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The structure of As,Seq, ., amorphous films has been investigated by the radial distribution function method,
Depending on the composition and preparation conditions, the short-range order of thin films is described by the model of -
chemically disordered network consisting of different SeSe, ; Asa_ )30 ASSE, 2 ASq_ 2 structural vnits, where £ =0, 1,
2, n=0,1, 2,3 and Se=AsSe; ,, structural units have a double bond, A determining effect of the evaporation temperature of
the initial glass upon the degree of middle-range order of films in the As—Se system has been shown. With annealing, the
structural translormations with disappearance ol the first sharp diffraction peuak have been revealed.

1. Intreduction

The structure of arsemic—chalcogen non-crys-
talline semiconductors has been studied by many
authors (see rcviews in refs. [1,2], and refs.
therein). A large fraction of these works have
been performed on materials of As-S systems,
whereas the fraction concerned with their struic-
ture is limited (except for elementary Se). Less
attention has been to the structure of As Se .,
amorphous films [2-7]. In the works cited, a
thorough structural investigation has been made
only for films with compositions 40 < x < 50. The
structure of the films with compositions x <40
has been studied for some film materials with

"x=2861[6], and x =5, x =25 and x =135 [7].

For the first group of As_ Se,,,_, film compo-
sitions, the two main models of their amorphous
structure have been proposed: the layered struc-
ture model [5] and cluster model [2-4]. Following
the layered structnre model, the disordered struc-
ture of films is built of ‘corrugated’ two-dimen-
sional layers similar to those in As,Se, crystal
structure. Also, according to the cluster model
the non-crystatline structure of films is supposed
to be formed on the basis of ‘mixture’ of arsenic,
selenium and arsenic selenide molecular units

(As,, Se,, As,Se,, As,Se,, As,Se,, As,S¢,,
As,Sc, ete.) with differing degrecs of polymeriza-
tion.

The papers in which models of the amorphous
structure of films with x < 40 are proposcd are
not known to us. Leadbetter et al. showed [6] that
As _Se,y_, vacuum-cvaporated films possessed a
very complicated structure which relaxed to the
structure of the glasses with the same composi-
tion when annealed.

In ref. [7], the radial distribution function ob-
tained from electron diffraction data provides the
short-range order parameters of As S¢,,_, films
for compositions with x < 40 only. An analysis of
their structural peculiarities is missing.

The composition-dependent structural pecu-
fiarities of As—Se amorphous films are also char-
acteristic of As—S films. Besides, the non-crystal-
line structurc and properties of vacuum- .
evaporated films have been found by many inves-
tigators to be dependent on their preparation
conditions. This dependcnce is explained by the
formation of different structural states that can
exist in an amorphous substance with a given
chemical composition. For a generalized defini-
tion of this phenomenon, the term ‘structural
modification’ is often used [8].
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The aims of this work are two-fold. The first is
to present a detailed investigation of the struc-
ture of As, Se o _, amorphous films over the
range of compositions with x < 40. The sccond is
to analyze the potential of both models used
together or independently to describe the disor-
dered structure.

It should be noted that, in investigations per-
formed elsewherc [2-7], the As, Se,y_, amor-
phous films were prepared by the convention
thermal evaporation method at comparatively low
evaporation tlemperatures. Therefore, we c¢x-
tended our analysis to study the structural modifi-
cation of As—Se amorphous {ilms when using the
flash evaporation method with the higher evapo-
ration temperatures.

2. Experimental

As Se,,,_, bulk glasses were prcparcd by the
usual melt-quenching technique. The constitnent
elements, As and Se, were weighed and sealed in
an evacuated (at 5 X 107F Torr) quartz ampoule
which was placed in a furnacc and hcated step-
wise at 700 K (8 h) 900 K (10 h) and 1050 K
(15 h). The molten alloy was then quenched in
air and the alloy was taken out by cutting the
ampoule.

