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a  b  s  t  r  a  c  t

Thin  film  samples  of different  thicknesses  ranging  from  167.5  to 647.4  nm,  were  prepared  from  the  syn-
thesized  amorphous  Se85Te15−xSbx (x = 0,  2, 4  and  6  at.wt%)  chalcogenide  glass  compositions  by  thermal
evaporation  technique.  X-ray  diffraction  analysis  showed  the amorphous  nature  of  the  obtained  films.
The  dc  electrical  conductivity  was  studied  for  the  prepared  films  as  a function  of  temperature  in  range
(297–333  K)  below  the  glass  transition  temperature  Tg. From  the  obtained  results  of  �dc the  conduction
activation  energy  �E� has  a single  value  indicating  the  presence  of  one  conduction  mechanism  through-
out  the  studied  range  of  temperature.  The  obtained  results  of  �dc are  explained  in accordance  with  Mott
e–Te–Sb alloys
emory switching

hreshold voltage
lectrothermal model

and  Davis  model.  The  current–voltage  (I–V)  characteristics  curves  showed  a memory  type  switch.  The
mean  value  of  the threshold  voltage V̄th increases  linearly  with  increasing  film  thickness  and  decreases
exponentially  with  temperature  for  all investigated  film  compositions.  Values  of  the  threshold  voltage
activation  energy ε̄Vth

were  obtained  for the  studied  films.  The  switching  phenomenon  in  the  investi-
gated  films  is  explained  on  the basis  of  the electrothermal  model  initiated  from  Joule  heating  of  current
channel.  The  effect  of the  Sb addition  on  the obtained  results  was  discussed.
. Introduction

In recent years, chalcogenide glasses have received a lot of atten-
ion because of their potential and current use in various solid-state
ptical and electrical devices. Both selenium and tellurium are
xpected to be the important semiconductor elements, because
f their possible application in the fabrication of semiconductor
evices.

Amorphous selenium has been emerged as promising mate-
ial because of its interesting electrical applications. It is widely
referred in the fabrication of electro photographic devices and
witching and memory devices [1].  The shortcoming of amorphous
elenium (a-Se) for use in photographic drum such as its short life
ime and low sensitivity, can be overcome by the use of certain addi-
ives like Ge, Te, Bi, Sb, In, etc. The use of binary alloys has been of
reat interest for their greater hardiness, higher sensitivity, higher
rystallization and smaller aging effect as compared to amorphous
elenium [2].  Because of these advantages these alloys are now-
ays preferred in various solid state devices. The properties of a-Se
nd the effect of alloying Te into a-Se have been studied by various

orkers [3–5].

Glassy alloys of Se–Te system based on Se have become
aterials of considerable commercial, scientific and technologi-

∗ Corresponding author. Tel.: +20 180247160; fax: +20 2 22581243.
E-mail address: abir net 2005@hotmail.com (A.S. Farid).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
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© 2011 Elsevier B.V. All rights reserved.

cal importance. They are widely used for various applications in
many fields as optical recording media because of their excellent
laser writer sensitivity, Xerography, and electrographic applica-
tions such as photoreceptors in photocopying and laser printing
[6–8]. It is found that the properties of chalcogenide semicon-
ductors are usually affected by the addition of impurities as third
element. The incorporation of third element in binary chalcogenide
glassy alloys is necessary to get relatively stable glassy alloys, and
leads to enlarge their domain of applications. From this point of
view, the addition of Sb to Se–Te binary system can markedly affect
its structural, electrical and optical properties [9–13]. Studies of
these properties and others are believed to be useful for improving
the stability characteristics of the devices based on Se–Te–Sb films.
The addition of Sb to the chalcogenide glasses expands the glass
forming area and also creates compositional and configurational
disorder in the system [14–16].

