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INTRODUCTION 
 



Introduction 
Amorphous or non-crystalline solids are materials possessing randomness to 

some degree where short-range order of atoms, prevails the long-range one. This 

randomness can occur in several forms, of which structural, spin, substitutional 

or vibrational disorders are the most   important (1).  

Amorphous materials could be easily prepared by rapid quenching from the 

molten state, resulting in frozen structural disorder termed as bulk glasses. Most 

amorphous glasses are wide gap semiconductors, in which the energy gap 

between valence and conduction band is greater than 1 eV. Semiconductor 

glasses containing group VI elements (S, Se and Te) are termed as   

chalcogenide semiconductors and their physical properties are strongly 

dependent on their composition (2, 3). 

Specifically, the interest towards some of these chalcogenide 

semiconductors is devoted to the binary GeSe3, Sb2Se3 and ZnSe compositions, 

owing to their high ability to be physically accommodated by adjusting the 

conditions of preparation in both bulk and thin film forms, e.g. the binary 

composition ZnSe, which belongs to II-VI semiconductors with band gap of 

about 2.82 eV, finds many applications in direct optical transition devices like 

blue-green semiconductor lasers when prepared in layered structure by the 

Molecular Beam Epitaxy (MBE), on the other hand, it can be prepared in a high 

degree of amorphicity by thermal evaporation onto glass substrates, which finds 

other applications in various fields such as the irradiation one.     

Structurally, the formation of these binaries in the bulk form is strongly 

dependent on the glass-forming region obtained by the phase diagram, where 

molar percentage of the constituent atoms forming the composition is of 

importance in determining the composition structural phase to be either 

crystalline, amorphous or a combination of the two phases. For the three 

binaries, the chalcogen atom (Se) is in two-fold coordination where only two of 

the 3p states are utilized for bonding whereas, Ge atom is in four-fold 
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coordination hybridized sp3
 orbital state where the four unpaired electrons are 

utilized for bonding and finally, Sb and Zn atoms have three- and two-fold 

coordination, respectively. The structural phase of GeSe3 lies within the glass-

forming region according to the Gibbs triangle of the three binaries (4), whereas 

both Sb2Se3 and ZnSe lie outside the boundary of that region, indicating their 

high tendency to be formed in partial or complete crystalline phase.     

The ability of the studied binaries to form bulk amorphous compositions by 

mixing the two binaries GeSe3, Sb2Se3 to obtain the pseudo binary composition 

(GeSe3)80(Sb2Se3)20, is of interest as a glass composition, owing to its large 

glass-forming region (5) where the homogenous amorphous phase covers regions 

from 0 to 70 mol% Sb2Se3. On the other hand, ZnSe is highly pure crystalline 

composition and has a solubility in glasses up to 25 mol% (4, 5), and hence the 

partial incorporation of ZnSe at the expense of both GeSe3, Sb2Se3 in the pseudo 

binary composition (GeSe3)80(Sb2Se3)20 to form the pseudo ternary composition 

(GeSe3)70(Sb2Se3)10(ZnSe)20, gives a high potential for the resulting composition 

to be studied as an amorphous one.  

The present work focuses on ZnSe composition as a possible modifier to 

some physical properties of glasses such as optical, electrical and response 

towards γ-radiation when partially incorporated with both GeSe3 and Sb2Se3 to 

form (GeSe3)70(Sb2Se3)10(ZnSe)20 composition. This modification by ZnSe 

incorporation comes from its role in lowering the average bond energy per atom 

(cohesive energy) existing in the matrix, and thereby weakening the bond 

strength of the resulting chalogenide glasses as compared with the ZnSe-free 

chalcogenides under investigation.  

The direct effect resulting from weakening bond energy by incorporation is 

manifested in lowering optical energy gap Eg of the composition and also 

manifested in increasing sensitivity towards γ-irradiation. Therefore, in order to 

study the effect of ZnSe incorporation with such glasses, thin films from the 

three binary compositions GeSe3, Sb2Se3, ZnSe and their combinations 
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(GeSe3)80(Sb2Se3)20 and (GeSe3)70(Sb2Se3)10(ZnSe)20 have to be prepared by one 

of the techniques: thermal evaporation, sputtering, electron beam evaporation or 

glow discharge.  

Thin films from the previously mentioned compositions are obtained by 

thermal evaporation onto glass substrates at thickness of 500 nm. An intensive 

investigation of their structural, optical, electrical and γ-irradiation response 

reveals the possibility of obtaining as-deposited films of high degree of 

amorphicity with different values of their physical parameters. Besides, the 

response of their optical parameters towards high γ-irradiation doses up to     

690 kGy, has come out of highly radiation-resistant as-deposited films like 

GeSe3, Sb2Se3 and (GeSe3)80(Sb2Se3)20 while, optical parameters of both 

irradiated ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films exhibit a phenomenon 

known as photo-darkening effect, in which their optical energy gap shows a 

decrease in its value with increasing the irradiation dose, and this makes them 

potentially used as radiation dosimeters.     

 

 III



CHAPTER I 

THEORETICAL BACKGROUND 
 



1. Amorphous Materials  
Solids can be found in either crystalline or non-crystalline (amorphous) 

state. Crystalline materials are characterized by a long-range order and periodic 

structure, while amorphous materials exhibit a short-range order over a few 

atomic distances. Amorphous materials are metastable, and transition from 

amorphous state to an equilibrium crystalline state entails a considerable release 

of energy. However, if the height of the energy barrier that has to be overcome 

to convert amorphous substance into a crystal is high enough compared with that 

of the thermal motion of the constituent atoms, the amorphous state can be 

completely stable (6).  

In crystalline solids the wavefunction of each electron is of the Bloch type. 

In non-crystalline solids the wavefunctions do not necessarily have this form. 

Nevertheless, solutions of the Schrödinger equation must exist, and therefore the 

first concept that can be carried over from the theory of crystals to the theory of 

non-crystalline solids is the density of states N(E), defined so that N(E) dE is the 

number of electron energy states per unit volume in an infinitesimal energy 

range between E and E+dE. Moreover, the disorder in non-crystalline solids can 

be introduced as a perturbation on the crystalline density of states. The 

scattering of the electron by the potential of each atom in amorphous solids can 

be represented by the uncertainty Δk in wave vector k of the electron, and as the 

scattering by each atom is strong, i.e. Δk ≈ k, the mean free path of the electron 

is of the order 1/k. If the interaction becomes yet stronger, a new phenomenon 

occurs which is absent in crystalline materials, namely that for a given energy E, 

all the wavefunctions are localized. This means that each wavefunction is 

confined to a small region of space, and one can have a finite and continuous 

density of states N(E) in which all the states are localized and the band edges are 

no longer sharp. The energy states, in this case extend beyond the original band 

extrema into the energy gap, forming band tails (2). 
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1.1 Structural Characteristics of Amorphous Materials 

Amorphous solids are structurally characterized by the absence of the three-

dimensional periodicity, which characterizes solid crystals. So, amorphous 

solids can be modeled by a random network of atoms with nearly perfect short-

range order. The binding forces between atoms in amorphous solids are very 

similar to those in the crystalline solids. In this sense amorphous solids can be 

classified according to the type of chemical bonding, which is responsible for 

the cohesive energy of the material. These forces are the ionic, covalent, 

metallic, van der Waals, and hydrogen bond. Non-metallic amorphous materials 

(excluding ionic solids) having predominantly covalent directed bonds could be 

described in terms of a Continuous Random Network (CRN) model. 

The most common model for non-metallic amorphous materials (covalent 

amorphous materials) describing their structure is the CRN model, which treats 

the structure of the covalent amorphous materials as a giant macromolecule in 

which all atoms are perfectly connected with all the atoms retaining their normal 

valence (7). Therefore, the CRN can be considered to be an idealized structure 

of covalent amorphous materials in the same sense that a single crystal is for 

the crystalline state.   

However, the term random network is somewhat of misnomer in that, such 

networks are not truly random in statistical sense, but have a considerable 

degree of local order conferred upon them by the presence of directed     

bonding (1). Thus, covalent amorphous materials have a well-defined bond 

length, bond angles and nearest neighbour coordination.   

 

1.1.1 Radial Distribution Function (RDF) 

Knowledge of the structural arrangement of atoms of a solid substance is an 

essential prerequisite to a detailed understanding of other physical or chemical 

properties; this is true for amorphous solids as for crystalline one. The 

operational definition of the structure of an amorphous solid is merely non-

periodic. However, in many cases, the structure of many amorphous solids is in 
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fact non-random, at least on a certain length scales. Usually there may be a 

considerable degree of local ordering despite the overall lack of periodicity.  

The most widely used function in the field of structure determination of 

amorphous materials is, the Radial Distribution Function (RDF). This function 

is important in the sense that, it can be obtained directly from diffraction 

experiments; either by X-ray or neutron. The RDF termed as J(r), is defined as 

the number of atoms per unit length lying in a spherical shell at a distance 

between r and r+dr from the centre of an arbitrary origin atom. This can be 

written as 

)(4)( 2 rrrJ ρπ=     (1-1) 

where ρ(r) is a density function, which can be expressed as an atomic pair 

correlation function, being equal to zero at values of r less than the average 

nearest-neighbour interatomic separation, r1 (where there can be no atom-atom 

correlations), and equal to the average value of density ρo at very large values of 

r where the material becomes homogeneous, as can be seen in Fig. (1-1).  

The importance of the RDF lies principally in the fact that, the area under a 

given peak gives the effective coordination number of that particular shell of 

atoms. In addition, the position of the first peak in RDF gives a value for the 

nearest-neighbour bond length rl and similarly the position of the second peak 

gives the next nearest-neighbour distance r2, as depicted in Fig. (1-2).  

A knowledge of both bond length rl and r2 yields to the value of the bond 

angle θ, given by 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −

1

21

2
sin2

r
rθ     (1-2) 

Note that the width of the second peak is generally wider than the first for 

covalent amorphous materials; this is a reflection of the presence of a static 

variation in the bond angles in addition to the thermal disorder, which resulting 

from the thermal fluctuations in the bonds. In crystals, on the other hand, there is 
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no static bond angle distortion in general, and so the width of the one 

dimensional peak representation of a three-dimensional structure, is spatially 

averaged and is strictly valid only if the material is isotropic. 

 

Fig. (1-1): Schematic illustration showing the relationship between short-

range structural parameters. 

 

 

Fig. (1-2): Schematic illustration of the structural origin of the centre features 

in the density function ρ(r) for an amorphous solid (1).   
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Diffraction is considered as one of the main features of all waves; where 

they can be diffracted on meeting an obstacle and this is true for electrons and 

neutrons as well. X-rays are scattered by electrons present in the atoms of the 

sample, and for an atom containing several electrons, the atomic scattering 

factor is simply the sum of amplitudes of the scattered waves. The coherent 

scattered intensity Icoh(Q), in electron units, for an isotropic sample such as 

gaseous, non-crystalline or polycrystalline materials, at a certain diffraction 

angle θ, can be calculated using Debye's equation (8)    

∑∑=
N

i

N

j ij

ij
jicoh Qr

Qr
QfQfQI

sin
)()()(    (1-3) 

and 

λ
θπ sin4

=Q       (1-4) 

where N is the total number of atoms in the sample fi and fj are the respective 

atomic scattering factors of the ith and jth atoms, rij is the magnitude of the vector 

separating these two atoms, Q is the magnitude of the scattering vector, θ  is 

Bragg's diffraction angle and λ is the X-ray wavelength, and the double 

summation is taken over all pairs of atoms in the atomic matrix. 

In performing the summation of eqn (1-3), each atom in terms becomes the 

reference atom; and consequently, there are N terms due to the interaction of 

each atom with itself. The value of each of these terms is unity, where the limit 

of (sin Qrij )/ Qrij tends to unity as rij tends to zero.  

By separating the terms in double summation for which i and j refer to the 

same atom, eqn (1-3) becomes 

ji
Qr

Qr
QfQffQI

N

i

N

j ij

ij
ji

N

i
icoh ≠+= ∑∑∑ ,

sin
)()()( 2        (1-5) 

The first term on the right hand side of eqn (1-5) is known as the self scattering. 

Now, introducing the density function ρi (rij) (for the origin atom i) gives 
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where the summation over j has been replaced by the integral over the sample 

volume V. The density function averaged over all atoms j in the sample can be 

written as ρ(r) = 〈ρi (rij)〉, then adding and subtracting a term of ρo (average 

density) yields 

[ ] ∑ ∫∑ ∫∑ +−+=
N

i
oi

N

i
oi

N

i
icoh dr

Qr
QrrQfdr

Qr
QrrrQfQfQI sin4)(sin)(4)()()( 22222 ρπρρπ

 (1-7)                        

Amorphous materials possess no long-range order, and an equivalent way of 

expressing this is to note that the density function ρ(r) tend to ρo at large r. 

Thus, the quantity ρ(r)-ρo tends to zero for distances greater than a few primary 

atom separations, and hence the integral in the second term of eqn (1-7) is 

dominated by scattering from close scattering centers. While, the third term in 

eqn (1-7) represents small-angle scattering due to the finite sample size, which is 

generally limited to scattering vectors Q ≤ 2π/R, where R is the specimen size. 

For R of the order of millimeters and λ of a few Angstroms, the primary beam 

completely obscures due to scattering at such extremely small angles, and 

therefore is not recorded in the diffraction experiment. These considerations 

transform eqn (1-7) into 

[ ]∫
∞

−+=
0

222 sin)(4)()()( dr
Qr

QrrrQNfQNfQI ocoh ρρπ    (1-8) 

where the upper limit to the integration is valid since the size of the sample is 

much greater than atomic dimensions. In order to simplify eqn (1-8), two new 

functions can be defined, namely, the reduced scattering intensity F(Q), defined 

as 

⎥
⎦

⎤
⎢
⎣
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f

fNQIQQF coh         (1-9) 
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and the reduced radial distribution function G(r), defined as 

( )[ ]orrrG ρρπ −= 4)(           (1-10) 

Both functions are termed reduced because they oscillate about zero instead of 

being an increasing or decreasing function of Q or r. Thus eqn (1-9) can be 

written in the form 

∫
∞

=
0

sin)()( QrdrrGQF     (1-11) 

This equation is important since it links a quantity which is directly obtainable 

from experiment, namely F(Q) with a function describing the real-space 

structure of the amorphous solid, i.e. G(r). The form of eqn (1-11) is suggestive 

of a Fourier transform, and thus the equation can be inverted 

∫
∞

=
0

)sin()(2)( dQQrQFrG
π

   (1-12) 

From the two eqns (1-10) and (1-12) 

( )[ ] ∫
∞

=−
0

)sin()(24 dQQrQFrr o π
ρρπ   (1-13) 

then multiply both sides of eqn (1-13) by r yields   

( )[ ] ∫
∞

=−
0

2 )sin()(24 dQQrQFrrr o π
ρρπ    (1-14) 

and 

( ) ∫
∞

=−
0

22 )sin()(244 dQQrQFrrrr o π
ρπρπ       (1-15) 

Finally, from the two eqns (1-1) and (1-15), the radial distribution function J(r) 

is defined as 

∫
∞

+==
0

22 )sin()(24)(4)( dQQrQFrrrrrJ o π
ρπρπ   (1-16) 
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For illustration, various real-space distribution functions and their reciprocal-

space analogues are shown for a monatomic amorphous solid in Fig. (1-3). 

 
Fig. (1-3): Various structural correlation function in real and reciprocal space 

for a monatomic amorphous solid film: (a) RDF [J(r)], (b) 

Reduced RDF [G(r)], (c) Reduced scattering intensity [F(Q)] and 

(d) Scattering intensity [I(Q)] (1). 

 

1.1.2 Bond Description of Covalent Amorphous Materials 

The absence of long-range order in amorphous materials does not have a 

major effect on the energy distribution of the electronic level. Ioffe (9) was the 

first who pointed out that the basic electronic properties of a solid are 

determined by the character of the bonds between nearest neighbours rather than 

by long-range order. 

Most amorphous materials that are prepared from the melt are insulators 

or wide gap semiconductors, in which the mobility gap is greater than about 
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1eV and the stability of such glasses, can frequently be understood from 

structural considerations. Chemical bond description of covalent Amorphous 

Semiconductors (ASC's) has introduced two classes of ASC's namely, the 

tetrahedral semiconductors containing elements of four-fold coordination and 

semiconductors containing group VI elements in two-fold coordination known 

as chalcogenide glasses.  

Germanium in four-fold coordination has hybridized sp3
 orbital and its states 

as a solid are considered to be broadened by superposition of these orbital states. 

These states split into bonding σ and anti-bonding σ* states as shown in         

Fig. (1-4a) and form in tetrahedral semiconductors the valence band V.B. and 

conduction band C.B., respectively. In Se, only two of the 3P states are utilized 

for bonding when the chalcogen is in two-fold coordination, and this leaves one 

non-bonding electron pair known as lone pair LP electrons, where they form a 

band near the original P band. The σ and σ* states split symmetrically with 

respect to this reference energy as shown in Fig. (1-4b). The bonding band is no 

longer the valence band; the LP band instead, plays this role. In tetrahedral 

materials, localized states are produced in the gap, due to the formation of 

dangling bonds [section (1.4)]. In the chalcogenide materials the LP bands lie in 

the energy region between σ and σ* bonds. Most covalent semiconductors 

contain group VI elements as a major constituent, and thus are termed as LP 

semiconductors.  

 
1.2 Band Models of Amorphous Semiconductors 

Experimental evidence shows that ASC's are transparent in the infrared (IR) 

region and exhibit a thermally activated electrical conductivity. This allows 

suggesting that, band theory is much more convenient in describing the 

properties of ASC's.  

Mott (10) suggested that there is a particular density of electronic states N(E) 

above which the states are extended. This leads to the existence of critical 
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energies in the V.B. and C.B. where there is a sharp jump in mobility μ(E) from 

negligible values to finite ones. These critical energies are called mobility edges 

and the energy difference between the mobility edges Ev and Ec of the V.B. and 

C.B., respectively is called the energy gap.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1-4): Bond-orbital picture of normal bonding in (a) Ge and (b) Se 

atoms. 
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Moreover, the compositional disorder of ASC’s which causes fluctuations of 

the potential energy, gives rise to localized states extending from the mobility 

edges into the gap, in other words there is tailing of the band edges into the gap. 

Band tails were first studied by Lifshitz (11, 12)
 and Fröhlich (13) and others, 

primarily with regard to impurity-induced disorder in crystalline solids with a 

Gaussian approximation for the perturbing potential, the density of states deep 

in the band tails is 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −
= −

2

2
2/3

2
exp)(

U
EEEN    (1-17) 

Where 2U  is the mean square perturbation. Such localized states are not 

associated with definite imperfections but they are a result of the randomness of 

the potential energy. The V.B. tail states (localized states) are assumed to be 

neutral when occupied unlike the C.B. tail states which are neutral when empty. 

The Fermi level EF, separating occupied from non-occupied states at 

temperature T=0 K, is placed somewhere near the gap centre. The following 

models are suggested for describing the behaviour of ASC's:  

(i) Mott-Cohen-Fritzch-Ovshinsky model 

In 1969 Cohen, Fritzsche and Ovshinsky (14) (CFO) extended Mott’s model 

and assumed, in the case of extreme disorder that, the valence and 

conduction band tails can overlap in the gap as shown in Fig. (1-5a). In the 

overlapping region the localized states would be charged, leading to centres 

with unpaired spins. Also, there are sharp mobility edges separating 

localized states and extended states in each band. 

(ii) Mott-Davis model 

In 1970 Mott and Davis (15) proposed a model shown in Fig. (1-5b). This 

model suggests that a stronger distinction between localized states may 

occur owing to the lack of the long-range order, and defects in the structure. 

 11



The first kind of localized states extended only to the value EA and EB in the 

mobility gap. The defect states form longer tails but of insufficient density to 

pin the Fermi level. They proposed a band of compensation near the gap 

centre in order to account for pinning the Fermi level. In 1972 Mott (16) 

suggested that if the states of the compensation band arise from defect 

centres such as dangling bonds then they could act as deep donors Ey and 

acceptor Ex. This means that the compensation band is split into two bands 

Ex and Ey, as shown in Fig. (1-5c). The Fermi level lies between Ex and Ey if 

they do not overlap, or it can be pinned within them if they do. 

(iii)Marshall-Owen model 

In the model of Marshall-Owen (17) shown in Fig. (1-5d), the position of the 

Fermi level is determined by bands of donors and acceptors in the upper and 

lower halves of the mobility gap. The concentration of donors and acceptors 

adjust themselves by self-compensation to be nearly equal, so that the EF 

remains near the gap centre. At low temperatures it moves to one of the 

impurity bands because self-compensation is not likely to be complete. 

 

1.3 Dangling Bond Defect in Amorphous Semiconductors 

The importance of defects lies in the fact that many properties of ASC's can 

be defect controlled, as the case of crystalline solids. Some of these properties 

are magnetic properties, opto-electronic behaviour, vibrational properties, and 

mechanical characteristics. For certain materials, e.g. the chalcogenide glasses, 

the ideal amorphous state is impossible to be achieved experimentally since the 

structural defects are present even in thermal equilibrium in the melt and 

consequently frozen-in by vetrification. 

The most straightforward form of point defect is the dangling bond, which is 

simply a broken or unsatisfied bond, containing one electron and it is electrically 

neutral. The dangling bond can only be formed in covalent solid and it has no 

meaning in a solid formed from non-directional bond. Dangling bonds are 
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expected to introduce electron states deep in the gap, which is empty in the ideal 

case except for band tailing. The precise position of the energy states, however, 

will depend on factors such as the electronic character of the states at the top of 

the valence band, and at the bottom of the conduction band from which the 

eigenfunctions of the defect states derived. 

 
 

 

Fig. (1-5): Various forms proposed for the density of states in amorphous 

semiconductor: (a) CFO model for the density of states N(E) 

showing the overlapping of valence and conduction band tails. (b) 

Density of states N(E) proposed by Mott and Davis. (c) Mott and 

Davis model with compensation bands Ex and Ey. (d) Density of 

states N(E) proposed by Marshall and Owen (1). 
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The density of states in the gap for an amorphous semiconductor containing 

isolated dangling bond defects might be as shown in Fig. (1-6). The dangling 

bond level is broadened by disorder into a band of which, the lower band 

corresponds to the neutral dangling bond containing a single electron and is 

donor-like i.e. neutral when occupied, while the upper band corresponds to a 

different charge state of the same defect, namely when an extra electron is 

placed in it, and is acceptor-like i.e. neutral when empty under normal 

circumstances. The net energy cost for this addition is positive and it costs an 

extra energy known as Hubbard energy U, given as U=<e2/4πεoε1r12>, where e 

is the electronic charge, ε1 is the material dielectric constant, εo is the 

permittivity of space and finally r12 represents the appropriate separation for 

two electrons at the same site, and a configurational average is taken in 

evaluating U.  
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Extended States 
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States 

 
U

Localized 
States 
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         Extended States 
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Fig. (1-6): Density of states of an amorphous semiconductor indicating the 

localized band tail states and dangling bond defect states near mid 

gap (1). 
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The charged dangling bond model introduced by Street and Mott (18), Mott 

et al. (19) and later by Kastner et al. (20) are originally applied to the case of 

chalcogenide glasses. The essential feature of the charged dangling bond may 

be understood by considering a monatomic system of amorphous Se. 

Amorphous Se is two-fold coordinated and it consists mainly of chains, and 

any chain end is the site of a dangling bond orbital, which in the simplest case 

contains an unpaired electron and can be electrically neutral relative to the bulk. 

Mott et al. (19) referred to this dangling bond defect as Do, where the superscript 

indicates the charge state. They postulated following Anderson (21) that electrons 

residing at Do centres should experience a negative effective energy, Ueff, and 

electron pairing should be energetically favorable as a result of atomic 

arrangements. The transfer of an electron from one Do center to another 

produces one site which has the original dangling bond orbital containing two 

spin-paired electrons and is consequently negatively charged defect D-, and the 

other which has an empty orbital, is then free to form a bond with the lone pair 

of a fully connected neighbouring atom, the defect now becomes three-fold 

coordinated and positively charged D+. The repulsive Hubbard energy U, 

involved in placing an extra electron in the same site to form D- centre is 

postulated to be outweighed by the energy gained in forming the extra bond at 

the D+ site, yielding the reaction 

2Do→D+ + D- 

as illustrated in Fig. (1-7). 

The appropriate cofigurational coordinate Q, in this case may be taken to be 

the sum of the distances between two Do centres and their respective nearest 

neighbour, but non-directly bonded atoms. Transfer of an electron between Do 

centres without change in configuration costs the Hubbard energy, U, but the 

lowest energy state for the two resulting oppositely charged centres lies at a 

different configurational coordinate because of the atomic bonding that takes 

place at the D+ centre, the energy for this configuration is lower by Ueff than that 
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for the two Do centres. Kastner et al. (20) considered the same process of spin 

pairing at defects in amorphous chalcognides referring to it as valence alteration, 

and introduced the notation C3
+ for D+ and C1

- for D- where C stands for a 

chalcogenide atom and the subscript and superscript refer to the coordination 

and charge state of a defect site, respectively.      

