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ABSTRACT

The present work focuses on the determination of light induced defects by using thermally stimulated currents
(TSC) technique in glassy alloy of SeyaShsAg,, prepared by conventional melt quenching technique. Amorphous
nature of sample was verified by XRD. Thin films of the present sample were prepared by vacuum thermal
evaporation technique. For this, amorphous thin films are exposed to white light of intensity 15000 Lux at room
temperature in the presence of vacuum (~ 107 Torr). TSC have been measured, before and after exposure of
light in the temperature range 308 K to 378 K. From these measurements, the density of traps (N;) has been
calculated in exposed and unexposed samples. Results indicate that the density of traps increases with the
increase of exposure time. The defect density increase with exposure time indicates that more and more defects
are created as exposure time increases. Due to light soaking, number of dangling bonds may increase due to
breaking of covalent bonds which increases the density of defect states.

Key words: Thin films, light induced defects, thermally stimtdd currents, trap density.

INTRODUCTION

A good amount of work has been reported in chaleimgematerials, related to their light induced phraenon,
during the past few years [1-3]. Chalcogenide nigtereveal extensive variety of light induced ofpes in
structural and electronic properties during band glamination, as optical imaging, photo-inducedlume
change, photodarkening, photo-induced change in phase state (photo-crystallization and photo-
amorphization), micro optical fabrication, etc [#-The mechanism of the photo-structural changesxmosure
of light in chalcogenides is due to the formatidrseveral types of defects in the glassy structigésduces
due to excitation of electrons from spatially lozedl states in the band tail. Structural defecthsas transient
bonds, ESR active sites and valance alternatiors g&AP) may be play a key role in the photo indlice
modifications [8, 9]. The investigation of lightdaced defects in chalcogenide glasses is a spaal of
interest for researchers, in the field of amorphmaderials and is also important for potential agions in
optoelectronics [10]. It is well known that theaémal or surface structure is changed by proloregubsure of
band gap light in amorphous chalcogenides and pliead absorption edge shifts towards lower enesigg or
higher energy side [11] depending upon the mateDatnser and Stringfellow first observed anothkotp
induced phenomena in a-Se films in which films gsfstallized and is called photo crystallizatior2][1The
phenomena of photoinduced defects creation in ogeltide materials have been studied using ac toand3-
14], xerography [15-16], light induced electronrspésonance [17-18] and also photo current measumsm
[19].

The present paper is an attempt to measure thetylehglefects, created by light exposure, usingriimally

stimulated currents (TSC) measurements. TSC isliakwewn technique for the estimation of densitytiafps

in semiconducting materials [20]. In this techniqtiaps are filled by shining light for short ting low

temperature and when electric field is applied, ltheated carriers produce an extra current andliffrwhen

they recombine with the carriers of the opposifgetythe extra current becomes zero. This extraenumwhen

measured as a function of temperature during hggaincalled TSC curve. The area of this curve mseasure
of density of traps. Using above technique, we haaleulated the density of traps(Nbefore and after light
exposure for different exposure times.
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EXPERIMENTAL PROCEDURE

The glassy alloy of Sg5AQg, is prepared by quenching technique. The exact ptiopg of high purity
(99.999%) Se, Sb and Ag elements in accordance #temic percentages, are sealed in quartz ampoules
(length~5 cm and internal diameter~ 8mm) with awan ~ 10° Torr. The ampoule containing material is held
at 900°C for a period of 10 hrs and the ampoules are eotigtrocked to make the melt homogeneous. Then
the melt is cooled rapidly in ice cooled water. Tdigenched sample is then taken out by breakingethes
ampoules. The glassy nature of the alloy is corddrhy X-ray diffraction pattern as shown in FigNh sharp
diffraction peaks in diffraction pattern indicaté® amorphous nature of the prepared material. Ahwars thin
films of SeySkkAg, are prepared by vacuum evaporation techniquegusdtium electrodes for the electrical
contacts. The thickness of the film was ~500 nme ™oplanar structure (length~12 mm and electrode
separation~0.5mm) was used for the present measatem
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Fig. 1 X-ray diffraction pattern of a-SepoShsAg,glassy alloy

For TSC measurements, thin flms are mounted ipezially designed sample holder containing a traresg
window for shining light and a vacuum of 40Torr is maintained throughout the measurements Th
temperature of the respective film was measurea lowplibrated a copper constantan thermocouple radunt
very near to the film. The films were annealedtfasapproximately 400 K for one hour in a vacuuir
Torr before the measurements. The films were expasavhite light of intensity 15000 Lux by mountitigem

in the sample holder for different exposure timed measurements were repeated after each exposure.