The initial vitrcous alloys were powdered and
scparated according to sizes. Particles with an
average size 200-300 wm were selccted for evap-
oration. Thin films of different compositions of
As Seygo_, (10 <x < 55) were prepared by the
flash evaporation method. The vacunm installa-
tion used was equipped with a device for uniform
and controlled powder dclivery into an open-type
niobium evaporator. The evaporator temperature
was measured with Pt—-Pi—Rh thermocouple. The
experiments on films evaporation were carried
out at two values of the evaporator temperature,
T,,=770 K and T, = 870 K. These values were
within an experimentally sclected range of evapo-
rator temperatures in which flash evaporation
conditions were realized. The other parameters
were held at constant values: the substrate tem-
perature, 7, =290 K; condensation rate, I, =35
nm/s; the angle of molecular beam incidence

onto the substrate, ¢ = 30°; gas pressure, P =6
» 10~* Pa. Deposition was carried out onte glass
substrates and freshly cleaved NaCl singlc crys-
tals on the (001) plane. The chemical film compo-
sition was checked by an X-ray spectral micro-
probe (EMMA-4) method with a relative error
+1%. The atomic film structure and its changes
were  investigated by the electron diffraction
method with accelerating voltage U/ =75 keV.
Changes in structure of the films with thermal
annealing were investigated in situ, in the elec-
tron diffractometer column (EMR-100). The film
heating rate was varicd within the limits of I =
0.03 to 0.64 K /s.

The dependence of the diffracted electron
beam intensity f=f(s), where s=4= sin 8/A,
# = diffraction angle and A = wavelength of elec-
trons, was plotted in the direct electronic current
recording mode. Short-range order parameters of
the atomic film structure were obtained by calcu-
lating the radial distribution functions (RDF) in
compliance with the procedure as reported ear-
licr in rels, [9,10]. For electron diffraction studies,
the typical thickness of the films was 50-60 nm.
Films were separated from NaCl substrate and
located onto a copper grid with 200 pm mesh.
The necessary valucs of amorphons film density
for thc RDF calculation were determincd by
measuring the mass and volume of the layers
varing in thickness between 1.5 and 3.5 pm. The
thickness of the films was dctermined very accu-
rately by the interfcrence method with a mean
error + 0,02 pm; the masses of the films were
measured bv direct weighing with a mean error
+107° g. When the dcnsity of films was deter-
mined, its mcan relative error was +2%. The
data about the changes in the medium-range or-
der of the atomic film structurc were measured
by the analysis of the first sharp peak positions
and intensity of the diffraction patterns.

3. Results

The investigations were carried out with
As,S¢,9_, amorphous films for stated composi-
tions (x = 10, 20, 30, 40, 47 and 55). X-ray spec-
tral microprobe data justified an exccllent fitness
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of the chemical film composition to that of initial
glasses that additionally testified to flash evapora-
tion conditions being observed.

The RDFs of As Se,,_, uas-deposited amor-
phous films prepared at T, and T, are shown in
figs. 1 and 2, respcctively, Table 1 contains the
values of coordination sphere radii and under
peak areas.

As,,Se,, films ¢vaporated at 7, and 7;, and
As,,Se., films at 7., have different a type the
structure. The RDF analysis gives the following
average values of coordination sphere radii for
them: r, =205 A, r{=275 A, r,=365A, r}=
4.44 A,

The electron diffraction patterns of all the
investigated as-deposited As, Scyg_, amorphous
films revealed a sharp peak (FSDP) in the region
of s =10 nm~ L. The availability of the medium-
range order in the amorphous substance is usu-
ally related to it. For comparative analysis of the
diffraction patterns, we plotted [/, curves,
where f and I, arc the intensities [=f(s) and
the second pcak of the diffraction patterns, re-
spectively. T/1, curves of As,,Scy, as-deposited
films obtained at T,, and T, {curves 1 and 2,
respectively), and anmealed films (curve 3) are
shown in fig. 3. The composition dependences of

RDF{atoms/A) -

20 — as-avgpan
......... -anneal.

()l amrts -
1 3 5 7 riA)
Fig. 1. The RDF of As,8ey,._, as-deposited {full line) and
annealed films (dotted lines) prepared at T, =770 K. The
dashed lincs indicate average atomic density of films.