 
 
 
               
 
 

Fig. (1-7): Configuration-coordination diagram for the formation of D+-D- pair.   

E 
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1.4 Optical Properties of Amorphous Semiconductors 

The linear response of solids to electromagnetic waves of angular frequency 

ω is given by the complex dielectric function ξ(ω)=ξ1(ω)+ξ2(ω). In the absence 

of periodicity the optical properties of ASC's are almost entirely determined by 

the imaginary part ξ2 of the complex optical dielectric constant ξ, which is given 

by the formula (22) 
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where iMf  is the matrix element for the optical transition between the initial 

state Ei and final state Ef, e is the electronic charge, m is the electron mass, V is 

the sample volume and ω is the angular frequency of the incident radiation. The 

following relation relates the optical absorption coefficient α(ω) to ξ2(ω) by 

ω
ωαωξ )()(2

nc
=                                           (1-19) 

where n is the refractive index and c is the speed of light. The absorption 

coefficient α(ω) could be written as 

( ) ∫ −−=
ω

ν ω
ω

πωα
h

h
h

0

2
2

224

)()()(8 dEENENEM
ncm

ae
c             (1-20) 

where M(E) is the effective matrix element for the optical transition. 

The absorption in many amorphous materials is observed to obey the 

following relation above the exponential tail 

          ( )
ω

ω
ωα

h

h 2)( gEB −
=                          (1-21) 

where B is a constant and Eg is the optical energy gap. The quadratic relation 

between ωh and ωαh given above is derived by Davis and Mott (15), where Eg 

could be determined. 

 

1.4.1 Absorption Edge 

Electronic transitions between the valence band and the conduction band in 

the crystal start at the absorption edge which corresponds to the minimum 

energy difference Eg between the lowest energy of the conduction band Ec and 

the highest energy of the valence band Ev as shown in Fig. (1-8). If these 

extrema lie at the same point of the momentum space represented by the          

K-vector of the electron, transitions are called direct transitions. If this is not the 

case, transitions are possible only when phonon-assisted and are called indirect 

transitions. The rule governing these transitions is the conservation of quasi-
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momentum during the transitions, either of the electron alone in direct 

transitions or the sum of the electron and phonon quasi-momenta in the indirect 

transitions.  

When the semiconductor becomes amorphous, one observes a shift of the 

absorption edge either towards lower or higher energy. No simple general rule 

governing these changes is suggested (2). The spectral dependence of the 

absorption coefficient in direct transitions is given by the formula 
r

gEBn )( −= ωωα hh                                       (1-22) 

where n is the refractive index and r is a constant depending on the type of 

transition. For direct transitions r, takes either the value of 1/2 or 3/2 depending 

on whether the transition is allowed or forbidden in the quantum mechanical 

sense. For indirect transitions the spectral dependence of α is given by the 

formula              

                

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
−

−−
−

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+−
=

kT
h
hE

kT
h

hE
n

ph

r
phg

ph

r
phg

ν
νω

ν
νω

ωα
exp1

)(

1exp

)( hh
h                     (1-23) 

where hνph is the phonon energy.  The two terms here represent contributions 

from transitions involving phonon absorption and phonon emission respectively. 

For allowed transitions r=2 and for forbidden transitions r=3. 

  
Fig. (1-8): Optical inter-band transitions in (a) direct and (b) indirect band 

gap semiconductor. 
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1.4.2 Absorption Curve 

In many amorphous semiconductors the absorption curve has the shape 

shown in Fig. (1-9), where three different regions can be identified. 

 
Fig. (1-9): Parts A, B and C of the absorption curve. 

 

(i) High absorption region (A) 

At high absorption level the absorption coefficient α ≥104 cm-1 and it has the 

following frequency dependence 

( )
ω

ω
ωα

h

h 2)( gEB −
=                                     (1-24) 

The absorption in this region corresponds to transitions between extended 

states in valence and conduction band. By this equation, a plot of 

ωh vs. gives a straight line and the Eg value is obtained by 

extrapolating the square law dependence of 

2/1)( ωαh

)(ωα to zero. 
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(ii) The exponential region (B) 

In this region the absorption coefficient lies in the range 1cm-1<α <104 cm-1, 

and it is described by the formula 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∝

eE
ωωα hexp)(                                       (1-25) 

where Ee represents the band tail width, and the absorption in this region is 

due to transitions between extended states and localized states in the band 

tail (23).  

(iii)Weak absorption region (C) 

In this region the absorption coefficient α <1 cm-1 and absorption in this 

region is due to transitions between extended states and localized states near 

Fermi level. Also, the shape of the absorption curve in this region is 

sensitively dependent on the preparation process, purity and thermal   

history (24). Sensitive techniques, like photothermal deflection spectroscopy, 

are used to investigate the optical absorption in this region.  

 

1.4.3 Optical Constants 

Optical properties of semiconductors are determined by optical constants 

such as refractive index n, extinction coefficient κ, and complex dielectric 

constant ξ = ξ1+iξ2 where ξ1 = n2-κ2 and ξ2 = 2nκ. Controlling the refractive 

index of a semiconductor is important in the design of many optical wave-

guides, integrated-optics, injection laser diodes and production of optical multi-

layer interference filters. Also determination of the real and imaginary parts n 

and κ of the complex refractive index ñ = n+iκ as a function of wavelength and 

thickness is necessary in order to make effective use of these materials for opto-

electronic devices. 

The fundamental electronic excitation spectrum of a substance is generally 

described in terms of its frequency dependent part of the complex electronic 

 20



dielectric constant, ξ, which contains all the desired response information. The 

optical constants of thin films are often studied by various methods that are 

based on light transmittance and/or reflectance measurements.  

Following Swanepoel (25), the refractive index of the film n(λ) can be 

calculated from the part of the transmission spectrum, where α≈0. The 

proposed method is based on transmission spectrum interference minima and 

maxima and their extrapolation by continuous spectral functions Tmax(λ) and 

Tmin(λ) envelopes. Optical transmittance T (λ, ns, n, t, α) as a function of 

wavelength λ, substrate refractive index ns, film refractive index n, film 

thickness t and absorption coefficient α,  is a very complex function, which can 

be simplified by neglecting the extinction coefficient κ. So, with κ=0 the 

expression for T then becomes (26) 

                  2cos DxCxB
AxT

+−
=

ϕ
                         (1-26) 

where 

snnA 216=       

( ) ( )231 snnnB ++=   

                                         ( )( )222 12 snnnC −−=        

                                         ( ) ( )231 snnnD −−=  

                                         λπϕ /4 tn= , )exp( tx α−=  

The values of the transmission at the extrema of the interference fringes can be 

obtained from eqn (1-26) by setting the interference conditions cosϕ=1 and 

cosϕ=-1 for maxima and minima, respectively. The transmission values at the 

extrema of the interference fringes can then be written as follows (26, 27) 
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2DxCxB
AxTM +−

=     (1-27)                        

2DxCxB
AxTm ++

=                (1-28)        

where Tm and TM are the transmission minimum and the corresponding 

maximum, respectively. For further analysis Tm and TM are considered to be 

continuous functions of λ and thus of n(λ) and α(λ) (27, 28) . 

In the transparent region (α=0), therefore, n(λ) can be calculated from Tα 

where 
2/1)( Mm TTT ×=α                        (1-29) 

and using the equation (25) 

( )[ 2/12/122
snHHn −+= ]                                  (1-30) 

where 

2
1

)1(
4 2

22

2 +
−

+
= s

s

s n
Tn

nH
α

                                  (1-31) 

where ns=1.5 for glass substrates.  

In the region where the absorption coefficient α≠0, the values of n are 

calculated by using Cauchy's formula (29) given as 
2/ λBAn +=          (1-32) 

where A and B are constants. 

 

1.5 Electrical Conductivity of Amorphous Semiconductors 

The study of electrical conductivity in amorphous semiconductors, involves 

both dc and ac conductivities. Different models and theories are suggested 

explaining the electrical behaviour of such materials. The following two sections 

will be showing the most common explaining models and theories for both dc 

and ac conductivities.       
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1.5.1 DC Electrical Conductivity  

The electrical conductivity σ of amorphous semiconductors can be expressed 

in the form (30, 31) 

∫ −= dEEfEfEENe )](1)[()()( μσ                        (1-33) 

where f(E) is the Fermi-Dirac distribution function having the expression 

]/)exp[(1
1)(

kTEE
Ef

f−+
=              (1-34) 

and N(E) is the density of states at energy E and μ(E) (velocity per unit electric 

field) is the mobility at energy E. 

According to the notion of Davis and Mott (15) one can distinguish three 

principal contributions to the conductivity. A plot of lnσ vs 1/T can be divided 

into three distinguished regions (i), (ii) and (iii) shown in Fig. (1-10), where 

each region represents a certain conduction mechanism.  

(i) Extended state conduction  

Band conduction of electrons excited beyond the mobility edge into 

extended states above the edge of the conduction band Ec or holes below the 

edge of the valence band Ev yields 

⎥⎦
⎤

⎢⎣
⎡ −−

=
kT

EE Fc )(expminσσ                             (1-35) 

where σmin is the minimum metallic conductivity. 

If N(E) and μ(E) do not vary too rapidly with kT above Ec, therefore, one can 

use their  average values N(Ec) and μc. The separation of EF from mobility 

edge will change with temperature T. Assuming linear temperature 

dependence in the temperature range of interest as (24) 

TEEE Fc γ−Δ=−      (1-36) 
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where γ  is a constant and ΔE is the activation energy of the conduction 

mechanism, therefore 

⎟
⎠
⎞

⎜
⎝
⎛ Δ−

=
kT

E
o expσσ        (1-37) 

and 

⎟
⎠
⎞

⎜
⎝
⎛=

ko
γσσ expmin     (1-38) 

As can be seen in Fig.(1-10), region (i) is a straight line whose slope equals 

ΔΕ/k and the intercept on the lnσ  axis is σminexp(γ/k). 

(ii) Conduction in band tail 

With decreasing temperature, the probability of thermal release of electrons 

from localized states near EA becomes rapidly smaller. Every time an 

electron moves from a localized state to another, it will exchange energy 

with a phonon. Therefore, a change in transport mechanism would be 

expected to occur from conduction through the extended states to transport 

by phonon assisted hopping through the regions of the localized spectrum.    

The largest hopping contribution arises from jumps to unoccupied levels of 

the nearest neighbour centres. The hopping transport processes involve a 

hopping energy W1 in addition to the activation energy EA-EF needed to raise 

the electron to the appropriate localized state at E.  Therefore, the 

conductivity takes the form 

⎥⎦
⎤

⎢⎣
⎡ +−−

=
kT

WEE FA )(exp 1
1σσ                    (1-39) 

(iii) Conduction in localized states at the Fermi energy  

At lower temperatures, conduction mechanism is due to thermally assisted 

hopping of carriers between localized states close to the Fermi level. This 

leads to conductivity given by 
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⎟
⎠
⎞

⎜
⎝
⎛ −

=
kT
W2

2 expσσ                                     (1-40) 

where σ2≤σ1 and W2 is the hopping energy at temperature T. 

 

 

Fig. (1-10): Illustration of the temperature dependence of dc conductivity 

expected for amorphous semiconductors. 

Log σ 

EC-EF 

EA-EF+W1 

 W2 

 

At temperature such that kT is less than the band width, hopping will not be 

between nearest neighbours, but rather a variable range hopping of the form 

⎟
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= − 4/12 exp
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with 
4/13
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⎭
⎬
⎫

⎩
⎨
⎧

=
FEkN

B β where β is the coefficient of exponential decay of 

the localized state wavefunctions, assumed to be independent of E and  

N(EF) is the density of states at EF and assumed to be constant over an 

energy range ≈ kT. 
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1.5.2 AC Electrical Conductivity 

A feature common to all amorphous semiconductors is that, the frequency-

dependent conductivity increases as a power law with frequency i.e. the ac 

conductivity σac(ω) can be expressed as 

                                                                        (1-42) s
ac Aωωσ =)(

where ω is the angular frequency of the applied ac field, A is a constant and  s≤1 

is  the frequency exponent. The total measured conductivity σtot(ω) at a given 

frequency ω is separable into dc and ac components, namely  

)()( ωσσωσ acdctot +=                                    (1-43) 

Hence σac(ω) can be expressed as 

dctotac σωσωσ −= )()(               (1-44) 

Thus, in general chalcogenide materials are expected to obey eqn (1-44), 

since σdc is due to band conduction and σac(ω) is due to relaxation processes (1). 

The corresponding complex dielectric constant ε of a medium is represented by 

two parts; ε = ε1+ iε2, where ε1 is the real part (dielectric constant) and ε2 is the 

imaginary part (dielectric loss). The relation between ε1 and ε2 defines a tangent 

of the loss angle  

1

2tan
ε
εδ =                  (1-45) 

The corresponding real σ1(ω) and imaginary σ2(ω) part of ac conductivity obey 

the following relations  

)()( 21 ωωεεωσ o=                                          (1-46) 

)()( 12 ωωεεωσ o=                                          (1-47) 

where εo is the permittivity of free space.  

In order to calculate the ac conductivity, the Debye's model (1) should be 

considered  for the dielectric response to an alternating electric field of either 

isolated charge that occupy one of two localized sites or equivalently inertialess 
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dipole that can assume one of only two spatial configurations (32). The Debye 

response is defined by the relaxation of the polarization P obeying a first order 

rate equation characterized by a single, fixed time constant τ, namely 

τ
P

dt
dP

−=                                    (1-48) 

which has the solution 

( )τ
tPtP o

−= exp)(                    (1-49) 

It is more convenient to assume that a distribution n(τ) of relaxation times 

should exist, therefore the real part of the ac conductivity can be written as   

∫
∞

+
=

0
22

2

1 1
)()( τ

τω
τωταωσ dnp         (1-50) 

where αp is the polarizability of a pair of sites. The linear frequency dependence 

can be obtained for n(τ) proportional to 1/τ, hence 

∫ ∝
+

∝ ω
τω

ωτωωσ 221 1
)()( d              (1-51) 

The form of n(τ) required implies that the relaxation time τ, itself must be an 

exponential function of a random variable ζ 

)exp(ζττ o=                      (1-52) 

where τo is a constant characteristic relaxation time, and ζ  has a flat distribution 

n(ζ)=constant.  

Two physical microscopic relaxation mechanisms that can give rise to the 

functional form for τ given in eqn (1-52) are 

• Classical hopping of a carrier over the potential barrier separating two 

energetically favourable sites, i.e. in a double-well potential, in which 

kT
W

=ζ                    (1-53) 

• Phonon-assisted quantum-mechanical tunneling through the barrier 

separating two equilibrium positions, in which case 
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Rpαζ 2=                           (1-54) 

where it is assumed that the wavefunction of a carrier localized at a 

given site is proportional to exp(-βR).  

Many theories are generally assumed to hold for explaining the ac 

mechanisms, based on the above relaxation mechanisms, namely    

• The pair approximation, in which the motion of carriers leading to 

relaxation which is contained within a pair of sites.  

• The dielectric response of carrier moving between a pair of sites (or of a 

dipole) is accurately Debye-like. 

• The relaxation time is an exponential function of a random variable, 

which may be the barrier height, intersite separation (or a combination of 

the two).  

The models proposed for ac conduction mechanism are either quantum 

mechanical tunneling (The electronic tunneling, small and large polaron 

tunneling) or correlated barrier hopping model.  

(i) Quantum-mechanical tunneling   

• Electronic tunneling  

This is the first type of charge-transfer considered, first by Pollak and 

Geballe (33) in connection with impurity conduction in doped crystalline 

Si and subsequently applied to the case of amorphous semiconductors by 

Austin and Mott (34). If electronic relaxation is regarded as the origin of 

the dielectric loss observed in amorphous semiconductors, the Quantum 

Mechanical Tunneling (QMT) is perhaps an obvious transfer mechanism 

to be considered. As a result, different authors (35, 36) have evaluated the 

ac conductivity assuming the QMT mechanism to be operative.  

The real part of the ac conductivity for single electron motion 

undergoing the QMT through a barrier is (1) 
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42
2

1 )()( ωω
α

ωσ RENkTCe
F

p

=                (1-55) 

where C is a constant, αp is the polarizability of a pair of sites, N(EF) is 

the density of states at Fermi level and Rω is the characteristic tunneling 

distance at a given frequency and is given by  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

op

R
ωταω

1ln
2

1                      (1-56) 

The frequency dependence of σ1(ω) predicted by a given model can be 

expressed in power-law form, where the exponent s is defined by  

)][ln(
)]([ln

ω
ωσ

d
ds =                    (1-57) 

for the case of QMT model  

)1ln(
41

o

s
ωτ

−=                     (1-58) 

A linear temperature dependence of σ1(ω) conductivity is predicted by 

simple QMT model and the frequency exponent s is predicted to be 

temperature independent as shown in Fig. (1-11). The frequency 

exponent s < 1; for typical values of ω=104 s-1, το=10−13s give s=0.8. The 

approach described by electronic tunneling assumes that there is no 

lattice distortion associated with the carrier whose motion gives rise to 

the ac conductivity i.e. polaron formation is not considered.  

• Small-polaron tunneling  

A small polaron may be formed in a covalent solid if the addition of a 

charge carrier to a site causes such a large degree of local lattice 

distortion that the total energy (electronic distortion) of the system is 

therefore lowered by an amount Wp (polaron energy). As the name 

implies, small polarons are generally assumed to be so localized that 

their distortion clouds do not overlap. In this case, the activation energy 

for polaron transfer, WH =1/2, Wp is therefore not dependent on the 
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intersite separation.  

The ac conductivity in the high temperature limit expected for the 

tunneling of carriers trapped at structural defect (randomly distributed in 

space) form small polarons which can be evaluated in exactly the same 

way as in eqn (1-55) where 

42
2

1 )()( ωω
α

ωσ RENkTCe
F

p

=  (1-59) 

  
Fig. (1-11): Frequency dependence of σ1(ω) and s for various models  

(a) frequency dependence of σ1(ω) and (b) frequency dependence 

of the frequency exponent s (1). 

(b) 
 

(a)  

 

expecting that the tunneling distance at a frequency ω now becomes  

⎥⎦
⎤

⎢⎣
⎡ −=

kT
W

R H
o

p

)1ln(
2

1 ωτ
αω                                 (1-60) 

where eqn (1-60) predicts that the tunneling distance decreases more 

rapidly with increasing frequency than in the case of simple QMT as 

shown in Fig. (1-12).  

It should be noted that, in contrast with the simple case of QMT of non-

polaron forming carriers, Rω is temperature dependent, which in turn 
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means that the frequency exponent will also be temperature dependent, 

namely 

kTW
s

Ho /)/1ln(
41
−

−=
ωτ

                   (1-61) 

 

 
Fig. (1-12): Frequency dependence of σ1(ω) and s for various models  

(a) frequency dependence of σ1(ω) and (b) frequency dependence 

of the frequency exponent s (1). 

(b) (a) 

 

where eqn (1-61) predicts that s increases as temperature increases. 

• Large-polaron tunneling 

Recently Long et al. (37) have discussed the ac conductivity expected 

from a model in which tunneling of polarons is still the dominant 

mechanism, but where an appreciable overlap of the polaron distortion 

clouds occurs. Long et al. (37), considered the case of large polarons, i.e 

those for which the spatial extent of the polaron is large compared with 
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the interatomic spacing. For such polarons, overlap of the potential wells 

of neighbouring sites is possible, because of the long-range nature of the 

dominant coulomb interaction, with the result that the polaron hopping 

energy is reduced (34)  

⎟
⎠
⎞

⎜
⎝
⎛ −=

R
rWW o

HoH 1                                  (1-62) 

where ro is the polaron radius. The ac conductivity can be calculated in 

the same manner as previously, yielding the following expression for the 

tunneling distance at frequency ω 
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with the ac conductivity given by (38)  
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The frequency exponent s can then be evaluated as 

22//
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oHo

+
+

−=                   (1-65) 

Where R/=2αpRω, and r/=2αpro, eqn (1-65) predicts that s should be both 

temperature and frequency dependent. In contrast with the non-

overlapping small-polaron which predicts that s decreases below unity 

with increasing temperature, whereas for large values of ro
/, s continues 

to decrease with increasing temperature, eventually tending to the value 

of s predicted by QMT of  non-polaron forming carrier. For small values 

of ro
/, s exhibits a minimum at a certain temperature and subsequently 

increases with increasing temperature. 
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(ii) Correlated barrier hopping of electrons 

The assumption made in the simple hopping model described above is that 

the relaxation variable W is independent of the intersite separation R, and 

hence that the hopping distance is independent of frequency. This restriction 

was lifted by Pike (39) who proposed a model of electron transfer by thermal 

activation over the barrier between two sites, each having a coulombic 

potential well associated with it.  

For neighbouring sites at a separation R, the coulomb wells overlap, 

resulting in a lowering of the effective barrier from WM, the value at infinite 

intersite separation, to a value W, which for the case of a single electron 

transition is given by (39) 

R
eWW

o
M πεε

2

−=                               (1-66) 

In the narrow band limit, and assuming that the centres are distributed 

randomly in space, the ac conductivity is given approximately as (38-40) 

623
1 24

1)( ωωεεπωσ RN o=                (1-67) 

where the hopping distance at a frequency ω is given by  

[ ])/1ln(

2

oMo kTW
eR

ωτπεεω −
=        (1-68) 

In the broad band case and for single-electron motion, Long (38) has 

calculated the ac conductivity to be 

6223
1 )(

12
1)( ωωπωσ RkTNo=                  (1-69) 

where No is a constant density of states. The frequency exponent s can be 

calculated as (38)  

)/1ln(
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oM kTW
kTs

ωτ−
−=                   (1-70) 
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Note that s is predicted to be both frequency and temperature dependent. At 

least for small values of WH/kT, s increases with increasing frequency, 

although for large values of WH/kT >100, s is near unity and the increase is 

so small that s is independent of frequency so, s decreases with increasing 

temperature, and at low temperature, s decreases approximately linearly 

from the T = 0 value of unity as shown in Fig. (1-12b). 

For the case of two electron hopping between defects, the ac conductivity in 

the narrow-band limit becomes (40)  

623
1 12

1)( ωωεεπωσ RN o=       (1-71) 

where 

[ ])/1ln(
2 2

oMo kTW
eR

ωτπεεω −
=           (1-72) 

The frequency exponent, s is the same in both cases.  

 

1.6 Radiation Sources 

The sources of radiation, which are used in radiation studies and 

applications, can be divided into two groups, those employing natural and 

artificial radioactive isotopes, and those that employ some form of particle 

accelerator. The first group consists of the classical radiation sources, radium 

and radon, and such artificial radioisotopes as cobalt-60 cesium-137, and 

strontium-90. The second group includes X-ray generators, electron accelerators 

of various types, and accelerators such as Van de Graaff accelerator and 

cyclotron used to generate beams of positive ions. Nuclear reactors have also 

been used as radiation sources, generally as sources of neutron beams. 

Currently, the most widely used radiation sources are cobalt-60 (γ-radiation) and 

electron accelerators (electron beams). 

Choice of a particular radiation source is generally dependent on the nature 

and size of the object to be irradiated. Gaseous materials can be irradiated 
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successfully using any type of ionizing radiation, but irradiation of bulk liquid or 

solid samples requires one of the more penetrating and ionizing radiations such 

as γ-radiation or a beam of energetic electrons in MeV range. Less penetrating 

radiations such as α or β radiation or lower-energy electrons can be used if 

irradiation is to be restricted to the surface layers of the sample.     

 

1.6.1 Gamma Radiation 

Gamma rays are electromagnetic radiation of nuclear origin with 

wavelengths in the region of 3 x 10-11m to 3 x 10-13m. It is more convenient to 

describe the radiation in terms of energy than in terms of wavelength since it is 

the energy absorbed from the radiation that is basically of interest. The 

relationship between wavelength and energy is 

λ
hcE =                          (1-73) 

where h is Planck's constant, c is the velocity of light, and λ is the wavelength. 

Substituting for the constants gives  
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1024.1)(
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eVE
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−×
=                       (1-74) 

In terms of energy the wavelength range 3 x 10-11m to 3 x 10-13m becomes 

approximately 40  keV to 4 MeV. The γ-rays emitted by radioactive isotopes are 

either monoenergetic or have a small number of discrete energies. Cobalt-60, for 

example, gives equal numbers of gamma photons of energy 1.332 and 1.173 

MeV.  

