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Abstract 

The objective of this research project was to analyze the photo-degradation of the 

photocurrent of the electron beam evaporated amorphous semiconducting Se9o-xSb10Inx 

(0 ~ x~ 15) thin films (a-Se9o-xSb10lnx). The photo-induced effects in amorphous 

semiconducting Se9o-xSb10Inx (0 ~ x~ 15) thin films were studied using two approaches: 

steady state and transient photoconductivity. The degradation of photocurrent has been 

explained on the basis of theoretical models. 

The steady state analysis has been performed by plotting the photocurrent (Iph) 

versus light intensity (F) and this variation follows a power law lph= f'Y. The value of 

exponent r lies between 0.5 and 1.0, which indicates there exists a continuous 

distribution of localized states in the mobility gap of Se9o-xSb10Inx (0 ~ x ~ 15) thin films. 

For transient photoconductivity, when the samples were illuminated with light, 

the photocurrent quickly reaches the maximum value and thereafter, it start decreasing 

with the exposure period and becomes stable after approximately 15 minutes of exposure. 

This kind of phenomenon is termed as photodegradation of photocurrent. The results 

have been explained on the basis of charged defect model and the inter-cluster interaction 

model. High photocurrents are found for a-Se75Sb10In1 5 system, which is even higher than 

the parent system Se90Sb10. 

The influence of bias voltage on the dark current and photocurrent of the 

Se9o-xSb10lnx (0 ~ x ~ 15) thin films is also investigated. Both the dark and photocurrent 

increase with increase in the bias voltage. 

The compositional dependence of dark conductivity, photoconductivity and the 

photosensitivity shows a minimum at 5 atomic percentage of Indium (In) concentration, 

which has been explained based on chemically ordered network model and the 

topological model. 
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Chapter 1 

1 Introduction and Motivation 

An introduction to amorphous semiconductors, their classifications and technological 

applications are briefly summed up in this chapter. The objectives of present 

investigations are also included in this chapter. 

1.1 An overview of amorphous materials 

Amorphous materials are not new from structure point of view. The introduction of iron­

rich siliceous glassy materials recovered form the moon by one of the Apollo missions 

are few billions years old [ 1] and man has been manufacturing glassy materials for about 

thousands of years. 

Materials in general can be classified as amorphous or crystalline. The structure of 

amorphous solid is characterized as an irregular arrangement of atoms in contrast with 

crystalline solids whose structure has a periodic array of atoms [2]. When the periodicity 

of the atoms extends throughout a certain portion of material, one can speak of a single 

crystal. In polycrystalline materials, the periodicity of the structure is interrupted at the 

so-called grain boundaries. When the size of grain boundary or a crystallite becomes 

comparable to the size of the pattern unit, one can no longer speak of crystals, since the 

essential feature of the crystal is the periodicity of the structure; one then speaks of non-



crystalline materials. As a matter of fact, any material, which does not meet the above 

criterion of a periodicity of atoms, is non-crystalline. 

1.2 Disorder and its types 

Disorder is classified as compositional disorder, structural disorder and topological 

disorder. The compositional disorder occurs when the constituent atoms in crystalline 

binary alloy are randomly substituted into lattice sites, so this is also called substitutional 

disorder. Substitutional disorder is found in substitutional alloys and mixed crystals. 

Structural disorder is found in liquid and amorphous metals and topological disorder is 

found in amorphous semiconductors. Such substances lack translational periodicity and 

the position of the atoms is not regular in these systems. The connectivity of the covalent 

bonds (which defines a random network) plays an important role in determining some 

physical properties of these systems, as in amorphous solid semiconductors. The 

positions of the atoms are disordered, and long-range order is absent. However, the short­

range order is preserved in a way similar to their crystalline counterparts. The bond­

lengths and bond-angles fluctuate around respective average value corresponding to those 

found in ordered crystals. The particle positions are totally uncorrelated and the system 

has complete disorder in case of dilute gasses. The classification of disorder is given in 

Fig. 1.1. The diagrammatic representation of various types of disorders is given in Fig. 

1.2 (a, band c). 

1.3 Glass 

Different types of glasses are under discussion these days. The general concept of glass 

relates to systems, which have some degree of freedom that (1) fluctuate at a rate, which 

depends on temperature or pressure and that (2) becomes so slow at low temperature or 

high pressure that the fluctuations becomes frozen. At this point, properties determined 

by the slow degree of freedom change value more or less abruptly, gives the glass 

transition. In spin glasses, it is the magnetic susceptibility, which decreases suddenly as 

the fluctuations in magnetization freezes in, while with glass forming liquids, it is the 

heat capacity, compressibility and dielectric susceptibility. Thus most general definition-

2 
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Figure 1.2 Schematic representation of various types of disorders: (a) Substitutional 
disorder (b) Structural disorder (c) Topological disorder [Ref. 4] 
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- of glass is "A glass is a condensed matter which has become non-ergodic by virtue of 

the continuous slow down of one or more degrees of freedom. Satisfying this definition 

there are spin glasses and orientation glasses (dipole, quadrupole and octapole) and 

vortex glasses, which themselves are now known as structural glasses. 

According to Elliott [ 1 ], the definition of glass is as follows "the term amorphous or 

equivalently no-crystalline, applies generally to those materials lacking the long-range 

translational periodicity characteristics of crystals, whereas the term glassy, or vitreous is 

reserved only for those materials which exhibit a glass transition temperature 'T g'. 

Exemplified by some synthetic polymers, ordinary window glass, optical fibers and gels, 

glassy materials are considered to be among the least understood systems in solid-state 

physics. 

The crystalline materials show sharp peaks in their X-ray diffraction (XRD) 

pattern. Whereas in case of amorphous materials only few broad humps (diffused pattern) 

are observed in XRD pattern. The coordination number of each atom in amorphous solid 

is the same as found in a crystal except for occasional deviation associated with the 

specific defects. The essential point about amorphous solids is that they exist in non­

equilibrium states. This is the only main reason why amorphous semiconductors are very 

interesting. The energy versus configuration variation indicating amorphous and 

crystalline state is shown in fig. 1.3. Point C gives the minimum energy level 

corresponding to a crystalline state. On the other hand, At, A2, A3 and ~ are quasi 

minima or local minima corresponding to different metastable states. Various points of 

local minima correspond to different metastable states, which are brought out by different 

conditions during the formation process. These minimum states are separated from the 

state C with some barriers. External perturbations such as thermal, optical, electrical and 

mechanical agitations etc. cause the metastable states (A~, A2, A3 and~) to equilibrium 

state (state C). 

Amorphous materials can be prepared by different methods, e.g., quenching from the 

melt, thermal evaporation, sputtering etc. Based on their preparation methods, amorphous 

materials can be classified as glasses and non-glasses. When the temperature decreases 

from their liquid phase, some materials do not crystallize below their melting 

temperature, but they become super-cooled liquid. As the temperature keeps decreasing, 

5 



the so-called glass transition occurs at a certain temperature 'T g' below which they 

become glasses. These behaviors are well explained by volume-temperature curve as 

shown in Fig. 1.4. Glasses are typical examples of materials that exist in metastable and 

non-equilibrium states which are classified as amorphous materials. Not all of amorphous 

materials, however, become glasses. Glasses exhibit the following features as an 

example. Above T g, viscosity ( 17) generally varies according to the well-known Vogel-

Fulcher law, where 170 and Bare constants. 

17 = 170 exp( B J T-T0 

(1.1) 

If To = 0, this expression becomes the Arrhenius equation. For the case of To 7:-0, the 

activation energy cannot be defined definitely, namely, its value varies with temperature. 

This suggests that the activation process cannot be defined uniquely, but that many 

processes are involved. According to Angell [3], glasses following Arrhenius law are 

called strong glasses, while those following Vogel-Fulcher law are called fragile glasses 

[ 4]. As it is well known, T g depends on the speed of liquefaction. This means that T g is 

not uniquely determined, so that the glass transition is not a phase transition in the usual 

sense. Amorphous materials like crystalline solids can be insulators, semiconductors, 

metals, and even superconductor at very low temperature. The present work deals with 

the amorphous semiconductors. 

1.4 Classification and applications of amorphous semiconductors 
(a-semiconductors) 

Amorphous semiconductors, which are constituted mainly from covalent bonds, are 

classified broadly into two types, i.e., tetrahedrally bonded amorphous semiconductors 

such as Silicon (Si) and Germanium (Ge) and chalcogenide glasses. Besides single­

element materials such as Selenium (Se ), Tellurium (Te) and Sulphur (S), chalcogenide 

glasses are normally constituted from the compounds of chalco gens such as Se, Te, S and 

other elements such as Arsenic (As), Ge, Indium (In), Tin (Sn), Silver (Ag), Lead (Pb), 

etc. Typical materials in this classification are listed in Table 1.1. These materials are of 

particular interest from the view-point of their applications. However, the physics of 

6 



c 

ConiJgU.ration 

Figure 1.3 Schematic illustration of the free energy versus configuration [Ref. 49] 

7 



Liquid 

A 

r 
Super-cooled liquid 

Glass c 

Crystal 
D 

!g Tm 
Temperature "' 

Figure 1.4 Volume versus temperature curve for glass forming systems: T g: glass 
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these disordered systems is not fully established. The tetrahedrally bonded amorphous 

semiconductors have wide range of applications such as in solar cells, thin film 

transistors, sensors etc., while chalcogenide semiconductors are the potential candidates 

for applications in the optical fibers, infrared optical elements, xerography, switching and 

memory devices [ 4]. More recently, they have found applications in reversible phase 

optical recording devices [5-6]. Around 1950 amorphous selenium (a-Se) was 

investigated as a photoconductor for electro-photography and for photoconductive 

television picture tubes [7]. This was presumably the first introduction of amorphous 

semiconductors to device applications. 

Amorphous selenium and chalcogenides have been investigated and commercially 

used since electro-photography was first proposed [7]. The field of amorphous materials 

has made a significant impact on two of the largest and most fundamental areas of our 

global economy information and energy. The feature that permits amorphous materials to 

be used in devices for encoding, switching, transmission and storage of information, and 

also enables the development of new pollution free technology for generation and storage 

of energy, is the ability to design local atomic order in these materials, free from the 

conventional constraints imposed by the periodicity of a crystal lattice. 

