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STABILITY OF AMORPHOUS Ge-As(Sb)~Se FILMS
TO HIGH-ENERGY ELECTRON IRRADIATION

N. D. Savchenko
(Uzhgorod State University, Uzhgorod)

The results of the investigation of high-energy electron (6.5 MeV) irradiation effect on .structure, optical,
electrical and mechanical properties for thin films obtained by thermal evaporation of Ge-As-Se and Ge-Sb-Se
glasses have been presented. The electron-induced changes in film properties versus average coordination number
and relative free volume for bulk glasses have been discussed. It has been found that the higher radiation stability is
characteristic to the films deposited from the glasses with the lower relative free volume.

1. INTRODUCTION

Structural changes of two alternative
types have been observed in thin films under
high-energy electron flow: amorphization of
the crystalline films and crystallization of the
amorphous ones. Amorphous films are
considered to have higher stability to high-
energy radiation. Usually it is explained by
the fact that against the background of the
disordered structure of amorphous films the
changes in their structure due to the
formation of radiation defects are less
pronounced.

The effect of the high-energy electron
irradiation (HEEI) on the structure and
properties for bulk As2$e3 and AS2S3 glasses
was studied by many scientists (see, e.g. [1-
3]). The electron paramagnetic resonance
studies have shown that paramagnetic states
formed in result of HEEI (2 MeV) were less
distorted and stronger localized than under
optical irradiation and arose from the atomic
displacements [4]. This viewpoint is followed
by the authors of [5] too, who discussed the
importance of atomic displacements under
the high-energy gamma, electron and neutron
irradiation in thin films deposited from the
above mentioned glasses. The analysis of
electron micrographs for As-S films and the
computation of radial distribution function
have revealed that in result of electron
irradiation (4.5 MeV) at electron fluence of
10i4 cm-2 film structure disordering took
place, especially, at the distances related to

the position of second and third peaks of
radial distribution function [6]. It has been
found that with the fluence increase (up to
3xl0!6 cm-2) film structure disordering tended
to be lower. The dependence of these
processes on the arsenic and sulphur
proportion has been derived too.

The examination of HEEI effect on
ternary films deposited from Ge-As(Sb)-Se
glasses is of the current interest due to the
wide range variations in the average
coordination number (Z) for these materials
and the observed topological structural
transition from two-dimensional to three-
dimentional structure at Z = 2.67 [7]. This
idea is also held by the authors of [8], who
have found the peculiarities in the changes of
optical properties for Ge-As-Se(S) films with
Z = 2.67.

The mechanism for electron-induced
processes in semiconductor chalcogenide
films is not clear yet and the development of
the procedure for the selection of radiation
stable film materials is still the pressing
problem. In present work the attempt has
been made to summarize the results of the
investigations of the HEEI effect on the
structure and properties of Ge-As(Sb)-Se
films, to analyse the interrelation of radiation
stability with the average coordination
number and relative free volume (the
deviation of the average atomic volume for
the compound from the sum of the
component volumes) of the starting bulk
glass for thin films under investigation.
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2. EXPERIMENTAL

Thin films were obtained by thermal
evaporation in vacuum at presssure of 10-3

Pa. The starting bulk glasses were prepared
by. the quenching of the melt from the
mixtures of the high purity (5N) Ge, As, Sb
and Se components. The following
compositions have been studied: 1) Ge-As-Se
family - Gex(As2Se3)i-x, where x = 0.10, 0.15,
0.25, 0.30, 0.40, 0.50, (GeSe2)x(As2Se3)i-x,
where x = 0.40, 0.50, 0.60, 0.80; 2) Ge-Sb-Se
family - (GeSe2)x(Sb2Se3)i-x, x = 0.40, 0.50,
0.60, 0.80, 0.90; Geo.2SbxSeo.8-x, where x =
0.05,0.10,0.15,0.20,0.25.

The irradiation of thin films by the
electrons with the energies of 6.5 MeV has
been performed in M-10 microtron. The total
flux was normally near to 10u cm2 s ! .
Experimental details for the structural,
optical, electrical and mechanical
experiments along with the theoretical
computations can be found in the referred
papers.