The switching property of chalcogenide glasses is probably their
electrical switching, discovered by Ovshinsky in 1968 [17], which
has found applications in the areas such as information storage [18],
power control devices, thermistors, etc. [19]. There are two types
of electrical switching observed in these materials, namely thresh-
old and memory type. In the threshold type switching, the ON-state
persists only while the current flows down to a certain holding volt-

age, whereas in memory-type switching, the ON-state is permanent
until a suitable rest current pulse is applied across the sample. Dif-
ferent mechanisms have been proposed to explain the electrical
switching in chalcogenide glasses. These include pure electronic

dx.doi.org/10.1016/j.jallcom.2011.04.093
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:abir_net_2005@hotmail.com
dx.doi.org/10.1016/j.jallcom.2011.04.093
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then decreases as Sb content increases. The variation of the glass
transition temperature Tg of these glasses can be explained on the
basis of structural changes due to the introduction of Sb atoms. It
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20] electrothermal [21] and thermal [9,22] mechanisms. It is more
r less accepted that threshold switching is generally electronic in
rigin, whereas as the memory switching is of thermal in origin
9,23].  The formation of highly conductive crystalline channels (or
laments) is considered as a possible cause of memory switching

n chalcogenide glasses [24,25].
The present paper aims to study:(1) the dc electrical conduc-

ivity of Se85Te15−xSbx (x = 0, 2, 4 and 6 at.wt%). (2) The switching
henomenon, the parameters affecting the threshold switching
oltage and identifying the suitable switching mechanism for
witching process. (3) The effect of Sb addition on the dc electrical
onductivity and switching properties.

. Experimental details

Se85Te15−xSbx (x = 0, 2, 4 and 6 at.wt%) compositions were synthesized as fol-
ows: the elementary constituents of each composition of purity 99.999% were

eighted in accordance with their atomic percentage and loaded in a silica tube.
ubes with their constituent elements (5 g total weight) were sealed under vacuum
f 10−5 Torr. The tube is placed in an oscillatory furnace and heated stepwise by a
ate 5 K/min at 1123 K to allow Se, Te and Sb to react completely. The ampoule was
requently rocked for 12 h at the maximum temperature to make the melt homoge-
ous. The quenching was performed in ice water and then the alloy was taken out by
utting the tube. The initial vitreous alloys were powdered and separated according
o  the size.

Thin films of the different compositions of Se85Te15−xSbx (x = 0, 2, 4 and 6 at.wt%)
ere prepared by the thermal evaporation method under vacuum (10−5 Torr) on to

leaned glass substrates (for electrical measurements), and highly polished pyro-
raphite substrates (for switching measurements). The film thickness was measured
sing the thickness monitor (Edwards, FTM5) and confirmed after deposition by
olansky’s interferometric method [26].

The chemical composition of the investigated samples was  checked by energy
ispersive X-ray analysis (EDX) using JOEL 5400 scanning electron microscope.
he structural identification of the investigated compositions in thin film form
as  confirmed by both X-ray diffraction XRD using Philips X-ray unit (PW-3710)
ith generator (PW-1830) Supplied with a copper target with Ni filter. The X-ray

ube was operated at 40 kV and 30 mA.  Glass transition temperature obtained using
ifferential scanning calorimetry (DSC) (Shimadzu DSC-50).

For dc electrical conductivity, the prepared films were sandwiched between
wo Al electrodes and measured through a special designed holder. The electrode
ontacts were of an ohmic nature as determined by dc conductivity study. An elec-
rometer of the type (Keithly E-616A) was  used for measurements of resistivity in
he temperature range (297–333 K). The dc conductivity was calculated according
o  the relation �dc = d/RA where R is the resistance of the sample, d is the sample
hickness and A is the cross-sectional areas of the sample.

Switching phenomenon was  investigated for the prepared Se85Te15−xSbx film
ompositions. Measurements of the I–V characteristics were carried out in an espe-
ially constructed measuring cell of two electrodes [10]. The film sample deposited
n  a pyrographite substrate is placed on the lower copper electrode. The lower
lectrode was  a circular brass disk in contact with the pyrogaphite substrate and
he upper one was a movable platinum wire with a thin circular end of diame-
er  2 × 10−4 m which connected by a weak spring to provide a gentle and good
ontact with the upper surface of the film. The pressure provided by the upper
lectrode as well as the point contact was kept constant throughout the measure-
ents. The measuring cell was introduced in a simple electrical circuit provided
ith a digital electrometer (Keithley E-616A) and a sensitive digital multimeter

o  measure the respective potential drop and the current (as low as 10−9 A) pass-
ng through the sample. These measurements were made at room temperature
s  well as at elevated temperatures using a heating system and the sample tem-
erature was determined using a chromel–alumel thermocouple in close to the
ample.