Amorphous semiconductors provide a matrix in which unique physical, electronic, 

chemical and structural changes can take place. Following design rules, one can make 

materials in thin film form for example, which can be sensitive to light and provide the 

basis of the growing field of thin film photo-voltaics. One can design glassy thin film 

semiconductor materials based on chalcogenide alloys in which the amorphous structure 

is stable to high field excitation and unique, high speed, reversible electronic switching 

takes place. These materials are the basis of the Ovonic threshold switch [8]. In the 

Ovonic memory switch, which is also based on chalcogenide glass alloy, electric field 

excitation causes a reversible crystalline to amorphous phase change to take place. These 

materials form the basis for the very successful phase change erasable optical memory 

disks [8]. 

There is a huge market demand for low cost, small size rewriteable recording media 

(such as a DVD-RW) with high densities and high data transfer rates. More recently the 

chalcogenide materials based recording media have found applications in the Blue-ray 
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Tetrahedrally Chalcogenide Semiconductors Semiconducting 
Bonded Oxide Glasses 

Semiconductors 

c InSb s As2Se3 Ge-Sb-Se V20s-P20s 

Si GaAs Se As2S3 Se-Te-Pb Mn0-Ah03 -Si02 

Ge GaSh Te As2Te3 Se-Te-Sn Ti02-B203-BaO 

SiC As-Se-Te V 20s-PbO-F e203 

Table 1.1 Classification of amorphous semiconductors [Ref. 4]. 
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Figure 1.5 Schematic representations of transformations between states with 
crystalline, intermediate and amorphous atomic structures. The energy barriers 
between the states can be traversed in either direction by the application of energy 
pulse profiles [Ref. 8] 
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discs having storage capacities up-to 50GB, which represents six times the capacity of a 

dual-layer DVD [9]. 

Flash memory device manufacturers developing phase change memory are 

discussing chalcogenide memories as a successor to the current floating gate and nitride 

storage flash parts beyond the 45nm technology node in applications such as USB keys, 

digital camera phones, and flash cards. There has been also discussion of using it as a 

non-volatile RAM in applications such as cell phones which currently use both flash 

memory and a RAM [10]. Development continues on the chalcogenide switch cell, 

although test chips have yet to appear. 

1.5 Basic physical process 

Phase change memories are based on thin film alloys typically incorporating one or 

more elements from Group VI of the periodic table. These chalcogenide materials can 

exist in two or more distinct atomic states. An energy barrier must overcome before the 

structural state can be changed, thereby providing stability in each of the two states. This 

is shown in Fig. 1.5. Energy can be supplied to the material in various ways, like 

exposure to laser beam, or by the application of a current pulse. Laser exposure is used 

for recording, erasing and rewriting in the case of optical memory. If the laser energy 

supplied exceeds a threshold value, the memory material will be excited to a state of high 

atomic mobility, in which it becomes possible for the chemical bonding to rapidly 

rearrange by slight movement of individual atoms. In lone-pair materials, the Group VI 

atoms use two of their p-electrons to be di-valently bonded, and the atomic rearrangement 

that takes place during the phase change process may occur by simply shifting the other 

two non-bonded lone-pair electrons to make new configuration. In order for phase change 

optical disks to be used in high-speed optical data storage system, the optical memory 

material must be able to be transformed between the amorphous and the crystalline states 

using laser pulses of extremely short duration (up to 10-6 sec) [7]. At the same time both 

the states must be stable at room temperature. 

12 



1.6 Background on chalcogenide semiconductors 

Development of modern technology leads to the appearance of a new family of 

materials. Among them chalcogenide semiconductors are one of these families due to 

their interesting properties. Selenium is considered to be one of the most important 

semiconductors due to its unusual structure [11]. Amorphous semiconductors from 

Selenium based systems have attracted attention of many researchers. Several studies on 

thermal and structural properties have been performed on the amorphous selenium 

obtained by vapor deposition, quenching and ball milling [12-20]. 

Antimony (Sb) containing chalcogenide glasses have been extensively studied for their 

interesting electronic and optoelectronic properties [21]. It has been pointed out that 

addition of Sb to Se improves and stabilizes the amorphous phase [22] and lengthens the 

crystallization of amorphous selenium [21]. Therefore, Se-Sb based alloy films are 

thought to be one of the most promising media, which make use of phase change between 

an amorphous state and crystalline state. Addition of elemental impurities like As, Sn, Bi, 

Ge, In. Ag, Cu, etc., to Se, Se-Te and Se-Sb causes structural changes in these materials 

which in turn modifies the band structure and various physical properties like, thermal, 

electrical and optical properties [23-33]. The increased scientific interest in Se-Sb binary 

system is due to potential use of Se-Sb thin films in photoconductive elements and as a 

data storage material [22]. Charge trapping phenomena, transport properties, the relation 

between the band gap and chemical composition of Se-Sb thin films have been reported 

in the literature [1, 21-22]. The dielectric studies on Se-Sb based alloys have also been 

recently reported [ 4]. 

A wide variety of light induced changes has been observed in amorphous chalcogenide 

glasses, ranging from relatively subtle effects involving minor atomic rearrangements and 

manifested mainly by shifts in optical absorption edge i.e. photodarkening and 

photobleaching, to more substantial atomic and molecular configurations which causes a 

variety of physical and chemical changes e.g. photopolymerisation, photocrystallization, 

photo enhanced dissolution of metals etc. The effects are of interest because of the 

information they yield on defects and metastable structural states in amorphous solids, 

and because they are mostly unique to the amorphous state. Review of photoinduced 
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phenomenon in amorphous chalcogenides has been presented [34], which concluded that 

the mechanisms responsible for these changes are not fully understood. Photo-induced 

effects in chalcogenide glasses are of considerable technological importance, having 

applications in optical imaging, hologram recording and optical memories [35-38]. 

1.7 Thesis objectives 

Chalcogenide glasses and thin films exhibit wide variety of changes in their 

structural properties, electronic transport and optical properties when they are exposed to 

light or heavy ion irradiations [39-43]. The structure of amorphous chalcogenide glasses 

consists of a disordered network having some dangling bonds as defects [ 4]. When these 

glasses are irradiated with heavy ions or light, bond breaking and bond rearrangement of 

atoms takes place, which results in change in local structure order of the amorphous 

network. Radiation-induced phenomena in chalcogenide glasses are classified into 

irreversible and reversible ones. 

Photoenhanced crystallization, photopolymerization and photodoping are typical 

examples for the irreversible light-induced phenomenon and on the other hand, reversible 

light induced phenomenon in chalcogenide glasses has been accounted for in terms of 

either topological disorder enhanced by illumination or light induced metastable defects. 

Photodarkening and photostructural change are phenomena caused by topological 

disorder enhanced by illumination and light induced changes in ac conductivity, 

photoconductivity, photoluminescence and light induced Electron Spin Resonance (ESR) 

are phenomena caused by light induced metastable defects [ 4]. 

The effect of heavy ion irradiation on the electrical and optical properties of 

amorphous As-Se thin films has been investigated [ 40]. It has been concluded from the 

above studies that ion implantation is a cold method of adding foreign elements to the 

chalcogenide glasses in such a way that they do not satisfy their valence requirements and 

thus it is possible to change the energy spectrum of the charged defects states. 

Influencing, on one hand, the activation energy, which is connected with the Fermi level 

shift and, on the other hand, the absorption edge, one can conclude that the modification 

leads to the creation not only of deep but shallow localized states in the gap. 
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Doping of bulk chalcogenide glassy semiconductors by implanting Ni ions has been 

reported [ 41]. It has been observed from the above studies that the ion-induced effect on 

the Pb-Ge-Se glasses leads to electronic conduction process by a variable range hopping 

mechanism. Detailed mechanisms describing the effect caused in the chalcogenide 

glasses by heavy ion irradiation or light illumination are only partially understood. To 

improve the knowledge about them it is important and necessary to investigate them over 

a wide range of energy. Although a considerable study of the reversible light-induced 

phenomena in the chalcogenide glasses have been extensively carried out during the past 

two decades, the origin of these photo-induced effects in still unclear. Fundamental 

questions still remain unanswered about the interrelation between the basic characteristics 

of the photo-structural changes such as red shift in optical band gap, the metastable defect 

creation process and the photocurrent decay [ 42]. 

Chalcogenide glasses and thin films are potential candidates for their vanous 

applications such as storage media (for detail see previous section). The addition of 

elemental impurities to the Se-Sb system modifies the material properties to make it more 

suitable for the reversible optical recording with an eraser time less than one micro 

second. Calorimetric studies of and Se-Sb-In glasses have been investigated and reported 

the literature [21] giving the emphasis on the crystallization and glass transition 

phenomena at different heating rates. We earlier reported on the "Effect of heavy ion 

irradiation on the electrical and properties of Se-Sb-In thin films" [ 43], but not much 

attention has been given to the photo-induced photo-structural changes in the 

photocurrent of Se-Sb-In thin films. 

The objective of the present thesis is to investigate the steady state and transient 

photoconductivity measurements of vacuum evaporated amorphous Se-Sb-In thin films. 

The influence of bias voltage on the dark current and the photocurrent of the thin film 

samples are studies. The effect of Indium addition to Se-Sb alloy on the dark 

conductivity, photoconductivity and photosensitivity is also investigated. During the 

transient measurements the photodegradation in the photocurrent has been observed 

which has been explained on the basis of charged defect model and inter-cluster 

interaction model. The behavior of photosensitivity is explained on the basis of 

chemically ordered network model (CONM) and topological model. 
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1.8 Thesis outline 

In this research we have attempted to analyze the steady state and transient 

photoconductivity of the thin films of Se-Sb-In system deposited by electron beam 

evaporation system. 

Chapter one presents the introduction of the amorphous chalcogenides. Some literature 

review of different chalcogenide systems is outlined. The application, importance and 

objectives of the present study is also presented in this chapter. 

In chapter two, some theoretical background and physical models are explained. The 

methodology to estimate electrical conductivity and optical band gap in the chalcogenide 

thin films is also given. Chapter three concentrates on the experimental design and 

methods of measuring the photoconductivity of the thin films is detailed. 