Gamma rays are often produced alongside other forms of radiation such as 

alpha or beta. When a nucleus emits an alpha or beta particle, the daughter 

nucleus is sometimes left in an excited state. It can then jump down to a lower 

level by emitting a gamma ray in much the same way that an atomic electron 

can jump to a lower level by emitting visible light or ultraviolet radiation. As an 

example of such decay a scheme of 60Co as seen in Fig. (1-13) shows that, first 
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60Co decays to excited 60Ni by beta decay. Then the 60Ni drops down to the 

ground state by emitting two gamma rays in succession (1.17 MeV then 1.33 

MeV). Another example is the alpha decay of 241Am to form 237Np; this alpha 

decay is accompanied by gamma emission. In some cases, the gamma emission 

spectrum for a nucleus (daughter nucleus) is quite simple, (e.g. 60Co/60Ni) while 

in other cases, such as with (241Am/237Np and 192Ir/192Pt), the gamma emission 

spectrum is complex, revealing that a series of nuclear energy levels can exist.  

 
Fig. (1-13): Decay scheme of 60Co radioactive atom. 

Co60
27  

0.31 MeV  β−

5.62 yr 

1.17 MeV  γ 

1.33 MeV  γ  

Ni60
28  

 

In order to use gamma radiation source like 60Co as an applicable gamma 

irradiator, the active cobalt is placed in a concrete cylindrical source which is 

housed in a massive interlocked, reinforced-concrete-covered structure. When 

irradiation is to start the emitted radiation must be filtered from beta particles by 
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shielding beta particles using plastic, lucite, glass or aluminum. Use of lead or 

other high atomic number shielding materials may create penetrating 

bremsstrahlung radiations. Lucite and plexiglass are easily worked materials for 

constructing beta shields. After that the cobalt is lifted to a spot right in front of 

an opening in the cylinder through which the gamma rays pass.  

When a material is irradiated by gamma radiation, the number N of gamma 

photons transmitted through a sheet of the absorbing material is given by  
l

i
AeNN μ−=         (1-75) 

where Ni is the number of incident photons, l the thickness of the absorber, and 

μA the total attenuation coefficient of the material for gamma rays of the 

appropriate energy.  

Since gamma rays do not have a definite range in matter another term, the half- 

thickness value is used to relate the number of photons transmitted without loss 

of energy to the thickness of the absorbing material. The half-thickness value is 

the thickness of the absorber required to reduce the intensity of the gamma 

radiation (i.e. the number of photons transmitted) by one-half. It can be 

calculated from eqn (1-75) by 

A

thicknessHalf
μ
6931.0

=−                (1-76) 

In experimental physics, it is more convenient to determine the amount of 

energy absorbed by the material rather than the transmitted energy of gamma 

photons. Determination of the amount of energy absorbed by the material is 

known as radiation measurement dose, and the amount of dose absorbed by the 

material or to which the material is exposed is measured in terms of radiation 

units. The most widely used units in physical science are the following:   

(i) Röntgen (R) 

The Röntgen is a unit for expressing exposure from X or γ-radiation in terms 

of the number of ionizations produced in air. One Röntgen of radiation will 

produce ionizations equal to one electrostatic unit of charge in one cubic 
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centimeter of dry air at standard temperature and pressure. 

(ii) Rad 

The roentgen defines a radiation field in air but does not provide a measure 

of absorbed dose in ordinary matter. When radiation passes through an 

object, part of the energy will be transferred to the material. This is referred 

to as the absorbed dose. In order that absorption properties of the exposed 

material be taken into account, a dose unit has been developed called the rad 

(Röntgen absorbed dose). In contrast to the roentgen, the rad is used to 

express the radiation dose absorbed in any medium from any type of 

radiation. One rad is equal to the amount of radiation that results in the 

absorption of 10 mJ per kg in any material. A larger unit of absorbed dose 

known as Gray (Gy) which is equal to 100 rad, could also be used instead of 

rad unit, and is considered as the SI unit.  

 

1.6.2 Interaction of Gamma Radiation with Matter 

In passing through matter, γ-radiation interacts with matter in a variety of 

processes. The three main processes are the photoelectric effect, Compton 

scattering and pair production. The probability of each of these interactions 

depends on the energy of the incident photon. At low energies, the Compton 

Effect dominates, and at high energies pair production dominates.  

(i) Photoelectric effect  

When γ-rays are incident on a solid, a single electron absorbs the incident 

photon and becomes excited to the conduction band or ejected from the 

atom. This ejected electron will collide with other electrons, sharing the 

energy. This will result in many electrons excited to the conduction band, 

each with roughly the same energy. Eventually, these electrons will fall back 

to the more stable ground state. When this occurs, each will emit a photon 

with energy approximately equal to the band gap. Because this process 

happens so quickly, all the electrons will fall back to the ground state at 
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roughly the same time. The photoelectric effect is the dominant energy 

transfer mechanism for X and γ-ray photons with energies below 50 keV. 

(ii) Compton scattering  

When a γ-ray collides elastically with an electron, the electron absorbs some 

of the energy, and the photon continues in a new direction with less energy 

and a longer wavelength. The amount of energy absorbed by the electron is 

dependent on the scattering angle of the γ-photon after collision takes place. 

When maximum energy is transferred to the electron, the rebound photon 

has maximum wavelength and minimum energy. Compton scattering is 

thought to be the principal absorption mechanism for γ-rays in the 

intermediate energy range from 100 keV to 10 MeV. 

(iii)Pair production 

 A gamma ray may spontaneously change into an electron and positron pair, 

in the vicinity of the nucleus. A Positron is the anti-matter equivalent of an 

electron; it has the same mass as an electron, but it has a positive charge 

equal in strength to the negative charge of an electron. Energy in excess of 

the equivalent rest mass of the two particles (1.02 MeV) appears as the 

kinetic energy of the pair and the recoil nucleus. The positron has a very 

short lifetime (if immersed in matter) (about 10-8 seconds). At the end of its 

range, it combines with a free electron. The entire mass of these two 

particles is then converted into two gamma photons of 0.51 MeV, energy 

each. The secondary electrons (or positrons) produced in any of these three 

processes frequently have enough energy to produce many ionization up to 

the end of range. 
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1.6.3 Radiation Effects in Solids  

Historically, one of the earliest examples of the action of radiation on solids 

was the production of pleochroic haloes in mica by the radiation from inclusions 

of radioactive substances such as uranium or thorium (41). Early studies of the 

action of nuclear radiations on solids showed, among their effects, that colorless 

glass becomes colored upon exposure to radiation and that the coloration can be 

removed by the action of heat or light. Clearly, a variety of effects may be 

observed, depending on the nature of the radiation and the solid. Much of the 

information available is concerned with physical rather than chemical effects (42) 

and no attempt is made here at an exhaustive treatment.  

All types of ionizing radiation are able to produce ionized and excited atoms 

in the solid and, in addition, heavy particles (protons, deuterons, α−particles, 

etc.) can cause a significant number of atoms to be displaced from their normal 

position; γ, X and electron radiation produce mainly ionization and excitation 

but may also cause a small amount of atomic displacement depending on the 

energy of the radiation and the atomic number of the target atoms (43, 44). The 

larger products of any chemical dissociation produced in a solid will effectively 

be caged and may recombine; smaller species such as the electron and hydrogen 

atom can migrate through solid matrices, though the electron particularly may 

become trapped at certain preferred sites in the matrix. Species trapped in the 

solid matrix can sometimes be mobilized by heating or by exposure to 

ultraviolet light, giving rise to thermo-and photoluminescence if subsequently 

they react with the emission of light. Energy may also migrate through irradiated 

solids in the form of excitation energy (excitons) or positive charge, the 

processes generally being facilitated by an orderly matrix such as that found in 

crystals.  

Metals consist of a regular array of positive ions with substantial mobile, 

loosely bound electrons. Thus, the ionization produced in a metal matrix by 

irradiation is without effect, since the positive hole left by ionization is rapidly 
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filled by an electron in the conduction band. On the other hand, atoms displaced 

by heavy-particle irradiation may not be able to return to their original position 

if they are displaced by more than a few atoms distance, resulting in a vacancy 

at the original position and an interstitial atom in a position not occupied by one 

in the original lattice. Physically, this may result in hardening of the metal and 

increased electrical resistance, since a very regular, or perfect, lattice is required 

for the lowest electrical resistance; production of cavities within the lattice leads 

to swelling. Neutron and heavy-particle irradiation may introduce impurity 

atoms (e.g., helium) into the lattice which will also disrupt the perfection of the 

crystal structure. Disturbing the lattice structure can result in appreciable 

changes in volume and density. Other effects such as loss of ductility and 

radiation induced creep have been observed with metals and alloys upon 

irradiation.  

Semiconductors are similar to metals but have a much smaller number of 

common electrons. The electrical resistance of semiconducting materials is very 

much more sensitive to radiation than that of typical metals because the 

radiation-induced defects may markedly alter the number of electrons available 

for conduction (45). Advantage is taken of this when semiconductors are used as 

a means of radiation dosimetry. When ionic crystals are irradiated, absorption 

bands in the visible and ultraviolet regions are developed (43, 46). The colour in 

the visible region varies with the nature of the crystal; for example, lithium 

chloride gives a yellow colour and cesium and potassium chlorides give blue 

colors. The absorption bands responsible for these colours are known as F bands 

and the defects in the crystal that give rise to them are called F centers.  

The colours can be bleached by heating or by exposure to light and are 

believed to be formed as follows. The crystal is made up of a regular three-

dimensional array of positive and negative ions as shown in Fig. (1-14). 

However, holes (vacancies) may exist in the structure where either a negative 

ion or a positive ion as shown in Fig. (1-15) is missing (similar vacancies may 

be formed by irradiation).  
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Irradiation causes electrons to be ejected from some of the atoms in the 

crystal lattice and, while most of the electrons will return to their parent atom or 

a similar atom that has lost an electron, some will be trapped and held in a 

negative-ion vacancy forming an F-centre Fig. (1-16). Optical transitions 

between the bound states of the trapped electron cause the colouration of the 

crystals. The trapped electrons couple to the vibrations of the host crystal and 

this gives rise to vibronic absorption (47) and emission. The processes that take 

place are illustrated in the generic configuration diagram shown in Fig. (1-17), 

where these transitions are known as F-bands and as their number increases, the 

more intense is the colour of the compound. 

 

 
Fig. (1-14): Schematic diagram showing the ionic crystalline structure.  
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Fig. (1-15): Schematic diagram showing vacancy in ionic crystalline structure. 

Positive-ion vacancy  Negative-ion vacancy  

 

 

 

 
Fig. (1-16): Schematic diagram showing the F-centre (47). 
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Fig. (1-17): Configuration diagram corresponding to the vibronic transitions 

of the trapped electron in an F-centre (47).  
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Chapter II 

EXPERIMENTAL TECHNIQUES 



2. Sample Preparation and Experimental Techniques 
2.1 Preparation of the Bulk Compositions 

There are at least a dozen of different techniques that can be used to prepare 

materials in the amorphous phase. Of these, two normal ways are commonly 

used in one form or another to produce most non-crystalline materials; by 

cooling from a melt or by condensation from the vapour. The first method forms 

bulk materials while, the second yields thin films as in thermal evaporation, 

sputtering or glow discharge techniques. During the preparation of the 

amorphous material, the faster the rate of cooling or deposition the farther the 

amorphous solid lies from equilibrium.  

Chalcogenide glass batches tend to have high vapour pressure, viscosity and 

they are susceptible to oxidation and hydrolysis. Because of these problems, 

melting is preferably carried out inside a vitreous silica ampoule sealed under 

vacuum and the melt is agitated. The sealed ampoule is loaded into a furnace 

and the temperature is increased gradually to the melting temperature because 

explosions may occur. Melt quenching technique can be achieved by air-cooling 

or faster by plunging the sealed ampoule into cooled water or even liquid 

nitrogen.   

(i) Binary samples 

ZnSe composition by Aldrich Chemical Company in powder form with 

purity (99.99%) was taken as the raw material in preparing pseudo ternary 

composition. 

Bulk glasses of the composition GeSe3 and Sb2Se3 were prepared in bulk 

forms from high purity (99.999%)  Ge, Se and Sb. In order to prepare five 

grams from each composition, the raw materials were weighed according to 

their appropriate ratios as the glass-forming region is situated (4, 5) using 

Mettler Toledo five digits balance. The weighed materials were placed in 

silica ampoules washed with chromic acid, distilled water and dried in a 
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furnace at about 70oC. The ampoules were sealed under vacuum of about 

1.3X10-4 mbar and then the following steps were performed: 

• In the first stage, the ampoules were placed in the furnace at a 

temperature of 200oC for an hour, and then the temperature was raised 

gradually up to 500oC and held constant for another hour. 

• In the second stage, the temperature was raised up to 800oC and kept 

constant for an hour, where the compositions began to melt. Finally, the 

temperature was raised up to 900°C and held constant for 24 hours. 

Through heating, ampoules were regularly shaken several times to 

ensure homogeneity of the compositions.   

• In the third stage, the ampoules were cooled down to 850oC and 

quenched in ice water forming the bulk compositions. After quenching 

of melt, the ingots were removed from the ampoules and kept in a dry 

atmosphere. 

(ii) Pseudo binary and ternary samples 

The source composition of pseudo binary (GeSe3)80(Sb2Se3)20 and pseudo 

ternary (GeSe3)70(Sb2Se3)10(ZnSe)20 sample, were prepared in bulk form from 

the base binaries GeSe3-Sb2Se3 and GeSe3-Sb2Se3-ZnSe, respectively. The 

pseudo binary compound ratio was selected according to the glass-forming 

region (4, 5) while, for the pseudo ternary compound, ZnSe ratio was selected 

owing to the solubility of ZnSe as a compound, in the glasses up to             

25 mol% (5).  

Five grams of each composition were prepared by weighing the appropriate 

ratios and placing the base binaries for both pseudo binary and pseudo 

ternary compounds, in silica ampoules washed with chromic acid, distilled 

water and dried in a furnace at about 70oC. The ampoules were sealed under 

vacuum of about 1.3X10-4 mbar. Then, the same steps of preparation 

mentioned above (for binary samples) were performed, only with small 
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change in the second stage where the final temperature was raised up to 

1050oC and also held constant for 24 hours.    

 

2.2 Preparation of Thin Films  

Thin films of ZnSe, GeSe3, Sb2Se3, (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 with average thickness of 500 nm were prepared by 

the most widely used technique known as thermal evaporation of the bulk 

samples onto glass substrates for both optical and dc/ac conductivity 

measurements. In order to prepare well-formed and homogenous films onto 

glass substrates with low surface roughness the following steps were carried out:   

(i) Cleaning the substrates 

• The substrates were washed several times using hot distilled water with 

soap. 

• Then substrates were exposed to ultrasonic waves using Branson-120 

device for 15 minutes in a solution of distilled water and ethyl alcohol. 

• Finally the substrates were washed with distilled water and ethyl alcohol 

separately and then, dried in an oven. 

(ii) Thermal deposition of thin films 

An Edward E306 coating unit was used for film deposition onto glass 

substrates. The vacuum system connected to the coating unit consists mainly 

of a rotary pump, diffusion pump, Penning gauge for measuring vacuum, 

high ac power supply and the bell jar as shown in Fig. (2-1). A molybdenum 

boat was used as the source of evaporation. Thermal evaporation of the bulk 

samples was carried out under vacuum of 5.3x10-5 mbar, onto the well-

cleaned glass and glass substrates with gold electrodes.  

The substrate temperature was held constant at room temperature during the 

deposition process by thermal evaporation technique for ZnSe, GeSe3, Sb2Se3 

and (GeSe3)80(Sb2Se3)20 compositions, unlike the deposition process for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 composition, where thermal deposition onto 
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substrates at room temperature was unsuccessful. The only successful 

method used, was thermal evaporation technique with heated substrates at 

about 70oC using a substrate electrical heater during evaporation; other 

methods were carried out using flash and electron beam evaporation were 

unsuitable for getting thin films of homogenous composition and thickness. 

The deposition rate was kept constant and the film thickness was controlled 

using the thickness monitor model Maxtek (FTM5-quartz microbalance). 

(a) 

 

 

 

 

 

 

 

 

(b) 

 
Fig. (2-1): (a) Thermal evaporation coating unit with (b) vacuum system. 
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2.3 X-Ray Analysis 

X-ray analysis for both bulk and thin films include two analyses for getting 

compositional and structural information about prepared samples. 

(i) Energy dispersive X-ray analysis 

The elemental analysis of the prepared samples in the bulk and thin film 

form was performed by a technique known as Energy Dispersive X-ray 

(EDX) analysis. In this analysis the specimen is subjected to an energetic 

electron beam (20 keV) resulting in production of characteristic X-rays from 

the specimen surface. The emitted X-ray spectrum was used in determining 

qualitatively and quantitatively the composition of each sample and to 

ensure the sample homogeneity as well. The electron beam energy 20 keV 

was selected for two reasons; the first is because, the maximum X-ray 

energy collected by the device is 20 keV on the X-ray scale. The second 

reason is to prevent high penetration of the film, since energy greater than   

20 keV may result in full film penetration and X-ray emission from the glass 

substrate may occur. A JEOL-5400 Scanning Electron Microscope (SEM) 

with (EDX) attachment was used in determining the accurate composition of 

both bulk and thin film samples.  

(ii) X-ray diffraction 

Both bulk and thin film samples were structurally investigated by X-ray 

diffractometer. A Bruker-D8 computerized X-ray diffractometer was used 

for obtaining diffractograms using copper target. The X-ray tube was 

operated at 40 kV and 30 mA throughout the measurements for both bulk 

and thin films. The diffraction pattern is a plot of the intensity against the 

angle 2θ, where θ  is the reflection angle of X-ray given in Bragg's equation 

λθ nd =sin2             (2-1) 
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where d is the interplanar distance inside the crystalline structure, λ is the 

wavelength of the incident X-ray and n=1, 2,…. . Figure (2-2) shows the 

diffraction layout of the device. 

 
Fig. (2-2): X-ray diffractometer layout. 

 

Bulk samples were ground in an agate mortar to a very fine powder, while 

the glass substrates coated with the prepared thin films were measured 

directly. Some of the prepared samples were measured at room temperature 

in the angular range from 4° to 90° (2θ), and other samples were measured 

at room temperature in the angular range from 4° to 110° (2θ ) in step scan 

mode to determine the values of the Radial Distribution Function (RDF).  
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2.4 Density Determination 

The density of the samples was determined by using the method of 

hydrostatic weight in benzene and air. A single crystal of germanium was used 

as a reference material for determining the density of benzene, where 

Ge
air

benzeneair
benzene W

WW ρρ ×
−

= `

``

       (2-2) 

The sample density could be calculated from 

benzene
benzeneair

air

WW
W

ρρ ×
−

=    (2-3) 

where W′ is the weight of the Ge crystal and W is the weight of the sample.  

 

2.5 Differential Thermal Analysis (DTA) 

Differential thermal analysis (DTA) is the technique of measuring the heat 

effects associated with physical or chemical transformations taking place as the 

substance is heated at a constant rate. Measurement of the temperature T and the 

difference in temperature ΔT between the sample and a reference material, over 

suitable temperature range gives a thermogram characterizing the reaction 

occurred. 

The typical DTA curve shown in Fig. (2-3) proceeds in an approximately 

rectilinear manner, until the tested material undergoes some physical or 

chemical changes; the curve begins to deviate from the base line. The first 

deviation of the DTA curve from the base is more representative of the start of a 

transition than the peak. The nearest approach to transition temperature is the 

point at which the curve departs from the base line. This point is usually difficult 

to be determined, so the intersection of the base line and the extension of the 

straight part of the adjacent side of the peak is the transition temperature. The 

first endothermic transition represents the glass transition temperature Tg. The 

second exothermic peak is that of crystallization process Tc; its start, maximum 
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and end should be specified. The last endothermic transition Tm, denotes the start 

of sample melting. 

Fig. (2-4) shows a typical DTA experiment schematic for the prepared 

samples in powdered form, where a Shimadzu micro-DTA apparatus model   

DT-50 is used in this experiment. It is mainly a combination of sample holder, 

amplifier and a control unit. The heating rate was kept constant at                     

10 degree/min. The studied samples consisted of 20 mg in powder form; they 

were heated in aluminum cells up to about 650oC in the nitrogen flow to prevent 

oxidation of the sample. Powder of α-Al2O3 in Al-cell was taken as a reference 

material.    

 

 
 

Fig. (2-3): A typical DTA thermogram illustrating the different transition 

temperatures. 
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Fig. (2-4):   Schematic of a differential thermal analysis experiment. 

 

2.6 Spectrophotometric Measurements 

The transmission technique was used to investigate the optical properties of 

the prepared thin film samples. A double beam Shimadzu UV-VIS 

spectrophotometer model UV-160A was used to measure the transmittance in the 

wavelength range 200-1100 nm. The light source is a halogen lamp integrated 

with a system of optical filters and mirrors. Figure (2-5) shows the optics layout 

of the double beam experiment. The monochromatic light transmitted by one of 

the optical filters in the used wavelength range, was allowed to pass through the 

tested film, and the transmitted intensity was measured relative to the intensity 

of light having the same wavelength and passing through a pre-cleaned glass 

substrate as a reference having the same thickness and refractive index as that 

for the glass substrate of the prepared films. This enabled us to correct for any 

light absorption in the glass substrate. For the gamma irradiated samples, the 

transmittance is measured relative to a glass substrate which had been 
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previously exposed to the same radiation dose as that for the measured film 

samples.  

 

 
  Fig. (2-5): A double-beam optical system layout. 

 

Thin films were prepared homogeneously with low surface roughness in 

order to reduce light scattering effects. All these precautions were taken into 

account in order to increase the precision of the transmission measurement 

shown in Fig. (2-6). The resulting transmission spectrum is a relation between 

the wavelength values (200-1100 nm) and the corresponding corrected 

transmitted intensity by the film. The spectrum shows three main regions, the 

transparent region (I), where interference fringes appear due to interference 

between multiply-reflected beams inside the film before transmission occurs; 

this region is important in determining the film refractive index n. The following 

region on the spectrum is the intermediate region (II) which is characterized by 

diminished interference fringes and the beginning of spectrum tailing.  
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Fig.(2-6): Transmission spectrum for thin film on a finite glass substrate. 

 

The third region (III) showed tailing on the spectrum, which is due to high 

electronic absorption of the film composition, where the transmitted intensity 

decreased sharply to the zero value; in this region the optical energy gap of the 

film could be determined. 

 

2.7 Conductivity Measurements 

(i) DC conductivity measurement 

DC conductivity measurements of thin film samples were carried out in the 

temperature range from 300 to 373 K. The sample temperature was 

measured using a thermocouple placed very close to the sample. A   

Keithley-617 digital electrometer was used for measuring resistance of the 

samples. The samples were electrically connected and both dc/ac 

 55



conductivity measurements of thin films were measured by the two-probe 

technique where silver electrodes were connected to the film gold electrodes. 

The dc conductivity of the film is given by  

tbR
L

dc ××
=σ                      (2-4) 

where L is the distance between the gold electrodes, b is the electrode length 

covered by the film, t is the film thickness and R is its resistance.   

(ii) AC conductivity measurement 

The ac conductivity σac(ω), dielectric constant ε1 and dielectric loss ε2 as a 

function of frequency and temperature were carried out using LCR bridge 

model Hioki 3532 for the thin films under investigation. The frequency and 

temperature were ranged from 0.6 to 1000 kHz and from 300 to 373 K, 

respectively. The parameters measured by the bridge include the film 

impedance Z, phase angle Φ between the applied ac voltage and the 

resulting current in the film, capacitance C and dielectric loss tangent         

D= tanδ . The total conductivity of both dc and ac is given by  

tbZ
L

tot ××
=σ            (2-5) 

where L is the distance between the gold electrodes, b is the electrode length 

covered by the film, t is the film thickness and Z is its impedance and 

therefore, ac conductivity is given by 

dctotac σσσ −=                      (2-6) 

 

2.8 Gamma Irradiation  

A Cobalt-60 Indian Gamma cell GC4000A was used for irradiating the 

samples, as shown in Fig. (2-7), at 40, 120, 195, 275, 410 and 690 kGy 

accumulative doses. The given values of the absorbed dose by a material in 
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gamma irradiation cell are calculated according to the absorbed dose by Fricke 

dosimeter.  

 
Gamma irradiation process. Fig. (2-7): 

Sample  

 

The calculation is based on knowing the density and ratio (Z/A)Fricke of a 

standard solution (Fricke dosimeter solution) which are 1.024 g.cm-3and 0.5534, 

respectively. Also, knowing the ratio (Z/A)material of the irradiated material, the 

following relation holds in calculating the actual absorbed dose D  in Gy 
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Fricke

material
Frickematerial AZ

AZDD
)/(
)/(

×=             (2-7) 

where DFricke is the dose absorbed by the Fricke standard solution.  

For a composition of n elements, the value of the mixed atomic number Zmix 

is calculated from 

)/(
1

ii

n

i
imix AZwZ ∑

=

=                  (2-8) 

where wi, Zi and Ai  are the percentage, atomic number and mass number of the 

ith constituent element respectively. 