. Results and discussion

.1. Structure identification of Se85Te15−xSbx (x = 0, 2, 4 and
 at.wt%)

.1.1. X-ray characterization
X-ray diffraction was carried out for the investigated compo-
itions in thin film form. The obtained patterns are illustrated in
ig. 1. This figure revealed that there is no evidence peak, ensuring
hat the structure of the prepared films is of amorphous nature. The
ame behavior was obtained for all other films.
Fig. 1. X-ray diffraction patterns for Se85Te15−xSbx (x = 0, 2, 4 and 6 at%) films of
nearly the same thickness.

3.1.2. Differential scanning calorimetry (DSC)
When the sample is heated at a constant rate in a differential

scanning calorimetry experiment the glass undergoes structural
changes. The scanning character of DSC provides as thermal
spectrum of characteristic transitions such as glass transitions
(endothermic peak Tg), crystallization peak Tc (exothermic peak),
and the third transition is melting which of course endothermic
peak. The Tg value for glassy materials indicates a transition from
a rigid to flexible, which causes a change in heat capacity struc-
ture and hence there is a shift in base line. So, all measurements
in the present study were carried out at temperature less than the
corresponding Tg for each composition. Fig. 2 shows a typical DSC
thermograms of Se85Te15−xSbx (x = 0, 2, 4 and 6 at.wt%) glassy sam-
ples at a heating rate 10 ◦C/min. It is clear from this figure that all
samples showed a single glass transition and crystallization, which
confirms the homogeneity of the samples. The obtained values of
the glass transition temperature Tg of samples under test are listed
in Table 1.

It is clear from this table that T increases with Sb up to 4 at.wt%
t, oC

Fig. 2. Differential scanning calorimetry for the investigated compositions in a pow-
der form.
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Table  1
Values of Tg , and bond energy values for bonds in Se85Te15−xSbx films.

Composition Tg , K−1 Bond Bond energy,
kJ/mole

Se85Te15 61.8 Se–Se 189.22
Se85Te13Sb2 62.9 Te–Te 142.35
Se85Te11Sb4 64.6 Se–Te 187.57
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Se85Te9Sb6 58.1 Se–Sb 214.20
Sb–Sb 176.40

s known that a-Se about 40% of the atoms have a ring structure
nd 60% of the atoms are bonded as polymeric chains. Tellurium
nters as copolymer chains and tends to reduce the number of Se8
ings [27]. Simultaneously, it increases the number of Se and Te
toms in the chains. The structure of Se–Te system prepared by
uenching the melt is regarded as a mixture of Se8 rings, Se6Te2
ings and Se–Te copolymer chains. A strong covalent bond exists
etween the atoms in the ring whereas in between chains only
ander Wall’s forces are dominant [28]. The addition of Sb with
mall amounts (2–4 at.wt%) to Se–Te system leads to its entry into
he cross-link chains, and Se–Sb bonds with higher bond energy
214.2 kJ/mole) are formed, replacing the Te–Sb bond which have
ower bond energy (205.8 kJ/mole) see Table 1 [11], i.e. Se8 ring
ecreases. As a result the glassy matrix becomes heavily cross-

inked and the steric hindrance increases makes the structure more
igid. Since Tg reflects the rigidity of the structure [29], it is expected
hat Tg increases with increasing Sb content (2–4 at.wt%). Further
ddition of Sb (Sb > 4 at.wt%) leads to the formation of Sb–Sb bonds
bond energy 176.4 kJ/mole) resulting in decreasing the Se–Sb bond
oncentration and the concentration of Se8 rings increases in the
lass matrix. The decrease of Tg leads to the increasing of the ring
oncentration, this in turn explains the decrease in Tg value with
he increase of Sb content higher than 4 at.wt% [11]. The obtained
lasses are stable up to 4 at.wt% of Sb content and increasing Sb
ontent leads to the lower of the system stability.