The results and discussions are presented in the chapter four of the thesis. The detail 

explanation of the variation of photocurrent with time supported by charged defect model 

and inter-chain interaction model. The influence of bias voltage on the dark current and 

the photocurrent is also reported. The minimum in the dark conductivity, 

photoconductivity and the photosensitivity at a composition of In = 5 atomic percentage 

is explained on the basis of chemically ordered network model and the topological model. 

Chapter five summarizes the conclusion of the present research and, the scope of future 

research is also outlined. 
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Chapter 2 

2 Theoretical Background 

This chapter describes the theoretical background of amorphous semiconductors. A 

brief description of defects in chalcogenide glasses is presented. Doping of amorphous 

chalcogenide is also discussed. In addition, the theory of de conduction mechanism is 

given. Determination of the optical band gap from the optical spectra along with the 

relevant mathematical equations is briefly reviewed. 

2.1 Electronic structure and charged defect state models 

The knowledge of electronic band structure is required for understanding the 

electronic properties of materials. In case of crystalline semiconductors, sophisticated 

theoretical models are presented to understand their band structure. The theoretical 

understanding of crystalline substance is possible because the periodic crystalline 

symmetry simplifies the mathematical problems involved in solving the quantum 

mechanical wave equation. In case of amorphous semiconductors, band structure theories 

are crude and qualitative because the long-range periodicity is absent. It was first pointed 

out [ 44] that the basic electronic properties of amorphous semiconductors are determined 

primarily by the character of bond between the nearest neighbors rather than by long­

range order. It is therefore, as long as the short-range order exists; (in case of amorphous 
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semiconductors) the main features of electronic band structure are retained. There will be 

allowed energy bands having non-localized states. The allowed bands will be separated 

by regions of energy in which localized electronic states exist. The electronic structure of 

any particular solid depends on the composition, but the general features of the density of 

states are determined primarily by the predominant form of bonding e.g. tetrahedrally 

bonded semiconductors, such as germanium and silicon, are characterized by the bonding 

and anti-bonding bonds near the Fermi energy. On the other hand, if the material contains 

a large percentage of chalcogen atoms, the presence of so-called high-energy lone-pair 

electrons leads to qualitatively different electronic energy densities of states, [ 45], as 

shown in Fig. 2.1 (a) & (b). The valence band is now non-bonding, and does not 

contribute significantly to the cohesive energy of the solid [ 46]. The major difference 

between the electronic structure of a crystalline and amorphous semiconductor is the 

possible existence of the tails of localized states in the bands of amorphous 

semiconductor [ 47-48]. The understanding of the origin and behavior of the tails of 

localized states in amorphous semiconductors is the most important. Typical band models 

suggested for covalent non-crystalline solids in the literature are presented in the sections 

2.2 and 2.3 respectively. 

2.2 Cohen- Fritzsche - Ovshinsky (CFO) Model 

This model assumes that the tail states extend across the mobility gap as shown in 

Fig. 2.2 (a) which represents the density of states N(E) at the energies corresponding to 

the valence band (Ev), Fermi level (Ep) and the conduction band (Ec). This model is 

based on the concept of an ideal covalent random network (CNR), which is realized more 

closely by the chalcogenide glasses. The compositional and translational disorders are 

assumed to cause potential fluctuations that give rise to the localized states extending 

from the conduction and the valence bands into the gap states [ 49]. Moreover, it is 

suggested that there should be a sharp boundary between the energy ranges of extended 

and localized states. The edges, which separate the localized and extended states, are 

called mobility edges. The gradual decrease in the localized states destroys the sharpness 
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Figure 2.1 Sketch of the electronic density of states of (a) a perfect crystalline 
chalcogen solid (b) an ideal amorphous chalcogen solid [Ref. 4] 
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of the conduction and valence band edges. According to this model, in the chalcogenide 

glassy alloys the disorder is sufficiently high so that the tails of the valence band and 

conduction bands overlaps, which give rise to appreciable density of states in the middle 

of the gap. Some of the filled valence band states may have higher energies than states in 

the conduction band, which are normally empty. Now a redistribution of electrons must 

takes place, forming filled states in the conduction band, which are negatively charged 

and the empty states in the valence band, which are positively charged, so that the Fermi­

level is pinned close to the middle of the gap, a feature required by the electrical 

properties of amorphous semiconductors. One limitation of this model is the high 

transparency of the amorphous chalcogenide below a well-defined absorption edge. 

2.3 Davis and Mott's Model 

The schematic diagram of density of states N(E) versus band energy (E), for 

amorphous semiconductors according to Davis-Mott model [50] is shown in Fig 2.2 (b). 

Ir.. .Fig. 2.2 (b), the energy axis represents the band energies corresponding to the valence 

band (Ev), the Fermi level (EF) the conduction band (Ec) and the energy (EA) and (EB) 

related to the band edges of conduction band and the valence band. The tails of localized 

states is narrow and extend only up to a few tenths of electron volt into the forbidden gap. 

Moreover, there is a band of compensated levels near the middle of gap, originating from 

defects in random network. It has been suggested that at the transition from extended 

states to localized states, the mobility drops by several orders of magnitude producing a 

mobility edge, because the mobility is zero in the localized states at T= OK. The 

separation between the conduction band mobility edge (Ec) and the valence band 

mobility edge (Ev) is defined as the mobility gap. The center band may split into two 

bands, such as, donor band and accepter band, which will also pin the Fermi level [51] as 

shown in Fig. 2.2 (c). Marshall et al, 1971 proposal a model with bands of donor and 

accepter in the upper and lower halves of the mobility gap. Owen and Spears presented a 

model for As2Se3 [Fig. 2.2 (d)], which shows that the density of states of the glass does 

not decrease monotonically into the gap, but show many peaks that can be well separated 
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from each other [52]. The position of the Fermi-Level is largely determined by the charge 

distribution in the gap states. 

2.4 Defect states in the band gap of chalcogenide elements and 
Compounds 

Chalcogenide glasses are diamagnetic in nature and do not shows Electron Spin 

Resonance (ESR) signal, i.e. there appear to be no dangling bonds in the gap. On the 

other hand the Fermi-level appears to be pinned, suggesting a finite density of gap states. 

It was largely to resolve this contradiction that models of defect states were first 

proposed. 

The model suggested by Mott, Davis and Street (the so-called MDS model) [53-55] 

has been successful in explaining a wide variety of phenomena in chalcogenide glasses, 

such as the constant activation energy of the DC conduction (i.e. the pinning of the 

Fermi-level), magnetism, luminescence, drift mobility and a.c. conductivity. In this 

model, bonding defects can have three charged states, which are denoted by D+, D- and 

D0
, associated with different local configurations, here D denotes defect state or a 

' . . 
dangling bond. The neutral dangling bond D 0

, say a singly coordinated chain-end Se 

atom, would normally possess spin but it is unstable. Provided the temperature is high 

enough so that some atomic movement is possible, one of the end atoms move closer to 

and cross links with the lone-pair p-electrons of a Se atom in a neighboring chain [Figs. 

2.3 (a) & (b)]. The three-coordinated Se-atom rtow gives up an electron to the remaining 

dangling bond. The former becomes D+, the later D-, and both are now diamagnetic. The 

reaction 

(2.1) 

is exothermic because of a negative correlation energy, the potential energy decrease 

resulting from spin sharing more than compensating the coulomb-repulsive energy 

increase. The decrease in energy can also be regarded as the result of converting a non­

bonding lone pair of electrons into a lower lying cr bonding state by dative bonding. The 

D+ and D- centers lie in the gap and determine the position of the Fermi-level, rather like 

donors and acceptors in a compensated semiconductor. On a configurational coordinated 

diagram as shown in Fig. 2.3 (iii), the positive correlation energy 'U' associated with the 

21 



N (E) N (E) 

Ev Es 

(d) 

N (E) N (E) 

Ev Ec E 

Figure 2.2 The density of states diagrams for amorphous semiconductors in 
different models: (a) CFO model (b) Davis-Mott model (c) Modified Davis-Mott 
model (d) A real glass with defect states [Ref. 49]. 
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(a) (b) 
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q 
(c) 

Figure 2.3 (a) and (b) Illustration of the transfer of an electron from one chain end 
to another creating two charged defects D+ and n- (c) The positive correlation 
energy U associated with two electron, electrons at one site turned into an effective 
negative correlation energy U associated with two electron, electrons at one site 
turned into an effective negative correlation energy Uerr because of the 
configurational changes, "q" is configurational coordinate [Ref. 49]. 
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Table 2.1 Structure and energy of various defect configurations in a two-fold 
coordinated material. Arrow represents the spin of electron. In column two, C 
refers to the chalcogenide atom, the superscript is the charged state and subscript is 
number of neighbouring atoms [Ref. 44] 

24 



-two electrons at D- in the absence of configurational changes becomes negative (Uerr) 

after lattice relaxation. The configuration coordinate ( q) represents a linear combination 

of the real-space shifts of the intermolecular coordinates from their equilibrium position. 

The chemical reason for the nature of the reaction is that at D+, an extra bond with a 

neighboring chain can be formed by utilizing the normal non-bonding lone-pair electrons. 