3. RESULTS

In result of the electron micrographs
analysis performed in [9] the structure of Ge-
As-Se films has been found to be amorphous
with the peculiarities characteristic to the
cluster structures. This work has shown that
high-energy electron irradiation resulted in
structural disordering and cluster extension
for as-deposited Geo.i(As2Se3)o.9 films, when
for thermally annealed films the ordering of
structure has been observed. It was noticed
that structural changes in the films under
HEEI are more essential than under thermal
annealing and structural relaxation. HEEI of
as-deposited Ge33Asi2Ses5 films has resulted
in structural ordering when for the annealed
films the alternative effect has been observed.

The use of the scanning electron
microscopy technique has revealed that the
substantial change in Ge33Asi2$e55 films
microrelief followed the cycling electron
irradiation - annealing for as-deposited film
[10]. These changes were manifested in the
local film blistering under HEEI at fluences
higher than 1014 cm-2, the number and sizes

of blisters being increased with electron
fluence.

The results of the: studies of the depth
profile for the concentration of the host and
impurity atoms in Ge33Asi2Ses5 films before
and after HEEI are given in [11, 12]. The
strongest changes under HEEI in atomic
concentration have been observed in surface
and transition layers. The surface layer
becomes enriched with Se and C atoms, and
exhausted of Ge, As and O atoms. In
transition layer the content of O and C atoms
increases. These works give the results of the
film surface investigations carried out by
electron spectroscopy for chemical analysis.
It has been found that HEEI tends to
increase the integral counting rate peaks,
related to the GeSe, SeSe+Se bonds and
results in the origination of the peaks related
to As2O3 and GeO2 compounds.

By the examination of the radial
distribution functions carried out in [13] it
has been concluded that HEEI resulted in the
change of the atomic bonding nature in
Ge2oSb25Se55 films, especially, at the distances
related to the position of second, third and
next peaks of the radial distribution function.
The electron diffraction patterns for
irradiated films have exhibited first sharp
diffraction peak. Under the electron
fluences of 10'7 cm-2 crystalline Se phase has
been isolated in the films.

The results of the investigation of HEEI
effect on optical band gap (EQ) for Ge-As-Se
films are given in [14-17]. For the
compositions of As2Se3 - Ge section after
HEEI the decrease in optical bandgap has
been observed and for the As2Se3 - GeSe2
section and other compositions under
investigation its increase has been exhibited
[16]. In this work the correlation between the
modulus |AEo and EQ value described by
the equation | AE0 I « 0.4 (2 - Eo) eV has
been found for the majority of the films in
Ge-As-Se system.

For the HEEI effect on the electrical
properties of the films under investigation
there are reported data only for Ge-Sb-Se
films [13, 15, 18,19]. HEEI resulted • in
conductance increase; and decrease in its
activation energy (Es) for all films of the
family. The magnitude of these changes is
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strongly dependent on the composition of the
starting glass and tends to decrease with
increase in softening point [18]. The data on
the studies of HEEI effect on the dielectric
permittivity for Geo.2SbxSeo.8-x films are given
in [19]. The studies of the photoconduction in
these films have exhibited that under
irradiation its value decreases when the
activation energy (Ef) tends to increase by
0.02 - 0.05 eV [15]. The investigations of
thermally activated depolarization currents
in the temperature range from 120 to 420. K
have detected two sets of the trapping levels
for all film compositions with the activation
energies of Ei =*0.24 - 0.37 eV and E2 = 0.50
- 0.80 eV [13,15]. In result of HEEI only E2

values showed the decrease by 0.02 - 0.06 eV,
and the carrier density on the trapping
centres [13]. For the majority of Ge-Sb-Se
films before and after irradiation the
following relations have been found to be
true: Es+Ef=const and Es - E2 = const [15].

The changes in adhesion strength and
mechanical stress in Ge33Asi2Se55 films after
HEEI have been discussed by us earlier [10,
203. The adhesion strength and mechanical
stress of the films deposited onto the
substrates from optical glass K-8 tend to
decrease under HEEI [10]. The decrease in
the mechanical stress for Ge33Asi2Se55 films
deposited onto Si substrates in result of
HEEI at different fluences is treated in [20].

4. DISCUSSION

In computation of the absorbed dose (D)
and concentration of the radiation defects Nr
under HEEI in thin films it is necessary to
remember that their density is lower than
that for the bulk glasses. The absorbed dose
estimated from the known expressions
accounting for the density and thickness
effects (see, e.g. [10]) is the macroscopic
quantity. That is why we can apply this idea
only by convention, because it represents the
energy transfer as the value averaged along -
the mulptiple microscopic areas. Iru'
experimental data analysis the concept of
relative free volume can be used as a quantity
reflecting the structural imperfections [21].
After thermal annealing the properties of

thin films tend to the properties of bulk
glasses,:that is the reason for applicability of
the average, coordination number and
relative free volume ideas to the annealed
films. These quantities for films and bulk
glasses can differ, but the general regularities
in correlation between structure and
properties are to be the same, bearing in
mind that the main structural units are
similar for films and glasses [8].

