy-anion glasses having sulfur (S), selenium (Se), and 
tellurium (Te) as the core elements of their configurations.1 
The chalcogen element, Se, is supposed to be a stimulat-
ing substance due to its significant technical applications.2 
The addition of the other chalcogen element, Te, can create 
and increase the disorder and increase the thermal stability. 
The addition of a third element, such as gallium (Ga), tin 
(Sn), thallium (Tl), and germanium (Ge) has been found to 
develop the physical properties of ternary Se-Te glass.3–6

In recent years, chalcogenide glasses have had a well-
defined potential in developments in technology, due to 
their unique electrical, optical, and tunable properties, 
for photoconductive applications.7–9 Photoconductivity 
 investigations10–16 on chalcogenide glasses have gained great 
attention due to their basic and technological properties in 

numerous solid-state devices. Chalcogenide glasses are cat-
egorized by the occurrence of localized states in the mobility 
gap and the absence of long-range order.

It is well known that the photocurrent in these materi-
als is organized by carrier localization and delocalization 
routes.17 The photoconductivity has been confirmed to be 
an appropriate method in the recognition of the origin of 
recombination which, in turn, offers information about the 
localized states in these materials, and sheds light on the 
photosensitivity of the substances for device applications.

Most photoconductivity studies have been carried out 
on evaporated glass films, but only a few on bulk glasses. 
 Sharma16 investigated the photoconductive properties of thin 
films of Ge20Te80-xSbx (x = 0 at%, 2 at%, 4 at%, 6 at%, 
and 10 at%) and showed that the dark activation energy, the 
optical band gap, and photosensitivity were decreased with 
increasing the concentration of antimony . Photocurrent ver-
sus light intensity follows the power law and the dominance 
of bimolecular recombination was found. Znaidia et al.18 
studied the photoconductivity within the temperature (T) 
range 300–420 K for thermally evaporated thin films of 
 Ge5As22Te73–xInx (where x = 0 at%, 3 at%, 6 at%, and 9 
at%). The current density was found to be directly propor-
tional to the applied electric field which indicating ohmic 
behavior. It was found that the dark and photoconductivity 
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increased with increasing the In content. With increasing 
the In content from 0 at% to 9 at%, the peak of the pho-
tocurrent moved to a lower energy with a  corresponding 
decrease in the Eg value from 1.1 eV to 0.9 eV. Iaseniuc 
and  Iovu19 reported the experimental results of the steady-
state photoconductivity of amorphous single-layer structures 
(Al-As0.40S0.30Se0.30-Al, Al-Ge0.09As0.09Se0.82-Al, and Al-
Ge0.30As0.04S0.66-Al) and of an amorphous heterostructure 
(Al-As0.40S0.30Se0.30/Ge0.09As0.09Se0.82/Ge0.30As0.04S0.66-
Al). A complex structure for the photocurrent spectra was 
shown which was attributed to the various values of the 
optical band gap of the amorphous layers (Eg ≈ 2.0 eV for 
 As0.40S0.30Se0.30 and  Ge0.09As0.09Se0.82 and Eg ≈ 3.0 eV for 
 Ge0.30As0.04S0.66). El-Denglawey et al.20 studied the dark and 
photoconductivity for Ag-mixed  Se70Te30 thermally depos-
ited thin films, and found that at 300 K the dark conductivity 
was increased, whereas the activation energy for the dark, 
photo and thermal response was decreased with increasing 
the Ag content.

Selenium and tellurium are the most often used chal-
cogens and are potentially utilized in several electronic 
devices. The addition of Ge to the Se-Te matrix extends their 
potential applications, since the addition of Ge strength-
ens the average bond in the system and enhances the glass 
formation. In the present work, the authors have decided 
to choose a new bulk  Ge20(Te35  Se65)80 composition as a 
promising system for advanced photodevices, and to inves-
tigate its steady state and transient photocurrent, as well as 
the effect of the illumination level on the photosensitivity 
and life time. We furthermore have attempted to interpret 
our experimental data in the frame of predictions of photo-
induced effects.

Experimental Details

Bulk  Ge20(Te35  Se65)80 chalcogenide glass was prepared by 
the conventional melt-quenching method using high-purity 
elements, Se, Te, and Ge. About 8 g of the batch was trans-
ferred into a quartz ampoule which was evacuated to a pres-
sure of 1.3 ×  10−6 kpa. The ampoule was kept in a controlled 
muffle furnace at 950°C for 9 h with regular shocking to 
confirm the complete homogeneity of the melt. Quenching 
was then achieved in ice water.