The coordination of Se atoms at D+ is, therefore, three, in contrast to that at n- where it is 

one and at normally bonded Se atom where it is two. It has been proposed that lattice 

distortion at n- is negligible, at D+ it is considerable and it is intermediate at D0
• The 

energies and structures of various simple bonding configurations for a chalcogen, 

proposed by Kastner and Fritzsche are presented in Table 2.1 [56], according to which, 

the normal bonding configuration is C~, here C denotes the chalcogen atom. The straight 

line is representing bonds ( cr- states) and, the dots the lone-pair non-bonding electrons. In 

this configuration, the anti-bonding ( cr *) states are empty and the energy relative to the 

lone pair level, is -2Eb. Anti-bonding states are pushed up, from lone pair energy; more 

than bonding states are pushed down. Thus, C ~ which is neutral three fold coordinated 

atom with an extra electron placed in the anti-bonding orbital, has a higher energy than 

C~ by an amount~. The electron in an anti-bonding orbital is represented by(*). The 

c; configuration, with energy of -3Eb, is the defect having lowest energy. The energy of 

c; is -Eb+2 ~ +Ucr*, the positive correlation energy term Ucr* is arising because two 

electrons are in the anti-bonding state. The extra electron at a normal dangling bond C~ 

is indistinguishable from the two lone pair electrons at the site and so energy of this 

defect state is -Eb. Finally, a negatively charged dangling bond C~ has four electrons in 

the lone-pair state; its energy is -Eb + ULP, the term (ULP) is energy corresponding to lone 

pair and arises from the correlation energy in this level. The reaction corresponding to 

previous equation 2.1 in Kastner's Notation, is as follows 

2C~ ~ c; +C~ (2.2) 

which would be exothermic if 

-4Eb+2 ~ > -3Eb- Eb+ULP i.e., if 2 A > ULP (2.3) 
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The charged defects c; and C~ have been called by Kastner as a valence alteration pair 

(YAP). Their creation starting from a fully bonded network, in which all atoms are in the 

c~ configuration, can be described by the reaction 

2C~ ~ c; +C~ 
The above reaction costs energy given by 

-3Eb- Eb+ULP +4Eb = ULP 

(2.4) 

(2.5) 

This is justified as the number of covalent bonds remains unchanged. A high density of 

such inherent defects is found in many chalcogenide materials. This indicates that the 

energy of this reaction is relatively small (between 0.5eY- l.OeY) [57] . YAP's pins the 

Fermi energy level. The concentration of YAP's present in a sample prepared by cooling 

from the melt, assuming equilibration at the glass transition temperature T g, is then N 

exp( -ULp/2kT g), where N is the concentration of lattice sites. For the films deposited onto 

a substrate at a temperature less than T g, the concentration might be expected to be lower. 

The negative correlation energy, which makes the Eq 2.1 exothermic, can also be 

understood as follows. Let the addition of an electron from the valence band to D+ state 

costs an energy E1 and the addition of an electron to D0 state costs an energy E2, so that, 

D+ + e ( + EJ ~ D0 (2.6) 

D0 +e (+E2 )~ D-

Thus 2D0 ~ D+ + D- + (E1 - E 2 ) 

(2.7) 

(2.8) 

if the addition of second electron to D- costs less energy than the first (i.e. E2< E~, means 

the negative correlation energy), then E1 - E2 is positive and the total reaction is 

exothermic. 

2.5 Doping of amorphous chalcogenide glassy semiconductors 

The chalcogenide semiconductors are 'characterized by Fermi-level pinning. Doping 

of these glasses has been studied by Kastner and Fritzsche [56]. According to them, the 

thermal excitation of an electron from c~ to the conduction band follows the 

reactionc1 ~ C~ + e, and it requires energy E 1• Removal of second electron from the 

resulting defect, i.e., C~ ~ c; + e, costs energy E2 (E2 < E1). The inter conversion 
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reaction C1 ~ c; + 2e has reaction energy2En = E1 + E 2 • Thus it takes on the average En 

to exit one electron to the mobility edge Ec or Ep to exit a hole to Ev, where En+ Ep = Eg, 

the mobility gap. This places the Fermi level at Ec- EF or EF - Ev = Ep. The conductivity 

activation energy is smaller of the two quantities En and Ep. There can be two different 

cases by adding foreign atoms to an amorphous chalcogenide semiconductor depending 

upon the mode of addition of the additives. 

2.5.1 The addition of foreign additive after equilibration 

The foreign additive put in the melt of a bulk chalcogenide glass and intrinsic defect 

states known as Valence Alteration Pairs (YAP's) are allowed to equilibrate by annealing 

the glass near its T g· Most of the elements added to the melt of chalcogenide glasses seek 

lowest energy bonding configuration and thus remain electrically inactive. However, 

certain elements or fraction of same additives will be incorporated as charged centers. 

Such centers equilibrate at T g and yield positive centers of concentration A+ in case an 

electropositive additive, which remain fixed below T g and equilibrate with the total 

density ofVAP's according to the relation, 

N~ = [c;] [c~] N~exp[ -~;AP] (2.9) 

Here NA is the density of chalcogenides, k is Boltzmann constant and T is absolute 

temperature. Ev AP is the energy to create a defect pair (V AP) from two normally bonded 

chalcogen according to the following relation, 

2C~ ~ c; +C~ (2.10) 

It can be shown [ 4] that in case of electropositive additives, the concentration of free 

electrons (n), the dopant (A+) and the neutral charged defects (N0) are interrelated 

through following equation 

n
2

[

2
:: +n]=2{A+)n~ (2.11) 

where n0 is the electron concentration defined by the equation 

(2.12) 
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where Nc being the density of band states at conduction band mobility edge. In the case 

2N2 t 2 
n ~ A: , the equation 2.11 becomes n = [2 (A+ )f n~, which leads to the reduction of 

the thermal activation energy to 2/3 of its original value, which was predicted by Mott 

[57]. In the more common case prevailing at ordinary and lower temperature, n ~ 2N ° , 
A+ 

because No is of the order of 1017 cm-3 and A+ is most likely to be less than 1021 cm-3
, 

2N2 

which yields --0 2 1013 em -3 
• Equation 2.11 can be rewritten as 

A+ 

A+ 
n=-n 0 

No 
(2.13) 

This means that the activation energy of n retains the value EP to En when A+ is added. 

This is the case when EP < En. The remarkable property of valence alternation centers to 

retard the ionization of additive in addition to their ability to increase the density when 

charged additive occurs strongly reduces the effectiveness of the foreign atoms for 

altering the conductivity. Since the YAP's concentration N always exceeds A+ (if a 

material is allowed to equilibrate), the reaction C~ <=> c; + 2e continues to be the source 

of electrons with average activation energy en . In order to achieve a more profound 

modification of electrical properties of chalcogenide it seems necessary, therefore, to 

prevent equilibrium between the additives and the valence alternation centers. 

2.5.2 Non-equilibrium modification of chalcogenides 

It is very interesting to note that when the additives leading to charged centers are 

introduced at sufficiently low temperature so that YAP's concentration 'N' can not 

change. Such non-equilibrium incorporation may be accomplished, for instance, by field 

assisted diffusion, co-evaporation or co-sputtering onto a cooler substrate. The value of N 

and A+ are then determined by the preparation conditions. As long as A+ < N, the 

situation is not much different from that described in the last section. When the 

concentration A+ exceeds total YAP's concentration N, then the chalcogenide glass 
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behaves like an ordinary partially compensated semiconductor with A+ shallow donor, N 

compensating states in the form of C~ and A+ - N electrons equilibrating with A+ 

according to A 0 <=> A+ +e. In the hydro genic model the activation energy Eo of an 

isolated donor A0 is related to Rydberg energy by E0 = R:
2 

which yields Eo,...., 0.25 eV 
mk 

fork= 7.4 and the effective mass m* = m. 

The Fenni-level is then near Ec- Ep = E0 , i.e., close to the conduction band and large 

carrier concentration may be obtained. It is important to note that the bonding 

configuration of a neutral A 0 center is different from that of a neutral additive A, which 

has satisfied its bond requirements and which is in its low energy bond configuration. 

The increase in conductivity and decrease of activation energy were obtained by co­

deposition of the transition metal additives and lone pair amorphous semiconductors onto 

the cold substrate [58]. In the present study doping by incorporation of foreign additives 

in the melt has been used. 

2.6 General conduction mechanism (temperature dependence of DC 
conductivity) 

Accepting the mobility gap idea, four possible mechanisms of conduction may be 

expected and each will dominate the DC conductivity in an appropriate range of 

temperature. Starting from high temperatures we describe the four conduction processes 

as follows [ 49]: 

1. At very high temperature, conduction occurs by carriers excited into the extended 

states just above Ec (Region A of Fig. 2.4) or just below Ev. In the case of hole 

transport, for instance, the conductivity is given by following equation: 

cr = cro exp[- (E~; Ev )] (2.14) 

where cr0 is the pre-exponential factor, k is Boltzman's constant, EF is the Fermi­

level and T is the absolute temperature. 
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Figure 2.4 Temperature dependence of de conductivity in a-semiconductor on the 
basis of Davis-Mott model. The regions marked as A, B, C and D corresponds to 
conduction occurring dominantly at the energies shown on the right [Ref. 49]. 
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Optical measurements usually show that the band gap of amorphous 

semiconductors decreases approximately linearly with temperature i.e., 

(EF- Ev) = E(O)- yT (2.15) 

where E(O) is the value of (EF - Ev) at T = 0, the slope will be E(O)/k, and the 

intercept on Y -axis will be cr 0 exp( ~) . 

2. In chalcogenide semiconductor glasses, the temperature coefficient of 

fundamental absorption edge, which is approximately equal to the mobility gap, is 

usually found experimentally to be in the range of 4x 10-4 eV deg-1
. Moreover, the 

Fermi level is situated near the middle of the gap and hence values of y roughly 

half that magnitude are to be expected; the magnitude of cr0 exp( ~) is therefore, 

likely to be in the range of 10-100. The constant cr0 is generally equated with crf..Ltv 

the so-called minimum metallic conductivity. crJ..Lw is defined as the smallest non­

zero value the conductivity can have at absolute zero degree temperature. i.e. the 

lowest value of the conductivity contributed by carriers just at Ec (in case of 

electrons) before the start of activated process. Mott derived the simple 

relationship crmin =Cons{::) where a is the inter-atomic distance. The constant 

h depends somewhat on structure and is in the region 0.03 - 0.1 so that crmin is 

200-800 ohm-1 cm-1
, if a = 3A. For conduction in extended states therefore the 

pre-exponential factor, should be roughly 103 
- 104 ohm-1 cm-1

• Transport by 

carriers excited into the tail of localized states at energies close to EA or Es (See 

region B of Fig. 2.4) and migrating by hopping mechanism, assuming conduction 

by holes again, 

[
-(E -E +w )] 

a=atexp F kTs t (2.16) 

where w1 is the activation energy for hopping, andEs is the energy at the band 

edge. It is not easy to make estimate of the pre-exponential factor, cr~, but the 

lower mobility and the lower density of states near Es compared with Ev, will 
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make it several decades smaller than cr0. The energy difference Ep - Es, is also 

expected to depend upon temperature but that is still difficult to determine. The 

quantity kin Eq. 2.16 is the Bolzmann constant and Tis the absolute temperature. 