 

2.9 Computation of the Radial Distribution Function (RDF) 

Determination of the radial distribution function comprises two main steps, 

firstly, the numerical evaluation of the function F(Q) from the atomic scattering 

factor and the experimental eqn (1-9), Secondly, numerical computation of the 

integral   

( ) ( )∫
∞

0

dQ Qr sinQF               (2-9) 

The X-ray scattering intensity from non-crystalline systems is measured as a 

number of counts per second (CPS) as a function of Bragg's angle θ, however, it 

is necessary to convert this raw data into electron units and as a function of Q to 

estimate the radial distribution function. The corrected experimental X-ray 

scattering intensity from the sample Ic(θ), in CPS is expressed by Waseda (48) as 

( ) ( )
APG
θI

θI exp
c =           (2-10) 

where A, P and G are the absorption, polarization, and the geometrical factors, 

respectively. These factors are generally angle dependent. The geometrical 

factor can be made independent of the angle by using well-aligned diffraction 

geometry and suitable experimental conditions. In this case, it can be ignored. 
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Starting from an observed intensity Iobs(θ), the corrected intensity Ic(θ) is 

obtained after the following required corrections: 

(i) Background correction 

Background arises usually from fluorescent radiation, air scattering, etc. 

Thus the observed (measured) intensity Iobs(θ), is the sum of the 

experimental sample scattering intensity and the background one, Ib(θ). 

Thus,  

( ) ( ) ( )θIθIθI bexpobs +=                                   (2-11) 

There are several ways to determine the background; the used one is known 

as the graphical one, in which the background is determined at different 

positions and the values of Iobs(θ) is obtained by linear interpolation between 

the selected points. 

(ii) Absorption correction 

Part of the incident X-rays on the sample surface are absorbed and the rest 

are scattered by the electron cloud; and therefore absorption correction is 

quite important in evaluating Ic(θ). For reflection from a flat surface by the 

Bragg-Brentano focusing technique, the absorption factor A(θ), was 

calculated as follows (49) 

( ) A
sinθ
2μ

 -
2μ /  e1θA

Ai\

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−=                (2-12) 

where μA is the linear absorption coefficient for the radiation and it is given 

by (50) 

⎥
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⎣
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⎠
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⎜
⎝
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i i

A
iA d
μ

W dμ                                       (2-13) 

where Wi and 
i

A

d
μ

⎟
⎠
⎞

⎜
⎝
⎛ are the weight fraction and the mass absorption 

coefficient of element i, respectively, and d is the density of the sample. 
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For specimens of high linear absorption coefficient (μA » 10 cm -1) or if the 

sample is thick enough to absorb essentially all the initial beam, the 

absorption correction is approximately constant at any angle (51), i.e. angle-

independent, and equals 1/2μA. 

(iii)Polarization correction 

Polarization correction is taken into consideration when unpolarized incident 

radiation is angle-dependent (48). In the present case of filtered radiation, the 

polarization factor was taken as  

( ) [ ] 2 / 2θ cos1θP 2+=                                 (2-14)                        

 

2.9.1 Determination of I(Q) 

After calculating the background, absorption and polarization corrections, 

the value of Ic(θ) can be obtained. It has to be transferred to diffraction vector Q 

instead of Bragg's angleθ; to become Ic(Q). 

The value of I(Q) can be expressed by the relation 

(Q)I(Q)I KI(Q) inc
c −=              (2-15) 

where K is a conversion factor called the normalization constant and Iinc(Q) is 

the incoherent scattering. In order to determine the normalization constant K, 

there are two methods, which are frequently used: 

(i) High angle method  

Using the fact that for large scattering angle coherent scattering approaches 

the scattering of independent atoms, K is determined as 

( )[ ]

( )[ ]∫

∫ +

=
max

mid

max

mid

Q

Q
c

Q

Q

inc
i

2

dQ QI

dQ QIf
K                     (2-16)                        
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where, (Q)fXf 2
i

i
i

2 ∑= , Xi is the atomic fraction,  fi is the scattering 

length, Qmax and Qmid are the maximum value and the appropriate one in the 

middle of the measured range of Q, respectively. 

(ii) Generalized method 

In this method, the normalization constant is given as 

2

o
2

1

K
ρ4πKK −

=                                           (2-17) 

where 
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maxQ
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where 

( )
2

i
ii QfXf ⎟

⎠

⎞
⎜
⎝

⎛
= ∑2                 (2-20) 

The observed intensity becomes small in the high-Q regions, but the value of 

Q2 is relatively large. For this reason, errors in the observed intensity are 

sometimes enhanced. In order to reduce such enhancement, an artificial 

damping factor M(Q) is introduced (48). 

 

2.9.2 Determination the Value of Incoherent Scattering Iinc(Q) 

It was found that the incoherent scattered intensities of various atoms each 

with Zi atomic number can, with high accuracy, be approximated for poly 

atomic material by the following simplified formula (52) 

( ) ( )QIXQI inc
ii

inc ∑=                         (2-21) 
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where 

( ) ( )
i

2
inc

i Z
QfZQI ⎥

⎦

⎤
⎢
⎣

⎡
−=              (2-22)                        

For most of the metallic elements, the incoherent scattering intensity is only 

a small part of the observed intensity and thus, it will have a little influence (48). 

However, for the relatively light elements the incoherent scattering intensity 

plays a significant role in the data analysis. 

The theoretical values of the coherent atomic scattering for X-rays are 

numerically calculated and listed in “International Tables for X-ray 

Crystallography” (53). However, the use of an analytical form is helpful in the 

analysis of intensity patterns of amorphous materials. Assuming that the incident 

X-rays is far away from any absorption edge in the specimen, the atomic 

scattering factor f, is represented by the following formula (54) 

( ) ∑
=

+−
=

n

1i

c
π 16

Q B

i
2

2
i

eAQf             (2-23) 

where n is considered to be two (55, 56) or four (56, 57)  while parameters Ai, Bi and c 

are given for each case by several researchers (54, 58). 

 

2.9.3 Evaluation of the Reduced Radial Distribution Function 

The first requirement now is, the numerical computation of the integral 

( ) ( )dQ Qr sinQF
0
∫
∞

            (2-24) 

where the Fourier sine transform of the function F(Q) may be obtained in a 

variety of ways from a graph or a tabulation of values of that function at suitable 

intervals in Q. The usual procedure, which was used in this work, involves some 

interpolation rule for F(Q) sin(Qr) dQ at evenly spaced intervals in Q. For a 

given size of interval the accuracy of a numerical method depends on the value 
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of r and the degree of the interpolation. A treatment of linear interpolation (51) 

gives 

( ) ( ) ( ) ( )∑∫ =
∞ max

min

Q

Q0

ΔQ Qr sinQFdQQr sinQF               (2-25) 

If the observed intensity curve for values of Q less than Qmin is smoothly 

extrapolated to Q = 0, the reduced RDF eqn (1- 12) can be written as  

( ) ( ) ( ) ΔQ Qr sinQF
π
2rG

maxQ

0Q
∑

=

=         (2-26) 

where at this stage some corrections have to be considered: 

(i) Kaplow correction 

Kaplow et. al. (59) made a correction to eliminate slowly varying errors in 

F(Q). The correction is based on the assumption that at small r values, ρ(r) 

is zero and the reduced RDF, G(r), equals -4προ deviations at small r, of the 

experimental G(r) from the true value given by the straight line of slope - 

4προ arises from varying errors in the experimental F(Q). The G(r) can be 

used to correct the experimental F(Q) according to the following Kaplow 

procedure 

( ) ( ) ( ) ( )
2ekoe f

QIQF ΔQFQF −=                             (2-27) 

where 

( ) ( )( ) ( )∫ +=
kr

0
oek dr Qr sinρ 4πrGQΔF                      (2-28) 

and rk is the maximum value of r taken for such correction. When applying 

this correction, rk is taken not too near to the first peak in G(r). 

(ii) The damping factor 

A universally encountered source of error is the incompleteness of the 

experimental integration range that is 0 to Qmax rather 0 to ∞ as required by 
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the eqn (1-12). It was demonstrated that the upper limit Qmax, effectively 

terminates the series before the amplitudes have necessarily fallen to       

zero (51). It was also shown that when the intensity fluctuations are still of 

appreciable size at Qmax, the result is that each major peak in RDF is 

bracketed by several pairs of diffraction ripples. Such ripples may affect 

both the position and the shape of the peak. Furthermore, the ripples reduce 

the area under the peak, causing difficulty of estimation of the atomic 

coordination. 

It may be impossible to suppose such diffraction ripples by extending the 

measurements to higher Q values. The same result can be accomplished by 

applying a modification function or an artificial damping factor, 

( ) ( )2BQ expQM −=             (2-29) 

The coefficient B of the damping factor should be chosen to attain the best 

compromise between less of resolution and elimination of spurious ripples in 

the RDF. It has, sometimes, been suggested that B selected to reduce the 

value of M(Q) to about 0.10 at Q = Qmax or  (8). In actual 

practice, then, one evaluates 

2
maxln10/QB =

( ) ( ) ( ) ( ) ΔQ Qr sinQ MQF
π
2rρr π 4r J

maxQ

0Q
o

2 ∑
=

+=        (2-30)                        

It is not certain that all errors have been removed from the final RDF by 

applying Kaplow's correction and the damping factor. However, the 

efficiency of the procedure was effectively measured in this work by the 

following criteria: 

(a) The removal of the small oscillations at small r values. 

(b) The agreement between ρο from the initial slope G(r) and the measured 

density (60). 
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2.9.4 Computational Programming for Calculating RDF 

The RDF program consists of four modules, the Main-program and three 

other subroutines, substrate correction SUBSTRAT, for data smoothing 

SMOOTH and for Kaplow correction KAPLOW. The program was written to 

calculate the radial distribution function, 4πr2ρ(r) and the reduced radial 

distribution one G(r), as well as I(Q) and F(Q) for crystalline and amorphous 

materials. Such calculation can be done for polyatomic and, of course, for        

monatomic materials in a powder or thin film forms. The Main-program starts 

by reading the following input data: 

• Code for powder or thin film form, code for general normalization 

method or high angle normalization method correction, code for 

incoherent correction. 

• The minimum and maximum value of experimental Bragg's angle and 

the step size, Δ 2θ. 

• The observed scattering intensity (cps). 

• Number of atoms and number of smoothing. 

• The radiation wavelengths (λα1 and λα2). 

• The lower, middle, upper limit and the increment of Q (Qmin, Qmid, Qmax 

and ΔQ). 

• Atomic number and fraction Xi. 

• Parameters for atomic scattering factors. 

• Parameter of damping factor B. 

• The maximum value of r. 

• The number of Kaplow iterations and the length rk of the correction 

region.  

Using eqn (2-23), the program calculates the atomic scattering factor f(Q), for 

the different atoms. The constants take the values published by Cromer and 

Waber (61). It also calculates the incoherent scattering using the simplified form 
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of eqn (2-21). From the values of f(Q), those of 2f  and 2f are calculated. 

The program calculates the corrected intensity per atom as a function of Q and 

removes the incoherent scattering, if it is required. It then evaluates the coherent 

scattering per atom I(Q), using one of the two normalization methods. In 

addition, it calculates the reduced scattering F(Q), the reduced radial distribution 

function G(r) and the radial distribution function J(r), using eqns (1-9), (1-12)  

and (1-16),  respectively. It was used also to correct F(Q) by the damping 

correction and the Kaplow's  procedures.   
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Chapter III 

RESULTS AND DISCUSSION 



3. X-Ray Analysis and Radial Distribution Function (RDF) 
In the following sections, compositional and structural information about the 

prepared samples, in both powder and thin film forms will be discussed in the 

light of the results obtained by X-ray analyses. These analyses include Energy 

Dispersive X-ray (EDX) analysis which gives the information about the sample 

constituent elements, qualitatively and quantitatively, and the X-Ray Diffraction 

(XRD) analysis which is the structural guideline showing amorphicity or 

crystallinity of the prepared samples, where some useful information like RDF is 

obtained from it. Also, density determination, thermal behaviour and average 

coordination number will be demonstrated.   

 

3.1 Energy Dispersive X-Ray Analysis (EDX)   

Samples prepared in both powder and thin film forms; have to be checked 

out compositionally from the following three points: (i) the type of constituent 

elements forming the samples, (ii) the atomic percentage of each constituent 

element and finally (iii) the sample homogeneity. 

The adequate analysis for checking out the former three points is the EDX 

analysis, because of many reasons, the most important are:  

• When the specimen is subjected to the energetic electron beam (20 keV), 

the resulting characteristic X-rays from the specimen are emitted from 

the transitions of the inner shells electrons, as any of such electrons is 

dislodged from its shell. So, the emitted X-ray energy is independent of 

any type of bonds existing between the outer shells sharing-electrons. 

Therefore, characteristic X-ray spectrum is the element finger print 

which confirms the type of the constituent element regardless of its 

chemical bonding.   

• The collected X-ray spectrum is in the form of X-ray energy in keV 

against the number of counts collected in a certain acquisition time, as 

shown in the illustrative example Fig. (3-1), where it can be noticed that, 
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the collected number of counts is not a sharp line at certain X-ray energy, 

but rather it is a symmetrical Gaussian-shaped curve about the energy 

value where the area under curve can be used statistically to determine 

the atomic percentage of each element and thus its concentration.  

• The EDX allows checking of the sample homogeneity, by collecting     

X-rays from the sample at random areas and comparing their results. 

 

 
Fig. (3-1): EDX qualitative analysis for GeSe3 thin film. 
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The EDX analysis results obtained at three randomly selected regions for 

powder samples are given in Tables (3-1), (3-2). Similarly, Tables (3-3) and    

(3-4) show the EDX analysis results for thin film samples at different three 

regions. The obtained values are given in atomic percentage (at.% ) for each 

constituent element, with expected error of about ±2%.  

 

Table (3-1): EDX results of the studied compositions in powder form at three 

different regions (I), (II) and (III) with their average values. 

Composition 

 ZnSe GeSe3 Sb2Se3 

Region Zn (%) Se (%) Ge (%) Se (%) Sb (%) Se (%) 

I 51.2 48.8 23.8 76.2 41.2 58.8 

II 51.8 48.2 26.6 73.4 40.8 59.2 

III 51.4 48.6  25.8 74.2 40.5 59.5 

Avr. 51.5 48.5 25.4 74.6 40.8 59.2 

 

Table (3-2): EDX results of the studied compositions in powder form at three 

different regions (I), (II) and (III) with their average values. 

Composition 

 (GeSe3)80(Sb2Se3)20 (GeSe3)70(Sb2Se3)10(ZnSe)20 

Region Ge (%) Se (%) Sb (%) Ge (%) Se (%) Sb (%) Zn (%) 

I 21.5 70.8 7.7 17.2 69.8 4.6 8.4 

II 20.4 71.4 8.2 18.5 66.9 5.4 9.2 

III 20.1 72.3 7.6 18.2 67.8 2.8 11.2 

Avr. 20.7 71.5 7.8 17.9 68.2 4.3 9.6 
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Table (3-3): EDX results of the studied compositions in thin film form at three 

different regions (I), (II) and (III) with their average values. 

Composition 

 ZnSe GeSe3 Sb2Se3 

Region Zn (%) Se (%) Ge (%) Se (%) Sb (%) Se (%) 

I 51.3  48.7 24.9 75.1 40.5 59.5 

II 50.8 49.2 25.3 74.7 41.2 58.8 

III 50.6 49.4 24.6 75.4 40.1 59.9 

Avr. 50.9 49.1 24.9 75.1 40.6 59.4 

 

Table (3-4): EDX results of the studied compositions in thin film form at three 

different regions (I), (II) and (III) with their average values. 

Composition 

 (GeSe3)80(Sb2Se3)20 (GeSe3)70(Sb2Se3)10(ZnSe)20 

Region Ge (%) Se (%) Sb (%) Ge (%) Se (%) Sb (%) Zn (%) 

I 20.2  72.2 7.6 17.7 68.3 4.7 9.3 

II 19.6 72.6 7.8 17.0 67.9 4.3 10.8 

III 20.1 71.8 8.1 17.4 68.1 3.9 10.6 

Avr. 20 72.2 7.8 17.4 68.1 4.3 10.2 

 

From the above results it can be observed that:  

• The at.% is a relative value determined by the elemental existence as a 

number of atoms in the compositional formula of the sample relative to 

the total number of constituent elements i.e. the change in the at.% of 

any element affects the corresponding values of the others and therefore 
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the total at.% of the sample constituent elements is standardized to 

100%.    

• Comparing the values of the regions (I), (II) and (III) of each sample, 

either in its powdered or thin film form reveal that, the samples are fairly 

homogeneous with slight alterations from one region to another due to 

compositional differences or statistical error. 

• Comparing the average value of each sample in its powdered form to that 

of its corresponding value in thin film form reveals some differences, 

which may be due to some atomic rearrangements formed during 

condensation of atoms on the substrate in the thermal evaporation 

process, and thereby affecting the at.% of the constituent atoms.  

 

3.2 X-Ray Diffraction Analysis (XRD) 

Structural analysis by X-ray diffraction of the samples in both powder and 

thin film forms is one of the most powerful techniques for qualitative and 

quantitative analysis for crystalline and amorphous compounds. The most 

important information which may be obtained by this analysis includes types 

and nature of the crystalline phases present, structural make-up of phases, 

degree of crystallinity, amount of amorphous content, microstrains and finally, 

size and orientation of crystallites. 

The obtained diffractogram from the analysis is the angles 2θ in degrees 

represented on the horizontal axis versus the X-ray intensity represented on the 

vertical axis. The main three features which may appear on the diffractogram 

can be summarized as follows: 

• The appearance of only broad humps and the absence of any sharp lines 

are taken as an evidence for the amorphous nature of the sample.  

• The appearance of only sharp lines confirms that, the sample is in either 

pure crystalline or polycrystalline phase.  
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• When both humps and sharp lines appear, the sample is said to be 

partially crystalline i.e. some crystalline phases are mixed up with 

amorphous one.     

 

3.2.1 X-Ray Diffraction of the Powder Samples 

X-ray diffractograms of the powder samples used to prepare the investigated 

films are shown in Fig. (3-2) and (3-3). For binary samples, shown in Fig. (3-2a) 

and (3-2c) both ZnSe and Sb2Se3 exhibit sharp lines at different angles, 

confirming that both samples are identified in crystalline phase. The peaks in 

Fig. (3-2a) refer to ZnSe composition according to the ICDD card no. 37-1463 

(cubic system) with lattice parameters a=b=c=5.67 Å and α=β=γ=90o, similarly, 

peaks in Fig. (3-2c) refer to Sb2Se3 composition according to the ICDD card 

no.72-1184 (orthorhombic system) with lattice parameters a=11.62 Å,    

b=11.77 Å, c=3.96 Å  and α=β=γ=90o. Whereas, GeSe3 shows three humps with 

no sharp lines as illustrated in Fig. (3-2b), confirming that the sample is in 

amorphous phase.  

Also, from the diffractograms shown in Fig. (3-3), for both pseudo binary 

(GeSe3)80(Sb2Se3)20 and pseudo ternary (GeSe3)70(Sb2Se3)10(ZnSe)20 powder 

samples, it can be observed that, both of them exhibit broad humps of 

amorphous phase and they do not have pre-peak. This means that, the prepared 

samples have only short-range order and lack long-range one. For in-depth 

analysis of these samples, RDF calculations are estimated for these samples as 

will be demonstrated in the next section.       
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Fig. (3-2): X-ray diffraction patterns for (a) ZnSe, (b) GeSe3 and (c) Sb2Se3 

powder samples. 
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Fig. (3-3): X-ray diffraction patterns for (a) (GeSe3)80(Sb2Se3)20 and  

(b) (GeSe3)70(Sb2Se3)10(ZnSe)20 powder samples. 

 

3.2.2 Radial Distribution Function (RDF) 

Knowing of the structural arrangements of amorphous materials is important 

prerequisites for understanding the physical and/or chemical properties. The 

radial distribution function RDF, is one of the extremely important concepts in 

the field of structure determination of amorphous materials and could be 

considered as a suitable tool for presenting real-space structural information. 

The observed X-ray intensities of amorphous (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 powder samples are corrected first for background 

by fitting the data to a third-order polynomial to give a smoothly varying 

background, which is then subtracted. Secondly, the raw data are corrected for 

absorption and incoherent scattering, in order to eliminate the portion of 

radiation which does not carry structural information. The correction for 

scattering and determination of the interference function make it necessary to 

express the experimental intensities in electron units (e.u.) by the use of the high 
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angle method. A typical RDF curve of amorphous (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 powder samples are shown in Fig. (3-4) and (3-5), 

respectively.  
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Fig. (3-4): Radial distribution function (RDF) as a function of the radial 

distance r for (GeSe3)80(Sb2Se3)20 in powdered form. 
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Fig. (3-5): Radial distribution function (RDF) as a function of the radial 

distance r for (GeSe3)70(Sb2Se3)10(ZnSe)20 in powdered form. 

The RDF patterns exhibit two distinct broad peaks at certain radial distances, 

2-5 Å, from a reference atom. This implies that, the pseudo binary and pseudo 

ternary powder samples preserves short-range order primarily in the first and 

second shells of nearest neighbours, with considerable structure disorder in 

higher shells. In order to describe quantitatively the first two peaks, a function 

known as the correlation function T(r) = 4πrρ(r) is considered to be the best 

function to determine the characteristic parameters in the short-range order due 

to its symmetric broadening. The characteristic parameters are the interatomic 

distances r1 and r2, Full Width at Half Maximum (FWHM), area under the peak 

and the value of the bond angle θ between r1 and r2. The ideal correlation 

function T(r) has a Gaussian symmetry; and fitting is achieved for the observed 

curves as illustrated in Fig. (3-6) and (3-7) for the two powder samples 

(GeSe3)80(Sb2Se3)20 and (GeSe3)70(Sb2Se3)10(ZnSe)20.  
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Fig. (3-6): Correlation function T(r) as a function of the radial distance r 

for (GeSe3)80(Sb2Se3)20 in powdered form. 
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Fig. (3-7): Correlation function T(r) as a function of the radial distance r 

for (GeSe3)70(Sb2Se3)10(ZnSe)20 in powdered form. 
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Where the observed T(r) (continuous curve) is fitted to the Gaussian-shaped 

peaks (dashed curve) and the difference between the observed and the ideal 

Gaussian curve is represented by the dotted line showing a good acceptable 

fitting, where the parameters are given for the first two short-range order peaks 

in Table (3-5).  

It must be noticed that, the found positions for the atoms at r1 and r2 are 

considered to be average positions around which the corresponding atoms 

oscillate with amplitudes that are dependent on temperature (62). 

From the calculated parameters it can be observed that, the position of the 

radial distances of both peaks in the case of (GeSe3)70(Sb2Se3)10(ZnSe)20 is 

shifted towards higher values as compared to that of (GeSe3)80(Sb2Se3)20 sample, 

showing that the incorporation of ZnSe with (GeSe3)80(Sb2Se3)20 increases the 

order range.  

The Debye-Waller factor, δ2 is directly related to the amount of disorder in 

the bond  lengths (63), where δ2 = FWHM / 2 and as observed from Table (3-5), 

the slight decrease in the peak width values (second peak) for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 as compared to (GeSe3)80(Sb2Se3)20 shows that, there 

is a decrease in the disorder value which is attributed to the decrease in the 

number of excess of Se-Se homopolar bond, as the ZnSe is incorporated with  

(GeSe3)80(Sb2Se3)20 and this is confirmed by the results obtained for the 

corresponding evaporated films as represented by the band tail width Ee. For the 

bond angle θ given in Table (3-5) a decrease in its value for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 as compared to (GeSe3)80(Sb2Se3)20 occurs due to the 

changes in the radial distance r.     
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Table (3-5): Results from T(r) analysis for (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20  powder samples. 

Composition 
Peak Position  

(Å) 

FWHM 

(Å) 

Area 

(Atoms) 

Angle (θ) 

(Deg.) 

(GeSe3)80(Sb2Se3)20     

Peak I 2.709 0.694 2.487 

Peak II 3.803 0.856 11.263 
89.17 

(GeSe3)70(Sb2Se3)10(ZnSe)20     

Peak I 3.269 1.373 10.479 

Peak II 4.317 0.831 6.368 
82.66 

 

3.2.3 X-Ray Diffraction of Thin Films 

X-ray diffractograms of the prepared films are shown in Fig. (3-8) and (3-9). 

For binary samples shown in Fig. (3-8), only ZnSe film exhibit a sharp line at 

2θ=27o and is surmounted on a broad hump indicating that there is a crystallite 

centre i.e. the sample is a mixture of amorphous and crystalline phase. Although 

thermal evaporation is considered as one of the main methods in obtaining 

amorphous films, the resulting ZnSe film exhibit formation of crystallite centre 

and this may be attributed to the preparation from a highly pure crystalline 

powder source.  

