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TRANSIENT PHOTOCONDUCTIVITY IN Segs.xTeisink THIN FILMS

V. Sharma, A. Thakur, N. Goyd, G. S. S. Saini, S. K. Tripathi’

Centre of Advanced Study in Physics, Panjab University, Chandigarh- 160 014, India

The present paper reports the transient photoconductivity measurements on a-Segs.« TesIny,
(x =0, 4, 10 a. %) glassy dloys. Dark conductivity (oq) increases and activation energy
(AEy) decreases as the In concentration increases. The value of pre-exponential factor (ao)
decreases with the increase of In concentration. Rise and decay of photocurrent (lpn)
measurements have been carried out as a function of temperature and light intensity in dl
thin film samples. A peak in therise curve is observed in al films before attaining the steady
state value. This behavior decreases as the In concentration increases. From the data of the
rise curves of these plots, the values of dispersion parameter (¢) have been caculated.
Photosensitivity (opn/04) decreases on the incorporation of In additive. The vaues of decay
rate constant (zy) have been calculated. The value of 7y increases as the concentration of In
increases. The vadue of charge carrier concentration (n,) incresses after the In incorporation
into SegsTes thin films. The results have been explained in terms of recombination
mechanism in these materials.
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1. Introduction

Transient photoconductivity is a very useful technique to determine the energy distribution
of various species of gap states, which influence the carrier mobilities and life times in chal cogenide
glasses assuming the response to be controlled by multi trapping processes [1]. This method is very
vauable to judge the materia quality for various photoconductive applications. Transient
photoconductivity employs the method of illuminating the sample with light irradiation and
measuring the rise and decay of photocurrent with respect to time as a function of temperature and
intensity. The decay of I, follows many different patterns. In some cases, the decay of I, has been
reported to be non-exponentia [2], whereas a power law decay has been observed for many other
semiconducting glasses [3].

Se-Te dloys have gained much importance because of their higher op/og, greater hardness,
higher crystallization temperature (T¢), and smaler ageing effects as compared to the pure Se glass
[4]. The addition of third dement into Se-Te alloys expands the glass forming region and also
creates compositional and configurational disorder in the system [5]. The lattice perfection and the
optica gap of the materid play a mgjor role in the preparation of the device which can be modified
by the addition of dopant (In). Therefore, the photoconducting properties of a-Segs «TeisIn, alloys are
interesting to study in detail not only from the basic but also from the application point of view.

Section 2 describes the experimenta details of sample preparation and photoconductivity
measurements. The results are presented and discussed in section 3. The last section deals with the
conclusions drawn from the present work.
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2. Experimental procedure

Glassy dloys of SegsTesin (x = 0, 4 and 10) are prepared by melt quenching technique.
Materias (5N pure) wel ghed according to their atomic percentage are sealed in quartz ampoulesin a
vacuum ~ 2 x 10”° mbar. The sealed ampoules are kept inside a furnace where the temperature is
increased upto 1025 K a heating rate of 2-3 K/min. The ampoul es are frequently rocked for 24 hours
a the highest temperature to make the melt homogeneous. The quenching is done in L N,. Thin
films of the aloys are prepared by vacuum evaporation technique keeping substrates at room
temperature and base pressure of ~ 2 x 10 mbar using a molybdenum boat. Pre-deposited thick
indium d ectrodes on well degassed corning 7059 glass substrates are used for the dectrical contacts.
A planar geometry of the film (length ~ 1.78 cm; dectrode gap ~ 8 x 10 cm) is used for dectrical
measurements. The thickness of the film is about 5000 °A. The film is kept in the deposition
chamber in dark for 24 hrs before mounting in the metallic sample holder to attain thermodynamic
equilibrium as stressed by Tripathi et d. [6].

The photoconductivity of the amorphous films have been studied by mounting them in a
specidly designed metallic sample holder where heat filtered white light (200 W tungsten lamp)
could be shone through a transparent quartz window. A vacuum of about 10 mbar is maintained
throughout these measurements. The results have been found to be the same in higher vacuum ~ 10°
mbar also which have been verified in the laboratory. Light intensity is measured by a digita
Luxmeter (Testron, model TES-1332). The I, i's obtained after subtracting dark current (14) from the
current measured in the presence of light. For measurement of transient photoconductivity, light is
shone on the sample and rise & decay of Iy, is noted down manually from a digital picoammeter
(DPM-111 Modd). The accuracy in I, measurements is typicaly 1pA. The films are anneded at
332 K for 2 hrs in a vacuum of about 10° mbar and then the dark and photoconductivity
measurements are carried out.