.1.3. Electron dispersive X-ray spectrum analysis EDX
Composition of the investigated films was checked by energy

ispersive X-ray spectrum analysis using a scanning electron
icroscope. The obtained data showed that the percentage of the

onstituent elements of the studied compositions are approxi-
ately the same as tabulated in Table 2.

.2. Dc electrical conductivity

The dc electrical conductivity �dc was measured for the stud-
ed film compositions in the temperature range (297–333 K) and in
hickness range (167.5–432 nm). The narrow temperature range of
he present measurements is due to the low glass transition tem-
erature. Fig. 3a–d shows the temperature dependence of �dc for

he studied film compositions. From this figure, ln �dc versus 1000/T
urves are straight lines in the considered temperature and thick-
ess ranges. This indicates that the conduction in these glasses is

able 2
DX for Se85Te15−xSbx films.

Calculated
composition

At % (observed) Nominal
compositions

Se Te Sb

Se85Te15 82.46 17.54 – Se82.46Te17.54

Se85Te13Sb2 83.73 14.40 1.87 Se83.73Te14.4Sb1.87

Se85Te11Sb4 83.79 10.85 5.36 Se83.79Te10.85Sb5.36

Se85Te9Sb6 84.41 8.12 7.47 Se84.41Te8.12Sb7.47
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-22

-20

ln
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d
c
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d
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Sb
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Fig. 3. (a–d) Temperature dependence of dc-electrical conductivity for of
Se85Te15−xSbx (x = 0, 2, 4 and 6 at%) film compositions at different thicknesses.
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Table 3
Values of �RT, �o, �E� for Se85Te15−xSbx films.

Composition �RT, (� m)−1 �E� , eV �o, (� m)−1

Se85Te15 2.68 × 10−9 0.58 8.2 × 10−3

Se85Te13Sb2 1.15 × 10−9 0.72 1.59 × 10−3
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Se85Te11Sb4 3.85 × 10−10 0.825 2.38 × 10−3

Se85Te9Sb6 8.72 × 10−10 0.618 5.31 × 10−4

hrough an activated process. The �dc can, therefore, be expressed
y the well known relation:

 = �o exp
(−�E�

kBT

)
, (1)

here �o is the pre-exponential factor, kB is the Boltzmann con-
tant, T is the absolute temperature and �E� is the conduction
ctivation energy. It is clear that the obtained relations are straight
ines which have single value of activation energy, i.e. there is one
ype of conduction mechanism contributing to the dc conductivity.

Values of �E� are calculated from the slopes of the lines of
ig. 3a–d according to Eq. (1) and tabulated in Table 3 together
ith the room temperature conductivity �RT. The values of �o,
hich calculated as the intercept at T−1 = 0 of Fig. 3a–d for all films

see Table 2). From Table 2, it was suggested that the values of �o

ssumed that the conduction mechanism of dc electrical conduc-
ivity may  be due to hopping of charge carriers between localized at
he band edges as suggested by Mott and Davis [12,13].  This mech-
nism of conduction is familiar in amorphous materials [12,13].

It is found that the values of the activation energy for all the
tudied samples are thickness independent through the measured
ange, since the straight lines are parallel. It is also observed that
he dc electrical conductivity increases with increasing film thick-
ess. This is because the density of lattice defects as vacancies,

nterstitials and dislocations, developed through film deposition
re lowered during the increase of film thickness and thus, film
esistance is decreased and the conductivity is increased with the
lm thickness.

It is observed from Table 3 that �dc decreases with a correspond-
ng increase in �E� with Sb addition up to 4 at.wt% in the studied
ompositions. This may  be due to the enhancement in the network
igidity of the studied compositions resulting in a decrease in �dc.
urther increase of Sb content (Sb > 4 at.wt%) making the structure
f the studied films less amorphous (less rigid) thus �dc increase.

