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Introduction 
 
 
In the last decades, the non-crystalline solid state has received more and more attention in the literature. 
The reasons are the fundamental scientific interest, as well as the potential applications. Already since the 
early 19th there were glasses looked for, showing transparency in the infrared (IR) spectral region. The 
oxide glasses were found to be IR-transparent till 3-5 µm, while the heavy-metal oxides showed values up 
to 7-8 µm [1, 2]. Systematic research has been performed including combinations of elements from the 
VIth main group of the Periodic Table, especially those containing sulfur (S), selenium (Se) and tellurium 
(Te). They have as generic name the term chalcogenides [3]. 
 The field of physics of the chalcogenides grew with the support of the large variaty of 
caracteristic properties of the non-crystalline chalcogenides [3, 8]. The photo-induced modifications are 
the most remarkable among them. Great interest present the reversible photoinduced phenomena. Such 
examples are: the reversible change of the absorption coefficient, or of the refractive index in the 
amorphous arsenic chalcogenides. 
 This thesis discusses the problem of the structure of non-crystalline chalcogenides, emphasizing 
the structural changes induced by light in some amorphous compositions. For this purpose the X-ray 
diffraction (XRD) experimental method is used, along with the computer assisted hand-made modelling 
and structural simulations, with the Monte-Carlo-Metropolis method.  
 Chapter 1 presents the non-crystalline solid state. Starting from the definition of the ideal crystal, 
we discuss the posibility to define the ideal non-crystalline structure. The experimental and the conceptual 
limitations are remarked, and the non-unicity of the non-crystalline structure is underlined. 
 Chapter 2 discusses the XRD method for solid state structure study, according to the literature. 
Here there is presented also the contribution of the author to improve the measurement procedure in the 
case of the amorphous chalcogenide films. 
 Chapter 3 presents the photoinduced modifications which may occur in the non-crystalline 
chalcogenide materials. These changes practically do not appear in the correspondent crystalline phase. 
The influence of the ultra-violet (UV) light on some amorphous films is presented, showing also the 
contribution of the author. 
 Chapter 4 gives the energetically relaxed nano-phase-type structural model of As2S3. Also here 
we present a model for the photo-induced structural changes. 
 Chapter 5 presents the conclutions and summarizes the contributions of the author to a better 
understanding of the non-crystalline state. 
 
 
 
 
 
Chapter 1 
 
The non-crystalline solid state 
 
1.1. Ideal crystal and ideal non-crystal 

 
As concerning the sterical relative displacement of the atoms to each other, the solid may take two 
fundamentally different structural states: ordered (crystalline) or disordered (non-crystalline, amorphous 
or vitreous).  
 In the crystalline state the constituents (atoms, molecules) are disposed in a net-like structure 
having translational symmetry. It is possible to define a structural building unit in this case, the so-called 
elementary cell, which can reproduce the whole net through the translational symmetry. The elementary 
cell will have just a limited number of constituents, with well-known positions inside the cell [3, 14]. The 
real crystall will differ from the ideal crystalline structure, presenting imperfections and defects. 

In the non-crystalline state the constituent atoms or molecules are no longer disposed in a periodic 
structure. There will be a lack of translational symmetry. In time, attempts have been made to define an 
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ideal non-crystalline state [15, 16]. We have to notice, that it is not easy to find a scalar parameter to 
characterize the degree of crystallinity or non-crystallinity (order-disorder) of a structure. A reason for 
this is, that at one end of the scale there are all the possible ideally ordered crystalline structures, while at 
the other end of the scale one have the practically unlimited number of disordered structural 
configurations. Therefore, the possible order-disorder transitions are not unique. Exactly this feature of 
existence of multiple metastable states of the non-crystalline structure allow the interesting photo-induced 
phenomena, which have not correspondent in the crystalline state. 
  
 
 
1.2. Short range order (SRO), medium range order (MRO) and long range order (LRO) 
 
If the translational symmetry of a structure is lost, than what remains is not a total disorder, a chaos, but a 
special type of order which has been called short-range order (SRO). It describes and characterizes the 
structure on a distance of one bond length. Here the first coordination sphere, the number and relative 
sterical positions of the first neighbours will be preserved, because of the same kind and type of chemical 
bond, like in the crystalline state. This is why the SRO describes a nearly perfect crystalline local 
structure corresponding to the first coordination shell, which is slowly “fergot” at lareger distances from 
the origin. 
 In some chalcogenide compositions there was observed a special type of order (MRO), which 
expresses the extension of the short-order to longer distances, through the next 2-3 structural neighbours 
[17, 18].  