This partial formation of a crystallite centre affects the optical transition in 

ZnSe film in such a manner that, the transition is found to be allowed direct 

transition which is not possible in a purely amorphous film. Therefore, X-ray 

diffraction has explained the optical transition trend of ZnSe which follows the 

variation (αhν)2 rather than (αhν)1/2 when plotted against  hν.   
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Fig. (3-8):   X-ray diffraction patterns for (a) ZnSe, (b) GeSe3 and (c) Sb2Se3 

thin films. 

 

For GeSe3 and Sb2Se3 films, the diffractograms show a pure amorphous 

nature with wide humps although their powder origin is completely different in 

their structure. This indicates that thermal evaporation of a partially crystalline 

powder like Sb2Se3 is efficient in producing amorphous films and this X-ray 

result confirms the optical transition behaviour of these films in a manner that, 

they obey allowed indirect transition (αhν)1/2 law against  hν. 

The same behaviour is observed for (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 films as shown in Fig. (3-9) which confirms the 

amorphous nature of the prepared films as observed optically in their allowed 

indirect transition.   
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Fig. (3-9): X-ray diffraction patterns for (a) (GeSe3)80(Sb2Se3)20 and   

(b) (GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 
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3.3 Density Determination 

Density determination of the prepared bulk samples by the hydrostatic 

method is experimentally important from the two points: (i) getting confirmation 

of the sample homogeneity by measuring the density of different fragments from 

the same sample and (ii) requirement of feeding the sample density to the 

thickness monitor before thin film evaporation process starts.  

Theoretically the bulk sample density can be determined as ρcal, using 

Myuller's formula given by (64) 

                                             
1−

⎥
⎦

⎤
⎢
⎣

⎡
= ∑

i i

i
cal

X
ρ

ρ             (3-1) 

where Xi is the atomic percentage and ρi is the density of the ith structural 

element where the densities of Ge, Se, Sb and Zn are 5.32, 4.81, 6.68 and 7.13 
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g/cm3, respectively. The theoretically calculated density ρcal and the 

experimentally measured density ρexp are listed in Table (3-6).  

 

Table (3-6): Theoretical and experimental values of density for the bulk 

samples.  

Composition ρcal ρexp 

ZnSe 5.75 ------- 

GeSe3 4.93 4.23 ±0.03 

Sb2Se3 5.42 5.38 ±0.02 

(GeSe3)80(Sb2Se3)20 5.02 4.58 ±0.01 

(GeSe3)70(Sb2Se3)10(ZnSe)20 5.10 4.86 ±0.04 

 

From Table (3-6) it is obvious that the density values of all samples are 

calculated theoretically from the Myuller's formula and measured 

experimentally except for ZnSe sample, owing to its powdered form, which is 

not suitable to be measured by the hydrostatic method, also comparing 

theoretical and experimental values reveals that, for any of the studied 

compositions ρcal is found to be greater than that of the corresponding ρexp value, 

which may be attributed to the interatomic interactions and volume space 

between atoms inside the composition matrix, which is not taken into account 

when considering the theoretically calculated density. Therefore, the realistic 

configuration of the studied systems for any composition has larger volume than 

that provided by Myuller′s relation. 
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3.4 Thermal Behaviour of the Prepared Bulk Compositions 

Differential Thermal Analysis (DTA) is a technique associated with physical 

or chemical transformations taking place as the substance is heated at a constant 

rate. The recorded data from such analysis allows determining certain 

temperatures related to the sample, like glass transition temperature Tg, 

crystallization temperature Tc and melting temperature Tm, which are useful 

outline data of the sample when subjected to heat during different experimental 

measurements and preparation of thin films. The prepared bulk compositions in 

powdered form are heated at a rate of 10 deg/min and the resulting thermogram 

shows, temperature on the x-axis and the difference in temperature ΔT between 

the sample and a reference material on the y-axis, where the composition 

transformation is either exothermic or endothermic as represented in Fig. (3-10) 

for Sb2Se3, as a representative example.  

For ZnSe composition neither Tg nor Tc is recorded on the thermogram 

which is due to its highly pure crystalline origin, as shown in the X-ray 

diffraction results for the powder sample, also its high melting point is not 

recorded in the studied temperature range of 27 - 650oC.  

For Sb2Se3 composition both Tg and Tc, given in Table (3-7), are recorded 

although the sample has shown good crystalline form as depicted by the X-ray 

diffraction analysis for the powder sample. However, the sample X-ray 

diffractogram reveals certain degree of amorphicity at 2θ  between 4o and 20o 

and hence, this degree of amorphicity could be responsible for the observed Tg 

and Tc in a sense that, the amorphous phase has the Tg value due to the onset of 

softening and the accessibility of a new configurational energy, also Tc indicates 

that the sample has the ability in the amorphous phase to crystallize. The Tc 

value does not sharply appear as an exothermic peak, but rather as a broad hump 

due to the heating rate used. Finally, the recorded sample melting temperature is 

609.86oC.         
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For GeSe3, (GeSe3)80(Sb2Se3)20 and (GeSe3)70(Sb2Se3)10(ZnSe)20 samples, the 

absence of crystallization temperatures could be attributed to their high 

amorphicity, and their melting temperatures are above the measured temperature 

range. On the other hand, the recorded values of their Tg are found to decrease in 

sequence starting from GeSe3 and followed by (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20, respectively as given in Table (3-7). This decrease 

in Tg value may be attributed to the rigidity of the glass network i.e. the value of 

Tg is associated with the average coordination number <r>, and is also related to 

some typical bond energy between the   atoms (65), therefore the decrease in Tg is 

due to both the decrease in the average coordination number <r> and cohesive 

energy CE, which follow the same trend as that for Tg, and thereby the lower the 

Tg value of the composition, the sooner the softening occurs corresponding to 

the accessibility of a new configurational energy or degrees of freedom.  

  
Fig. (3-10): DTA thermogram of Sb2Se3 in powdered form. 
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Table (3-7): Average coordination number <r>, cohesive energy CE, glass 

transition temperature Tg, crystallization temperature Tc and 

melting temperature Tm for the studied compositions. 

Composition 
<r>  

(atom-1) 

CE  

(eV/atom) 

Tg  

(oC) 

Tc  

(oC) 

Tm  

(oC) 

ZnSe  2.00 1.79 ---- ---- ---- 

GeSe3 2.50 2.59 287.79 ---- ---- 

Sb2Se3  2.40 2.26 291.44 429.40 609.86 

(GeSe3)80(Sb2Se3)20 2.48 2.55 269.46 ---- ---- 

(GeSe3)70(Sb2Se3)10(ZnSe)20 2.39 2.39 264.42 ---- ---- 

 

3.5 The Average Coordination Number 

Experimental results obtained in standard X-ray diffraction experiments for 

non-crystalline systems (48) suggest that, the local structural unit in the nearest-

neighbour coordination sphere for amorphous semiconductors is almost the 

same as that, for crystalline semiconductors. Moreover Ioffe and Regal (66) 

suggest that, the bonding character in the nearest neighbour region, which means 

the coordination number, characterizes the electronic properties of the 

semiconducting materials. For most atoms, the coordination number Nc follows 

the simple 8-N rule, where N is the number of valence electrons.  

For molecular glasses, the average coordination number <r>, which 

designates the average number of covalent bonds per atom in the glassy system, 

can be calculated as follows, for binary alloys AxB1-x the average coordination 

number is BA NxxNr )1( −+>=<  where NA and NB are the coordination 

numbers of elements A and B. In ternary compounds AαBβCγ the average 

coordination number is (67)  
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γβα
γβα

++
++

>=< CBA NNNr                   (3-2) 

where NA, NB and NC are the coordination numbers of elements A, B and C, 

respectively and α+β+γ=100. The former formula can be generalized for 

compounds with any number of elements.   

The values of average coordination number for different compositions ZnSe, 

GeSe3, Sb2Se3, (GeSe3)80(Sb2Se3)20 and (GeSe3)70(Sb2Se3)10(ZnSe)20 are listed in 

Table (3-8). For binary compositions, the <r> value of GeSe3 is greater than that 

of Sb2Se3, which in turn is greater than that of ZnSe. This decrease in values of 

<r> is attributed to the fact that, Ge atom has a coordination number (Nc=4) 

greater than that of Sb (Nc=3) and followed by Zn (Nc=2). Therefore, when Se 

(Nc=2) atom is bonded to either Ge, Sb or Zn atom, the <r> values of the 

resulting compositions will follow the sequence of the coordination number Nc 

of Ge, Sb and Zn atoms as listed in Table (3-8).     

 

Table (3-8): Average coordination number of the studied compositions. 

Composition <r> (atom-1) 

ZnSe  2.00 

GeSe3  2.50 

Sb2Se3  2.40 

(GeSe3)80(Sb2Se3)20 2.48 

(GeSe3)70(Sb2Se3)10(ZnSe)20 2.39 

 

For pseudo binary composition (GeSe3)80(Sb2Se3)20, it is obvious that, the 

value of <r> lies between that of GeSe3 and Sb2Se3. This decrease in the <r> 

value of (GeSe3)80(Sb2Se3)20 composition as compared to that of GeSe3 when 

Sb2Se3 is incorporated, is attributed to the presence of Sb-Se bonds coexisting 
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with Ge-Se bonds, and since Sb atom has a coordination number (Nc=3) less 

than that of Ge atom (Nc =4), therefore <r> is expected to decrease for 

(GeSe3)80(Sb2Se3)20 as compared to GeSe3.  

For pseudo ternary composition (GeSe3)70(Sb2Se3)10(ZnSe)20 the value of <r> 

decreases as compared to that of (GeSe3)80(Sb2Se3)20. The incorporation of ZnSe 

partially at the expense of both GeSe3 and Sb2Se3 results in a decreasing <r>, and 

this is attributed to the low value of <r> for ZnSe as compared to that for GeSe3 

and Sb2Se3, also the coordination number of Zn (Nc=2) is lower than that of Ge 

and Sb, therefore, <r> is expected to decrease for (GeSe3)70(Sb2Se3)10(ZnSe)20 as 

compared to (GeSe3)80(Sb2Se3)20 composition. 
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4. Optical Properties  

The optical constants n and κ as a function of wavelength λ, are deduced 

straightforward from the optical transmittance spectrum of the as-deposited 

films, using Swanepoel method (25-27). This method is based on the idea of 

creating the envelopes of interference maxima and minima. Figure (4-1) shows 

the spectral distribution of T(λ) for the GeSe3 sample, as a representative 

example of those under study. In this figure, the interference effect is due to 

multiple reflections of the incident beam inside the film, which results in an 

oscillating curve. This oscillation indicates that the prepared film is proven to be 

uniform, otherwise all the interference fringes are destroyed and the 

transmission is a smooth curve. Such interference fringes will be used to 

determine optical constants of the films under study.  
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Fig. (4-1): Transmission spectrum T(λ) of GeSe3 thin film. 
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First of all, it is necessary to draw the envelopes and ; illustrated in 

Fig. (4-1) by the dotted curves. These envelopes are very carefully drawn using 

a specific computer program. This method is based on determination of the 

corresponding tangent points between the sets of oscillatory data and the 

envelopes. The main steps for calculation of envelopes are: (i) data smoothing 

(ii) estimation of the location of the upper and lower tangential points and 

finally (iii) using of parabolic interpolation through the estimated upper and 

lower tangential points.             

MT mT

A distinct advantage of using the envelopes of the transmission spectrum 

rather than only the transmission spectrum is that, the envelopes are slow-

changing functions of λ , whereas the transmission spectrum varies rapidly 

with λ . Once the tangential points at iλ , between the two envelopes and the 

transmission spectrum are known, the refractive index can be calculated. 

 

4.1 Determination of the Refractive Index (n) 

Following Swanpoel method, the refractive index values of the films )(λn  

are calculated. First )(1 λn  is deduced from the interference fringes in the 

transparent region where absorption coefficient 0≈α  using the equation 

n1 = [H + (H2 – ns
2)1/2]1/2                                   (4-1) 

where 

2
1n

1)T(n
4nH

2
s

22
s

2
s +

−
+

=
α

                                  (4-2) 

where ns is the refractive index of the glass substrate (ns=1.5) and                   

Tα = (TM × Tm)1/2. While, in the region where the absorption coefficient 0≠α , 

the values of the refractive index )(λn is estimated by fitting the values of 

)(1 λn to Cauchy's formula, which is given as 

2λ
BAn +=                                                (4-3) 
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where A and B are constant. The dependence of refractive index n of the studied 

films on the wavelength λ, is shown in Fig. (4-2). It is obvious that, refractive 

index of each composition has the tendency to increase towards lower 

wavelength values (higher frequencies) which is consistent with normal 

dispersion of matter. At higher wavelength values (lower frequencies), the 

refractive index tends to a constant or static value for each composition i.e. the 

films become non-dispersive at high wavelengths. 
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Fig. (4-2): Refractive index n as a function of wavelength λ for  

(a) ZnSe, GeSe3, Sb2Se3 and (b) (GeSe3)80(Sb2Se3)20, 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 
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4.2 Determination of the Absorption Coefficient (α) 

Knowing the values of the refractive index n(λ) and the thickness t, the 

absorption coefficient α can be calculated using the formula 

)exp( tx α−=                                               (4-4) 

where x is the absorbance, and is given from the part of the transmission 

spectrum at high energy region, i.e. interference-free transmission where 

( )[ ]{ } QRRQTPPx /12 2/1
32

2 −++= α                        (4-5) 

Where                                

      ( )3213121 22 RRRRRRRTQ −+= α                          (4-6) 

 

( )( )( )111 321 −−−= RRRP                                  (4-7) 

 

( ) ( )[ 2
1 1/1 nnR +−= ]                                         (4-8) 

 

( ) ( )[ 2
2 / ss nnnnR +−= ]                                      (4-9) 

 

R3 = ( ) ( )[ 21/1 +− ss nn ]                                      (4-10) 

The absorption coefficient )(λα  is calculated from the above equations for 

the films under study as a function of photon energy and shown in Fig. (4-3)  

and (4-4).  

Calculation of the optical absorption spectrum, provide useful insight into 

how disorder influences the electronic properties of an amorphous 

semiconductor (68). From the absorption spectra, two different absorption 

regimes can be distinguished; at cm-1 and410)( ≥λα )(λα < cm-1. 410

 

 91



0 1 2 3 4 5
0.0

2.0x104

4.0x104

6.0x104

8.0x104

1.0x105

 

 

α 
(c

m
-1
)

hν (eV)

(a) ZnSe
(b) GeSe3
(c) Sb2Se3

 
Fig. (4-3): Absorption spectrum of (a) ZnSe, (b) GeSe3 and (c) Sb2Se3 thin 

films. 
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Fig. (4-4): Absorption spectrum of (a) (GeSe3)80(Sb2Se3)20 and  

(b) (GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 
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4.2.1 Optical Energy Gap (Eg) 

Values of the optical energy gap Eg of the films under investigation are 

determined at cm-1, in the range where the optical absorption is due to 

extended state transitions.  Since, Eg is a measure of the energy gap between 

valence and conduction band edges. The absorption data extracted from 

transmittance spectrum are analyzed using the classical relation for near edge 

optical absorption of semiconductors given as (15, 69) 

410)( ≥λα

)()( g
r EhAh −= ννα    (4-11) 

where A is a constant, r is a constant equal to 1/2, 2, 1/3 or 2/3 for indirect 

allowed, direct allowed, indirect forbidden and direct forbidden transition, 

respectively  (70).  

The best fit of ZnSe composition is found to follow the variation of (αhν)2 

vs. hν as observed in Fig. (4-5) which confirms direct allowed band gap 

transition in ZnSe film.  
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Fig. (4-5): Plot of (αhν)2 as a function of the photon energy hν for ZnSe thin 

film. 
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While, the best fit of GeSe3, Sb2Se3, (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 compositions are found to follow the variation of 

the plots (αhν)1/2 vs. hν as observed in Fig. (4-6).  

The optical gap Eg values given in Table (4-1) can be obtained by 

extrapolating the straight line portion of the plot (αhν)r versus hν to zero 

absorption coefficient. 
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Fig. (4-6): Plot of (αhν)1/2 as a function of the photon energy hν for (a) GeSe3, (b) Sb2Se3,  

(c) (GeSe3)80(Sb2Se3)20 and (d) (GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 

 

4.2.2 Band Tail Width (Ee) 

In the intermediate absorption region (1cm-1<α<104cm-1), the optical 

absorption takes place between extended states and localized states (71), the 

absorption coefficient depends exponentially on the photon energy as given by 

the empirical relation (72)                                    

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

eE
hB να lnln                           (3-12) 
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where B is a constant and Ee is the band tail width corresponding to the width of 

tails of localized states at the band edges into the energy gap and generally Ee 

represents the degree of disorder in an amorphous semiconductor (73).         

Figure (4-7) and (4-8) shows the relation between lnα and hν for GeSe3 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 samples as representative examples of those under 

study. From these relations, the reciprocal of the slopes represents the values of 

Ee for different film compositions as given in Table (4-1). 
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Fig. (4-7): Linear dependence of lnα on photon energy hν for GeSe3 thin 

film.  
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Fig. (4-8): Linear dependence of lnα on photon energy hν for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin film. 
 

 

Table (4-1): Values of optical energy gap Eg and band tail width Ee for the 

prepared thin film compositions. 

Composition Eg (eV) Ee (eV) 

ZnSe 3.06 ±0.04  0.063 ±0.004 

GeSe3 2.05 ±0.02  0.133 ±0.001  

Sb2Se3 1.33 ±0.01 0.068 ±0.002 

(GeSe3)80(Sb2Se3)20 1.87 ±0.02 0.129 ±0.002 

(GeSe3)70(Sb2Se3)10(ZnSe)20 1.81 ±0.01 0.123 ±0.001 
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4.2.3 Extinction Coefficient (κ) 

Knowing the values of absorption coefficient α of the films under study, the 

extinction coefficient κ  can be calculated using the relation 

π
αλκ
4

=                                                (4-13) 

The dependence of extinction coefficient κ of the studied films on the 

wavelength λ is shown in Fig. (4-9) and (4-10). It is obvious that, κ for each 

composition has the tendency to increase towards lower wavelengths 

corresponding to strong electronic absorption between valence and conduction 

band and tends to zero at longer wavelengths where the absorption coefficient is 

nearly zero. 

200 400 600 800 1000
0.0

0.1

0.2

0.3

0.4

0.5

 

 

κ

λ (nm)

(a) ZnSe
(b) GeSe3
(c) Sb2Se3

 
Fig. (4-9): Extinction coefficient κ as a function of the wavelength λ for  

(a) ZnSe, (b) GeSe3 and (c) Sb2Se3 thin films. 
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Fig. (4-10): Extinction coefficient κ as a function of the wavelength λ for  

(a) (GeSe3)80(Sb2Se3)20 and (b) (GeSe3)70(Sb2Se3)10(ZnSe)20 thin 

films. 

 

4.3 Determination of the Dispersion Parameters  

In the normal dispersion region, the refractive index values obtained by 

using Cauchy’s formula can be fitted to the Wemple-DiDomenico dispersion 

model based on the single oscillator model (74, 75) where n2 is given by 

])([
1)( 22

2

ν
ν

hE
EE

hn
o

od

−
+=            (4-14) 

where Eo is the oscillator energy and Ed is the dispersion energy. Representing 

(n2-1)-1 versus (hν)2 and performing a linear fit, the values of Eo and Ed can be 

found from the slope (Ed Eo)-1, and the intercept on the vertical axis Eo/Ed, as 

shown in Fig. (4-11) for the studied samples. Extrapolating the linear part to 

intercept, the ordinates given  and hence , where ξ∞ is )/(12
od EEn +=∞ ∞∞ = ξ2n
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the dielectric constant at infinite wavelength or the static dielectric constant. The 

values found for the Wemple-DiDomenico dispersion parameters Eo and Ed as 

well as ξ∞, derived from the above equation are given in Table (4-2). 
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Fig. (4-11): Linearization of the Wimple-DiDomenico model for (a) Sb2Se3, GeSe3,  

ZnSe and (b) (GeSe3)80(Sb2Se3)20, (GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 

 

The relation between the refractive index n and wavelength λ is given by (76) 

2
2

2
2 λ

π
ξ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−= ∗mc

Nen L     (4-15) 

where ξL is the lattice high frequency dielectric constant and is the ratio 

of the free carrier concentration to the electron effective mass.  

∗mN /

The dependence of n2 on λ2 is linear at longer wavelength as shown in Fig. 

(4-12). For the compositions under investigation, the lattice dielectric constant 

ξL can be obtained from the intercept of the extrapolation of the straight line to 
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n2
 axis. The dispersion parameters value of ξL and  are also summarized 

in Table (4-2). 

∗mN /
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Fig. (4-12): Linearization of the Wimple-DiDomenico model for         

(a) Sb2Se3, GeSe3, ZnSe and (b) (GeSe3)80(Sb2Se3)20, 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 
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Table (4-2): Values of the single-oscillator energy Eo, dispersion energy Ed, 

dielectric constant at infinite wavelength ξ∞ and lattice dielectric 

constant ξL. 

N/m*×1044  Eo  

(eV) 

Ed 

(eV) 

ξ∞  ξL 
Composition 

(g-1.cm-3) 

ZnSe 3.329 5.352 2.608 3.328 0.707 

GeSe3 4.058 13.241 4.263 5.222 0.787 

Sb2Se3 3.013 23.115 8.672 12.771 3.760 

(GeSe3)80(Sb2Se3)20 5.090 18.255 4.586 5.072 0.322 

(GeSe3)70(Sb2Se3)10(ZnSe)20 3.161 11.762 4.722 6.127 1.172 

 

4.4 Correlation between CE and the Behaviour of both Eg and Ee 

The cohesive energy of the covalently-bonded amorphous compositions can 

be calculated using the chemical bond approach (77), which assumes that, bonds 

are formed in sequence of decreasing heteropolar bond energies until all 

available covalent bonds of atoms are saturated. The bond energies D(A-B) for 

heteronuclear bonds is calculated  by using the relation 

   [ ] 22
1

)(29.1)()()( BABBDAADBAD χχ −+−−=−         (4-16) 

proposed by Pauling (78), where D(A-A) and D(B-B) are the energies of the 

homonuclear bonds. The D(A-A) values used, in units of eV, are 1.62 for Ge, 

1.29 for Sb, 1.89 for Se and 0.30 for Zn. While, the values of the 

electronegativities, χ, of the atoms involved are 2.01 for Ge, 2.05 for Sb, 2.55 

for Se and 1.65 for Zn, respectively. The values of the cohesive energy CE for 

the studied compositions are given in Table (4-3).  

For binary compositions, ZnSe, GeSe3 and Sb2Se3, it is obvious that, the 

highest value of CE corresponds to GeSe3 composition and the lowest one 
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corresponds to ZnSe. This is attributed to the fact that Ge-Se bond energy value 

is the highest (2.12 eV), followed by the bond energy value of Sb-Se (1.88 eV) 

and finally the bond energy of Zn-Se (1.79 eV). 

For pseudo binary composition (GeSe3)80(Sb2Se3)20, as the Sb2Se3 is partially 

incorporated with the pure GeSe3, the highest value of Ge-Se bond energy are 

expected to saturate all available valence of Ge, followed by Sb-Se and finally 

the unsatisfied Se bonds must be satisfied by Se-Se homopolar bonds. Therefore, 

the presence of Sb-Se after all Ge-Se bonds are satisfied would result in a 

decreasing CE value of (GeSe3)80(Sb2Se3)20 as compared to that of GeSe3.  

 

Table (4-3): Cohesive energy CE and excess of Se-Se bonds for the studied 

compositions. 

Composition CE (eV/atom) Excess of  Se-Se bonds 

ZnSe  1.79 ------ 

GeSe3 2.59 50 

Sb2Se3  2.26 ------ 

(GeSe3)80(Sb2Se3)20 2.55 40 

(GeSe3)70(Sb2Se3)10(ZnSe)20 2.39 35 

 

For pseudo ternary composition (GeSe3)70(Sb2Se3)10(ZnSe)20, as ZnSe is 

partially incorporated at the expense of both GeSe3 and Sb2Se3, the highest value 

of Ge-Se bond energy are expected to saturate all available valence of Ge, 

followed by Sb-Se, then followed by Zn-Se and finally the unsatisfied Se bonds 

must be satisfied by Se-Se homopolar bonds. Therefore, the presence of   Zn-Se 

after all Ge-Se and Sb-Se bonds are satisfied would result in a decreasing CE 

value of (GeSe3)70(Sb2Se3)10(ZnSe)20 as compared to that of (GeSe3)80(Sb2Se3)20.  
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In order to understand the behaviour of both Eg and Ee, for as-deposited 

films under investigation, in terms of CE and excess of Se-Se bonds, 

respectively, one has to correlate between values listed in Table (4-1) and those 

in Table (4-3), where the two following points could be representative for both 

Eg and Ee trends:    

• For films following the indirect allowed transition, it can be seen that, 

the values of Eg decrease as the cohesive energy (low bond strength) of 

the film composition decreases, i.e. the conduction band edge becomes 

closer to the valence band and so, Eg becomes narrower as the CE 

decreases 
(79). For ZnSe film, the value of Eg is the highest one, although 

the CE value is the smallest. This could be attributed to the transition 

behaviour between valence and conduction band, which follows the 

direct allowed transition.  