RESULTSAND DISCUSSION

For the measurements of TSC, temperature dependérmerent has been measured in two states. ta kta
the sample is heated at a constant heating rate fomm temperature 308 K to 378 K without any light
exposure and current is measured during heatingieMer, in the state I, light is incident on thergde for two
minutes at room temperature through the transpaweindow of the sample holder. The decay of
photoconductivity was allowed for 10 minutes affeditching off the light. The sample was again hedtem
308 K to 378 K at the same heating rate. The diffee of conductivity at a particular temperaturéhizse two
states is calculated and plotted as a functioemperature to obtain TSC curve.

The experimental TSC curves for ao§&#Ag, thin films at different heating rates are showrFig. 2. From
this graph it is clear that the TSC peaks shifttheohigher temperatures as the heating ratesasese Shift of
this peak with heating rate confirms the observatbTSC [21-22] and as observed by various work&3s26]

in chalcogenide glasses. To study the effect ofopged exposure to light, TSC measurements have inaele
before and after exposing the samples for diffeesqmosure times. This was done to see the changtei
density of defect states due to light exposure. {ffap density has been calculated by calculatimgattea of
TSC curve using the following relation [20]:

C (em?) @)

N
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Here Q represents the quantity of the charge retedsring TSC experiment. This can be calculatethfthe
area under TSC peak. L and A are the thicknessaeaal of the sample respectively, e is the eleatronarge
and G represents the photoconductivity gain amdtisnated using the expression [27]:

Gtt% )
wheret represents the carrier life time apddpresents the carrier transit time between aldes.
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Fig. 2 Experimental T SC curve of a-SeyShsAg. thin films at various heating rates

TSC curves in case of a- g8lpAg, thin films for different exposure times (0, 2, 4héurs) are given in Fig. 3.
Trap density has also been evaluated by usingetagan (1) and results are given in Table - 1. Bighows the
concentration of trap density as a function of expe time. From this figure it is clear that trapnsity
increases with the increase of exposure time ¢t.li@n prolonged exposure of band gap light, Staedhd
Wronski observed that hydrogenated amorphous silitagrades upon light soaking and goes in to astadtie
state [28] which was explained due to the creatibtight induced defects in this material. In clagenide
glasses also, light induced defects were obseryd@idpelsen and Street [18]. These defects arekaiswn as
light induced metastable — defects [28-32].
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Fig. 4 Variation of trap density asa function of exposuretime for a-SeySbsAg, thin films

Table-1 Valuesof Trap Density for Various Exposure Times at Constant Heating Rate 0.0135 (K/sec) in a-SeyShgAg, Thin Films

Exposuretime (in hours) | Trapping density (N;) (in cm™) x 10®
0 1.99
2 2.38
4 2.48
6 291
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Shimakawa et al [33] have observed time dependeatedsing photocurrent during illumination in a-Sand
As,S; chalcogenide films. They have explained their Itesm terms of photo induced metastable defeatated
during illumination. They have also reported thameon kinetics dominate for the creation of sucfects in both
the cases. A model has also been proposed forotnenon features between both the materials. Shimaletval
[34] have also reported the effect of prolongedosxpe of band gap light on chalcogenide thin filofisAs,S;,
As,S;, AsS, AsSe , GeS, GeSeg and GeSe and found that photoconductivity deceeaselight exposure. They
also explained this decrease in terms of photoiedunetastable defects as these defects act a®adbitapping
and / or recombination centers.

Biegelsen and Street [18] have studied light indUeSR signal, extrinsic absorption below the bamol gnergy and
non radiative recombination in chalcogenide glassesy have explained these results in terms ofctkation of
large density of metastable defects in these gdagsenodel has also been suggested for opticatlydad defects
pairs. Freitas et al [35] have argued that therena&lrgy as well as photon energy is incorporategehintoinduced
defect creation. Anisimova et al [36] have studikd a.c. conductivity of chalcogenide glasses aidxation
maximum of dielectric losses was observed. Theyaéx@d their results in terms of defect structuidsi.

The present study could make a quantitative evialuaif the increase in defect density on light esqre. The
defect density increase with exposure time ind&atet more and more defects are created as exptisue

increases. Due to light soaking, number of danghlogds may increase due to breaking of covalenti®aevhich

increases the density of defect states as obsémvéld present study. Vanderbilt et al [37] haveoadrgued that
light induced defects may be considered due tokilmgaof covalent bonds on light soaking when amorghfilms

are exposed to band gap light for longer timeg{atours).

CONCLUSION

Amorphous thin films of SgShsAg, are prepared by vacuum thermal evaporation tecknifinese amorphous thin
films are exposed to white light of intensity 15000x at room temperature in a vacuum ~?I0Dorr. Effect of
prolonged exposure to light on the defect denstystudied in this material using TSC technique. Téwmults
indicate that the density of defect states increasth the increase of exposure times. Due to lgglaking, number
of dangling bonds may increase due to breakingowhlent bonds which increases the density of defttes as
observed in the present study.
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