It is a well-established fact that glasses containing Se have a
endency to form polymerized network and the homopolar bond
s qualitatively suppressed [30,31]. The addition of small amount
f Sb (2–4 at.wt%) to Se–Te system leads to its entry into the cross
ink chains and hence increasing the glass stability. This stability
f the system increases up to 4 at.wt% of Sb and further increment
n atomic weight of Sb lowers the stability of the system. One can
nfer that the composition Se83.79Te10.85Sb5.36 has a maximum den-
ity of Sb–Sb bonds. Any further increase of Sb percentage inside
he host matrix lowers the stability of the glassy system. For lower
oncentration of Sb, the Se–Se bonds of lower energy now will be
eplaced by Se–Sb bonds of high energy (see Table 1) and these
onds causes a decrease in �dc up to Sb = 4 at.wt% as shown in Fig. 4
11]. Further addition of Sb favors the formation of Sb–Sb bonds (see
ection 3.1.2) and so, the reducing of Se–Sb bonds concentration
lso resulting the increase of the �dc and decrease the activation
nergy [32,33].  This is because the unsaturated bonds produced
s a result of insufficient number of atoms in amorphous material
orm defects in material [12]. Such defects produce the localized

tates in the band gap of amorphous material, which causes the
bserved variation in the conductivity of the studied films.

The variation of �dc can be also explained by the increase in
he density of defect states. Such an increase in the density of
Fig. 4. Temperature dependence of dc-electrical conductivity for Se85Te15−xSbx

films of nearly the same thickness.

defect states after incorporation of Sb additive (Sb > 4 at.wt%) may
be understood in terms of the electron affinity (EA) of Sb (1.07 eV)
as suggested by Onozuka et al. [34]. Se and Te belong to the group
VI of the periodic table. When Te (EA = 1.97 eV) is added to Se
(EA = 2.02 eV), some of the Te atoms may  not be incorporated in
chains would act as ionized impurities. Similarly, the addition of Sb
will increase the positively charged state, since the electron affinity
of Sb is much lower than both Se and Te. So an increase in defect
state density after adding Sb >4 at.wt% to binary Se85Te15 glass may
be understood in terms of lower electron affinity of Sb as compared
to Se or Te. This increase in defect state density leads to increase in
�dc.

3.3. Switching phenomenon

3.3.1. Current–voltage (I–V) characteristics
The room temperature I–V characteristics for the consid-

ered compositions were investigated for thin film samples of
different thicknesses (167.5–647.4 nm). Fig. 5a and b shows illus-
trative examples for the I–V curve of the Se83.73Te14.4Sb1.87 and
Se83.79Te10.85Sb5.36. It is observed that, with increasing the applied
voltage the current increases slowly forming the first branch (oa)
of the I–V curve, called the OFF-state with high resistance. At a
certain value of the applied voltage (point a), called the threshold
switching voltage Vth, a sudden increase in the current and conse-
quent decrease in the voltage (point b) takes place in a very short
time ∼10−9 s, i.e. switching occurs through the load line (ab), along
which current and voltage readings cannot be recorded. Further
increase in the applied voltage, increases the current without sig-
nificant increase in the potential drop across the sample (part bc).
This part of the curve representing the ON-state with low resis-
tance. Then, decreasing the applied voltage, the current and voltage
decrease to zero value (part co)  of the curve. If the voltage is fur-
ther increased and then decreased in the current increases along
oc then decreases along co.  It is clear that the obtained curves are
typical for a memory switch, which is also obtained for other inves-
tigated film compositions of different thicknesses. It must be noted
that static I–V curves for the investigated film compositions were
measured at different points uniformly distributed throughout the
whole surface of the film and hence, the mean value of threshold
voltage was calculated (V̄th).
It has been well understood that memory switching is more
probable in chalcogenide glass compositions which will have lower
energy barrier for reversible local structural changes [35]. Because
of the weaker bonds and flexibility due to the abundance of
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Table 4
Values of Vth , ε̄Vth

, and ε̄Vth
/�E� for Se85Te15−xSbx films.