Elliott proposed a classification for the different type of orders: 
- Short-range order (SRO, 0.3-0.5 nm) , 
- Medium-range order (MRO, 0.5-0.8 nm), and 
- Long-range order (LRO, 0.8-1 nm). 

 
 
 
 
Chapter 2 
 
The study of the non-crystalline structures by the X-ray diffraction method 
 
In the following three subsections the classical treatment for the calculation of the diffracted beam 
intensity is given [14, 20]. 
 
2.1. Scattering of X-rays by the electrons of an atom. The atomic form factor 

 
The atomic form factor characterizes the electron density and the shape of the electron distribution around 
an atom. It also gives the ratio of the scattered intensities by the electrons of the whole atom, and one 
single isolated electron: f=Iat / Ie. Because the size of the atoms are in the same range with the scattered 
wavelength, a phase difference will be inroduced along the different scattering directions from an atom. 
The atomic form factor decreases non-linearly with the scattering anle 2θ. 

 
 

2.2. Scattering intensity by a group of atoms. The structure factor 
 

The scattered intensity by a group of atoms is 
I ~ |F|2 = F.F*, 

where F is called the structure factor of the scattering center distribution: 

F f ei
ik r

i

N
i= −

=
∑

r r

1
. 

Here, fi are the atomic form factors of the scattering atoms. 
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2.3. The radial distribution function 
 
The radial distribution function (RDF) gives the mean number of scattering centers in a spherical shell of 
dr thickness at an r distance from any given origin: 

∫
∞

+==
0

0
22 sin)(24)(4 dkkrkkirrrrRDF

π
ρπρπ . 

It also describes the density fluctuation characteristic to the amorphous state. 
 
 
 
 
2.4. Contributions to the measuring method of the structure factor for non-crystalline films 
 
The substrate contribution to the X-ray diffraction diagram has been many times observed, especially in 
the case of films consisting of light or medium weighted elements, which have a lower scattering power. 
We present in the following a study performed by us and already published [21]. 
 
 
2.4.1. The substrate problem in the case of the thin films 
 
The substrate plays an important role in the thin film deposition process. It may strongly influence the 
properties and structure of the film deposited onto it (crystallization, oxidation, vitrification, etc.) [22]. 
 For structures with low texture Zevin suggested already a method to avoid the parazit effect of 
the silicon (Si) substarte [23], introducing a slight assymetry in the scattering geometry. This will “throw” 
the huge and sharp undesired crystalline peaks outside the counter. 
 A substrate contribution has been observed also by Collard and Hoyer on carbon nitride hard 
coatings [24]. They proposed the rotation of the sample to reduce this substarte contribution. 
 In the case of our amorphous thin films, the strange peak given by the Si substrate was identified 
to be the so-called escape peak [25]. In this work, a sistematic investigation has been done using the 
substrate rotation method. Two suggestions are given for minimizing or for avoiding the appearance of 
the escape peak (EP). 
 
 
2.4.2. Experimental details 
 
Two series of chalcogenide thin film samples have been investigated: AsSe:Sn (3 samples) and GeSbSe 
(4 samples). The film thickness were around 5 µm and 3 µm respectively. The X-ray diffraction 
measurement have been performed on a Seiffert XRD 7 diffractometer, with Cu target tube, operated at a 
high voltage of U=40 kV. It is important to remark, that the goniometer of this diffractometer allowed the 
sample rotation in its own plane. 
 
 
2.4.3. Results and interpretation 
 
In the frame of the disordered layer model of the amorphous structure, the first sharp diffraction peak 
(FSDP) reagion in the diffraction diagram characterizes the medium range order (MRO) of the 
investigated structure.  
 The XRD diagrams presented in our case large differences in shape and intensity, exactly for the 
FSDP. The specific angular region was from 13 to 16 degrees in 2θ, corresponding to a cvasi periodicity 
of 5,5-6,8 Å.  In order to set a reference relative to each sample, the counter has been positioned to 
2θ=15o, where the fluctuations have been found to be the largest. Figure 1 and 2 show the results of the 
Φ-scans for the two saple series. 
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Fig. 1. The substrate influence. φ-scans for the 

AsSe:Sn at 2θ=15 deg. 
Fig. 2. The substrate influence. φ-scans for GeSbSe 

samples at 2θ=15 deg. 
 