• The values of Ee listed in Table (4-1), are related to the values of excess 

of Se-Se bonds, in a manner that, the values of Ee increases as the 

number of excess of Se-Se homopolar bond increases. This behaviour 

could be attributed to the notion that, as the number of excess of Se-Se 

homopolar bond increases, isolated centres of these defects can only 

introduce states at or near the band edges (80), leading to an increase in 

the band tail width values. Moreover, the process by which films are 

deposited onto the substrate may cause formation of some structural 

defects, like unsatisfied bonds or probably defect homopolar bonds 

between the same atoms (81) and thus may have some effect on the values 

of Ee especially for the stoichometric compositions (with no excess of  

Se-Se bonds). 

• If the previous notion is applied to the as-deposited films under 

investigation, it is observed that, GeSe3 composition has the largest value 

of excess Se-Se homopolar bond and consequently, the largest Ee value 

followed by (GeSe3)80(Sb2Se3)20 and (GeSe3)70(Sb2Se3)10(ZnSe)20 in 
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sequence. For the two compositions, Sb2Se3 and ZnSe, which are 

considered to be stoichometric with no excess of Se-Se bonds, their Ee 

values may originate from the unsatisfied bonds or defect homopolar 

bonds between the same atoms during film deposition.  

• By comparing the values of Ee for the studied compositions it can be 

seen that, the Ee values for the stoichometric compositions Sb2Se3 and 

ZnSe are considerably smaller than the rest of the compositions. This 

could be attributed to the reason that, Ee values may be greatly affected 

by the excess of Se-Se bonds as one of many reasons forming the defect 

states. 

 

4.5 Correlation between Eg and both n and κ 

In this section the behaviour of both n and κ, shown in Fig. (4-2), (4-9) and 

(4-10), will be correlated to the values of Eg given in Table (4-1). Referring to 

these figures and Table (4-1), it can be observed that, at any given wavelength, 

values of both n and κ increase as the Eg value of the film composition becomes 

smaller. So, correlation between Eg and both n and κ is of importance, as will be 

discussed in the two following points:    

• According to Penn's theory, which is applicable to chalcogenide 

semiconductors we have (68, 82)  

                      
2

2 1 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

g

p

E
n

ωh
                                           (4-17) 

where ωp is the plasma frequency determined by the ratio 

∗=
m

Ne 
p

2
2 4πω                                    (4-18)                        

where N is the free charge-carrier concentration and m* is the effective 

mass of the carrier. From eqns (4-17) and (4-18) it can be seen that, there 

are two competing values affecting the behaviour of n2, namely N/m* 
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value represented in numerator and the value in denominator. For 

binary compositions, it is clear from Table (4-4) that, as the Eg value 

decreases the ratio 

2
gE

2

)/(

gE
mN ∗

increases and consequently n2 increases as 

predicted by eqn (4-17). Therefore, as the Eg value of the studied 

composition decreases, n increases and this is exactly verified 

experimentally in Fig. (4-2a). Similarly, for pseudo binary and ternary 

compositions the same behaviour applies and verified in Fig. (4-2b).   

• The extinction coefficient κ  behviour shown in Fig. (4-9) and (4-10), 

can also be attributed to the Eg value, in a manner that the lower the Eg 

value, the larger the number of carriers absorbing photon energy to jump 

from valence to conduction band, leading to an increase in the absorption 

coefficient α and hence κ  increases as Eg of the composition decreases.  

 

Table (4-4): Values of Eg as compared to the 2

)/(

gE
mN ∗

 ratio for different films.  

Composition Eg (eV) 2

)/(

gE
mN ∗

×1044  (g-1.cm-3).(eV)-2 

ZnSe 3.06 0.075 

GeSe3 2.05 0.187 

Sb2Se3 1.33 2.126 

(GeSe3)80(Sb2Se3)20 1.87 0.092 

(GeSe3)70(Sb2Se3)10(ZnSe)20 1.81 0.358 
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5. Electrical Properties  
In the following sections, both dc and ac conductivities and some related 

electrical parameters, of the as-deposited films under study, will be discussed on 

the basis of theories proposed for electronic transport properties in disordered 

semiconductors (83). Most of these theories are based on the energy distribution 

of the electronic states whether the extended or the localized ones, as well as 

deeper localized states introduced by defects.   

 

5.1 DC Electrical Conductivity  

DC conductivity of a sample in either bulk or thin film form is a 

characteristic property of the sample regardless of its dimensions. The dc 

conductivity measurement of a sample can be achieved by one of the two 

methods: (i) by calculating the resistance of the sample from the slope of the 

measured I-V characteristics or (ii) by measuring the sample resistance directly 

using an electrometer. The choice of either method depends on the carried out 

experiment. For example, if the dc conductivity behaviour with temperature is 

concerned, the second method will be more convenient, in the sense that, 

conductivity is measured instantaneously with temperature. Therefore, when 

conductivity is measured as a function of temperature in a certain range, one can 

understand the conductivity mechanism of the sample. 

When dc conductivity σdc is measured as a function of absolute temperature 

T, different conductivity mechanisms may appear in the following sequence as 

temperature decreases: 

• Band conduction of electrons excited beyond the mobility edge into 

extended states above the edge of the conduction band Ec or  holes below 

the edge of the valence band Ev where conductivity is given by (84)  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ Δ−
=

kT
E

o expσσ                                        (5-1) 
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where σo is the pre-exponential factor, k is the Boltzmann constant and 

ΔE is the activation energy of the conduction mechanism. 

• Hopping conduction of electrons arising from jumps to unoccupied 

levels of the nearest neighbour centres. The hopping transport processes 

involve a hopping energy W1 in addition to the activation energy EA-EF 

needed to raise the electron to the appropriate localized state at E.  In this 

case the conductivity is given by 

⎥⎦
⎤

⎢⎣
⎡ +−−

=
kT

WEE FA )(exp 1
1σσ                                 (5-2) 

• Thermally assisted hopping conduction mechanism between localized 

states close to the Fermi level. This leads to conductivity that is given by  

                                                ⎟
⎠
⎞

⎜
⎝
⎛ −

=
kT
W2

2 expσσ                                   (5-3) 

where, W2 is the hopping energy. 

For the studied films, the only measurable conductivity values are those 

lying in the range from 300 K up to 373 K where, due to high sample resistivity 

below 300 K, the electrometer is unable to give the corresponding read out 

value. So, activated conduction of electrons into the extended states predominate 

in this range of temperature, where the following relation   

                                         ⎟
⎠
⎞

⎜
⎝
⎛ Δ−

=
kT

Edc
odc expσσ                                 (5-4) 

holds experimentally by plotting  lnσdc  vs. 1000/T as shown in Fig. (5-1)       

and (5-2). From the plots it is clear that, the conductivity of the films increases 

with temperature indicating the semiconducting behavior of the samples. The 

values of activation energy ΔEdc and pre-exponential factor σo can be calculated 

from the graph slope and the intercept, respectively. Also, the room-temperature 

conductivity σRT can be deduced. Values of ΔEdc, σo and σRT are given in     

Table (5-1).  
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Fig. (5-1): Temperature dependence of dc conductivity for (a) ZnSe,  

(b) GeSe3 and (c) Sb2Se3 thin films. 
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Fig. (5-2): Temperature dependence of dc conductivity for (a) 

(GeSe3)80(Sb2Se3)20 and (b) (GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 
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Table (5-1): Values of the activation energy ΔEdc, pre-exponential factor σο and 

room-temperature conductivity σRT for the studied films. 

Composition 
ΔEdc  

(eV) 

σο ×104 

(Ω-1.cm-1) 

σRT×10-8 

 (Ω-1.cm-1) 

ZnSe 0.79 25.8 1.39 

GeSe3 0.76 16.9 2.91 

Sb2Se3 0.59 0.18 21.6 

(GeSe3)80(Sb2Se3)20 0.72 5.65 4.57 

(GeSe3)70(Sb2Se3)10(ZnSe)20 0.65         1.20 14.6 

 

The value of the pre-exponential factor σo, shows an increase in its value 

with increasing  ΔEdc, as given in Table (5-1). For conduction in the extended 

states, the values of σo reported for Se alloys (85), are of the order of 103 to        

104 (Ω-1.cm-1). Mott (86) suggested that the pre-exponential factor σo for 

conduction in localized states, should be two or three orders smaller than that for 

conduction in the extended states, and in this case the conduction is in the 

localized states near band edges. For the studied compositions, the values of σo 

are of the order of 104 (Ω-1.cm-1), which confirms that the conduction is in the 

extended states.  

 

5.1.1 Correlation between ΔEdc and Eg 

As it can be seen from Table (5-1), the value of the activation energy, ΔEdc 

varies from composition to another, in a sequence which is similar to that of the 

optical energy gap Eg given in Table (4-1). So, there must be a correlation 

between them, which will be discussed as follows: 
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• When the values, of ΔEdc and their corresponding room-temperature 

conductivity σRT are observed, it can be seen that, as  the value of ΔEdc 

decreases, σRT increases which is expected in the sense that, the smaller 

the value of ΔEdc, the larger the number of free carriers agitated into the 

conduction band, leading to an increase in the film conductivity via free 

carriers, as exhibited in σRT values.  

• When the values of Eg are considered, it can be observed that, the lower 

the Eg value, the closer the conduction band edge to the valence band and 

therefore, the larger the number of carriers to jump from valence to 

conduction band optically. So, the decrease in the gap between valence 

and conduction band allows more free carriers to be excited, either 

optically or by thermal agitation, i.e. the decrease in ΔEdc and the 

corresponding increase in σRT value is due to the decrease in the energy 

gap (87).  

• The ratio ΔE/Eg is calculated for all films as given in Table (5-2), where 

the values of ΔE/Eg are smaller than half, indicating that there are a wide 

range of localized states (defects) in the gap. 

• According to the results in Table (5-2), these localized states are related 

to the disorder model of the system rather than bond defect model (19, 20), 

which is responsible for the pinning of the Fermi level, and hence the 

disorder effect is dominant with respect to that of bond defect.  Both 

defect models (19, 20) predicted similar influence of the charged impurities 

on the densities of defect states (C-1 or D-1) and (C+1 or D+1). 
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Table (5-2): Values of the ratio ΔE/Eg for the studied film compositions. 

Composition ΔE/Eg  

ZnSe 0.26 

GeSe3 0.37 

Sb2Se3 0.44 

(GeSe3)80(Sb2Se3)20 0.39 

(GeSe3)70(Sb2Se3)10(ZnSe)20 0.36 

 

5.2 AC Electrical Conductivity  

Measurement of the sample ac conductivity  σac is of importance in 

determining the conductivity behaviour of the localized charge carriers (39, 88), 

where some of  physical parameters related to the carrier conduction mechanism 

such as dielectric constant and energy loss due to relaxation process can be 

deduced. The ac conductivity σac in many amorphous solids is found 

experimentally to obey the equation σac=Aωs, where ω is the angular frequency 

of the applied field and A is a constant and s (≤ 1.0) is the frequency exponent. 

Different conduction mechanisms can lead to ωs type of behaviour for ac 

conductivity, but it is not easy to decide which of those mechanisms is 

responsible for the observed conduction mechanism. However, the behaviour of 

the exponent s with temperature can help in determining the possible conduction 

mechanism (89).  

When ac conductivity is measured as a function of angular frequency ω of 

the applied field or voltage, using the RCL bridge, the most important measured 

parameters are the sample impedance Z and the phase angle Φ between the 

applied voltage and the resulting sample current, where conductivity, dielectric 

constant and any other related parameters can be deduced.   
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AC conductivity is not only affected by the applied frequency, but also 

affected by the sample temperature. So, it is more convenient to measure the 

sample conductivity by varying both temperature T and frequency ω. 

Practically, the sample temperature is varied and a frequency scan is applied to 

the sample at such temperature resulting in different measured conductivities 

and phase angles. The same process is repeated at another temperature value 

until the measurable temperature range is covered.  

Many different theories (38, 90) for ac conduction in amorphous 

semiconductors have been proposed. It is commonly assumed that the pair 

approximation holds, namely, the dielectric loss occurs because the carrier 

motion is considered to be localized within pairs of sites. In essence two distinct 

processes are proposed for the relaxation mechanism, namely, quantum 

mechanical tunneling and classical hopping over a barrier, or some combination 

of the two under the assumption that electrons (or polarons) or atoms are the 

carriers responsible for the mechanism. 

 

5.2.1 Temperature and Frequency Dependence of the AC Conductivity  

For the studied compositions the ac conductivities are measured from 300 to 

373 K and in the frequency range from 0.6 to 1000 kHz. The experimental 

results of the temperature dependence of σac obtained by subtracting the dc 

conductivity σdc from the measured total conductivity σtot according to the 

formula (84) 

                         dctotac σσωσ −=)(                                         (5-5) 

and σtot is calculated from 

tbZ
L

tot ××
=σ                                              (5-6) 

where Z is the sample impedance, L is the distance between the two gold 

electrodes, b is the electrode length covered by the film and t is the film 
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thickness. The σac is found to follow a temperature dependent relation similar to 

that of σdc in the form of  (91) 

                     ⎟
⎠
⎞

⎜
⎝
⎛ Δ−

=
kT

Eac
oac expσσ                                    (5-7) 

where ΔEac is the activation energy for the ac conduction mechanism. Therefore, 

plotting of lnσac vs. 1000/T illustrates the temperature dependence of lnσac at 

different selected frequencies. Experimental set of lnσac as a function of 

reciprocal temperature for the prepared films of GeSe3 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20, as representative examples, are shown in Fig. (5-3) 

and (5-4). From these figures it can be deduced that, σac is frequency dependent 

(increases) and nearly temperature independent. The values of activation energy 

ΔEac at different frequencies are calculated from the slopes of the straight lines 

and listed in Table (5-3) for the investigated samples.  
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Fig. (5-3): Temperature dependence of ac conductivity at different 

frequencies for GeSe3 thin film. 
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Fig. (5-4): Temperature dependence of ac conductivity at different 

frequencies for (GeSe3)70(Sb2Se3)10(ZnSe)20 thin film.  

 

Table (5-3): Values of the activation energy ΔEac at different frequencies for the 

studied films. 

Composition ΔEac (eV) 

 0.6 

kHz 

6 

kHz 

60 

kHz 

600 

kHz 

1000 

kHz 

ZnSe 0.057 0.055 0.033 0.015 0.010 

GeSe3 0.013 0.009 0.007 0.004 0.002 

Sb2Se3 0.027 0.026 0.019 0.010 0.008 

(GeSe3)80(Sb2Se3)20 0.019 0.013 0.010 0.008 0.006 

(GeSe3)70(Sb2Se3)10(ZnSe)20 0.023 0.018 0.015 0.009 0.007 
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5.2.2 Correlation between ΔEac and Ee  

In order to understand the activation energy behaviour listed in Table (5-3) 

for the studied samples, one has to investigate the behaviour of ΔEac at a certain 

frequency as an illustrative example. By observing the features of variation of 

ΔEac at 6 kHz frequency as compared with the band tail width Ee listed in    

Table (5-4) for the different samples, it can be seen that ΔEac decreases as the 

band tail width of the sample increases i.e. ΔEac decreases with increasing the 

system disorder (92).  

 

Table (5-4): Values of the activation energy ΔEac at a frequency of 6 kHz and 

band tail width Ee for the studied films. 

Composition ΔEac (eV) at 6 kHz Ee (eV) 

ZnSe 0.055 0.063 

GeSe3 0.009 0.133 

Sb2Se3 0.026 0.068 

(GeSe3)80(Sb2Se3)20 0.013 0.129 

(GeSe3)70(Sb2Se3)10(ZnSe)20 0.018 0.123 

 

This trend in ΔEac variation could be attributed to the notion that, the 

increase of Ee increases the density of localized states, and so increases the 

charge carrier's sites to which the carriers may hop or tunnel and thus reducing 

ΔEac. Moreover, as these localized states increase the more localized charge 

carriers exist and thus more participation in ac conductivity may result as the 

temperature increases.  
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The increase of σac with increasing frequency of the applied field could be 

attributed to the fact that, as frequency increases the number of attempts per unit 

time taken by the carrier between two sites increases and hence conductivity 

increases.   

 

5.2.3 Conduction Mechanism and the s Parameter  

Determination of the ac conduction mechanism is of importance in 

understanding the role played by the charge carrier during ac conduction. In 

order to determine the type of the conduction mechanism, the behaviour of the s 

parameter with temperature T must be investigated. 

 As previously mentioned, the frequency dependence of σac is assumed to be 

proportional to ωs, so the s parameter can be calculated from the slope of lnσac 

vs. lnω relationship at different temperatures, then by plotting of s against T the 

behaviour of s can be one of the following: 

• If s takes values between 0.7 and 1 at room temperature and has a 

tendency to decrease with increasing temperature, the conduction model 

is the Carrier Barrier Hopping (CBH) (40). 

• If the s value is almost equal to 0.8 and increases slightly with increasing 

temperature the model applied is the Quantum Mechanical Tunneling 

(QMT) (35). 

For the studied sample of GeSe3 film as an illustrative example, the 

behaviour of lnσac against lnω at two different temperatures gives straight lines 

as shown in Fig. (5-5). The same behaviour is observed for the rest of film 

compositions and therefore, the s parameter is calculated from the line slopes at 

each temperature value over the measured range.  
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Fig. (5-5): AC conductivity dependence on frequency at two different 

temperatures for GeSe3 thin film.  

 

By plotting of s against T as shown in Fig. (5-6) it can be observed that, the 

value of s is almost constant over the measured temperature range and shows 

neither increase nor decrease over this range, and this could be attributed to the 

small range of the measured temperature which is not enough to judge the trend 

of s with temperature. However, the values of s exceeds the limit one slightly 

which means that, the conduction mechanism is most probable due to barrier 

hopping, and also confirms that the relaxation centres of the charge carriers are 

likely not to be randomly distributed. Pairing of defects (clustering of centres), 

as a result of the mutual Colombic interaction between the charged defects, 

causing such non-random distribution (93).  
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Fig. (5-6): Temperature dependence of the s parameter for GeSe3 thin film.  

 

The reason for the s parameter value to be slightly greater than unity could 

be explained through the spatial distribution function P(R) for the charged 

defects in the non-random case as  
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where Tg is the glass transition temperature, N is the density of states, ε is the 

dielectric constant and εo is  the permittivity of the space. The hopping ac 

conductivity σac in the case of narrow band case and its corresponding 

frequency exponent s are (94) 
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and 
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The above relation leads to an increase of s by the factor T/Tg with respect to the 

random case.  

 

5.2.4 Dielectric Properties of the Studied Films  

One of the most important physical parameters related to the relaxation 

process during ac conduction is the complex dielectric constant which implicitly 

includes two parameters, the real part and the imaginary part known as dielectric 

constant and the dielectric loss, respectively. Both real and imaginary dielectric 

constants are frequency and temperature dependent as will be demonstrated in 

this section. 

Mathematically the complex dielectric constant, ε (ω) of a sample is given 

by 

                                      )()()( 21 ωεωεωε i+=                                 (5−11) 

where ε1 is the real part (dielectric constant) and ε2 is the imaginary part 

(dielectric loss) and they can be calculated from the equations 

oCZω
ε Φ

=
sin

1                                               (5-12) 

oCZω
ε Φ

=
cos

2                                              (5-13) 

where Z is the impedance, Φ  is the phase angle and Co is the free space 

capacitance having the same dimensions of the sample and is given by  

 
L
btCo 0ε=                                             (5-14) 
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where L is the distance between the electrodes, b is the electrode length covered 

by the film and t is the film thickness. The two parameters ε1 and ε2 are 

interrelated by  

δεε tan
tan

1/ 12 =
Φ

=                                (5-15) 

and  

=δtan Energy lost per cycle/Energy stored per cycle       (5-16)  

is known as the loss tangent. 

The dielectric effects measured in the samples imply the existence of dipoles 

due to polaron hopping between sites of different energies, or polaron hopping 

about structural defects like charged defect states D+ and D-. The temperature 

dependence of ε1 and ε2 of the studied films at different frequencies are shown 

in Fig. (5-7) and (5-8) for GeSe3 and (GeSe3)70(Sb2Se3)10(ZnSe)20, respectively as 

representative examples.  

 

 

 

 

 

 

 

 120



300 310 320 330 340 350 360 370 380
200

250

300

350

400

450

500

550

600

 

 

ε 1x1
03

T (K)

          (a)
0.6 kHz 
6 kHz
60 kHz
600 kHz
1000 kHz

 

300 310 320 330 340 350 360 370 380
50

100

150

200

250

300

 

 

ε 1x1
05

T (K)

           (b)
 0.6 kHz
 6 kHz
 60 kHz
 600 kHz
 1000 kHz

 
Fig. (5-7): Temperature dependence of ε1 at different frequencies for  

(a) GeSe3 and (b) (GeSe3)70(Sb2Se3)10(ZnSe)20 thin films.  
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Fig. (5-8): Temperature dependence of ε2 at different frequencies for  

(a) GeSe3 and (b) (GeSe3)70(Sb2Se3)10(ZnSe)20 thin films. 
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From figures it can be observed that  both ε1 and ε2 increase with 

temperature and decrease with frequency without peak values. The behaviour 

of ε1 with temperature and frequency could be attributed to the fact that, the 

dielectric constant ε1 values are probably due contribution of multicomponent 

polarizabilities (95) (electronic, ionic, orientational and interfacial polarizabilities) 

and each component has different contribution to the overall polarization 

according to the temperature and frequency values. One can thus differentiate 

between two cases: 

• At low frequencies the orientational polarization dominates and as the 

frequency of the field increases, the oscillation of permanent dipoles 

responsible for orientational polarization lag behind that of the field and 

ceases when the field frequency is further increased and consequently the 

value of ε1 decreases as the field frequency increases.  

• At low temperatures only the space charge (interfacial) polarization 

contributes to the polarization. As the temperature increases ε1 increases 

due to contribution of the permanent dipoles from charged defect states 

D+ and D-. Actually, the temperature has two opposite effects on the 

dipole orientation: (i) a disturbing effect of miss-alignment of the dipole 

vectors from the direction of the field and (ii) loosening of the dipoles 

which facilitate the alignment of the dipoles in the field direction. The 

observed behaviour of ε1 implies that the second effect dominates in this 

temperature range and so more dipoles contribute to ε1 as the 

temperature increases. The absence of any peak value of ε1 may be due to 

the wide distribution of relaxation times.   

The behaviour of ε2 with temperature and frequency can be explained 

according to Stevels (96), who proposed the division of the relaxation 

phenomenon into three parts, conduction losses, dipole relaxation losses and 

vibration losses. Therefore as the charge carrier migrates over large distances 

resembling that occurring under direct current conditions, the charge carrier 
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jumps over the barrier heights giving some of its energy to the lattice as a heat 

and the amount of heat lost per cycle is proportional to (σ/ω). Therefore the 

increase in the ε2 value as temperature increases could be attributed to the 

increase in the conduction loss leading to an increase in dipole loss and vibration 

loss. 

The behaviour of ε2 with frequency can be attributed to the fact that the 

migration of ions is the main source of the dielectric loss at low frequencies. 

Therefore the dielectric loss at low and moderate frequencies is characterized by 

high values due to conduction loss of ion migration and the ion polarization loss. 

However at high frequencies the ion vibrations may be the only source of loss 

and thus a decrease in ε2 value is observed.   

In the studied films it is found that ε2 follows a power law with frequency in 

the form (97) 

mAωε =2                                              (5-17) 

where A is a constant and m is the frequency power factor.  

By plotting lnε2 against lnω a straight line is obtained as shown in Fig. (5-9) 

and (5-10) for GeSe3 and (GeSe3)70(Sb2Se3)10(ZnSe)20 as a demonstration for the 

studied samples. The slope of the curve gives the value of m shown in         

Table (5-5). The idea proposed by Elliott (90) of charge hopping over a barrier of 

a certain height between two charged defect states D+ and D- forming a dipole 

with relaxation time depending on its activation energy can lead to a relation 

between the exponent m and a physical quantity WM, according to Giuntini (97), 

as 

MW
kTm 4−

=                                            (5-18) 

where WM  is the energy required to move the electron from a given site to 

infinity. The obtained values of WM are given in Table (5-5) from which it can 

be observed that its values tend to increase as temperature decreases for each 

composition. 
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Fig. (5-9): Frequency dependence of ε2 at different temperatures for GeSe3 

thin film.  
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Fig. (5-10): Frequency dependence of ε2 at different temperatures for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin film.  
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Table (5-5): Values of the exponent m and the energy WM at different 

temperatures. 