Composition Thickness,
nm

Vth , V ε̄Vth
, eV ε̄Vth

/�E�
ig. 5. (a and b) I–V characteristic curves for Se83.73Te14.4Sb1.87 and
e83.79Te10.85Sb5.36 films.

ivalent elements, chalcogenide glasses with low network connec-
ivity/rigidity are more credible for any structural changes [35].
uch floppy glasses [36,37] which will also have lesser thermal
tability [38], can permit easy creation of nucleation sites for an
xtended structural phase changes of the type required for memory
witching.

.3.2. Thickness dependence of the threshold voltage V̄th

Fig. 6a and b represents the I–V curves for Se82.46Te17.54 and
e83.73Te14.4Sb1.87 films as representative examples as a function
f thickness. It is clear that V̄th increases with film thickness, which
an be explained by the corresponding increase of film conductance
ee the inset of the figures. The obtained relation agrees with the
esults obtained before for other chalcogenide glasses [11,12,33].
oreover, I–V characteristic curves for Se85Te15−xSbx (x = 0, 2, 4 and

 at.wt%) are illustrated in Fig. 7. It is clear that the increase of Sb
ontent at the expense of Te content in the studied compositions
ncreases the value of V̄th up to x = 4 at.wt% followed by a decrease
n V̄th for x = 6 at.wt% (see Table 4). This could be understood with

espect to the direct relation between V̄th and �dc, since the latter
ecrease with Sb content. The obtained increase in V̄th with Sb con-
ent up to 4 at.wt% may  be explained by the increase of the stronger
e–Sb bonds and further increase of Sb content lead to the decrease

Se85Te15 248 21.4 0.29 0.500
Se85Te13Sb2 220 22 0.36 0.500
Se85Te11Sb4 242 23.9 0.41 0.496
Se85Te9Sb6 260 19.3 0.31 0.500
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ig. 8. (a and b) I–V characteristic curves at different temperatures for one thickness
or  Se85Te15 and Se85Te9Sb6 film.

f V̄th due to the increase of the concentration of the weaker bond
nergy Sb–Sb bonds in the considered system as mentioned above.

.3.3. Temperature dependence of the threshold voltage V̄th

Fig. 8a and b depicts the temperature dependence I–V char-
cteristic curves for Se82.46Te17.54and Se84.41Te8.12Sb7.47 films as

 representative examples. It is clear that V̄th decreases with T
n the investigated range. The same behavior obtained for all
lms of the other compositions. The obtained relations agree with
hose obtained before for other amorphous materials [9,10,39]. If

 increases, the thermal energy required for the transformation
f the channel material (filament) from amorphous to crystalline
tate will be lower. Therefore, the magnitude of V̄th decreases with
ncreasing temperature [35].

Fig. 9a, b and c shows ln V̄th versus 1000/T  for the studied com-
ositions. The obtained relations yield straight lines indicating that

¯ th decreases exponentially with temperature in the investigated
ange and satisfying the following relation [9].

th = Vo exp
(εVth

�BT

)
, (2)
where Vo is a constant, εVth
is the threshold voltage activation

nergy. The values of εVth
are calculated from the slopes of the

traight lines of Fig. 9b and c. Since the obtained straight lines for
ach composition are parallel, indicating that the value of εVth

is

Fig. 9. (a–d) Plots of ln V̄th versus 1000/T for Se85Te15−xSbx film compositions.
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Table  5
Values of �Tbreakdown for Se85Te15−xSbx films at different temperatures.