 
It can be observed, that in the case of no substrate contribution, the diagrams in Figs. 1 and 2 given by the 
amorphous structure, might consist only in horizontal line shapes, slightly oscillating around a mean 
scattering intensity. Also, one can see angular regions with minimum and maximum substrate 
contributions, along with many transient situation between them. 
 The next step in the systematic study was to make θ-2θ XRD scans, with the substrates beeing Φ-
rotated so, to be in the two extreme situations: an optimal one (the flat region), and the undesired case (the 
region of the maxima). Figures 3 and 4 show the results: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Separating the contribution of the substrate for 

the As50Se50 (A0) sample. 
Fig. 4. Separating the substrate contribution for the  

Ge27Sb13Se60 (FN) sample. 
 
It is important to stress, that the asymmetric maxima appear always at the same angular position, while 
the FSDP can “migrate” according to the actual MRO caracteristics of the measured amorphous sample. 
In some unfavourable situation it amight happen the FSDP to be eclipsed completely by the large EP. In 
such cases, the FSDP cannot be identified, without filtering the substrate given EP. 
 In the following Table 1 and 2 we summarize the angular positions and the corresponding quasi-
period for the two sample series, given by the substrate: 
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Table 1. EP parameters of the AsSe:Sn samples 

Probele 

AsSe:Sn  
Poziţie maxim,  

2θ (deg) 
Qasi-perioada,   

d (Å) 

   
A 0 15.05 5.88 

A 1 N 14.99 5.90 
A 1 L 15.06 5.87 

 
 
 

Table 2. EP parameters of the Ge27Sb13Se60 samples 
Probele 

Ge27Sb13Se60 
Poziţie maxim,  

2θ (deg) 
Qasi-perioada,   

d (Å) 

F N 14.96 5.92 
F L 15.06 5.88 
A N 14.90 5.94 
A L 15.00 5.90 

 

A tight statistics is observed for the angular position distribution of the escape peaks. Taking into account 
an observation error of  ±0,02 (o2θ) for the peak position, one can consider that in all cases the EP is 
given by the same (common) structure, in our case the substrate. 
 The EP is produced inside the counter by the secondary fluorescence, triggered by the incoming 
scattered quanta, which have enough energy after the fluorescence to fit the energy threshold and window 
value conditions set in the electronic measuring chain. Such quanta are commonly present in the white 
spectrum of the X-rays generated at the high voltage of  40 kV. 
 Observing, that the appearance of the EP is a threshold phenomena, one can suggest to use high 
voltages of lower values than 40 kV, to avoid completely the EP.  
 The possibility to minimize the EP if it appears, may also be very effective through rotating the 
sample in its own plane to an optimal angular Φ position. 
 
 
2.4.4. Conclusions 
 
For the investigation of the MRO features of amorphous films by XRD measurements, the diffraction 
conditions have to be carefully choosed. This is especially important in the case of the non-crystalline 
compositions for which the FSDP region is situated in the same angular range where the escape peak 
appears. Two methods have been proposed to minimize or to avoid the escape peak. 
 
 
 
 
 
Chapter 3 
 
Photoinduced modifications in non-crystalline chalcogenides 
 
 
3.1. Description of the photoinduced modifications 
 
A classification of the photostructural modifications may be made from different points of view. One of 
them is related to the reversibility of the changes. An other criteria can be the isotropic or the anisotropic 
caracter of the change induced by light. 
 For possible applications the most interesting phenomena are the reversible photoinduced 
modifications. The most important among them is the photo-darkening (PD). It usually appears along 
with other reversible modifications, like those of the hardness, density, glassy temperature, elastic 
constants and dissolution rate [27]. Reversibility has been observed also in the photo-induced anizotropy 
[28, 29]. 
 As irreversible changes we can note the following: photoevaporation [30], photocrystallization 
[32], photoamorfization [33], the photocontraction and photoexpantion [34], photo-decomposition [36] or 
photopolimerisation [40, 41]. 
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3.1.1. Scalar (isotropic) photoinduced modifications 
 
Scalar modifications are those which does not involve a reorganisation of the structure along some 
preferential directions after the illumination. 
 The most representative scalar transformation is the photo-darkening (PD). 
 
 
3.1.2. Vectorial (anisotropic) photoinduced modifications 
 
The most representative vectorial transformation is the photoinduced anizotropy. Vectorial effects are 
generated mostly by polarized light [28] 
 
 
 
 
3.2. Atomic scale interpretation of the photoinduced  modifications 
 
3.2.1. Mechanism of the scalar photoinduced changes 
 
Band-gap light irradiations were found to produce the most important photoinduced effects, through 
chemical bond breaking [42-44]. Many investigations have been performed to reveal the mechanism of 
these photoinduced structural changes. Though, the exact mechanism is still not completely clear. It 
shows certain common features [45] but it is also composition dependent. The non-bonding p-electrons 
have a key role in the photoinduced phenomena [46]. 
 Based on the data from the literature we suppose that photo-darkening and photo-bleaching can 
be explained as follows: at the irradiation process the lone-pair (LP) electrons of the chalcogen atoms are 
excited and they determine a slight repositioning of the atom. Two competitive processes can occur 
simultaneously. One of them is the bond breaking, while the other one is the bond reconstruction in the 
immediate vecinity. This mechanism can explain the wide variety of evolution possibilities, where some 
regions may extend on the expense of the other structural formations of the neighbours.  