Table 1

The RDF paramelers {or As Se¢p, , amorphous films

Film 7. (K) RDF maxima positions Under-peak arcas {arbitrary units)

compaosition A o = o

P r (A) ri (&) r2 (A) r5 (&) b, by by

AspSeg 770 240 - 3.75 - 2.4 - 88
BH) 245 - 3.85 - 3.1 - 101

Asy5eq, 770 2.05 2.70 3.60 4.40 1.1 L5 49
870 2.10 2,80 3.65 4.50 1.5 1.7 5.9

AsqpSeq 770 2.00 270 3.60 4.30 1.1 1.5 6.1
870 2.40 - 3.70 - 24 - 8.2

As S 770 245 - 3.95 - 3.0 - 79
K70 2.40 - 375 - 3.1 - 59

As 42584y 770 2.40 - 3.80 - 29 - 4.6
870 2.40) - 3.65 - 31 - 7.0

AsesSe,s 770 245 - 3.80 - 23 - 8.8
870 2.45 - 375 - 2.6 - 7.4

T,, evaporation temperature; r, coordination sphere radii; b. under-peak area of the RDF.
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intensity f,/F, of the first diffraction pcak are
shown for as-deposited As_Se,,,_, films in fig. 4,
curves 1 (7)) and 3 (7,). These dependences
after 3-4 h film relaxation under usual conditions
(curves 2 and 4 for T, and T,,, respectively) are
shown in the same figure. The increase in the
evaporation temperature from T, to T, consid-
erably increases the intensity of the first peak for
the films with compositions x =30, 40, 47 and
decreases it for the films with x =10, 20, 55. At
structural relaxation of layers under natural aging
conditions, the character of composition depen-
dences [, /I, remains the same. However, de-
pending on the composition and evaporation
temperature, T, of films, both the increase and
decrease in [, /1, at rclaxation is observed. If the
I, /1, parameter directly represents the degree of
the medium-range order to be realized in films,

ROFlatoms /4]

0= 3 5 7 Al

Fig. 2. The RDF of As, Se,, . as-deposited amorphous fiims
prepared at T, =870 K. The dashed lines indicate average
atomic density of films.
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Fig. 3. Diffraction patterns of As,,Ses, amorphous films:
deposited at T,; =770 K (curve 1), at T, =870 K (curve 2)
and annealed (curve 3).

thc above relationships characterize just the
change in the medium-range order of As, S¢ g_,
films while varying their composition, 7, and
structural rclaxation.

The thermal annealing in vacuum of all the
investigated As,Se,g_, amorphous films at tem-
peratures lower than some limiting values of T,
led to the stimulation of relaxation processes in
the film structure. The peak intensities in the
diffraction patterns and the RDF parameters of
layers changed insignificantly, Heating of films
above temperature T, caused a threshold struc-
tural transformation in them, amorphicity of
structure remaining the same. During such a
transformation, the FSDP disappeared com-
pletely in the diffraction pattern; the positions
and intensitics of the subsequent diffraction curve
peaks (fig. 3) changed. The electron microscopic
investigations showed that during such structural
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transformation an absorption contrast in the film
image changed significantly, too (fig. 5). In the
initial ‘bright’ film near the edges of the grid-
holder, there appeared areas of ‘darker’ contrast
in the film which suffered from the structural
transformation. The boundary between “bright’
and ‘dark’ areas is always sharp. During struc-
tural transformation, it shifts to the centre of the
mesh of the grid-holder at specd dependent on
the initial tilm structure and annealing tempera-
ture T3> T, After structural transformation, a
total film becomes relatively ‘dark’ by contrast.
So, the structural transformation is irreversible.
The subsequent heating of the film to the higher

r Slaro.units) —‘\I 11
I L]
/\‘* log
0.7
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Fig. 4. Intensities, I, /1. of the first dilfraction, sharp peak

for As,Se,y_, amorphous films: as-deposiled at 7, =870 K

(1) and after natural aging 2} as-deposited films at T, = 70

K (3) and after natural aging (4} In the upper part, the

dependence of the degrec of vapour “overheating’, &, for T
{3V and T,, (6) is given.

Fig. 5. Typical electron microphotograph (<1650} of the

AsySeg amorphous film when heated, taken during the

structural transformation. The edge of the objective micro-

scope grid (black field} and accompanying phase states of the

film are 10 be scen: initial film {bright contrast, diffraction

pattern 2 in fig. 3) and the film after transformation (the
darker contrast, diffraction pattern 3 in fig. 3

temperatures does not cause significant structural
changes in it up to the onsct of crystallization.
The values of temperature T for the structural
transformation onset of As, Sey_, films are
within the range of 375-445 K. A pronounced T
dependence of the film composition is not re-
vealed. At the same time, a significant effect of
the layer prehistory upon the valne of T, can be
seen. As,Seq, films are the most stable to the
structural transformation (7, = 430 K).