Temperature Se85Te15 Se85Te13Sb2 Se85Te11Sb4 Se85Te9Sb6

303 13.65 10.99 9.65 12.81
313 14.56 11.73 10.30 13.67
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323 15.51 12.49 10.97 14.56
333 16.48 13.28 11.66 15.47

ingle value and is thickness independent. The mean value ε̄Vth
was

alculated and given in Table 3. Thus, the ratio ε̄Vth
/�E� was calcu-

ated using the corresponding values of �E� , are given in Table 4.
t is found the ratio ε̄Vth

/E� ≈ 0.5 agrees with that obtained theo-
etically on the basis of the electrothermal model for the switching
rocess [9,10] and those obtained before for other semiconducting
ompositions [39–42].

The observed strong temperature dependence of V̄th can be
nderstood in terms of the electrothermal process due to the Joule-
eating effect, i.e. the temperature of the semiconducting material

s raised due to Joule heating. Since the conduction process in amor-
hous semiconductor materials is of thermally activated type, the
ample conductivity �dc is increased on heating. This allows the
ow of higher current through the heated region as well as more

oule heating resulting in a further increase in the current density.
ltimately, the temperature rise will become adequate to initiate a

hermal breakdown owing to the strong temperature dependence
f �dc. A stationary state is reached when the heat lost by con-
uction from the current filament becomes equal to the Joule heat
enerated in that region. The heat transport equation is [9]:
(

dT

dt

)
= �F2 + ∇(� �T). (3)

he charge conservation equation is given as:

1
�

d�

dt
= ∇F (4)

here � is the charge density, C is the heat capacity, � the is thermal
onductivity, F is the electric field intensity, and � is the electrical
onductivity given by Eq. (1).  A general solution of these equations
annot be found with realistic boundary conditions [22].

In the case of steady state breakdown, dT/dt can be neglected for
he solution of Eq. (3),  then the heat conduction equation for a small
ifference �T  = Tm − Ts between the temperature in the middle of
he specimen Tm and that of its surface Ts becomes [9,40]:

�
(

�T

t2

)
+ �F2 = 0, (5)

here t is the film thickness, for small �T, the field remains uni-
orm.

Steady state breakdown occurs when the amount of heat gen-
rated by Joule heating in the specimen of a temperature rise (�T)
ecomes larger than the extra heat flowing away or the breakdown
emoved by thermal conduction as a result of this temperature rise.
o determine the condition for breakdown, we have to differenti-
te the heat balance Eq. (5) with respect to temperature and using
q. (1) and so, the temperature difference �T  necessary for the
reakdown is given by:

Tbreakdown = T2kB

�E�
, (6)

here T is the surrounding temperature of the specimen. Accord-
ng to Eq. (6) and using the value of �E� values of �Tbreakdown were

alculated for the investigated film compositions in the tempera-
ure range (297–333 K) are given in Table 5 and this agreement
ith those obtained for other amorphous semiconductor films

9,22,42–45]. It can be concluded that the observed memory type

[

[
[
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switching can be interpreted on the basis of the electrothermal
breakdown process.

4. Conclusions

Thin films of amorphous Se85Te15−xSbx (x = 0, 2, 4 and 6 at.wt%)
chalcogenide glasses were prepared by thermal evaporation tech-
nique. Its amorphous nature was confirmed by the X-ray diffraction
method and differential scanning calorimetry. The data obtained
experimentally showed the temperature dependence for the dc
electrical conductivity throughout the range (297–333 K) and
thickness range (167.5–647.4 nm). This dependence is explained
on the basis of the Mott and Davis model. The corresponding
values of the activation energy �E� are thickness independent.
The static current–voltage characteristics of these films have been
found to exhibit memory type of electrical switching. It is also found
that the threshold voltage increases linearly with film thickness.
It decreases exponentially with temperature in the investigated
range. Also, the values of the threshold voltage activation ener-
gies ε̄Vth

, and values of the temperature difference inside and on
the surface of the film were calculated. The data obtained for
the switching characteristics were interpreted by the electrother-
mal  model based on the low values of �Tbreakdown and the ratio
ε̄Vth

/�E� which is found to be equal to 0.5. Moreover, the addition
of Sb to Se85Te15−xSbx system increases the stability in the studied
system up to x = 4 at.wt% of Sb. Further increase in percentage of Sb
lowers the system stability.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jallcom.2011.04.093.
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