We assume, that these structural changes modify the energy band structure near the limits of the 
gap, and so can determine the shift of the absoption edge, i.e. the PD or PB. 
  
 
3.2.2. Mechanism of the photoinduced vectorial changes 
 
One of the first observations of the photoinduced vectorial changes has been done by Zhdanov and co-
workers [70, 71]. They are induced by polarized light. Lyubin and Tikhomirov have found that photo-
darkening and photo-induced anizotropy are independent processes [76]. 
 We consider, that the mechanism of the photo-induced anizotropy is possibly related to the 
chirality of the chalcogenide material. 
 
 
 
3.3. The effect of the UV radiation on the Ge-As-S thin films 
 
Chalcogenide thin films present a great interest, because of their ability to modify the structure upon the irradiation 
with appropriate wavelength. We have performed a study about the modifications which can happen in Ge-As-S thin 
film samples. The results have been published in Journal of Non-Crystalline Solids [35]. We summarize below the 
results. 
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3.3.1. Introduction. Experimental data. 
 
Arsenic based chalcogenide glasses are an important class of IR tranparent materials. Their structure can 
be changed by irradiation with appropriate radiation. This is why they are good candidates for photo-
litografic or phase-change recording materials [85, 86].  
 The thin films of GexAs40-xS60 (0<x<40) of a thickness of ~ 4 µm have been deposited on silicon 
wafers by thermal evaporation. They have been irradiated by UV light of wavelenght between 300-400 
nm. The power density at the film surface was 0.05 W/cm2. The temperature did not exceed 40 oC.  
 XRD, microhardness and IR reflexion spectra measurements have been carried out. 
 
 
3.3.2. Results and discussion. 
 
The figures below show the behaviour of the measured parameters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. a. Microhardness;  b. Distances corresponding to FSDPs;  c. Contraction caused by UV radiation. 

 
Figure 7c shows the contraction of the supposed layer-like units for each composition. This behaviour can 
be explained if we admit S-bond breaking induced by the UV light. As a consequance, sulfur will be 
released from the sample, which is to be smelled as well. The idea of the sulfur release is supported also 
by the microhardness measurement results plotted on Fig. 7a. 
 Rajagopalan has also mentioned photo-contraction in thin films [90]. 
 
 
 
 
 
Chapter 4 
 
Modelling structure and photostructural changes in non-crystalline chalcogenides 
 
 
4.1. General considerations 
 
Atomic-scale structure of the non-crystalline chalcogenide (Ch) materials is still not completely 
understood. Sustained efforts have- and are being made to elucidate it [3, 6, 26, 91]. The most 
investigated representatives of the Ch materials family are As2S3 and As2Se3.  
 There are many models, proposed for the structure of the chalcogenide materials, and all of them 
try to reveal the relative position of the constituent atoms of a given structure. 
 Here a model is proposed for the a-As2S3 composition. This composition has a correspondent one 
in crystalline form, c-As2S3, with a well known structure and properties [94]. The a-As2S3 composition 
presents a sharp FSDP, which characterizes its medium range order (MRO). 
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 Finding the atomic scale structure of an amorphous composition is not an easy task. XRD 
measurements can indicate only averaged structures. Because of the large number of particles and related 
data, the use of the computer is necessary, taking as start data those well known from the literature, and 
making a set of assumptions regarding the relative disposal of the constituent units. A valid model has to 
keep the right number of valencies, bond length distribution, as well as bond angle distribution. What 
remains unclear is the interlink system between the atoms. This must be also included in the model, and it 
will caracterize the MRO of the amorphous material. 
 A Monte-Carlo-Metropolis procedure has been adopted in the model construction and refinement 
through energetical relaxation. The procedure begins with the geometrical construction of the model from 
plastic units. Then, the cartesian coordinates of each simbolic atom is determined and introduced as data 
columns in the PC. Dedicated programs are used to do the energetical relaxation, which leeds to a 
different, but more realistic set of coordinates of the atoms.  
 To estimate the free energy of the disordered structure the interaction potential has been supposed 
to have two terms: 

U = Ustrech + Ubend, 
with Ustrech= (1/2)α (L-L0)2 and Ubend = (1/2) β (θ-θ0)2L0

2 , where L stays for the current bond length, L0 is 
the experimental bond length, θ is the current angle between the bonds of an atom, θ0 is its experimental 
value, while α and β are the intensities of the given potentials and have different values for different pairs 
of atoms. 
 