Composition T(K) m WM (eV) 

373 -0.26 0.49 

353 -0.15 0.81 

333 -0.11 1.04 

 

ZnSe 

313 -0.10 1.07 

373 -0.19 0.68 

353 -0.11 1.11 

333 -0.07 1.64 

 

GeSe3 

313 -0.06 1.79 

373 -0.16 0.80 

353 -0.07 1.74 

333 -0.06 1.91 

 

Sb2Se3 

313 -0.05 2.16 

373 -0.17 0.76 

353 -0.08 1.52 

333 -0.06 1.91 

 

(GeSe3)80(Sb2Se3)20 

313 -0.05 2.15 

373 -0.19 0.68 

353 -0.10 1.22 

333 -0.08 1.43 

 

(GeSe3)70(Sb2Se3)10(ZnSe)20

313 -0.07 1.54 
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6. Radiation-Induced Effects  

The following sections are devoted to interpreting the possible γ-irradiation 

induced effects on the prepared films at different selected doses, where 

ionization effects due to γ-irradiation may occur in semiconductors in either 

crystalline or amorphous forms due to coordination defect concentration (98, 99).  

For the studied film samples, optical transmittance behaviour of the 

irradiated as-deposited films and their correlated parameters such as absorption 

coefficient α, optical energy gap Eg, band tail width Ee and optical constants n 

and κ, are taken as a measure of the radiation-induced effects.  

 

6.1 Transmittance Behaviour with γ-Irradiation  

Optically, the first radiation induced effect to be observed in the irradiated 

film samples, is the behaviour of the sample transmission spectrum when 

compared to the fresh sample's one as it gives a good indication to the sample 

sensitivity towards γ-irradiation accumulative doses. The behaviour change in 

transmission spectrum manifests itself in both the transparent region where 

absorption coefficient 0≈α and the absorption regions where 0≠α . 

The studied films irradiated at 40, 120, 195, 275, 410 and 690 kGy 

accumulative doses, reveal different trends as observed experimentally in their 

transmission spectrum in the spectral range from 200-1100 nm. For GeSe3, 

Sb2Se3 and (GeSe3)80(Sb2Se3)20 films no change occurs in their transmission 

spectra with the different irradiation doses even at the higher dose as shown in 

Fig. (6-1) for GeSe3 and (GeSe3)80(Sb2Se3)20 as illustrative examples, while both 

ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films show strong dependence                 

on the irradiation dose as shown in Fig. (6-2). For both ZnSe and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 films the change in their transmittance reveal a 

detectable decrease in the transmission edge towards longer wavelength with 

irradiation dose known as the red shift. Also, the interference fringes in the 

transparent region show some kind of stretching.     
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Fig. (6-1): Transmission spectrum of (a) GeSe3 and (b) (GeSe3)80(Sb2Se3)20 

thin films at different irradiation doses. 
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Fig. (6-2): Transmission spectrum of (a) ZnSe and (b) (GeSe3)70(Sb2Se3)10(ZnSe)20   

thin films at different irradiation doses. 
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6.2 The Change of n with γ-Irradiation  

In this section the behaviour of the refractive index n of the irradiated films 

is investigated and compared to those of their corresponding non-irradiated 

samples. Following Swanpoel method, described in section (4.1), the refractive 

index )(λn of the irradiated films is calculated and deduced in both the 

transparent region (α=0) using the interference fringes and from the absorption 

region (α≠0) using Cauchy's formula. 

For both ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films, the spectral behaviour 

of the refractive index at some selected irradiation doses are shown in Fig. (6-3) 

and (6-4), where at each dose the refractive index has the tendency to increase 

towards lower wavelength values which is consistent with normal dispersion of 

matter. At higher wavelength values the refractive index tends to a constant or 

static value.  
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Fig. (6-3):  Spectral behaviour of the refractive index n of ZnSe thin film at 

different irradiation doses. 
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Fig. (6-4):  Spectral behaviour of the refractive index n for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin film at different irradiation doses. 

 

Moreover, at any given wavelength λ, the value of n increases with increasing 

the irradiation dose indicating that optical behaviour of these samples undergoes 

detectable changes in both transparent and absorption regions. 

For GeSe3, Sb2Se3 and (GeSe3)80(Sb2Se3)20 films the same spectral behaviour 

of n is observed as that for ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films except 

that, the refractive index at any given wavelength is unaltered even at the highest 

dose as compared to the non-irradiated sample which is obviously represented in 

Fig. (6-5) for Sb2Se3 film as an example.     
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Fig. (6-5):  Spectral behaviour of refractive index n for non-irradiated  

and 690 kGy irradiated Sb2Se3 thin film. 

 

6.3 The Change of α with γ-Irradiation  

Studying the behaviour of the absorption coefficient, α with γ-irradiation at 

cm-1 and410)( ≥λα )(λα < cm-1 allows knowing how radiation influences the 

electronic properties of the amorphous semiconductor. The absorption 

coefficient 

410

)(λα  is calculated from the equations given in section (4.2).   

For ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films the absorption coefficient is 

plotted as a function of photon energy as shown in Fig. (6-6) and (6-7). It clear 

from these figures that, at any given photon energy, the absorption coefficient 

increases with increasing the irradiation dose referring to a detectable change in 

the electronic transitions from valence to conduction band which may imply a 

decrease in the optical energy gap as will be discussed in the next sections.  
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Fig. (6-6):  Optical absorption spectrum of ZnSe thin film at different 

irradiation doses. 
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Fig. (6-7):  Optical absorption spectrum of (GeSe3)70(Sb2Se3)10(ZnSe)20 thin 

film at different irradiation doses. 
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For GeSe3, Sb2Se3 and (GeSe3)80(Sb2Se3)20 thin films there is no detectable 

change in their absorption coefficient values with irradiation doses as shown in 

Fig. (6-8) for Sb2Se3 film sample as an illustrative example 
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Fig. (6-8 ):  Optical absorption spectrum of non-irradiated and 690 kGy 

irradiated Sb2Se3 thin film. 

 

6.4 The Response of Eg with γ-Irradiation 

The implication of studying the radiation effect on Eg is a straightforward 

consequence resulting from the observed shift in the transmission spectrum and 

the changes in the absorption coefficient α of the radiation-affected samples. 

Moreover, Eg is considered as a sensitive indicator to the sample changes in the 

band edge characteristics and their accompanying optical absorption changes. 

As previously mentioned, for cm-1 the value of the optical energy 

gap Eg of the films under investigation are determined where the fundamental 

absorption, which corresponds to electron excitation from the valence band to 

410)( ≥λα
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conduction band, can be used to determine the nature and value of Eg. The 

classical relation for optical absorption of semiconductors is  

)()( g
r EhAh −= ννα    (6-1) 

where A is a constant, r is a constant equal to 1/2, 2, 1/3 or 2/3 for indirect 

allowed, direct allowed, indirect forbidden and direct forbidden transition, 

respectively.  

By plotting of (αhν)2 vs. hν  for ZnSe film at different irradiation doses, as 

shown in Fig.(6-9), it is observed that the intercept of the extrapolated straight-

line portion of the plot to zero, which determines Eg value, decreases with 

increasing irradiation dose indicating that Eg decreases with increasing dose.  
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Fig. (6-9): Plot of (αhν)2 as a function of the photon energy hν for ZnSe thin 

film at different irradiation doses. 
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Similarly for (GeSe3)70(Sb2Se3)10(ZnSe)20, the plotting of (αhν)1/2 vs. hν 

shown in Fig. (6-10) indicates that Eg decreases with increasing dose. For the 

rest of the samples GeSe3, Sb2Se3 and (GeSe3)80(Sb2Se3)20, the Eg  value is found 

to be the same at all irradiation doses as it can be seen in Fig. (6-11) for Sb2Se3 

film, as an illustrative example. The Eg values for all samples at the different 

radiation doses, is given in Tables (6-1) and (6-2).    
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Fig. (6-10): Plot of (αhν)1/2 as a function of the photon energy hν for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin film at different radiation doses. 

 

 

 

 

 136



0.5 1.0 1.5 2.0 2.5 3.0
0

50

100

150

200

250

300

 

 

 Non-irradiated
 690 kGy

(α
hν

)1/
2 (e

V
/c

m
)1/

2

hν (eV)

 
Fig. (6-11): Plot of (αhν)1/2 as a function of the photon energy hν for  

non-irradiated and 690 kGy irradiated Sb2Se3 thin film. 

 

Table (6-1): Values of optical energy gap Eg at different irradiation doses for 

the as-deposited films.  

Eg (eV) 
Dose (kGy) 

ZnSe GeSe3 Sb2Se3 

Non-irradiated 3.06 ±0.04  2.05 1.33 

40 2.97 ±0.01 2.05 1.33 

120 2.88 ±0.04  2.05 1.33 

195 2.67 ±0.03  2.05 1.33 

275 2.54 ±0.02 2.05 1.33 

410 2.43 ±0.02 2.05 1.33 

690 2.21 ±0.01 2.05 1.33 
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Table (6-2): Values of optical energy gap Eg at different irradiation doses for 

the as-deposited films. 

Eg (eV) 
Dose (kGy) 

(GeSe3)80(Sb2Se3)20 (GeSe3)70(Sb2Se3)10(ZnSe)20 

Non-irradiated 1.87 1.81 ±0.01  

40 1.87 1.75 ±0.02  

120 1.87  1.67 ±0.02 

195 1.87 1.63 ±0.01 

275 1.87 1.61 ±0.01 

410 1.87 1.58 ±0.01 

690 1.87 1.52 ±0.02  

 

6.5 The Response of Ee with γ-Irradiation  

In the intermediate absorption region (1cm-1<α<104 cm-1), where the optical 

absorption is between extended states and localized states, the absorption 

coefficient depends exponentially on the photon energy as given by the 

empirical relation                                    

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

eE
hB να lnln                                (6-2) 

where B is a constant and Ee is the band tail width corresponding to the width of 

tails of localized states at the band edges into the energy gap, and represents the 

degree of disorder in an amorphous semiconductor.  

Studying of the samples' behaviour with irradiation doses in this absorption 

region depends mainly on calculating the Ee values from the inverse of the slope 

of lnα vs. hν at the different irradiation doses and observing their trend as 

represented in Tables (6-3) and (6-4). 
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Table (6-3): Values of the band tail width Ee at different irradiation doses for 

the as-deposited films.  

Ee (eV) 
Dose (kGy) 

ZnSe GeSe3 Sb2Se3 

Non-irradiated 0.063 ±0.004  0.133 0.068 

40 0.092 ±0.003  0.133 0.068 

120 0.121 ±0.002 0.133 0.068 

195 0.138 ±0.002 0.133 0.068 

275 0.142 ±0.001 0.133 0.068 

410 0.155 ±0.002 0.133 0.068 

690 0.162 ±0.003 0.133 0.068 

 

Table (6-4): Values of the band tail width Ee at different irradiation doses for 

the as-deposited films.  

Ee (eV) 
Dose (kGy) 

(GeSe3)80(Sb2Se3)2 (GeSe3)70(Sb2Se3)10(ZnSe)20 

Non-irradiated 0.129 0.123 ±0.001 

40 0.129 0.125 ±0.001 

120 0.129  0.128 ±0.002 

195 0.129 0.130 ±0.001 

275 0.129 0.132 ±0.001 

410 0.129 0.135 ±0.002 

690 0.129 0.138 ±0.001 

 

From Tables (6-3) and (6-4) it is can be observed that, Ee value increases 

with irradiation dose for both ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films, while 
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its value is unchanged for the rest of samples. This behaviour indicates that the 

system disorder tends to increase with increasing irradiation dose for samples 

containing Zn atoms in their composition. This increase in disorder for radiation-

affected samples is attributed to the increase in the number of defect states 

resulting from the possible formation of homopolar bonds, dangling bonds (100) 

and charged defects in the band tail region (101).  To comprehend the roll of 

radiation in broadening of Ee value, especially in compositions containing Zn 

atoms, one has to focus on the induced local structural rearrangements between 

the atoms forming the composition.    

 

6.6 The Change of κ with γ-Irradiation  

The dependence of extinction coefficient κ of the studied films on the 

wavelength λ at different irradiation doses illustrates its spectral behaviour with 

irradiation as a direct consequence of the relation between κ and α given by 

π
αλκ
4

=               (6-3) 

The spectral behaviour of κ for ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films 

is shown in Fig. (6-12) and (6-13), respectively illustrating that κ for each 

composition has the tendency to increase towards lower wavelengths 

corresponding to strong electronic absorption between valence and conduction 

band and tends to zero at longer wavelengths where the absorption coefficient is 

nearly zero. Moreover, at any given wavelength the value of the extinction 

coefficient increases with increasing the irradiation dose. 

For GeSe3, Sb2Se3 and (GeSe3)80(Sb2Se3)20 films the same spectral behaviour 

of κ is observed as that for ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films except 

that, its value at any given wavelength is unaltered even at the highest dose as 

compared to the non-irradiated sample which is obviously represented in       

Fig. (6-14) for Sb2Se3 film as an example. 
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Fig. (6-12 ):  Spectral behaviour of the extinction coefficient κ for ZnSe thin 

film at different irradiation doses. 

 
Fig. (6-13 ): Spectral behaviour of the extinction coefficient κ for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin film at different irradiation doses.  
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Fig. (6-14 ): Spectral behaviour of the extinction coefficient κ for  

non-irradiated and 690 kGy irradiated Sb2Se3 thin film.  

 

6.7 Correlation between CE and Ee for the Irradiated Films  

The basic principle by which the radiation-induced optical effects in the 

prepared compositions can be explained is the coordination defect formation 

model i.e. by interconnected processes of rebonding or chemical bond switching 

processes connected with specific structural defects (100, 102). These defects are 

the pairs of under-and over-coordinated atoms of the structural matrix with 

opposite electrical charges (103), which is directly related to cohesive energy CE 

and bond strength between the atoms in the matrix.  

Based on the former notion, the role played by Zn atoms in the radiation-

affected samples, can be explained as follows: 

• The nature of γ-radiation as an ionizing radiation implies that, it has the 

ability to break up chemical bonds between atoms and as a result, 

reformation of new bonds may take place. Consequently, when 

comparing the CE of the formed compositions, it can be seen that the 
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weaker one is for ZnSe film (1.79 eV) which makes it more sensitive to              

γ-radiation in a manner that, any Zn-Se bond breaking may result in a 

formation of defect homopolar Se-Se and Zn-Zn bonds at the expense of 

heteropolar Zn-Se bonds and as the irradiation dose increases, the 

number of these defect bonds increase leading to an increase in Ee value 

for such composition. 

• The effect of γ-irradiation on the Zn-free GeSe3, Sb2Se3 and 

(GeSe3)80(Sb2Se3)20 compositions show no change in Ee values up to the 

maximum dose of 690 kGy. This poor sensitivity and high radiation 

resistance towards ionizing radiation can be attributed to some reasons 

related to the composition nature and its structure. The radiation-resistant 

nature of GeSe3 composition may be attributed to its high cohesive 

energy (2.59 eV) and to topological reasons related to the average 

coordination number <r>. In other words when the coordination number 

for such composition is below a certain value 2.67, the composition is a 

two dimensional (2D) glass matrix without cross linking and in this case 

the matrix is poor towards ionizing radiation (98). On the other hand the 

matrix having average coordination number grater than 2.67 is most 

probably a three dimensional (3D) cross-linked structural network and 

consequently the composition is more sensitive towards ionizing 

radiation. Thus, in the case of GeSe3 the average coordination number 

value is 2.50 < 2.67 which makes it radiation-resistant as obtained 

experimentally. The radiation resistant nature of Sb2Se3 composition is 

also attributed to the value of coordination number which is 2.4 < 2.67, 

moreover the existence of Sb atoms leads to the formation of extremely 

high metallization levels of corresponding covalent bonds within Sb2Se3 

structure (98), and this would also result in a radiation-resistant 

composition. The composition (GeSe3)80(Sb2Se3)20 is also radiation 

resistant, since it is formed from two radiation-resistant binaries. 
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Besides, the existence of Sb atoms plays a role in (i) forming high 

metallization levels and (ii) presence of low energetic barrier of the 

coordination defects states (98) in such chacogenide semiconductor. 

• When regarding to the CE of the (GeSe3)70(Sb2Se3)10(ZnSe)20 sample, it 

is found that its value is smaller when compared to that of 

(GeSe3)80(Sb2Se3)20 where, ZnSe is incorporated at the expense of both 

GeSe3 and Sb2Se3. Moreover, Zn-Se bonds are much more susceptible to 

be broken by ionizing radiation as observed in ZnSe film, so defect 

bonds like Se-Se and Zn-Zn at the expense of Zn-Se bonds are much 

likely to form and increase with irradiation dose. Also, the already 

existed excess of Se-Se bonds in (GeSe3)70(Sb2Se3)10(ZnSe)20 

composition before irradiation may be destroyed under irradiation due to 

their lower bond strengths. Hence, they may play a role as network 

modifiers (104) and so the presence of more dangling bonds would be 

expected after irradiation that broadened the defect state according to 

States Density Theory (SDT) (7).  

 

6.8 Correlation between Eg and Ee for the Irradiated Films   

The observed decrease in the optical energy gap, Eg with irradiation dose for 

ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films is known as photo-darkening effect, 

associated with the Se lone-pair electrons excitation and also with excitation of 

some localized defect states close to the top of the valence band (105). Therefore 

an increase in the absorption coefficient occurs indicating that there must be an 

additional absorption arising as a direct effect of optical band narrowing. This 

band narrowing is directly related to the band edge shift into the energy gap due 

to either formation of localized states at the edges or weakening in the 

composition cohesive energy as reformation of new weaker bonds appear.  
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Therefore studying of the interrelation between Ee and Eg is important in 

understanding the Eg trend as will be explained in the following points: 

• The broadening of the localized states as represented by Ee at the valence 

and conduction band edges into the gap allows the presence of electrons 

in these states. Therefore, the nonbonding electrons of the delocalized 

states (extended states) near the valence band edge Ev, especially the 

lone pair electrons from Se atoms, increases in the localized states 

shifting the valence band edge Ev upwards.  

• Similarly, the broadening of the localized states near the conduction 

band edge Ec allows electrons to be excited to such vacant states near the 

band edge Ec, and consequently there is an additional absorption (106) to 

these states, resulting in downward shift in Ec. 

• From the above two points, the decrease in the Eg value is a direct 

consequence of the upward and downward shifts in Ev and Ec, 

respectively. Therefore, as Ee increases the band edges shift increases 

leading to a more band narrowing and a decrease in Eg. 

According to the above points, it can be concluded that Eg decreases with 

increasing irradiation dose due to band narrowing resulting from broadening of 

band tails of the localized states. The behaviour of Eg with irradiation dose can 

be demonstrated in a simple graph showing its trend as presented in Fig. (6-15) 

and (6-16). 
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Fig. (6-15): The change of optical energy gap Eg with γ-irradiation dose for 

ZnSe thin film. 
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Fig. (6-16): The change of optical energy gap Eg with γ-irradiation dose for 

(GeSe3)70(Sb2Se3)10(ZnSe)20 thin film. 
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6.9 The Change of both n and κ with Eg for the Irradiated Films   

In this section, the spectral behaviour of both n and κ for radiation-affected 

samples will be explained in the light of Eg trend at different irradiation doses, 

as it has been observed that both n and κ follow an opposite behaviour to that of 

Eg i.e. the decrease in the Eg values with γ-irradiation doses results in a 

corresponding increase in the values of both n and κ at any given wavelength 

value as was previously shown. Therefore discussing the following points will 

clarify the behaviour of both n and k with Eg: 

• According to Penn's theory mentioned in section (4.5) and which is 

applicable to chalcogenide semiconductors the relation between n and Eg 

follows the equation  
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where ωp is the plasma frequency determined by the ratio 
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m
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p

2
2 4  πω                                   (6-5)                   

where N is the free charge-carrier concentration and m* is the effective 

mass of the carrier. Therefore, from eqn (6-4), as the Eg value decreases 

with increasing radiation dose, n increases and this is exactly verified 

experimentally for the prepared samples over the measured spectral 

range. 

• The extinction coefficient  behviour of the radiation-affected samples 

can also be attributed to the Eg value, in a manner that the lower the Eg, 

due shift in both valence and conduction band edges, the larger the 

number of carriers absorbing photon energy to jump from the filled 

localized states near the valence band edge to localized states near the 

conduction band edge, and therefore an increase in both α and κ values 
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with increasing γ-irradiation dose over the measured spectral range is 

verified experimentally. 
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CONCLUSION 
 



Conclusion 
Preparation of binary compositions GeSe3, Sb2Se3 and ZnSe and their 

combinations, pseudo binary and ternary compositions (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20, respectively, in both bulk and thin film forms leads 

to the following results: 

1. X-ray diffraction analysis of the bulk compositions, produced by melt 

quenching in ice water, of GeSe3, Sb2Se3, (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 reveals their ability to be formed in amorphous 

nature except that of Sb2Se3 composition, where it exhibits a crystalline 

phase mixed partially with amorphous one. ZnSe composition is in a pure 

crystalline form owing to its raw material source as depicted by X-ray 

diffraction.   

2. X-ray diffraction analysis of the thermally evaporated bulk materials onto 

glass substrates reveals that, all produced films are formed in a  high 

degree of amorphoicity except that for ZnSe film, where a peak 

corresponding to a primarily growing crystallite centre appears.        

3. The cohesive energy CE, corresponding to the average bond energy of the 

composition, is calculated using the chemical bond approach method 

depending on the bond energies of the constituent atoms. Therefore, CE 

for binary compositions is found to decrease in sequence for GeSe3, 

Sb2Se3 and ZnSe, respectively. The production of (GeSe3)80(Sb2Se3)20 

composition by the incorporation of Sb2Se3 with GeSe3, is found to have a 

CE value lies between these of their forming binary compositions. Further 

more, the incorporation of ZnSe with both GeSe3 and Sb2Se3 to produce 

(GeSe3)70(Sb2Se3)10(ZnSe)20 composition is found to reduce CE of the 

product composition as compared to that of (GeSe3)80(Sb2Se3)20 

composition. 

4. The value of the glass transition temperature Tg is found to decrease with 

both the decreasing average coordination number <r> and CE for the 
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highly amorphous compounds namely, GeSe3, (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20 compositions in sequence, whereas , Sb2Se3 

composition exhibits Tg, corresponding to the onset of softening of the 

amorphous phase mixed with its crystalline one. Moreover, this 

composition also exhibits crystalline temperature Tc owing to the ability of 

its amorphous part to be crystallized. Finally, ZnSe composition shows 

neither Tg nor Tc owing to its crystalline nature.  

5. Optical properties of the prepared films GeSe3, Sb2Se3, (GeSe3)80(Sb2Se3)20 

and (GeSe3)70(Sb2Se3)10(ZnSe)20 compositions over the spectral range from 

200 to 1100 nm reveal that, the absorption coefficient α in the high 

absorption region [ 410) cm-1] follow the indirect allowed transition 

where the optical energy gap Eg can be evaluated from the extrapolation 

of the plot of (αhν)1/2 versus the photon energy hν. On the other hand, 

ZnSe film is found to follow direct allowed transition where (αhν)2 vs. hν 

is valid for calculating Eg.  

( ≥λα

6. Values of Eg for films following the indirect allowed transitions is found to 

decrease in the same sequence as that for CE of the compositions, whereas 

the sample following the direct allowed transition, namely ZnSe film, is 

found to have the largest Eg value although its CE is the lowest in the 

prepared compositions and this could be attributed to the nature of the 

transition taken over. 

7. The band tail width Ee corresponding to the localized states depth in the 

band gap, is found to increase with increasing the homopolar bonds, 

especially the excess of Se-Se bond i.e. the larger the excess of Se-Se bond 

of the composition the greater the value of Ee. For stochimetric 

compositions, with no excess of Se-Se bond, namely Sb2Se3 and ZnSe, the 

existence of Ee value is mainly attributed to the formation of structural 

defects, like unsatisfied bonds and formation of homopolar defect bonds 

during film preparation by thermal evaporation. 
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8. Spectral behaviour, in the studied region, of refractive index n and 

extinction coefficient k of the prepared films, shows an increase in their 

values as Eg of the sample decreases.  

9. DC electrical conduction for the prepared thin films in the temperature 

range from 300 to 373 K is due to free carrier conduction mechanism, 

where the dc activation energy ΔEdc, for this mechanism is found to 

decrease with decreasing band gap energy, therefore ΔEdc decreases as the 

value Eg of the sample decreases and correspondingly the room 

temperature conductivity σRT increases. 