3. Results and discussion

55 0 Se,Te, a-Se, Te .
[ ® Se Te In 1.40E-009 301 K
-16.0 8l 15 4 <
L A L
165l Se, Te In
L 1.20E-009 (- «
170
l e <
175 F <
| 1.00E-009 44««4
-18.0 L o 4 4 <
—~ -185F 8.00E-010 | &
1S F OO%QQQ
L 190+ < o000
g I =
-195 - —= 6.00E-010 -y
2 ool . v
= -20.0.— Vvvyv 0O 1Lux
205 4.00E-010 YVVvy ® 4Lux
3 LA A 43 Lux
210 PBMNANAA A A A A v 187 Lux
215 _ 2.00E-010 |- & 501 Lux
1l | < 1035 Lux
220 F g 000000000 ¢ 0 0 ¢
L 0.00E+000 (40000000000 O O O St 4 S £ & ¢ o
'22-5'|.|.|.|.|.|.|.|. [ NRUN (N NNNTUR NU ST NN SRS N
2.95 3.00 3.05 3.10 3.15 3.20 3.25 3.30 3.35 0 20 40 60 80 100 120 140 160 180
1000/T (K*) Time (Sec)
Fig. 1. Temperature dependence of g4 for Fig. 2. Rise & decay of I, & various intensities

Sess«Tesslny thin films. of illumination for SegsTeys thin film.
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Fig. 1 shows the temperature dependence of gy in thin films of aSegs xTegsIn, (x = 0, 4 and
10). Curves of Inog vs 1000/T are straight lines for the thin films of all the three glassy adloysinthe
measured temperature range (301-337 K). This indicates that ¢4 is a thermally activated process
having single activation energy for each of the alloy. The dc conductivity obeys an Arrhenius
behaviour given by the usual rd ation:

—AEd
I =00 &P - — )
B

where ¢, is the pre-exponentia factor, AE4 the activation energy for dc conduction and kg is the
Boltzmann constant. The values of AEy are ca culated for all the three aloys using the slope of the
curves of Fig. 1 and areinserted in Table 1, which also contains the values of oy at 301 K for dl thin
film samples. The value of AE;decreases from (0.93 £ 0.01) eV to (0.50 + 0.01) eV and 0y increases
from (5.22 + 1.00) x 10™ Q'cm™ to (5.19 + 0.01) x 10® Q'cm™ after adding In additive upto
10at. % of In.

Tablel. Variation of different parameters with the change of In additive concentration in the
thin films of a-Segs « TesInk glassy aloys.

X T4 Opn AEq Onldy @ No
(Q'em™) (Q'em) (eV) (cm®)

0 (5.22£1.00)x 10" (5.66+0.01) x10° 0.93+0.01 1084 0.75 8.53x10°
4  (127+013)x10° (9.36+0.01)x10® 0.78+0.01 44 087  2.07x10%
10 (5.19+0.01) x 10® (7.43+0.01)x 10" 050+001 14 093  8.48x10"

Figs. 2, 3 and 4 show the rise and decay of I, a various intensities of illumination for the
three glassy dloy thin films respectivey. The figures clearly indicate that a maximum is observed at
higher intensities of illumination in case of al the thin films. This maximum is not observed at lower
intensities. The maximum in the rise curve is not a common feature in case of chal cogenide glasses
and can be atributed to non-equilibrium recombination, where bimolecular recombination
predominates over the monomolecular mode of recombination on illumination in the high intensity
region. This bahaviour in the rise curve has aso been observed by many other workers [7, 8]. The
peak in the rise curve has been explained in terms of the non-equilibrium recombination mechanism
as suggested by Andriesh et al. [9]. According to them, such a maximum occurs in the high intensity
region (lpn >> lg), where the recombination is predominantly bimolecular in nature At lower
intensities (Ipn << lg), the nature of recombination is mainly monomolecular and this maximum in
the rise curve may be absent with the photocurrent increasing monotonically to the steady state
during illumination. Mann &t al. [10] have dso found a similar maximum in a-InySes, and the rise
of phaotocurrent during illumination has been attributed to the recombination between holes in
vaence band with dectrons at the recombination centres. After adding In to the binary aloy
SessTess, the decay of photocurrent becomes slower as compared to pure SessTeys thin films.,