 
4.2. Nano-phase structural model of As2S3 
 
The basic idea of the model proposed here is the coexistence of various structural units, with closed ends, 
i.e. with no unsatisfied bonds. In the case of the As2S3 it is supposed, that these units may be: smaller or 
bigger cage-like molecules (As4S6; As8S12 with its two models: As atoms “looking” toward the cluster 
center, or outside; As20S30), disordered planar fragments of As2S3, nanotube-like segment of As2S3 with 
closed ends or with open ends connected to other kind of building units, single- or twin lens-like clusters 
of As2S3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 11

Reduced intensity, RDF and bond angle distribution has been computed for each configuration, and they 
show the possibility of the physical existence of these building units. 
 An open question remains the weight of each kind of these building units in a practical case. 
 
 
 
4.3. Modelling of the photoinduced processes in As2S3 
 
The illumination of the amorphous chalcogenides with band-gap or sub-band-gap light induces important 
modifications in the structure. Experimentally, these changes, mainly in the MRO, are visible in the shape 
and position modifications of the FSDP [3, 6, 8]. 
 
 
4.3.1. Modelling of the scalar photoinduced processes 
 
The main idea of possible photostructural scalar processes consists of transformation of cage-like clusters 
into planar-like ones, connecting themselves to other, already existing planar configurations. An article 
has been published of our group about this possibility [95]. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Photoinduced connection of an As4S4 cluster with a-As2S3 layers 

 
 
 
4.3.2. Modelling of the vectorial photoinduced processes 
 
In this case we suppose the formation of very small crystalline-like units, wich are stressed at the 
interface were they are embedded in the major amorphous phase. These tiny units are supposed to 
“germinate” in the whole mass of the chalcogenide glass, but in a very small qantity (experimentally hard 
to be observed), and they may be randomly oriented. This idea might be acceptable, if we admit, that in 
these random positions the optimal stoichiometry is locally fulfilled. Then, it might be the result of a 
natural crystallization tendency the appearance of these stressed crystalline-like units, which can not 
develop further, because of the quick finish of the cooling process. The polarised light may than interact 
selectively with these units. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9.  Photoinduced structural anizotropy. 
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Chapter 5 
 
 
Conclusions 
 
The experimental XRD research and the PC-assisted structural modelling of the chalcogenide materials 
show, that this combination of the two methods gives a useful tool to find out more about their possible 
intimate structural and photo-structural features [97].  
 These results are important for a better understanding of the non-crystalline state of solids, and 
for optimizing the material properties for applications.  
 
 
 
 
 

References 
 
  [1] R.W. Wood, Phil. Mag., 3, 607 (1902). 
  [2] W. Meier, Ann. Phys., 31, 1017 (1910). 
  [3] M.A. Popescu, Non-Crystalline Chalcogenides, Kluwer Academic Publisher, Dordrecht, 2000. 
  [4] R. Frerichs, Phys. Rev., 78, 643 (1950). 
  [5] N.A.Goriunova, B.T. Kolomiets, Zhurnal Tekhnicheskoi Fiziki, 25, 2069 (1955). 
  [6] Photo-Induced Metastability in Amorphous Semiconductors, Ed. A.V. Kolobov, Wiley-VCH GmbH & Co. KgaA, 

Weinheim, 2003. 
  [7] S.R. Ovshinsky, Phys. Rev. Lett., 21, 1450 (1968).     
  [8] Physics and Applications of Disordered Materials, M. Popescu (Ed), INOE, Bucharest, 2002. 
  [9] T. Ohta, in [6]. 
[10] J.A. Rowlands, S.O. Kasap, Physics Today, Nov. 1997, p. 24.  
[11] R. Symanczyk, M. Balakrishnan, C. Gopalan, T. Happ, M. Kozicki, M. Kund, T. Mikoljaick, M. Mitkova, M. Park, C.-U. 

Pinnow, J. Robertson, K.-D. Ufert, Proceedings of the Fourth Annual Non-Volatile Memory Sympozium 2003, San Diego, 
California, 13-15 November, 2003 

[12]  J. Teteris, T. Jaaskelainen, J. Turunen, K. Jefimov, Functional Materials, 6 (3), 580 (1999). 