3. At lower temperatures a significant number of carriers is not excited but if the 

density of states at the Fermi-level is finite there will be a contribution from 

carriers with energies near Ep hopping between localizes states (See region C of 

Fig. 2.4). In this case, 

a= o-2 exp[ -k~2 J (2.17) 

where W2 is the appropriate hopping energy and cr2 < cr1. 

4. At still lower temperatures it is possible that carriers will tend to hop beyond their 

spatially nearest neighbor states to states which are closer energetically (See 

region D of Fig 2.4). This is the so-called variable range hopping mechanism and 

it has been showed that if the density of states at Ep is N (EF ), then, 

(2.18) 

where a is the decay constant of the wave function of localized states near Ep 

(-· 107 cm-1
), 'A is the dimensional constant (-' 18), 0"

3 
is the pre exponential factor of 

equation 2.18 and k is Boltzmann constant. 

2. 7 Absorption edge of amorphous chalcogenide semiconductors 

Electronic transition between the valence and conduction bands in the crystal start at 

the absorption edge, which corresponds to the minimum energy difference Eg between the 

lowest minimum of the conduction band and the highest maximum of the valence band. If 

these extrema lie at the same point of k -space, the transitions are called direct. If this is not 

the case, the transitions are possible only when phonon-assisted are called indirect. The rule 

governing these transitions is the conservation of quasi-momentum during the transition, 
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either of the electron alone in direct transitions, or the sum of electron and phonon quasi­

momenta in indirect transitions. The value of the gap Eg depends in a rather subtle way on 

the structure and actual values of pseudo-potential in the crystal. It is to be distinguished 

from the gap Eg, which is the characteristics of the whole absorption and is connected with 

the basic chemical properties of materials. When the semiconductor becomes amorphous, 

one observes a shift of the absorption edge either towards lower or higher energies. There 

is no simple general rule, governing these changes has been suggested. The shape of the 

absorption edge in most of the amorphous semiconductors is shown in Fig. 2.5. One can 

distinguish the high absorption region A (a > 104 cm- 1
), the exponential part B which 

extends over four order of magnitude of a and the weak absorption tail C. 

2.7.1 High absorption region 

The high absorption region is shown in part A of Fig. 2.5 (a). It is often observed in 

semiconducting glasses that, at high enough absorption levels (a> 104 cm-1
), the 

absorption constant a has the following frequency dependence: 

(2.19) 

where r is a constant and it lies between one to three. The optical transition in amorphous 

semiconductors has been explained on the basis of a model. The basic difference between 

amorphous and crystalline semiconductors is the non-conservation of the k-vector. This is 

due to the change in the character of the wave-functions, some of which becomes 

localized over a certain volume V(E) rather than extended over the whole volume of the 

samples as in crystals. When the wave functions are localized, the transition probabilities 

between the states localized at different sites are reduced by a factor depending on the 

overlap of the wave functions of the initial and final states. 
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Figure 2.5 (a) Absorption edge in amorphous semiconductors (b) Density of states 
N(E) as a function of energy E in amorphous semiconductors [Ref. 61]. 
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We consider only transitions between states, of which one is localized and other is 

extended, or of which both are weakly localized so that the overlapping of the wave 

function if large enough. Under these circumstances the absorption coefficient a is given 

by the following equation: 

(2.20) 

where n is the refractive index, gi and gr are the densities of initial and final states. The 

optical matrix element p was assumed to be constant. Rest of the symbols has their usual 

meantngs. 

The density of states gi and gr are shown in Fig. 2.5 (b). The model of state 

densities is usually denoted as Mott-CFO model. Part A of the absorption curve is 

probably associated with the transitions from the localized valence band states in the 

valence band below Ev into the de-localized states in the conduction band states 

above E~ , or vice-versa and the quantity ( E;pt ),is known as optical band gap and is given 

by, 

Eopt = E -E 
g c v 

The constant A in the empirical relation 

aliv = A(liv- E;pr Y 

(2.21) 

(2.22) 

lies between 105 to 106 cm-1 eV-1 [59] and the term (liv) is the energy which is calculated 

from the wavelength. In this interpretation we determine E;pt from an extrapolation of 

the densities of states deeper in the bands. 

2. 7.2 Exponential region of the absorption edge 

The exponential region of the fundamental absorption edge is also termed as 

Urbach's edge or Urbach's tail [See region B of Fig. 2.5 (a)]. The exponential part of the 

absorption edge is considered to be due to the transitions between the localized tail states 

adjacent to the valence band and the extended states in the conduction band above 

E~ ( hv < E;pt). The absorption coefficient a lies up to 104 cm-1 in this region. The 
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frequency and temperature dependence of the Urbach's edge can be described by the 

following equation 

(2.23) 

where E ;pt ( T) is the temperature dependent gap [ hv < E ;pt ( T) ] and is equal to the 

approximate energy at which absorption coefficient at edge is maximum. The parameter 

L1 = kT* is a measure of the steepness of the exponential tail. T* is an effective 

temperature related to the temperature T of the specimen. It is approximately constant at 

low temperature and proportional to T at higher temperature [ 60]. The relation in the 

equation 2.23 is known as Urbach's rule. The value of ~ in many semiconducting 

glasses lies between 0.05 to 0.08eV and can be determined from the experimental plot 

. h 
1 

. -d (hv) 
us1ng t e re atlon ~ = . 

d (Rna) 

The crystalline semiconductors also exhibit the Urbach's exponential tail 1n the 

absorption edge. 

2.7.3 Week absorption tail 

The region below the exponential part of the absorption edge corresponds to the 

weak absorption tail region [Part C in Fig 2.5 (a)]. Its strength and shape depends upon 

method of preparation, purity, defect states and the thermal history of the amorphous 

semiconductors, It is, of course, difficult to study this absorption in thin films because 

low absorption level. The value of a belongs to this part of the spectrum has been found 

to be less than 0.5 cm-1 [61]. This part of the absorption spectrum is generally interpreted 

due to the transitions involving (a) both the initial and final states as localized states and 

(b) the initial localized and final de-localized states. 
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Chapter 3 

3 Explanation of Experimental Set-up Used to Obtain the 
Analysed Data 

The experiments explained in this chapter were previously performed and they are 

not a part of the objectives of this thesis, however, the data obtained by this experimental 

set-up have been used in this work. This chapter includes the description of experimental 

methods/techniques such as X -ray diffraction (XRD), Rutherford back scattering (RBS), 

and electrical conductivity and optical band gap measurements to characterize the thin 

film samples. In addition, the design employed to perform studies of the photo-induced 

phenomenon of Se-Sb-In thin films is presented in this chapter. 

3.1 Preparation of bulk samples 

Bulk samples of all the different compositions of Se9o-xSb10Inx (0 ~ x ~ 15), were 

prepared by conventional melt quenching technique [ 1]. High purity elements with 5N 

purity obtained from Sigma - Aldrich USA were used for the synthesis of the bulk 

samples. The elements in appropriate amounts were sealed in a quartz ampoule in a 

dynamic vacuum of the order of 10-5 mbar. Three gram of total weight was taken for each 

set of composition. The composition and weight calculations for bulk Se9o-xSb10Inx 

(0 ~ x ~ 15) samples are given in sections 3.1.1 to 3.1.4 respectively. 

The ampoule was placed in a vertical furnace at 830°C for about 48 hours. The 

temperature of the furnace was increased in the steps of 100°C per hour. The ampoule 

was frequently inverted in order to ensure the homogeneous mixing of the constituents. 
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After 48 hours the ampoule was rapidly quenched in an ice mixed water bath. The 

material was separated from the ampoule by dissolving it into a solution of hydrogen 

peroxide and hydrofluoric acid (H202 + HF) for about 24 hours. 

3.1.1 Weight calculations for 3 grams of Se90Sb10 composition 

Atomic Weight ofSe = Ase = 78.96, Atomic Weight ofSb = Asb= 121.75 

Weight calculations for Se90 

____ a_to_m_z_·c_'Y<_o_of_S_e_x_A__;;s:..;_e _x_3 ____ = 90 x 78.96 x 3 _ 
2

_
560

g 

atomic% of Sex Ase +atomic% of Sb x Asb 90 x 78.96 + 121.75 x 10 

Weight calculations for Sb10 

____ a_to_m_i_c_'Y<_o _of_S_b_x_A__;;s:..;_b _x_3____ _ 10 x 121.7 5 x 3 = 
0

.4
40 

g 

atomic% of Sex Ase +atomic% of Sb x Asb 90 x 78 .96 + 121.75 x 10 

Total weight of Se90Sb10 composition 

=Calculated weight of Se90+ Calculated weight of Sb10 = 2.560 + 0.44 = 3.0g 

3.1.2 Weight calculations for 3 grams of Se85Sb10In5 composition 

Atomic Weight ofSe = Ase = 78.96, Atomic Weight ofSb = Asb= 121.75 

Atomic Weight of In= Arn = 114.82 

Weight calculations for Se85 

atomic % of Sex Ase x 3 

atomic % of Sex Ase +atomic % of Sb x Asb +atomic % of In x A1n 

_ 85 X 78.96 X 3 _ 
2

.
370

g 

85 X 78.96 + 121.75 X 10 + 114.82 X 5 
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Weight calculations for Sb10 

atomic o/o of Sb x Ash x 3 

atomic % of Sex Ase +atomic% of Sb x Ash +atomic %of In x A1n 

= 10 X 121.75 X 3 _ 0.430g 
85 X 78.96 + 10 X 121.75 + 5 X 114.82 

Weight calculations for In5 

atomic % of In x A1n x 3 

atomic % of Sex Ase +atomic % of Sb x Ash +atomic % of In x A1n 

5 X 114.82 X 3 
0.200g 

85 X 78.96 + 10 X 121.75 + 5 X 114.82 

Total weight of Se85Sb10In5 composition: 

= Calculated weight of Se85+ Calculated weight of Sb10 + Calculated Weight of In5 