2106 V. Sharma, A. Thakur, N. Goyal, G. S. S. Saini, S. K. Tripathi

6.00E-010 S
a-Se_Te In
81' 15 4 a-Se_Te n
<  50E- n 75 71510
301K 3508009 - 01K
<4
5,00E-010 |- 4eq
‘4{ 300E-000 F  HHMdaqqq
<4
<4<<<
<4 < <
4,00E-010 < 2.50E-009
o3
O<>
00,
- 0 2.00E-009 |-
< 300E000 | %0066, z
= L $
- v - Sy
XXX
v 1.50E-000 | 0000
Vvvvm'
2.00E-010 |- YYYY ol il
® 4Lux 1.00E-009 -" ® 4Lux
By, o aslux VYWY YYY A g3k
L00E010 | MM apaa Y 1870 v 187 Lux
© 501 Lux 5.00E-010 | O 501 Lux
< 1035 Lux AMAMMANAN A A A A
A 4 1035 Lux
©000000000 ¢ 0 ¢ ¢ b2
0.00E+000 47000000000 0 0 0 DNt & & & & & 1 0.00E+000 [{#B808080808 & & & R EEEE
| IRV (NI (ST NSNS [T S (NN NS N N | NI ISR (NSNS NN T NS (N SR Y
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time (sec) Time (sec)
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At lower levels of illumination [1-4 lux], the maximum in the rise curve of the photocurrent
is not observed. At lower intensities (1-4 lux), the photocurrent rises monotonicdly to the steady
state value. However, at higher intensities, the nature of the rise curves is quite different. The
photocurrent passes through a maximum value | ;,(max) before attaining the steady state value I y(st).
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To assess the reative variation of the anomalous effect at various intensities and
temperatures, a quantity E has been used, where

. | oh (max) = ph(st)J
I ph (max)

)

Using the data of the rise of I, for different intensities from Figs. 2, 3 and 4, the values of E
have been calculated for the thin films added with different concentration of In additive and plotted
in Fig. 5. The value of E decreases with the increase in In concentration in the binary aloy. The
same figure also contains the values of apy/og With In additive concentration, which aso decrease
with increase in In content. Therefore, the maximum is observed at higher intensities and maximum
decreases with increase in In content due to decreasein oyn/oy. The nature of variation of E and opn/oy
with In concentration is the same. Fig. 6 shows the rise and decay of |, at different temperatures for
aSess T e thin film. The maximum in the rise curve decreases with increasein temperature. Therise
and decay curves at various temperatures for Se-Te binary dloy added with different concentration
of In also show a similar bahaviour. The maximum in the rise curve during illumination of the thin
films is more prominent at lower temperatures as compared to at higher temperatures

The value of E is observed to increase with intensity at all concentrations of In addition as
indicated by Fig. 7. The same figure also contains the values of apy/og which also increases with
increase in intensity justifying the observation of maximum in the rise curve only at higher
intensities. Fig. 8 shows the temperature variation of op/oy and E for al concentrations of In
addition, both of which decrease with increase in temperature. This indicates that the maximum in
the rise curve during illumination decreases with increase in temperature due to decrease in opn/og.
This shows that the nature of variation of E and o,i/ay with temperature is also similar. This clearly
implies that the maximum in the rise curve increases as the photosensitivity increases on increase of
intensity or decrease of temperature. At very low intensities, this effect is not seen at all.
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Andriesh et al. [9] observed a maximum in the rise curve of photocurrent and explained
their results interms of non-equilibrium recombination. In photoconductivity measurements, the time
dependence of delocalised carrier density pe(t) is very sensitive to the levd of generation rate ‘g'.
Under high generation rate g > g*, the recombination is completdly governed by bimolecular
recombi nation mechanism.

The generation rate
1

AL E
g*:bj['\'_f][al [RTOTR} X

Inthis case, for 0< t <t* (i.e for theinitia interva), where

1 ]
t* :ro[ﬁ]m—a)[gmg](“—a) (4)

a a
NGY [
pe(t)=9 7o {N_t] [r_] (5
0

At t =t* i.e it passes through maximum

a
. . N \{+a) —a
Pc =pc(t )=gr0[N—:] (gRrg)(i*”) (6)
For theinterval t* <t < tg, where
a 1
2 \+a
N; \i+a)[ RN;
tst =Tg| — —_— @)
Nc g
the photocurrent decays by power law
1 a —12—0’)
2 N¢ |2( t
pc(t){g] [—C] [—] ®)
R) N ) (79
down to steady state value
1
g \al
st)=N 9
pe(st) C[RNCNJ ©)