[13]  S.R. Ovshinsky, in Optoelectronic materials and devices, Eds. G. Lukovsky & M. Popescu, INOE, Bucharest, 2004 
[14] I. Licea, Curs Fizica stării solide, Partea I, Universitatea Bucureşti, 1990. 
[15] M.R. Hoare, Ann. N.Y. Acad. Sci., 279, 186 (1976). 
[16] J.M. Stevels, J. Non-Cryst. Solids, 6, 307 (1971). 
[17] M. Popescu, Proc. Intern. Conf. “Amorphous Semiconductors ‘78” Pardubice, Czecho-slovakia, Vol.1, p. 203 (1978). 
[18] J. C. Phillips, J. Non-Cryst. Solids, 34, 153 (1978). 
[19] S. R. Elliott, Physics of Amorphous Materials, Longman, London, 1990.  
[20] M. Popescu, Curs Fizica stării necristaline, Bucureşti, 2003 (nepublicat). 
[21] A. Lőrinczi, Thin Solid Films, 408, p. 282-285 (2002). 
[22] R. Prieto-Alcón, E. Márquez, J.M. González-Leal, J. Optoel. Adv. Mat., Vol.2, No.2, p.139 (2000). 
[23] L.S. Zevin, Powder Diffraction, Vol.3, No.1, p. 25 (1988). 
[24] S. Collard and W. Hoyer, J. Phys. IV France 8, Pr. 5, 241 (1998). 
[25] International Tables for X-ray Crystallography, Vol. III, p. 152, The Kynoch Press, Birmingham, England (1962). 
[26] M. Popescu, A. Andrieş, V. Ciumaş, M. Iovu, S. Şutov, D. Ţiuleanu, Fizica sticlelor calcogenice, Ed. Ştiinţifică Bucureşti 

– Î. E. P. Chişinău, 1996 
[27] K. Tanaka, J. Non-Cryst. Solids, 35&36, 1023 (1980). 
[28] V.M. Lyubin, V.K. Tikhomirov, J. Non-Cryst. Solids, 135, 37 (1991). 
[29] K. Tanaka, Solid State Comm., 34, 201 (1980). 
[30] B. Feinleib, U.S.A. Patent No. 3636526 
[31] M. Janai, P.S. Rudman, Proc. 5th Intern. Conf. on Liq. and Amorph. Semicond., Eds. J. Stuke and W. Baring, Taylor and 

Francis, London, 1974, p.425. 
[32] J. Dresner, G.B. Stringfellow, J. Phys. Chem. Solids, 29, 303 (1968). 
[33] P. Chaudhari et al., J. Non-Cryst. Solids, 8&10, 900 (1972). 
[34] Bhanwar Singh, S. Rajagopalan, P.K. Bhat, D.K. Phandhya, K.L. Chopra, J. Non-Cryst. Solids, 35&36, 1053 (1980). 
[35] M. Popescu, F. Sava, A. Lőrinczi, E. Skordeva, P.-J. Koch, H. Bradaczek, J. Non-Cryst. Solids, 227-230, 719 (1998). 
[36] J.S. Berkes, S.W. Isig, W.J. Hillegas, J. Appl. Phys., 42, 4908 (1971). 
[37] L. Tichý, A. Tríska, H. Tichá, M. Frumar, Phil. Mag., B54 (3) 219 (1986). 
[38] G. Kluge, phys. stat. sol. (a), 101, 105 (1987).  
[39] M. Kokado, I. Shimizu, E. Inoue, J. Non-Cryst. Solids, 20, 131 (1976). 



 13

[40] J.P. de Neufville, in Optical Properties of Solids – New Developements, Ed. B.O. Seraphin, North-Holland, Amsterdam, 
1975, p. 437. 