= 2.370 + 0.430 +0.200= 3.0g 

3.1.3 Weight calculations for 3 grams of Se80Sb101n10 composition 

Weight calculations for Seso 

atomic % of Sex Ase x 3 

atomic % of Sex Ase + atomic % of Sb x Ash + atomic % of In x A1n 

_ 80 X 78.96 X 3 _ 
2

_
180

g 

80 X 78.96 + 10 X 121.75 + 10 X 114.82 

Weight calculations for Sb10 

atomic % of Sb x Ash x 3 

atomic% of Sex Ase +atomic% of Sb x Ash +atomic %of In x A1n 

= 10 X 121.75 X 3 _ 0.420g 
80 X 78.96 + 10 X 121.75 + 10 X 114.82 
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Weight calculations for ln10 

atomic% of In x A1n x 3 

atomic% of Sex Ase +atomic% of Sb x Ash +atomic% of In x A1n 

10 X 114.82 X 3 = 0.400g 
80 X 78.96 + 10 X 121.75 + 10 X 114.82 

Total weight of Se85Sb10In10 composition: 

= Calculated weight of Se80+ Calculated weight of Sb10 + Calculated Weight of lnw 

= 2.180 + 0.420 +0.400= 3.0g 

3.1.4 Weight calculations for 3 grams of Se75Sb10In15 composition 

Weight calculations for Se8o 

atomic % of Sex Ase x 3 

atomic% of Sex Ase +atomic %of Sb x Ash +atomic% of In x A1n 

_ 75 X 78.96 X 3 = 2.0g 
75 X 78.96 + 10 X 121.75 + 15 X 114.82 

Weight calculations for Sb10 

atomic % of Sb x Ash x 3 

atomic% of Sex Ase +atomic% of Sb x Ash +atomic% of In x A1n 

= 10 X 121.75 X 3 = 0.410g 
75 X 78.96 + 10 X 121.75 + 15 X 114.82 

Weight calculations for lnts 

atomic % of In x A1n x 3 

atomic% of Sex Ase +atomic %of Sb x Ash +atomic% of In x A1n 
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15 X 114.82 X 3 = O.sgog 
75 X 78.96 + 10 X 121.75 + 15 X 114.82 

Total weight of Se75 Sb10In15 composition: 

=Calculated weight ofSe7s+ Calculated weight ofSb10 + Calculated Weight ofln15 

= 2.180 + 0.420 + 0.580= 3.0g 

3.2 Preparation of thin films 

To deposit the thin films, glass substrates were chemically and ultrasonically 

cleaned. The inorganic impurities from the glass substrates were removed by a using the 

'aqua regia' solution (A mixture of one part by volume of concentrated nitric acid and 

three parts of concentrated hydrochloric acid) and the organic impurities were removed 

by cleaning the slides with liquid soap and distilled water. Thin films from the bulk 

samples were deposited at room temperature on well-cleaned glass substrates and by 

electron beam evaporation for Se9o-xSb10Inx (0 :::; x :::; 15) samples in a vacuum better 

than 10-5 mbar using HINDHIVAC coating unit (Model 12A 4D). The evaporation rate 

was kept constant at 10-20 A per second. 

3.2.1 Thickness measurements of thin films 

Thickness of the films was measured by Tolansky's interference method [62] and it 

lies between 2100A to 3750A as shown in Table 3.1. The Tolansky's method for the 

measurement of the thickness of thin films by multiple-beam interference techniques is 

commonly used to determine the thickness of thin films. Briefly, the film, the thickness 

of which is to be measured, is deposited on a flat, smooth substrate. The film should have 

a sharp edge so that a step is formed when the film and the adjacent substrate are coated 

with an opaque, highly reflecting metallic layer (Aluminum in present case). The height 

of this step was measured by using the highly reflecting layer as one surface of an 

interferometer and viewing the multiple-beam fringe system by reflection. Provided that-

41 



Sample Thickness (A) 

x=O 2250 

x=5 3750 

x= 10 2600 

x= 15 2100 

Table 3.1 Thickness of Se9o-xSb101nx (0 ~ x ~ 15) thin films measured by Tolansky's 
method 
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Lamp 

Slit 

(a) 

(b) 

Microscope 

Thin Film Sample 

Figure 3.1 (a) Thickness measurement setup (b) Pattern of fringes with the step 
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the over-layer assumes the exact contour of the surface, this step-height will give the 

thickness of the film underneath. The typical thickness measurement set up with 

monochromatic source of light (Na lamp in present case) is shown in Fig. 3.1 (a). The 

fringe pattern along with the step height is also shown in Fig. 3.1 (b) In order to verify the 

uniformity of the thin films, the thickness measurements were carried at the different 

parts of each thin film sample. The relation used to find the thickness of the thin films is 

given in [ 4]: 

h 2 
f=-X-

W 2 
(3.1) 

Here (t) is thickness of the thin film, (h) is the step height, (w) is the fringe width between 

two consecutive bright fringes and (A,) is the wavelength of light (5896 A for Na). 

3.3 X-ray diffraction (XRD) 

The amorphous nature of the bulk and thin film samples was ascertained by using 

XRD patterns. Bulk samples were taken in powder form for XRD. XRD pattern was 

obtained using Cu-Ka radiations from PW-1140/09 X-ray diffractometer. Absence of 

sharp peaks in the XRD spectrum confirmed the amorphous nature of the bulk as well as 

thin films of Se9o-xSb10Inx (0 ~ x ~ 15) system. These spectrum are presented in the 

chapter 4, section 4.1 of the thesis. 

3.4 Rutherford backscattering (RBS) 

The composition of thin films of Se9o-xSb10Inx (0 ~ x ~ 15) samples was determined 

by using RBS available at Nuclear Science Centre (NSC) New Delhi, India. The general 

purpose scattering chamber (GPSC) used for the RBS experiment. The samples were 

mounted on a target holder inside the GPSC. The films were irradiated at room 

temperature with 40 MeV Si ion beam for the RBS experiment. A Silicon surface barrier 

detector (having a depletion depth of 60 J.tm) was used at back angle of 120° to detect the 

Si ions back scattered from the sample. Since the masses of the constituents (Se, In, Sb) 

are quite apart, the back-scattered Si ion appears in three groups well separated from each 

other, representing three different masses. The area of the peaks and the Rutherford 

scattering cross section were used to determine the relative composition of Se, In and Sb. 
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The composition was determined at different parts of the films and was found to be 

uniform. 

3.5 DC conductivity and photoconductivity 

The de electrical conductivity measurements were carried out for thin films in the 

temperature range 213-313K. Electrical contacts (with electrode gap l-2mm) in coplanar 

geometry were made using sliver paint. The straight line passing through the origin of the 

voltage-current plot verified the Ohmic nature of the contacts. The current was recorded 

by using a digital picoammeter (DPM-111 Scientific Equipments, Roorkee). All the 

measurements were carried out in a dynamic vacuum of the order of 10-5 mbar. 

3.5.1 DC conductivity set-up 

The sample holder used to mount the samples is shown in a schematic diagram (Fig 

3 .2). It consists of a copper base, on which thin film sample was mounted. A Pt-1 00 

thermocouple was placed very close to the sample to record the temperature of the 

sample. A micro-heater was attached to the copper base plate to vary the temperature of 

the sample. Thin copper wires were used as leads of electrodes, which were connected to 

the electrodes with silver paint in order to make a good electrical contact. Liquid nitrogen 

was used as coolant for low temperature conductivity measurements. The de conductivity 

of the films was calculated by using following relationship: 

.ex r n -1 -1 a de = em 
AxV 

(3.1) 

where f is the electrode gap, A is the area of cross section and is given as A = tx w, tis 

thickness and w is the width of the thin film respectively, 'I' is the current flowing 

through the sample and 'V' is the voltage applied to the electrode of the samples. 
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Figure 3.2 Schematic diagram of the de conductivity and photoconductivity set-up 
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3.5.2 Photoconductivity 

For photoconductivity, thin films samples of 1 x 2 cm2 were mounted on a specially 

designed metallic cryostat with a transparent window inside the vacuum coating unit.. 

Both the steady state and transient photocurrent measurements were performed in a 

vacuum of the order of 10-5 mbar. A tungsten halogen lamp (Halonix) of 500 Watts was 

used for illuminating the samples. The IR part of the light was cut off using IR filters. 

The intensity of the light was measured by using a digital lux meter, (Lx-102, Lutron, 

Taiwan). A digital picoammeter (DPM-111 Scientific Equipments, Roorkee) was used to 

record the photocurrent. 

The steady state photoconductivity was measured by exposing the thin film samples 

to light and the photocurrent was recorded once the steady state was reached i.e the 

photocurrent became constant. Different illumination intensities of light ranging from 

500 lx to 5000 lx were used to record the steady state photocurrent at room temperature. 

The transient photoconductivity was studied by exposing the thin film samples to 

light and recording the photocurrent in the time steps ( 5 sec in present case) until the 

photocurrent attained a steady state value. The transient photoconductivity of the thin 

film samples was measured at different illumination intensities of light (500 lx to 5000 

lx) at room temperature. 

3.6 Optical spectra 

The optical transmission spectrum of the thin films was recorded using a UV /Visible 

spectrophotometer (Shimadzu Japan) at room temperature in the wave-length range 350-

11 00 nm. The absorption coefficient a is calculated, neglecting the reflection and 

interference effects using the following relation 

(3.2) 
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where T is percentage transmission and t is the thickness of the films. The intercept of a 

linear fit of the linear part of the plot of ( ahv) 112 versus (hv) on the energy axis (x­

axis) gave the optical band gap (Eg) [43]. 
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Chapter 4 

4 Results and Discussion 

The bulk samples of Se9o-xSb101nx (0 ~ x ~ 15) were prepared by the melt quenching 

technique as described in chapter 3. In this chapter the structure and the photoelectric 

properties (steady state and transient) of Se90_xSb 101nx (0 ~ x ~ 15) system have been 

included. The photodegradation in the photocurrent has been observed upon the 

illumination with light. The decrease in the photocurrent was explained on the basis of 

charged defect model and the inter-cluster interaction model. The photosensitivity studies 

are also carried out and results were discussed on the basis of chemical order network 

model and the topological model. There is a minimum in the photocurrent observed at the 

5 atomic percentage of indium concentration which is consistent with the minimum 

observed in the DC activation energy and the optical band gap of Se9o-xSb10Inx (0 ~ x ~ 

15) thin films [43]. 