At very low generation rates g < g, where
el YN -1

the recombination is governed by monomol ecular recombinati on mechanism.
For 0 <t <ty(i.e for initia intervd), the photocurrent increases by power law egn. (5),

where
Nt || TR 2
tm=rg| — || = a (11)

At t = ty, the current reaches the steady state valuei.e.
pc(m)=grg (12)
In this case the maximum in the photocurrent is absent.
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For intermediate generation rate go < g < ¢*, in the intervd 0 <t < t,, the monomolecular
recombination dominates, and for t > t,, the recombination is governed by bimolecular mechanism
where

-1 a -1
+
t, = ol-a) 7, [&]h—a)(gmé)h‘—“) (13)
Nt
Symbals:

p— tota carrier density; p.— dedocaised carieg density; g— generaion rae Tr—
characteristic time of monomolecular carrier recombination; R— bimolecular recombination
constant; 1o— lifetime of a ddocalised carrier respective to trapping; N;— total density of localised
states; N, — density of conductive states; T — Temperature (K); k— Boltzmann constant.

Thereis aso apossibility of light induced defects responsible for such behaviour. lovu et al.
[11] have dso found a similar maximum in Sn doped a-As,Se; and AsSe films. According to them,
a short times t < tg (time a which transition from recombination free to monomolecular
recombination controlled I, occurs), recombination is not yet significant and the rise of Iy, is fully
controlled by carrier trapping, yieding

| pp =0t (14)

where g is the generation rate and a is the dispersion parameter. At longer times, |, rise depends on
the excitation intensity.

At low intensities, recombination is always dominated by monomolecular recombination,
the I, increases monotonically and saturates at a steady state value. At higher intensities, a quasi-
stationary portion of the photocurrent is obtained after saturation, followed by a decreasing portion
of thetransient curve, which is governed by the equation

1 —{-a)
| ph =9 2t 2 (15)
Here the bimolecular recombination is dominant over monomol ecular recombination. At even higher
excitation levds, the rise is entirdy controlled by the bimolecular recombination and the quasi-
stationary portion of the photocurrent exhibits an overshoot.

According to Kastner et al. [12] and Arkhipov et al. [13], this overshoot in I, transient,
interms of the multiple trapping model, is due to the non-equilibrium bimolecular recombination
whose intensity increases with the total carrier density. If this recombination mode is dominant, the
rate of recombination sooner or later gets high enough and together with carrier trapping by states
bdow the demarcation leve, provides conditions for decreasing the density of free carriers. The
maximum in the rise curve of photocurrent changes to a steady incresse of |y, in the crystallized
states.

In the present case aso, the peak in the rise of photocurrent has been observed at higher
intensities only. At much lower intendties, this peak has not been observed. The results are in
accordance with the theory proposed by Andriesh et al. [9]. Based upon the above theory, the values
of dispersion parameter ‘o’ have been calculated from double logarithmic plots using the data of
Figs. 2, 3 and 4. Fitting these data, the dispersion parameter a, is calculated and values for al the
three thin films at room temperature and an intensity of 1035 lux are given in Table 1. The value of
a increases with the increase in In concentration in a-Segs T e binary dloy, indicating a lower value
of maximum in therise of Iy The value of a islessthan onein case of all the three glassy alloys and
is in good agreement with those reported by others [7,11]. The vaue of a has been observed to
change by additives which describes the exponential density of localised states as observed by
Pfister and Morgan [14]. They observed that the time dependent current is then result only of atime
dependent average mobility and found the transit time to decrease with the addition of In additive.

The study of peak in the rise curve during illumination at different temperatures shows that
the peak in rise is maximum for maximum value of gyn/cy at a particular temperature (Figs. 2, 3 and
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4). As the temperature range of the present measurements has been dose to the glass transition
temperature (T4 = 336 K) of the a-SessTeys alloy [12], another explanation of the rise of 1, can be
given interms of the structura relaxation processes which may effect the physica parameters near
the Ty. The structural reaxation rate depends on the annealing temperature and aso on the light
exposure [13]. It can be argued that, near the T, the relaxation rate in the presence of light becomes
so large that the defects start equilibrating on the time scale of present measurements. Thus, the
observed maximum in the rise of I, may be a conseguence of light and temperature induced
structural relaxation effects.

The above discussion shows that the pesak in the rise of I, in present case can be examined
equaly wdl interms of non-equilibrium recombination at higher intensities as well as structural
relaxation in the presence of light near the glass transition temperature. Measurements at
temperature much lower than Ty can help in ruling out the possibilities of structural relaxation
effects. It has not been possible to go below 301 K in the present experiment because of the high
resistance of the films.