[41] K. Tanaka, Jpn. J. Appl. Phys., 25, 779 (1986). 
[42] R.A. Street, Solid State Communications, 24, 363 (1977). 
[43] I.L. Likholit, V.M. Lyubin, V.F. Masterov, V.A. Fedorov, Fizika Tverdogo Tela, 26, 172 (1984). 
[44] A.V. Kolobov, in [8], p.191. 
[45] E. Mitilineou, P.C. Taylor, E.A. Davis, Solid State Comm. 35, 497 (1980), J. Non-Cryst. Solids, 189, 297 (1995). 
[46] S.R. Ovshinsky, K. Safru, Proc. 5-th Intern. Conf. Amorph. Liq. Semicond., Garmisch-Partenkirchen, Germany, 1974. 
[47] A.E. Owen, A.P. Firth, P.J.S. Ewan, Phil. Mag. 52 (3), 347 (1985). 
[48] M. Popescu, W. Hoyer, J. Optoelectron. Adv. Mater. 4 (4), 867 (2002).  
[49] C.F. Bohren, D.R. Hauffman, Absorption and scattering of light by small particles, Ed. Wiley-Interscience, 1983, p.306. 
[50] M. Popescu, M. Iovu, W. Hoyer, O. Shpotyuk, F. Sava, A. Lőrinczi, J. Optoelectron. Adv. Mater. 3 (2), 303 (2001). 
[51] S. Krishnaswami, H. Jain, A. C. Miller, J. Optoelectron. Adv. Mater. 3 (3), 695 (2001). 
[52] S.A. Keneman, J. Bordogna, J.N. Zemel, J. Opt. Soc. Am., 68, 32 (1978). 
[53] M. Frumar, A.P.Firth, A.E. Owen, Phil. Mag. B 50, 463 (1984). 
[54] C.Y. Yang, M.A. Paessler, D.E. Sayers, Phys. Rev. B 36, 9160 (1987). 
[55] M. Frumar, Z. Černosek, J. Jedelski, B. Frumarova, T. Wagner, J. Optoelectron. Adv. Mater., 3 (2), 177 (2001). 
[56] M. Nalin, Y. Messaddeq, S.J.L. Ribeiro, M. Poulain, V. Boris, J. Optoelectron. Adv. Mater., 3 (2), 553 (2001). 
[57] K. Shimakawa, N. Yoshida, A. Ganjoo, A. Kuzukawa, J. Singh, Phil. Mag. Lett., 77, 153 (1998). 
[58] Ke. Tanaka, J. Optoelectron. Adv. Mater., 3 (2), 189 (2001). 
[59] M. Popescu, Proc. Intern. Conf. “Amorph. Semic. ‘78”, Pardubice, Czechoslovakia, Vol. 1, p. 203, (1978). 
[60] Ke. Tanaka, J. Non-Cryst. Solids, 35&36, 1023 (1980). 
[61] M. Popescu, J. Non-Cryst. Solids, 326&327, 385 (2003). 
[62] Meherun-Nessa, K. Shimakawa, A. Ganjoo, J. Singh, J. Optoelectron. Adv. Mater., 2 (2), 133 (2000). 
[63] I. Igo, Y. Toyoshima, J. Jap. Soc. Appl. Phys., 43, 106 (1974). 
[64] V.M. Lyubin, în Physics of Disordered Materials, Plenum Press, 1985, p.673, Eds. D. Adler, H. Fritzsche, S.R. 

Ovshinsky. 
[65] O. Matsuda, H. Oe, K. Inoue, K. Murase, J. Non-Cryst. Solids, 192&193, 524 (1995). 
[66] M. Vlcek, M. Frumar, J. Non-Cryst. Solids, 97&98, 1223 (1987). 
[67] Ia.I. Teteris, F.V. Filipov, V.Ia. Pashkevici, Proc.Int.Conf. “Amorph. Semic.’82”, Bucharest, Romania, 1982, CIP-AP, 

Vol.3, p.181. 
[68] Y. Kuzakawa, A. Ganjoo, K. Shimakawa, J. Non-Cryst. Solids, 227-230, 715 (1998). 
[69] A.V. Kolobov, J.Optoelectron.Adv. Mater., 4 (3), 679 (2002). 
[70] V.G. Zhdanov, V.K. Malinovskii, Sov. Phys. Tech., Phys. Lett. 3, 387 (1977). 
[71] V.G. Zhdanov, B.T. Kolomiets, V.M. Lyubin, V.K. Malinovskii, phys. stat. sol. (a) 52, 621 (1979). 
[72] A.V. Kolobov, V.M. Lyubin, V.K. Tikhomirov, Phil. Mag. Lett. 65, 67 (1992). 
[73] K. Ishida, K. Tanaka, Phys. Rev. B 56, 206 (1997). 
[74] P. Krecmer, A.M. Moulin, R.J. Stephenson, T. Rayment, M.E. Weeland, S.R. Elliott, Science, 277, 199 (1997). 
[75] G.J. Adrianssens, V.K. Tikhomirov, S.R. Elliott, J. Non-Cryst. Solids, 227-230, 688 (1998). 
[76] V.M. Lyubin, V.K. Tikhomirov, J. Non-Cryst. Solids, 114, 133 (1989). 
[77] V.M. Lyubin, M.L. Klebanov, J.Optoelectron. Adv. Mater., 4(3), 649 (2002). 
[78] V.K Tikhomirov, S.R. Elliott, Phys. Rev. B 51 (8), 5538 (1995). 
[79] S.R. Elliott, Nature, 354, 445 (1991). 
[80] Ke. Tanaka, K. Ishida, J. Non-Cryst. Solids, 227-230, 673 (1998). 
[81] V.M. Lyubin, V.K. Tikhomirov, Soviet Phys. Solid State 32, 1069 (1990). 
[82] J.M. Lee, M.A. Paessler, J. Non-Cryst. Solids, 164-166, 1169 (1993). 
[83] H. Frietzsche, J. Non-Cryst. Solids, 164-166, 1169 (1993). 
[84] A.V. Kolobov, V.M. Lyubin, Ka. Tanaka, Phys.Rev. B 55 (14), 8788 (1997). 
[85] B. Mednikarov, Solid State Technol., 5, 177 (1984) 
[86] D. Arsova, E. Vateva, M. Nikiforova, E. Skordeva, E. Savova in Electronic and Optoelectonic Materials for the 21st 