4.1 Structure of bulk and thin films of Se9o-xSb101nx (0 < x < 15) 
system 

The X-ray diffraction patterns of the Se9o-xSb10Inx (0 ~ x ~ 15) bulk samples and thin 

films are shown in Fig. 4.1 and Fig 4.2, respectively. On the x-axis of the X-ray 

diffraction patterns the diffraction angle (28) varies from 1 0 - 60 degrees and on the Y­

axis the intensity is represented in the arbitrary units. The absence of sharp peaks in the 

X-ray diffraction (XRD) pattern of Se9o-xSb101nx (0 ~ x ~ 15) (bulk and thin films) 

reveals the amorphous nature of the samples. It is observed from these figures that there -
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Figure 4.2 XRD pattern of Se9o-xShtolnx (0 ~ x ~ 15) thin films 
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-are broad humps in the XRD spectrum and the absence of sharp peaks in the spectrum, 

which indicates the amorphous nature of the bulk as well as thin films samples for 

Se9o-xSb10Inx (0 :s; x :s; 15) system. 

4.2 Composition analysis by 'Rutherford back scattering technique 

The composition analysis of thin films of all Se9o-xSb10Inx (0 :s; x :s; 15) thin films was 

performed using Rutherford Back Scattering (RBS) technique as described in the section 

3.4 of chapter 3. The results of RBS experiment are shown in Table 4.1. It can be seen 

from this table that fmal composition deposited on the thin films is very close to the 

starting composition. The RBS was carried out at different part of the same sample which 

confirmed the composition is uniformly distributed on each thin film sample. The 

percentage error between the starting composition and the obtained composition is also 

listed in the Table 4.1. It can be seen from Table 4.1 that the magnitude of the percentage 

error is negligible which indicate that the evaporation of the Se9o-xSb10Inx (0 :s; x :s; 15) 

thin films by electron beam method is useful to obtain desired composition having up to 

three elements. 

4.3 Photo-electrical properties of amorphous Se-Sb-In thin films 

In this section a systematic study of photocurrent and photosensitivity of the 

electron beam evaporated thin films of amorphous Se9o-xSb10Inx (0 :s; x ~ 15) has been 

carried out. The steady state photocurrent and transient photocurrent was measured. The 

effect of different illumination intensities (500 lux - 5000 lux) on the photoconduction 

has also been investigated. In addition, the effect of Indium addition to Se-Sb matrix on 

the photosensitivity has been studied. 

The samples were characterized by using different techniques (XRD and RBS) as 

described in the chapter 3: Experimental Procedures and Design. The DC electrical 

conductivity of Se9o-xSb10Inx (0 :s; x :s; 15) thin films was previously reported in [43] and 

it was found that the DC conductivity is activated in the entire temperature range from 

the temperature variation of DC conductivity. The DC activation energy of electrical -
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~ 
Se Sb In 

Composition %error Composition %error Composition %error e 

Se9oSb10 89.980 -0.022 10.020 0.190 0.000 X 

SessSb10Ins 84.948 -0.061 10.023 0.220 5.032 0.640 

SesoSb10lniO 80.011 0.0130 9.994 -0.060 9.995 -0.050 

Se7sSbwln1s 75.132 0.176 9.998 -0.090 14.870 -0.860 

Table 4.1 Results of RBS and error percentage in composition 
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-conduction was determined from the slope of the temperature versus de conductivity 

variation as reported earlier [ 43]. Since, in the present case there was a single slope 

observed from the plot of temperature versus DC conductivity, therefore the system Se­

Sb-In exhibit only one type of conduction mechanism (activated type conduction) in the 

given temperature range. 

4.4 Steady state photoconductivity 

The variation of the photocurrent with light intensity is shown in Fig. 4.3. In this case, 

the light was illuminated on a thin film sample and the photocurrent was recorded after it 

became steady. The steady state photocurrent measurements were taken for different 

illumination intensities varying from 500- 5000 lx. All the measurements were taken at 

the room temperature. It has been observed that this variation resulted in a straight line 

and obeys the power law given by the following equation: 

I oc pr 
ph (4.1) 

where, lph is the photocurrent (total current minus dark current), F is the intensity of the 

light and r is the exponent, which is calculated from the slope of the straight line 

resulted from the Intensity versus photocurrent variation. The exponent r is a very 

important parameter, which determines the recombination mechanism in the 

semiconductor materials. The value of r = 0.5 indicates a bimolecular recombination 

process, whereas r = 1.0 indicates a monomolecular recombination mechanism. The 

recombination behaviour is difficult to understand in terms of discrete trap levels if the 

value of exponent y lies between 0.5 and 1.0. It simply indicates the existence of 

continuous distribution of traps in the band gap [ 63]. 

In the present case the exponent y lies between 0.5 and 1.0, which indicates there 

exists a continuous distribution of localized states in the mobility gap of a- Se9o-xSbwlnx 

(0 ::; x ::; 15) thin films. Similar results for other chalcogenide thin film systems such as 

Se-Te-Pb were reported earlier [63]. 
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4.5 Transient photoconductivity 

The variation of the photocurrent in Se9oSb10 and Se9o-xSb10Inx (x = 15) thin films 

with the exposure time at room temperature at different illumination intensities is shown 

in Figs. 4.4 & 4.5 respectively. All the other samples show a similar trend. It can be 

observed from these figures that the magnitude of the photocurrent is higher in the 

samples containing In = 15 at% as compared to the samples that do not have indium 

contents. It can also be seen from the figures 4.4 & 4.5 that when the samples are exposed 

to light, the photocurrent quickly reaches the maximum (5 -10 sees) and then it start 

decreasing with time and attains a nearly constant value in about 15 minutes. 

These results are qualitatively consistent with the previous reported results [64-68]. It 

was reported that for As2Se3 samples, it took many hours for the photocurrent to attain a 

constant value at low light intensities and for higher light intensities; the photocurrent 

quickly attained the constant value [69]. It can also be seen from the figures 4.4 & 4.5 

that photocurrent increase with the increase in illumination intensity of light ( 500 lx -

5000 lx). This type of behaviour can be explained in terms of charged defect model [1-2] 

and intercluster interaction model [65] as explained in the sections 4.8 and 4.9 of this 

chapter, respectively. 

4.6 Compositional dependence of photocurrent of Se90_xSb101nx (0 < x 
< 15) thin films 

The composition dependence of photocurrent with exposure time at the illumination 

intensity of 5000 lx is shown in Fig. 4.6. It can be seen from this figure that photocurrent 

increases with the Indium concentration. However, the photocurrent shows a minimum at 

Indium concentration of 5 atomic percent. In Fig. 4. 7 the y axis is restricted in-order to 

see the photocurrent variation with exposure time more clearly. Due to high magnitude of 

the photocurrent for Indium = 15 atomic percent, it is difficult to observe the variation of 

Se9o-xSb10Inx (0 :S x:::; 15) for (x = 0, 5 and 1 0) in Fig 4.6. It can be seen from figures 4.6 
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and 4. 7 that the photocurrent first reaches the maximum value then start decreasing and it 

becomes constant almost after 15 minutes of exposure. 

4. 7 Charged defect model 

The photoconductive phenomenon 1n amorphous chalcogenide glasses can 

generally be understood in terms of the charged defect model [ 1] or the valence­

alteration-pair model [70]. Considering these models for the amorphous chalcogenide 

glasses, the configuration coordinate diagram is shown in Fig. 4.8. 

It can be seen from Fig. 4.8 that there exists three energy wells, indicating different 

defect energy states. The first energy well represents that the energy minimum of the 

photo-excited state is located above the D0 (neutral dangling bond) state. The other 

energy wells are the defect state n- and the normal bonding state NB of the chalcogenide 

system respectively. 

The decrease in photocurrent with the exposure time at the room temperature can be 

related to the creation of D- and D+ centers, however, the existence of the D+ centers is 

not essential here because in the present case the photocurrent in Se9o-xSb10Inx (0 :::; x:::; 

15) thin films at room temperature decreases with the illumination of light and D+ comes 

into play only when photocurrent increases with the illumination of light. 

As shown in Fig. 4.8 the D- can be converted from D0 centers with thermal energy 

at room temperature. It may be noted here that the thermal energy at room temperature is 

sufficient to create the negatively charged dangling bonds and positively changed 

dangling bonds also known as defect states as D- and D+ respectively of a particular 

chalcogenide system. 

Now, D- centres can act as trapping or recombination centers for holes due to the 

Coulomb's forces of attraction and accordingly the decrease in the photocurrent 

observed. These photo-induced charged defects are meta-stable and can be recovered to 

the normal bonding structures with annealing near the glass transition temperature. 

60 



NB =Normal Bonding 

Configuration Coordinate q ___ ____,. 

Figure 4.8 Configuration coordinate diagram 

61 



4.8 Inter-cluster interaction model 

The decrease in the photocurrent during illumination of light can also be understood 

without the assumption of the bond breaking process upon illumination. The importance 

of the interaction between the lone-pair electrons of the chalcogenide atoms belonging to 

the different segmental and/or fragmental clusters has been explained by Ovshinsky [71] . 

It has been also reported that the lone pair electrons of the chalcogenide atoms 

interacting with each other through Van der Waals forces can induce the electrically 

neutral gap states. The quasi-stable states D0 and n- in the Fig. 4.8 can be replaced by the 

structures D1 and D2 respectively as shown in Fig. 4.8. 

In chalcogenide glasses, the lone-pair electrons form the top of the valence band and 

the width of the valence band is governed by the interaction of these lone-pairs. As 

shown in Fig. 4.9a there exist a normal bonding site, where the interaction between lone­

pair electrons of the chalcogen atoms is stronger, and consequently, the site can act as a 

hole trap. 

Now, when the chalcogenide glass is illuminated, the electron-hole pair is excited, the 

hole can diffuse and electron is left behind which is less mobile. The hole may be 

captured by a hole trap which in turns trapped deeper through modifying the inter-cluster 

interactions i.e. the lattice relaxation takes place. At room temperature, thermal energy 

can excite the trapped electron, leaving the atomic structure unchanged. 