In order to identify the amorphous nature of the  sam-
ple, x-ray diffraction measurements were performed using 
a Philips diffractometer type 1710 with a Ni-filtered Cu Ka 
source (λ = 0.154 nm). The thermal behavior was investi-
gated using a differential scanning calorimeter (DSC; TA 
2010). Typically, 15 mg of the sample in powder form was 
sealed in standard aluminum pans and heated at a rate of 
25°C  min−1 in the temperature range 25–600°C.

A portion, 3 mm in length and 5  mm2 × 1.5  mm2 in 
area, was cut from the ingot, and the surface was polished 

to be mirror-like. The sandwich configuration was used 
to measure the dark and under-illumination currents. Au 
paste was used to make a good ohmic contact for electrical 
measurements in the sample. The sample was fixed inside 
the optical cryostat (Oxford optistat DN1704), and the 
measurements were carried out at room temperature and in 
a vacuum of 1.3 ×  10−4 kpa. A programmable electrometer 
(Keithley 6517b) was employed as a direct current power 
supply in addition to measuring the current. A tungsten 
lamp (1000 W) was used to illuminate the sample.

Results and Discussion

Figure  1 shows the x-ray diffraction pattern of the 
 Ge20(Te35  Se65)80 glass. It is obvious that the glass is amor-
phous which is defined by the presence of a low-intensity 
broad peak in the pattern.

Figure 2 shows a representative DSC curve acquired 
when the chalcogenide  Ge20(Te35  Se65)80 specimen was 
heated at a rate of 25°C/min. Four distinguishing param-
eters are determined in the studied temperature range. The 
first one is a  small endothermal outcome corresponding to 
the glass transition temperature (Tg = 130°C), the second 
is the onset temperature of crystallization (Tc = 342°C), 
the third is the peak temperature of crystallization (Tp = 
414°C), and the fourth is the melting temperature (Tm 
= 485°C). It is useful to use the previous characteristic 
temperatures to evaluate the glass-forming ability (GFA) 
which is considered to be an essential issue in operating 
the examined materials in various applications. Hrubý21  
introduced a parameter Hr which can be used as the index 
of the GFA:

Fig. 1  X-ray diffraction pattern of the prepared  Ge20(Te35  Se65)80 
glass.
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Note that the Hr parameter accumulates the nucleation 
and growth sides of the phase transformation where greater 
values of Tc–Tg postponement of the nucleation progression 
and the small values of Tm–Tc delay the growth procedure of 
the nucleated crystals. According to Hrubý, when Hr ≤ 0.1 
it is difficult to form glass, whereas with Hr ≥ 0.5, glass can 
be readily formed with adequate cooling rates. In this study, 
the value of Hr for the  Ge20(Te35  Se65)80 glass was calculated 
to be 1.48, which is greater than the Hr value of Se-Te glass 
which is reported to be about 0.27.3,22 This further means 
that  Ge20(Te35  Se65)80 is a good glass former.

Steady-state photoconductivity of bulk chalcogenide 
 Ge20(Te35  Se65)80 was studied at room temperature using 
white light. The I–V curves at various illumination levels 
are depicted in Fig. 3. The electric field across the sample 
is presumed to be uniform. The plots of the I–V data have 
been detected to be straight lines for all intensities, which 
evidently specify the ohmic conduction. The slope of the I–V 
curves varies with illumination levels. The increase in the 
slope is small for lower intensities (0–300 Lux), and it gets 
larger for high intensities i.e. (1780–4250 Lux). The slope 
at 4250 Lux has been detected to be nearly eight times that 
at 0 Lux. This can be attributed to the increase in the charge 
carriers’ density as the number of incident photons increase.

In order to examine the kinetics of the carrier recombina-
tion process in  Ge20(Te35  Se65)80, the relationship between 
the intensity and steady-state photocurrent has been exam-
ined. The intensity dependence of photocurrent is shown in 
Fig. 4. The plots of ln (Iph) versus ln (F) at different applied 

(1)Hr =
Tc − Tg

Tm − Tc

voltages have been considered. It is obvious from this figure 
that the relationship is following the power law: Iph ∝ Fγ, 
where γ is the exponent and its value can determined by 
the recombination mechanism.23 For the present sample, γ 
is approximately 0.67 with the little systematic variations. 
 Rose24 suggests that, when the value of γ is equal to 0.5, the 
recombination process is bimolecular recombination, and, 
while the value of γ is equal to 1.0, this indicates monomo-
lecular recombination. However, in the situation of continu-
ous distribution of traps, the value of γ may be somewhere 
between 0.5 and 1.0 depending on the intensity and the 
temperature range. The value γ = 0:67 is designated to the 
occurrence of a continuous distribution of localized states 
in the mobility gap.

The significant factor in photoconductivity measurements 
is the photosensitivity S = [Iph/Id] of a particular substance, 

Fig. 2  A representative DSC curve for the  Ge20(Te35  Se65)80 chalco-
genide glass.