10. AC electrical conduction for the prepared thin films in the temperature 

range from 300 to 373 K and a frequency range from 0.6 to 1000 kHz, 

reveals that the ac conductivity follows the frequency power law of the 

form σac=Aωs, where s is the frequency exponent depending on the ac 

conduction mechanism. The estimated values of s for the studied films is 

slightly greater than one indicating that the conduction mechanism is most 

probably due to barrier hopping conduction mechanism.  

11. The ac activation energy ΔEac for all samples is found to decrease with 

increasing frequency and band tail width Ee of the sample. 

12. The dielectric constant ε1 and the dielectric loss ε2, are found to increase 

with increasing temperature and decrease with increasing frequency over 

the same studied range of temperature and frequency.  

13. The effect of γ-irradiation, at different accumulative doses of 40, 120, 195, 

275, 410 and 690 kGy, on the optical parameters of the prepared films 

GeSe3, Sb2Se3 and (GeSe3)80(Sb2Se3)20 compositions as compared to their 

corresponding values of the fresh samples, in the spectral range from 200 

to 1100 nm, reveals that the absorption coefficient α, optical energy gap 

Eg and band tail width Ee, are not changed in their values as compared to 

the fresh sample ones, whereas Eg shows a decrease with increasing the 

irradiation dose for ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 films. On the 
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other hand, both α and Ee show an increase in their values with increasing 

the irradiation dose for the same Zn-containing samples.  
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SUMMARY 
 



Summary 
The glass-forming ability of GeSe3-Sb2Se3-ZnSe system with certain 

proportions is determined by Gibbs triangle mol% of GeSe3, Sb2Se3 and ZnSe 

independently; where combination of them could yield homogenous single-

phase compositions in the amorphous form. Of these, the pseudo binary 

(GeSe3)80(Sb2Se3)20 and the pseudo ternary (GeSe3)70(Sb2Se3)10(ZnSe)20 

compositions are found to be fairly homogenous and amorphous in their bulk 

form. Thin films of the binaries GeSe3, Sb2Se3, ZnSe and their combinations 

(GeSe3)80(Sb2Se3)20 and (GeSe3)70(Sb2Se3)10(ZnSe)20, are prepared from their 

bulk compositions by thermal evaporation onto glass substrates at a thickness of 

500 nm, where optical, electrical and γ-irradiation response have been under 

investigation.  

X-ray diffraction analysis of both powder and thin films of the prepared 

samples is carried out to investigate their structural phases. Powdered binary 

samples from the bulk compositions show different structural phases owing to 

the relative concentration of the constituent atoms and formation conditions, 

namely, the binary sample GeSe3 shows an amorphous phase while Sb2Se3 

shows crystalline phase mixed partially with amorphous one. Finally, ZnSe is a 

pure crystalline structure owing to its origin as a raw material composition. The 

pseudo binary and ternary compositions (GeSe3)80(Sb2Se3)20 and 

(GeSe3)70(Sb2Se3)10(ZnSe)20, respectively show amorphous phase in their 

powdered form and further in-depth analysis for the two compositions known as 

Radial Distribution Function (RDF) reveals their short-range order. X-ray 

diffraction for all compositions prepared in thin film form, exhibits high degree 

of amorphicity except that for ZnSe film where a peak corresponding to a 

primarily growing crystallite centre appears.        

Thermal study of the bulk compositions, in their powdered form, by the 

Differential Thermal Analysis (DTA) reveals that the glass transition temperature 

Tg is recorded for all samples except for that of ZnSe, due to its crystalline 
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origin. The value of Tg is found to decrease with both, the decreasing average 

coordination number <r> and cohesive energy CE for the highly amorphous 

ones, namely, GeSe3, (GeSe3)80(Sb2Se3)20 and (GeSe3)70(Sb2Se3)10(ZnSe)20, 

respectively. 

Optical transmittance T of the prepared films is measured in the wavelength 

range from 200 to 1100 nm at room temperature, where the estimated 

parameters from T, such as optical energy gap Eg, absorption coefficient α, band 

tail width Ee, refractive index n and extinction coefficient κ are investigated.  

It is found that Eg, which is related to the gap between the band edges, 

decreases as the cohesive energy CE of the composition decreases and this is 

valid for all compositions except that for ZnSe film, where its Eg is the largest 

although it has the lowest CE value. The Eg value of (GeSe3)70(Sb2Se3)10(ZnSe)20 

decreases as compared to that of (GeSe3)80(Sb2Se3)20 composition, where the CE 

of the constituent binaries are considered to be responsible for that decrease. The 

value of α increases in the absorption region as Eg value of the composition 

decreases.  

The trend of Ee, which is related to the localized states depth within the band 

gap, is found to decrease as the number of homopolar bonds like excess of Se-Se 

bonds decreases. For (GeSe3)70(Sb2Se3)10(ZnSe)20 composition, Ee value 

decreases as compared to that of (GeSe3)80(Sb2Se3)20, where the number of 

excess of Se-Se bonds decreases for (GeSe3)70(Sb2Se3)10(ZnSe)20 as compared to 

(GeSe3)80(Sb2Se3)20 composition, resulting in a decreasing value of Ee. Both       

n and κ  for the different thin film compositions, when compared, show an 

increase in their values, over the studied wavelength region, as the Eg value of 

the composition decreases.  

Both dc and ac electrical conductivities for the studied films, are 

investigated as a function of temperature. DC conductivity studied in the 

temperature range from 300 to 373 K reveals that, the dc activation energy ΔEdc 

for the free carrier conduction mechanism decreases as the band gap energy of 
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the composition decreases, and consequently the room temperature 

conductivity σRT increases.  

AC conductivity σac is measured in the temperature range from 300 to 373 K 

and in the frequency range from 0.6 to 1000 kHz, where σac for any of the 

studied compositions, is found to increase with increasing frequency while, the 

corresponding ac activation energy ΔEac of the conduction mechanism (hopping 

conduction mechanism) decreases as the frequency increases. Moreover, the 

value of ΔEac at any frequency value within the studied range decreases, as Ee of 

the composition increases.  

Dielectric properties of the studied samples extracted from ac conductivity 

measurements include the study of both, the dielectric constant ε1 and the 

dielectric loss ε2 as a function of temperature and frequency. Both parameters 

show an increase with increasing temperature and a decrease with increasing 

frequency over the same temperature and frequency ranges.  

The effect of γ-irradiation on the optical parameters of the prepared films at 

different accumulative doses of 40, 120, 195, 275, 410 and 690 kGy are studied. 

The film optical parameters like absorption coefficient α, optical energy gap Eg 

and band tail width Ee, reveal the possible induced effects by γ-irradiation as 

depicted from the transmittance spectrum, in the range from 200 to 1100 nm, for 

the irradiated and fresh samples. These estimated parameters for the irradiated 

and fresh film samples of GeSe3, Sb2Se3 and (GeSe3)80(Sb2Se3)20 compositions, 

show no change in their values over the studied spectral region, whereas both 

ZnSe and (GeSe3)70(Sb2Se3)10(ZnSe)20 film samples show a progressive response 

in their optical parameters as compared to the fresh samples. This response to 

radiation is manifested by a decrease in Eg values with increasing dose, in a 

phenomenon known as photo-darkening effect and a noticeable increase in both 

α and Ee occurs with increasing the irradiation dose. This behaviour of the     

Zn-containing samples could be explained in terms of the CE of the              
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ZnSe and its role when incorporated with (GeSe3)80(Sb2Se3)20 to form 

(GeSe3)70(Sb2Se3)10(ZnSe)20 composition. 
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ARABIC SUMMARY  



  ملخص الرسالة
ة   ة أو الالبلوري ات األمورفي ر المرآب دى  (Amorphous materials)تعتب صر م ز بق ى تتمي  والت

ة              ى يمكن تحضيرها فى صورة آتلي ات الت ا، من المرآب ة له ذرات المكون  (Bulk form) الترتيب لل

اجئ   د المف طة التبري ا  (Quenching) بواس ة له ر المكون صهور العناص ز معظ  .  لم ا تتمي ذه آم    م ه

ى له        باه الموصالت الت ا من أش ات بأنه ة    االمرآب ر من واحد   (Energy Gap)  فجوة طاق رون   أآب  إلكت

ت، ة  فول باه الموصالت األمورفي ى(Amorphous Semiconductors)وتعرف أش وى عل ى تحت        الت

دورى      دول ال سادسة بالج ة ال ر المجموع شا   (S, Se, Te)عناص الت ال باه الموص ا أش           لكوجينية بأنه

Semiconductors) (Chalcogenide          ا من ى نسب مكوناته شدة عل ة ب  والتى تعتمد خواصها الفيزيائي

  . العناصر

شالكوجينية        ات ال رف بالمرآب ا يع شالكوجينية م ات ال ذه المرآب ن ه                   م

ى وجه ال  (Binary Chalcogenides)الثنائية  ات خصوص  ومنها عل  GeSe3،Sb2Se3، ZnSe  المرآب

ى  شية   والت ى صورة أغ ة أو ف ى صورة آتلي ا ف ضبط شروط تحضيرها فيزيائي ا ب ا تطبيقي ن تطويعه يمك

والذى (Phase Diagram) لتحضيرهذه الثنائيات فى صورتها الكتلية، يلزم معرفة مخطط الطور . رقيقة

ة            ة الجزيئي ة للكتل ة      على ضوئه يتم تحديد النسب المئوي ة المكافئ  للعناصر أو الوحدات     (%.mol) الجرامي

ه طور           اتج من حيث آون ة للمرآب الن المكونة لهذه الثنائيات، ومن هذه النسب يمكن تحديد الحالة الترآيبي

التين يط من الح ه خل ة أوآون ة أو ال بلوري ة بلوري ى حال د متجانس ف ا لمخطط الطور . وحي ل فطبق والممث

ا،    ة مع بس   للثنائيات الثالث إن المرآب    (Gibbs Triangle)والمعروف بمثلث جي ع داخل    GeSe3 ، ف  يق

ع آل من    شيرا     Sb2Se3  ، ZnSe نطاق المنطقة الخاصة بالحالة األمورفية، بينما يق ذا النطاق م  خارج ه

  . إلى ميل آال المرآبين الثنائيين للتواجد فى حالة بلورية جزئيا أو آليا

ى مر     ة الحصول عل ة إمكاني ط آل من       لمعرف سة بخل ة متجان ة آتلي ات أمورفي  GeSe3  ،Sb2Se3 آب

ى المرآب   ى 80(Sb2Se3)20(GeSe3)للحصول عل ة ف ى صورة أمورفي ذا المرآب يتكون ف ، وجد أن ه

ائى   . Sb2Se3مول من  % ٧٠حتى نطاق واسع يغطى منطقة من صفر ، ZnSeبينما وجد أن المرآب الثن

ى   والذى يتميز بحالته البلورية، له قاب   ه   % ٢٥لية للخلط فى المرآبات األمورفية بنسبة تصل إل ول، وعلي م

ط    إن  خل ن    ZnSeف ل م ع آ ا م ب   GeSe3،Sb2Se3 جزئي ى المرآ صول عل  للح

(GeSe3)70(Sb2Se3)10(ZnSe)20وجد أن له قابلية عالية للتكون فى صورة أمورفية متجانسة  .  

ب الث        أثير المرآ ة ت ى دراس الة عل ذه الرس ث به وم البح ائى يق ضوئية   ZnSeن واص ال ر للخ  آمغي

ات    ن المرآب ل م ع آ ا م د خلطه جزئي ة عن ات األمورفي ة للمرآب عاعية الجامي تجابة اإلش ة واإلس والكهربي

ة  ب   GeSe3،Sb2Se3الثنائي اج مرآ ث أن إد70(Sb2Se3)10(ZnSe)20(GeSe3)   إلنت اجحي ب م  مرآ

ZnSeيؤدى إلى إضعاف طاقة الترابط (Cohesive Energy, CE)  بالمرآب الناتج عند الخاصة 
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ة                     . مقارنته بالمرآبات الخالية منه    د دراسة فجوة الطاق رابط ، عن ة الت أثير فى إضعاف طاق ويتمثل هذا الت

  لهذا المرآب والتى تنخفض بصورة واضحة مقارنة بالمرآب  (Optical Energy Gap, Eg)الضوئية 

أثرا بأشعة    ت 70(Sb2Se3)10(ZnSe)20(GeSe3)، آما يظهر المرآب     80(Sb2Se3)20(GeSe3)األمورفى  

  .جاما

زم       ZnSeبناء على ما سبق، فإن الدراسة الفيزيائية إلدخال مرآب            جزئيا على المرآبات األمورفية يل

ة            ات الثنائي ة         GeSe3،Sb2Se3 ، ZnSeمعه تحضير أغشية رقيقة من المرآب ذلك تحضير أغشية رقيق  وآ

ى    ة ف اتهم المتمثل ن خالط ن  80(Sb2Se3)20 ،(GeSe3)70(Sb2Se3)10(ZnSe)20(GeSe3)م ث أمك ، حي

مكها   ات س ذه المرآب ن ه ة م شية رقيق انومتر ٥٠٠تحضير أغ رائح    ن ى ش رارى عل ر الح طة التبخي بواس

ة   ة     ، وتمت د Glass Substrates) (زجاجي ضوئية  والكهربي ومدى اإلستجابة ألشعة    راسة الخواص ال

  .جاما لهذه األغشية

ات          سينية للمرآب ة               تم إستخدام تحليل حيود األشعة ال  محل الدراسة فى صورة مسحوق وأغشية رقيق

ائى  ا البن ن طوره د م صول    . للتأآ م الح ى ت ة والت ورة آتلي ى ص ضرة ف ات المح رت الثنائي د أظه            فق

ائى        ا    GeSe3منها على شكل مسحوق، أظهرت أطوارا مختلفة، فقد أظهر المرآب الثن ة بينم ة أمورفي  حال

را أظهر المرآب               طورين مختلطين  Sb2Se3أظهر المرآب    ة، وأخي ة واألمورفي  ZnSe من الحالة البلوري

ة   ة نقي ة بلوري رآبين     . حال ال الم ر آ ا أظه  ،80(Sb2Se3)20(GeSe3)آم

(GeSe3)70(Sb2Se3)10(ZnSe)20  ع ة التوزي ل حسابات تعرف بدال م عم د ت سة وق ة متجان ة أمورفي  حال

رآبين  (Radial Distribution Function, RDF)  القطرى  ذين الم ا    له م الحصول عليه من   ، والتى ت

ا               ة لهم ذرات المكون ود      . نتائج تحليل حيود األشعة السينية، إلظهار مدى قصر الترتيب لل ائج حي أظهرت نت

تثناء         األشعة السينية لألغشية الرقيقة للمرآبات محل الدراسة أنها جميعا فى حالة أمورفية بدرجة عالية بإس

  .  للتبلرطورحيث أظهر بدايات تكون ZnSe تلك الخاصة بالمرآب 

لى      رارى التفاض ل الح تخدام التحلي م إس     (Differential Thermal Analysis, DTA)ت

دل      سخينها بمع ك بت سحوق وذل ورة م ى ص ات ف ات١٠للمرآب ى  /  درج ة ف                       دقيق

 يث تم تسجيل درجة حرارة اإلنتقال الزجاجى درجة مئوية ح  ٦٥٠-٢٧ بين ما درجات الحرارة من نطاق

 (Glass Transition Temperature,  Tg) لجميع المرآبات عدا مرآبZnSe.  

ضوئية      ة ال اس النفاذي م قي  لألغشية المحضرة فى نطاق طيفى      (Optical Transmittance, T)ت

ابين  ة   ١١٠٠-٢٠٠م ضوئية والمتمثل ارامترات ال ساب بعض الب م ح ث ت انومتر، حي ة   ن وة الطاق ى فج  ف

ضوئية   (Absorption Coefficient, α)، معامل اإلمتصاص    (Optical Energy Gap, Eg) ال

ة  سار (Band Tail Width, Ee) ،عرض شريط الطاق ل اإلنك             (Refractive Index, n)، معام

 ت               تقل آلما آان Eg وقد وجد أن .  (Extinction Coefficient, κ)ومعامل اإلضمحالل
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ة ب   طاق دا المرآ ا ع ل، فيم ب أق رابط للمرآ وة ZnSeالت ة الفج ة لطاق ر قيم ه أآب ذى ل                    ال

الرغم ضوئية ب رابط    ال ة الت ث طاق ن حي ة م ل قيم ه أق ن آون ذا . م اع ه ن إرج                   ويمك

ى ة إل ى   طبيع ال اإللكترون رو(Electronic Transition) اإلنتق ر                   المع سموح المباش ال الم ف باإلنتق

 (Direct Allowed Transition)  فى حالة المرآب ZnSe    اقى ى لب ال اإللكترون  بينما يكون هذا اإلنتق

ر المباشر     ا وجد أن   ،(Indirect Allowed Transition)األغشية من نوع اإلنتقال المسموح غي  α آم

  . Egتزداد آلما نقصت قيمة 

شريط  يتكون   ل ال افؤ       (Band Tail)ذي ة آل من شريط التك د حاف  وشريط  (Valence Band)  عن

يل  وة   (Conduction Band) التوص داخل الفج د ب رف     (Gap)ويمت ا يع سبب م ون ب ا، ويتك  بينهم

 الناتجة عن عدم إنتظام المادة األمورفية فى الترآيب (Localized States)  بمستويات الطاقة الموضعية

ود بعض  سة ووج الراوبط المتجان وب آ ى (Homopolar Bonds)العي ذرات ف ن ال وع م ين نفس الن  ب

ورفى                 ا إزداد عدم اإلنتظام للمرآب األم ذيل داخل الفجوة آلم ذا ال زداد عمق ه سبة  . المرآب، حيث ي بالن

ة   هى المسؤول األول عن زيادة قي      Se-Seللمرآبات محل الدراسة فقد وجد أن الروابط الزائدة المتجانسة           م

Ee         اج دة              ZnSe، وعليه فقد وجد أن إدم روابط الزائ ل ال ى تقلي ؤدى إل ا ي ل       Se-Se جزئي ى تقلي الى إل  وبالت

ة      n، κ آما تزداد قيمة آال من .  Eeقيمة ا قلت قيم  للمرآب خالل النطاق    Egلألغشية محل الدراسة آلم

  .  الطيفى المقاس

ستمر        ار الم ة  للتي اس الموصلية الكهربي م قي لألغشية  (DC Electrical Conductivity, σdc)  ت

ة فى درجة الحرارة       ين      σdcحيث قيست   . الرقيقة آدال ا ب م    ٣٧٣-٣٠٠ فى نطاق حرارى م د ت ن، وق  آلف

ذا        (Activation Energy, ΔEdc)حساب طاقة التنشيط  ستمر فى ه ار الم ة التوصيل للتي  الخاصة بعملي

ى   ة التوصيل الكهرب ر أن عملي رارى لتظه اق الح ل  النط دة داخ رة المتواج ات الح طة اإللكترون تم بواس ت

ة   ،شريط التوصيل  ا أن قيم ة     ΔEdcآم ا قلت قيم ل آلم اس الموصلية      .الخاصة بالمرآب  Eg  تق م قي ا ت آم

ا    (AC Electrical Conductivity, σac)الكهربية للتيار المتردد   آدالة فى آل من النطاق الحرارى م

ردد      ٣٧٣-٣٠٠بين   ين                 آلفن  ومدى من الت ا ب ة م ى العين د المسلط عل و   ١٠٠٠-٠’٦ات الخاصة بالجه  آيل

شيط                  σacهرتز، حيث وجد أن قيمة       ة التن م حساب طاق د ت ردد، وق ادة الت زداد بزي ة     ΔEac ت  الخاصة بعملي

اس، ووجد أن                               ردد داخل النطاق المق ة للت د آل قيم ذا النطاق الحرارى عن ردد فى ه ار المت التوصيل للتي

تم    ة التوصيل ت د       عملي وق حاجز جه ات ف ز اإللكترون  (Barrier Hopping Conduction) بواسطة قف

شحنات  وقعين ألسر ال ين م بكة(Trapping Sites)فاصل ب ة  (Network)  داخل ش ة الذري المنظوم

ة      ة                   ΔEac للمرآب، حيث وجد أن قيم ى أن قيم ردد، باإلضافة إل ة الت اد قيم ل مع إزدي  المحسوبة   ΔEac تق

ة    عند أى تردد داخل    زداد قيم ا ت اس الخواص     .  الخاصة بالمرآب  Eeالنطاق المقاس تقل آلم ا أمكن قي آم

 (Dielectric Constant, ε1) لألغشية والمتمثلة فى ثابت العزل (Dielectric Properties)العزلية 
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ردد       (Dielectric Loss, ε2)وثابت الفقد العزلى حيث أظهر آل    .  فى نفس مدى درجات الحرارة والت

  .منهما زيادة فى القيمة مع زيادة درجة الحرارة بينما قلت قيمة آل منهما مع زيادة التردد

ة والمحسوبة من خالل ا                  ة  تم دراسة تأثير أشعة جاما على البارامترات الضوئية لألغشية الرقيق لنفاذي

ين  ا ب ى م ى نطاق طيف ات ف ضوئية للعين ة ١١٠٠-٢٠٠ال انومتر والمعرضة لجرعات إشعاعية تراآمي  ن

ى  ة وه راى٦٩٠، ٤١٠، ٢٧٥، ١٩٥، ١٢٠، ٤٠مختلف و ج ارامترات  .  آيل سابات الب رت ح د أظه فق

ا    ى منه ضوئية والت ذه         Eg ،α،  Eeال يم ه ى ق تالف ف دوث إخ ة ح رت إمكاني ة، أظه شية المختلف لألغ

ر المعرضة لإلشعاع          ات غي . البارامترات لبعض األغشية مع إزدياد الجرعة اإلشعاعية مع مقارنتها بالعين

ات        م يظهر اى      GeSe3 ، Sb2Se3  ،(GeSe3)80(Sb2Se3)20بالنسبة لألغشية المشععة الخاصة بالمرآب فل

تغير فى قيم البارامترات الضوئية الخاصة بها بالمقارنة مع األغشية غير المشععة، بينما أظهرت األغشية    

 إستجابة للجرعات األشعاعية تمثلت     ZnSe ،(GeSe3)70(Sb2Se3)10(ZnSe)20الخاصة بكال المرآبين    

ادة الجرعة اإلشعاعي   α  وإزدياد  فى قيمة Egفى تناقص قيمة      ا إ . ة بزي ة  آم رآبين مع   Eeزدادت قيم  للم

ه مرآب               ذى يلعب دور ال ى ال شير إل ا ي ر خواص اإلستجابة     ZnSeزيادة الجرعات اإلشعاعية مم  فى تغيي

ة لإلستخدام               واد قابل اإلشعاعية للمرآبات األمورفية المقاومة لإلشعاع والتى أمكن تغيير خواصها لتكون م

 .   التطبيقى آمقاييس إشعاعية
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 المستخلص

  هانى محمد محرم على حسنى:اسم الطالب

ومدى  GeSe3-Sb2Se3-ZnSe بعض الخواص الفيزيائية لألغشية الرقيقة لمرآبات": عنوان الرسالة 

  "استجابتها لإلشعاع

  )الفيزياء( دآتوراه الفلسفة فى العلوم : الدرجة 

ات         ة للمرآب رائح  زجاجي ى ش ة عل شية رقيق ضير أغ م تح  GeSe3،Sb2Se3، ZnSeت

(GeSe3)80(Sb2Se3)20 ،(GeSe3)70(Sb2Se3)10(ZnSe)20 .  سينية عة ال ود األش ائج حي رت نت أن  أظه

ب   ط المرآ رآبين   ZnSeخل ع الم ا م ورفى    GeSe3،Sb2Se3 جزئي ب األم ضير المرآ ى تح  أدى إل

(GeSe3)70(Sb2Se3)10(ZnSe)20 .      ة اقص قيم ى تن ضرة إل شية المح ة لألغ ات الكهربي رت القياس أظه

ستمر   طا ار الم لية التي شيط لموص ة التن ردد    (ΔEdc(ق ار المت لية التي شيط لموص ة التن ة طاق اد قيم ، وإزدي

)(ΔEac ب ب   70(Sb2Se3)10(ZnSe)20(GeSe3) للمرآ ه بالمرآ د مقارنت .  80(Sb2Se3)20(GeSe3) عن

ضوئية     ة ال وة الطاق ن فج ال م ة آ د قيم م تحدي ستويات ) (Egت ة الخاص بم ريط الطاق ة وعرض ش  الطاق

عية  ين   Ee)(الموض ا ب ى م اق الطيف ى النط ضها    ١١٠٠ -٢٠٠ ف د تعري ل وبع شية قب ذه األغ انومتر له  ن

ة            اقص فى قيم ة    Egلجرعات تراآمية من أشعة جاما، حيث ظهر تن د فى قيم رآبين  Ee وتزاي ، ZnSe للم

(GeSe3)70(Sb2Se3)10(ZnSe)20بزيادة الجرعة اإلشعاعية .  
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