Century, J.M. Marshall, N. Kirov, A. Vavrek (Eds.), World Scientific, 1993, p. 267. 
[87] E.G. Barash, A.Iu. Kabin, V.M. Lyubin, R.P. Seysian, J. Techn. Phys. (Russ.) 62 (3), 106 (1992). 
[88] Z.U. Borisova, Chalcogenide semiconducting glasses, Leningrad University Press, 1983, p. 185. 
[89] E. Skordeva, D. Arsova, J. Noncryst. Solids, 192-193, 665 (1995). 
[90] S. Rajagopalan, K.S. Harshavardhan, L.K. Malhotra, K.L. Chopra, J. Non-Cryst. Solids, 50, 29 (1982) 
[91]  Semiconducting Chalcogenide Glass I, R. Fairman and B. Ushkov (Eds.), Elsevier Academic Press, 2004. 
[92]  C.J. Brabec, Phys. Rev., B 44 (24), 13332 (1991). 
[93] F. Hulliger, Structural Chemistry of Layer-Type Phases, F. Lévy (Ed.), D. Reidel Publishing Company, Dordrecht, 

Holland, 1976. 
[94] G. Lukovsky, Richard M. Martin, J. Non-Cryst. Solids, 8-9, 185 (1972). 
[95] M. Popescu, A. Lőrinczi, F. Sava, J. Phys.IV France 8, Pr.5, 9-14 (1998). 
[96] Popescu M, Lőrinczi A, Sava F, Stegărescu M, Iovu M, Leonovici M, Halm Th., Hoyer W, J. Non-Cryst. Solids 

327&327, 389-393 (2003). 
[97] A. Lőrinczi, M. Popescu, F. Sava, J. Optoelectron. Adv. Mater., 6 (2), 489-492 (2004).  
 
 


	Contents
	Introduction
	Chapter 1: The non-crystalline solid state
	1.1. Ideal crystal and ideal non-crystal
	1.2. Short range order (SRO), medium range order (MRO) and long range order (LRO)

	Chapter 2: The study of the non-crystalline structures by the X-ray diffraction method
	2.1. Scattering of X-rays by the electrons of an atom. The atomic form factor
	2.2. Scattering intensity by a group of atoms. The structure factor
	2.3. The radial distribution function
	2.4. Contributions to the measuring method of the structure factor for non-crystalline films
	2.4.1. The substrate problem in the case of the thin films
	2.4.2. Experimental details
	2.4.3. Results and interpretation
	2.4.4. Conclusions


	Chapter 3: Photoinduced modifications in non-crystalline chalcogenides
	3.1. Description of the photoinduced modifications
	3.1.1. Scalar (isotropic) photoinduced modifications
	3.1.2. Vectorial (anisotropic) photoinduced modifications

	3.2. Atomic scale interpretation of the photoinduced modifications
	3.2.1. Mechanism of the scalar photoinduced changes

	3.2.2. Mechanism of the photoinduced vectorial changes
	3.3. The effect of the UV radiation on the Ge-As-S thin films
	3.3.1. Introduction. Experimental data.
	3.3.2. Results and discussion.


	Chapter 4: Modelling structure and photostructural changes in non-crystalline chalcogenides
	4.1. General considerations
	4.2. Nano-phase structural model of As2S3
	4.3. Modelling of the photoinduced processes in As2S3
	4.3.1. Modelling of the scalar photoinduced processes
	4.3.2. Modelling of the vectorial photoinduced processes


	Chapter 5: Conclusions
	References