The electron can diffuse and it can recombine with the trapped hole. In this case the 

atomic structure of a hole trap will partially be relaxed. As a result of which, the number 

of a hole trap increases (Fig. 4.9b ), which is responsible of the decrease in the 

photocurrent with the exposure time during the illumination. The configuration diagram 

is applicable in the both of the above given models presented in the sections 4.8 & 4.9 

respectively. The photodegradation which was observed in the Se9o-xSb 10Inx (0 ~ x ~ 15) 

thin films at room temperature can be reduced to material- dependence of the barrier 

height for energy well E2. 
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The quantity E2 reflects the glass transition of the materials. If we can modify the glass 

transition temperature by adding some impurities, the parameter E2 can be controlled and 

thereby reduce the photodegradation. The energy barrier E1 exists at the low temperature 

due to defect states. The value of energy barriers E1 and E2 can be calculated from the 

measured lifetimes of the photo-degraded states through assuming the thermally activated 

relaxation [ 65]. i.e. 

_l_ = Q exp -[k:~ J 
r(T) 

(4.2) 

Eb (=barrier height)= E1 or E2, r-(T) is the typical lifetime of the photo-degraded state 

as a function of temperature and can be calculated as the procedure given elsewhere [63], 

n is the vibrational frequency and in the present case is taken to be n = 1013 Hz and kB 

is Boltzmann constant. The values of E2 is calculated using the glass transition 

temperature in equation ( 4.2), The values of glass transitions temperature of Se9o-xSb10Inx 

(0 ~ x ~ 15) lies between 322-328K as reported earlier [21]. Using equation (4.2), the 

value of E1 and E2 are found to be in the range 0.99- 1.05 eV and, 1.068- 1.123 eV 

respectively, for different light intensities (500 lx to 5000 lx) for Se90Sb10 thin films. In 

case of Indium doped samples, the value of E1 and E2 lies between 1.01 - 1.04 eV and 

1.11- 1.139 eV respectively, for different light intensities (500 lx to 5000 lx). The above 

values of E1 and E2 are in close agreement with the values reported for other 

chalcogenide systems such as a-As2S3, a-As2Se3 and a- As2Te3 [65]. 

4.9 Influence of bias voltage on dark current and photocurrent of 
Se9o-xSbtolnx (0 < x < 15) thin films 

The current-voltage (/-VB) characteristics of Se90Sb10 and Se75Sb10In15 thin films 

samples at different bias voltages for dark current and current resulted for light 

illumination are shown in Figures 4.10 and 4.11, respectively. All the other samples show 

a similar trend. The straight lines passing through the origin confirm the Ohmic nature of 

the electrical contacts for the present samples. Differential conductance ( :~) is 

calculated from the slope of(/- VB) plots. 
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The value of differential conductance for all the thin film samples calculated at room 

temperature and at 1000 lx is listed in Table 4.2. It can be seen from this table that the 

value of differential conductance is higher in case of illuminated samples than the 

samples studied under dark. The higher value of differential conductance in case of light 

illuminated samples is expected due to the decrease in resistivity of thin film samples 

upon illumination. Similar results were reported for the Sb2Se3 chalcogenide system [65]. 

The value of differential conductance is found to be minimum for the samples having 

Indium content equal to 5 % as seen from Table 4.2. 

4.10 Compositional dependence of dark conductivity, 
photoconductivity and photosensitivity 

The composition dependence of the dark and photoconductivity measured at room 

temperature is shown in Fig. 4.12. It can clearly be seen from this figure that both dark 

conductivity and photoconductivity shows a minimum at 5 at.% of Indium composition. 

Both the dark conductivity and the photoconductivity initially decreases with addition of 

Indium up-to Sat.%, thereafter, these parameters start increasing with increase in Indium 

concentration (up-to15 at.%). The photosensitivity is accounted for the use of particular 

material in the photoconductive devices and it is calculated by dividing the photo current 

by dark current (!ph I !d). The photosensitivity variation of the Se9o-xSb10lnx (0 ~ x ~ 15) 

with composition and at room temperature is shown in Fig 4.13. It can be seen from this 

figure that photosensitivity also show a minimum at In = 5 at%, The similar variation in 

the dark conductivity, photoconductivity and photosensitivity was observed in other 

chalcogenide systems. 

A minimum in the photosensitivity of other chalcogenide systems at In = 4 at.% was 

observed which has been discussed on the basis of chemically ordered network model 

(CONM) [1]. Our results of dark conductivity, photoconductivity and photosensitivity 

can also be discussed on the basis of CONM. According the CONM, the formation of 

hetropolar bonds is favoured over the formation of homopolar bonds and the glassy 

structure is assumed to be composed of cross-linked--structural units of the stable 

chemical compounds (hetropolar bonds) of the system and excess, if any, of the elements 
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Sample Differential Conductance Differential Conductance 
(Dark) nS (Illumination) nS 

x=O 1.20 3.00 

x=5 0.02 0.80 

x= 10 1.50 7.72 

x= 15 4.71 5.71 

Table 4.2 Differential conductance of Se9o-xSb101nx (0 ~ x ~ 15) thin films at room 
temperature at 1000 lx 
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(homopolar bonds). Due to chemical ordering features, such as, change in slope or a kink 

occur for the various properties and parameters at the stoichiometric compositions at 

which the glass structure is made up of cross-linked structural units consisting of 

hetropolar bonds only. The tie line compositions, where the features have chemical 

origin, are also referred to as the chemical threshold of the system [72-73]. 

The compositional dependence of the photosensitivity can also be explained in terms 

of Topological models and the average coordination number <z> of Se-Sb-In. The 

average coordination number <z> in the present case is calculated by using the standard 

method [75] defined by: 

< z > = s-[6a+5b+3c] 
100 

(4.3) 

where 6, 5 and 3 are the valence electrons for Se, Sb and In respectively, and a, band c 

are their respective concentrations in the glass composition. It was reported that at <z> = 

2.4, the glass network changes from an elastically floppy (polymeric glasses) type to a 

rigid type (amorphous solid) [70]. 

The topological model when extended to medium range structures for other 

chalcogenide systems, a discontinuity in the physical parameters at <z> = 2.67 was 

reported in the literature [70], according to which, the features present at <z> = 2.67 were 

attributed to a change from two dimensional layered type structure to three dimensional 

network arrangement due to cross linking. In the present case a discontinuity at an 

average coordination number of <z> = 2.25, which is similar to the topological models 

based on the constraints theory described above. 

A minimum in optical band gap and the activation energy at <z> = 2.25 (In= 5 atomic 

percentage) (also shown in Fig. 4.13) was already reported elsewhere [43] and also the 

minimum in the peak crystallization temperature at In = 5 atomic percentage suggests 

some kind of structural changes taking place in the Se-Sb-In system [21]. 
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Chapter 5 

5 Summary and Conclusions 

This chapter includes the summary and conclusions drawn from the present study. The 

scope of the future work has also been presented in this chapter. 

• Bulk samples of Se9o-xSb101nx (0 :$; x::; 15) system were prepared by conventional 

melt quenching technique and the thin films were prepared by electron beam 

evaporation. Following conclusions are drawn from the present study. 

• The samples (bulk as well as thin films) were amorphous in nature as revealed 

from the absence of sharp peaks in X-ray diffraction spectrum. 

• The steady state and transient photoconductivity measurements have been carried 

out in the Se9o-xSb10Inx (0 ~ x ~ 15) thin films. From the steady state measurement 

it has been found that there exist continuous distributions of localized states in the 

mobility gap of Se9o-xSbwlnx (0 :$; x :$; 15) chalcogenide system. 

• The phenomenon so-called photodegradation in the photocurrent has been 

observed with the illumination during the transient photoconductivity 

measurements of Se9o-xSbwlnx (0 :$; x ~ 15) thin films, i.e., the photocurrent 

decreases upon illumination with exposure time. The photocurrent attains nearly a 

constant value after approximately 15 minutes of exposure to light. 

• The transient photoconductivity measure indicates that the magnitude 

photocurrent is maximum for the samples containing highest value of Indium 

concentration (In = 15 atomic percentage). The minimum photocurrent is 

observed for the samples having 5 atomic percentage of Indium in Se-Sb-In thin 
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films. From the above observation, it is recommended to use Se7sSb10In1s 

particular composition for the application in the photoconductors devices because 

of its high magnitude of photocurrent. 

• Different models have been used to explain the decrease in photocurrent upon 

light illumination. The potential energy barrier heights (E1 and E2) are calculated 

using the differential life-time ( T) and the glass transition temperature. 

• The dark current and the photocurrent increase with increasing bias voltage. The 

differential conductance calculated from the slope of current versus voltage plots, 

show a minimum at 5 atomic percentage of indium concentration. 

• Dark conductivity, photoconductivity and photosensitivity studies show a 

minimum at 5 atomic percentage of Indium concentration. Chemically Ordered 

Network (CONM) model and Topological model were used to explain the 

minimum in the photosensitivity. The decrease in the photosensitivity at In = 

5at.% is also consistent with the previous results [ 43] which show a minimum in 

the optical band gap and DC activation energy, therefore, indicating the changes 

in the structure and network of Se9o-xSb10Inx (0 ~ x ~ 15) semiconducting system 

at In = 5 atomic percentage concentration. 

5.1 Scope of future work 

Although a great deal of information has been gathered from the present 

investigations, additional studies must be undertaken in order to have a better knowledge 

of the chalcogenide systems. Some of the studies, which can be carried out, are given 

below: 

• The role of substrate temperature in light-induced changes in optical and electrical 

properties of thin films of sample should be investigated. The photo-darkening 

studies should be carried in order to investigate the photodegradation in the 

photocurrent. 

• Raman spectroscopy and Fourier transform infrared (FTIR) Spectroscopy studies 

should be employed in order to have knowledge about the irradiation induced 

structural changes in the thin films of all samples. 
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• We also intended to use the Se75Sb10ln1s material (cost effective) in the thermal 

imaging applications. Normally the expensive Ge-alloy lens is being used in the 

thermal imaging cameras. We plan to fabricate the Se75Sb10In15 lens to be 

replaced with the Ge-alloy lens and to compare and analyze the results. The 

research on using the chalcogenide-based lens in thermal imaging cameras is still 

ongoing and there are many challenges to be addressed in-order to attain the 

desired results of thermal imaging [75]. 

• Photoluminescence studies should also be performed on the irradiated and un­

irradiated samples. 

• The a. c. conductivity of all the samples should be performed to have an idea about 

the defects present in the system both for illuminated and virgin chalcogenide 

systems. 
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