In the present case, the value of g decreases (from ~ 1.54 x 10" Q'cm* to 11.55 Q*em'™ for
SessTes to SersTeslngg respectively) with the increase in In concentration. A decrease in the value
of o indicates that the density of localised states increase on the addition of In to SegsTeys binary
aloy [15]. A decrease in the value of /04 (from 1084 to 14) after In incorporation, also indicates
that there is an increase in the density of localised states. The charge carrier concentration (n,) for
different samples has been cal culated using the equation [4,16]

2
kaBT exp[ -AE, ]

h2 kgT

where m is the mass of the charge carrier, kg is the Boltzmann constant and AE, the Fermi energy
leve position of the glassy semiconductor.

na':2

(16)
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Fig. 9. Variation of 7y with In concentration (x) for Segs«TeysIny thin films.

But the much better approach would be to presuppose the fixed pre-exponential factor (o),
to cdculate the 4E, and then the n,, the procedure usualy taken for other amorphous
semiconductors [17]. Using this way, the charge carrier concentrations have been calculated for
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these aSegs,Teisln, thin films. For the calculation of the vaues of n,, the vaue of
0o~ 1.54 x 10* 'em* of the aSessTes film has been taken. The calculated values of n, are given
in Table 1. The vaue of n, increases with the increase of In concentration indicating an increase in
the density of defect states on theincorporation of In additive
This observation is dso supported by the transient photoconductivity measurements where
the value of differentid life time constant (z4) has been observed to increase with theincrease in In
concentration. The differential lifetime (z4) has been calculated by using the expression as suggested
by Fuhs and Stuke[3]
-1
di
Td =— i_ph (]_7)
| dt
ph

From the slopes of these curves (decay of Iy, vs. time curves of Figs. 2, 3 and 4 for
maximum intensity of illumination at T = 301 K), the values of 74 have been calculated using the
above equation at time't = 10 sec. Corrected va ues of |, have been used for these calculations. The
results have been plotted in Fig. 9. The value of 7 increases with the increase in In concentration.
This indicates a slower rate of decay of I, on switching off the illumination, with the incorporation
of In additivein binary SessTeisbinary dloy.

The g,/ gy depends on the life time of the excess charge carriers which, inturn depends on
the density of defect states in a particular material. Higher the density of defect states, lower will be
the life time as these defect states may act as recombination centres in the presence of light forming
intimate valence alternation pairs (IVAPS) under illumination. These defects are converted by bond
switching reactions to random pairs of charged defects, known as light induce metastable defects
(LIMDs) [18-20]. The LIMDs act as dectron/hol e trapping centers and decrease the photocurrent. In
other words, the more the density of defect states, the more will be IVAPs. Therefore, g,/ gy should
decrease with the increase in the density of defect states. Such an increase in the density of defect
states after incorporation of In additive may be understood interms of the value of dectron affinity
of In as suggested by Onozuka et al. [21].

The Se and Te are dements of the same group (group V1) of the periodic table. Therefore,
most tellurium atoms are probably mixed in selenium atom chains but, some of the tellurium atoms
are not incorporated in chains. The Te atoms not incorporated into chains would act as ionized
impurities forming positively charged locaised states, since the dectron affinity of Te (1.97 €V) is
lower than that of Se (2.02 eV). Similarly, the addition of In will induce more and more positively
charged localised states, since the eectron affinity of In is much lower than that of Se and Te.
Therefore, an increase in defect states after putting In concentration in binary SegsTeys dloy may be
understood interms of very low dectron affinity of In (0.30 eV) as compared to Se or Te. Khan et
al. [22] have also studied the effect of In incorporation on the dectrical conductivity and
thermoel ectric power measurements on aSesoxl Ny and SegpxGexlny thin films. They have shown
that the number of charge carriers calculated using equation (16) increase with the increase in In
concentretion.

4. Conclusions

The effect of In impurity on the transient photoconductivity has been studied in amorphous
SessTes binary aloy. The maximum in the rise curve during illumination decreases with the
incorporation of In additive. This peak in the rise curve increases with increase in intensity and
decreases with increase in temperature. The decay of |, on switching off the illumination becomes
slow in the thin films added with In. This indicates an increase in the density of localised states in
the mobility gap of the Se-Te binary alloy on the addition of In. Both gy and ¢y, increase after the
addition of In. The AE4 decreases as the In concentration is increased. The o,,/04 decreases sharply
after Inincorporation.
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