Fig. 3  The I–V curves at various illumination levels.

Fig. 4  The variation of room-temperature photocurrent (Iph) with 
intensity (F) at different applied voltages.
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which determines the quality of the material to be used in 
photoconductive tools. We have, as a result, calculated S at 
room temperature for  Ge20(Te35  Se65)80. The consequences 
of these calculations are depicted in Fig. 5 as open circles. It 
is evident from this figure that the photosensitivity increases 
with increasing light intensity. The solid curve is the non-
linear fit to experimental data and obeys the following rela-
tion S ∝ F0.62.

Transient photoconductivity has been investigated via 
exposing the sample to light with instantaneous recording 
of the current for a given period. Subsequently, the light 
was switched off and the decay of current was recorded. The 
outcomes of transient photoconductivity measurements, i.e., 
photocurrent versus time plots for  Ge20(Te35  Se65)80 at room 
temperature for different illumination levels are shown in 
Fig. 6. It is obvious from the figure that the initial growth 
and decay of currents are fast and afterward the progress 
becomes slow. The decay of photocurrent as shown in Fig. 6 
can be elucidated by means of the differential life time (τd) 
concept (which is also defined as decay time constant). 
Quantitatively, the decay time constant is given  as25:

where dIph/dt is the decay rate and Iph(max) is the value of 
photocurrent with which the decay starts. Figure 7a and b 
shows the dependence of the differential life time and the 
life time on the light intensity. Note that the life time was 
calculated at the beginning of the decay of the photocurrent. 
Both the life time and the differential life time decrease with 
increasing the intensity of the light. Increasing the intensity 

(2)�d = −Iph(max)

(

dIph

dt

)−1

Fig. 5  The variation of photosensitivity of  Ge20(Te35  Se65)80 glass 
with light intensity.

Fig. 6  Rise and decay photocurrent with time for  Ge20(Te35  Se65)80 at 
room temperature at different illumination levels.

Fig. 7  (a) Variation of the life time with light intensity; (b) variation 
of the differential life time with light intensity.
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of light leads to more traps, which reduces the life time of 
the current carriers.

Next, we examine the differential life time (τd) and the life 
time (τ) by nonlinear fitting. Both the τd and τ are presented 
by the following exponential function:

where A1is a constant (equal to the total quantity of vari-
ation), y0 is the total quantity at the largest intensity, β is 
assumed to be a certain constant value, being inversely pro-
portional to the incident illumination, and y is the measured 
value (τd and τ) at light intensity I. The physical parameters 
of Eq. 3 obtained from the fitting of τd and τ are presented 
in Table I.

The physical interpretation for the behavior of τ and τd 
with the intensity can be understood in the framework of a 
photo-induced effect. Commonly, this effect includes volume 
change, photo-darkening, photo-bleaching, defect creation, 
and photo-melting. Photo-induced phenomena occur when 
chalcogenide samples are subjected to band gap illumina-
tion.26 The magnitude of this changes when the effect rises, 
and is expected to depend on the intensity as well as the 
wavelength of light. Several studies have been carried out 
in order to offer an elucidation of the photo-induced phe-
nomena.26–30 On the other hand, the photo-induced effect 
yields a degradation in the dark and photo-conductivities 
in chalcogenide glasses.31 The origin of these degradation 
phenomena is supposed to be associated with the photo-
induced creation of some types of defects. In fact, Biegelsen 
and  Street32 found that a new electron spin resonance signal 
can be detected during strong and long-time illumination, 
and they proposed that these new localized states are nearby 
pairs of charged D+ and D– centers. When these centers are 
created, i.e., the density of recombination centers increases, 
the differential life time and the life time would decrease 
after strong illumination.

Conclusions

Bulk  Ge20(Te35  Se65)80 chalcogenide glass was prepared by 
the conventional melt-quenching method. The Hr value for 
the  Ge20(Te35  Se65)80 glass was calculated to be 1.48, which 

(3)y = y0 + A1 exp (−I∕�)

indicated that  Ge20(Te35  Se65)80 is a good glass former. The 
I–V curves at various illumination levels have been detected 
to be straight lines for all intensities, which evidently speci-
fies ohmic conduction for the glass sample. The relationship 
between intensity (F) and room-temperature photocurrent 
(Iph) at different applied voltages is straight lines with the 
slope (γ) being approximately 0.67 with little systematic 
variation. The value γ = 0:67 is designated to the occur-
rence of a continuous distribution of localized states in the 
mobility gap. The photosensitivity increases with increasing 
light intensity according to the following relation S ∝ F0.62. 
Both the life time and the differential life time decrease with 
increasing the intensity of the light. The differential life time 
and the life time are represented by nonlinear fitting by the 
exponential function ( y0 + A1 exp (−I∕�).
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