Fig. i shows theoretical relationships
between relative free volume (6), relative
adsorbed dose (AD/D) and concentration of
radiation defects (ANr/Nr) related to the
As2Se3 compound and average coordination
number along with the interrelation of
experimental values for electron-induced
shift of the optical band gap (AE0/E0) and
theoretical Z values for some films of Ge-As-
Se family. As it is seen from the figure
different relations between S and Z are
characteristic to different compositional
sections. The Z dependences of AD/D and
ANr/Nr for thin films of the section GeSe2-
Sb2Se3, have opposite signs and their slope
angles are close to be equal. This is
responsible for the Z independence of AE0/E0
for the films of this section. For thin films of
Ge- As2Se3 section Z dependence of AE0/E0
shows the best correlation with Z
dependence of S, i.e. the lower value of the
electron-induced change in optical band gap
corresponds to the decrease in the relative
free volume.

These results are supported by the data
given in Fig. 2, where theoretical
interrelation between 8 and Z is presented
along with the interrelation between
theoretical Z values and experimental values
for the relative changes under HEEI of the
conduction activation energy AES/ES,
dielectric permittivity As/s and photo-
conduction activation energy AEf/Ef. Notice
that the lowest electron-induced changes in
film properties have been found only for the
films deposited from the GeSe2-Sb2Se3
section glasses with coordination number Z «
2.65 at which the topological structural
transition is supposed to take place.
Minimum relative . free volume . value
corresponds to this Z value. For thin films
deposited from the glasses of Geo.2SbxSeo.8-x
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section with maximum relative free volume
and Z « 2.65 the highest electron-induced
changes in electrical parameters have been
observed. It should be pointed out that in
computer-aided search for the radiation
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Fig. 1. Relationships for theoretical relative
free volume of Ge-As-Se glass, 8, relative adsorbed
dose, AD/D, and relative concentration of
radiation defects, ANr/Nr, along with the
experimental values for the relative electron-
induced shift of the optical band gap AEQ/E0 for
the films deposited from Ge- As2Se3 and GeSe2-
As2Ses section glasses with theoretical average
coordination number values, Z. The labels at the
left hand show concentration of Ge atoms in
Ge-As-Se glasses. Curves are given as a guide to
the eye.

stable compositions in Ge-As-Se system
performed by the vector optimization
method the average coordination number for
the found optimum glass composition was
2.65 [17]. The above described regularities
should be accounted for in the improvement
of the searching procedure for the radiation
stable film materials. Examination of our
results has shown that structural changes in
thin Ge-As(Sb)-Se films under HEEI lie in

2.'

Fig. 2. Interrelation between theoretical
relative free volume values, 8, and experimental
values for the relative changes in conduction
activation energy, AE/ES, in dielectric
permittivity, Ae/e, and in photoconduction
activation energy AE/Efi for HEE irradiated
GeSe2-Sb2Se3 and Ge02SbxSeos.x films and average
coordination number values, Z. Curves are given as
a guide to the eye. Dotted curves show the
relationships for binary compounds
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the following. Depending on the
composition, absorbed dose and films
prehistory structural changes reflect two
main concurrent tendencies: the tendency to
long-range disordering and short-range
ordering one. In this case the formation of
complexes, voids or clusters, giving rise to the
formation of a new phase can take place.
During HEEI the penetration of atmospheric
oxygen into the film surface layer occurs
originating the formation of the products of
radiation-induced oxidation.

To explain the changes in film properties
in result of HEEI both zone and
configurational models can be used. For
example, Anderson zone model can explain
changes in Eo and Es both by changes in
disordering potential and by the change in
coordination number. Configurational model
explains the electron-induced changes by the
change in curvature of the potential curves
for atomic interactions and configurational
distance.

5. CONCLUSIONS

The main regularities for the high-energy
electron irradiation effect on the structure
and properties for Ge-As(Sb)-Se films have
been analysed. The interrelation for electron-
induced changes in film properties with
average coordination number and relative
free volume of bulk glass have been found for
film compositions under investigation.
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