As;Sey films arc the least stable (T, = 335
K). The film heating rate from 0.03 K/s to 0.64
K /s increased the average values of T, for 15-45
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K at dynamic annealing depending on the compo-
sitiomn.

4. Discussion
4.1, Short-range order structural modification

The RDF analysis shows that, irrespective of
the value of Te, the paramcters of the short-range
structure order of films with compositions x = 10,
40, 47, 55 are closc to those for bulk glasses
[11,12] and for lavers of the As—Sc¢ system pre-
pared by a conventional thcrmal evaporation
method [7,13]. Average values of coordination
sphere radii are cqual to 7, = 2.40 A and 7, = 3.75
A Taking into account these data, the short-range
order of the atomic film structurc is well de-
scribed by the model of chemically disordered
network consisting of SeScy ,AS; gy, and
AsSe, ,AS;_, 4 structural units, where & =0,
1, 2: =0, 1, 2, 3, The ratic and character of
correlation of different structural units in an
amorphous layer structure arc defined by its
chemical composition, preparation conditions and
subsequent external factors.

The covalent radii values of As (1.18 A) and Se
(1.14 A) are close to each other [14]. Therefore,
the change in the ratio of stated structural units
should not produce an appreciable change in the
values of r,. The angles between covalent bonds
around As and Se bonds may change depending
on the ratio of structural units (at r, = const.),
pre-determining noticeable changes in r,. In the
above structural units, the number of the nearest
neighbours around an As atom is equal to 3, and
for Se atom it is cqual to 2; therefore the change
in the ratio of the structural units in a film
considerably changes the values b, and b,. The
experimental results given in tablc 1 are in excel-
lent agreement with the relationships pointed out
and confirm, indirectly, the reality of the pro-
posed structure model for As,Se,,_, amorphous
films with compositions x =10, 40, 47, 55. To
define the ratio of different structural units in
amorphous films, additional investigations are still
underway using the proposed [15] method. For
AsySey, films, since r; =2.05 A differs greatly

from the sum of covalent radii for As and Se
atoms, we suppose that this value of r; corre-
sponds to the double bonding length [16]. Taking
into account that the relevant coordination num-
ber for As,,Sey, and As,,Seq, films is close to
unity, the mean statistic atom to be chosen as a
count-off point will form a double bond with one
atom only.

Structural units with one double bond are re-
vealed: [1] in non-crystalline oxides, phosphorus
sulphides and selenides (structural units of
Se=PSc,,, type) and As,S; amorphous films
(S=AsS;,, type). For non-crystalline arsenic se-
lenides, the experimental data serving as the basis
for the description of the short-range structure in
terms of the Se=AsSe, ,, structural unit krave been
deficient [1]. Consequently a more careful justifi-
cation is required for the introduction of a struc-
tural unit with a double bond.

A double bond between As and Se atoms has a
length considerably smaller than that of a single
bond. Besides, a repulsive interaction of double
bonding e¢lectrons with single bonding ones
around As atom in the Se=AsSe; ,, structural unit
produces some change in the parameters of single
bonds [16]. Thus, in a Se=AsSe; ,, structural unit,
one should expect some increase in single bond-
ing length compared with analogous bonds in
AsSe; ,, pyramid and the deflection of « and 8

Fig. 6. Geometrical model of Se=AsSe; , structural unit with
double bond.
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Fig. 7. Theoretical angular dependence (solid ling) and points
ta be obtained according to the experimental data for angles
a and B between dircctions ol bonds in Sc=AsSey , struc-
ural unit.

angles (fig. 6) from tetrahedral angles (a>
109.5° > B). With the help of the above argu-
ment, the position of the first RDF maximum, r,,
of As,,Sey, and As;,Seq, amorphous films may
be matched up with the double bonding length in
As=AsSe; ,, structural unit, ry (with the mean
single bonding length), r, {with the distance be-
tween two atoms Se,, and rj (with the distance
between S¢, and Se, atoms). Se=AsSe;, struc-
tural unit symmetry for interdependent « and B
angles gives the relation sin(B8/2) = y3/2)
sin(180° — &). A theorctical angular dependence
and datapoints that are obtained using the exper-
imental data are shown in fig. 7.

Thus, the cxperimental values of coordination
sphere tadii 7, r{, r,, r; agree fairly well with
the model Sc=AsSe; ,, structural unit if a = 130°
and B =83° are the mean angles. However, the
values of areas under the peaks calculated for
this model do not agrec well with the experimen-
tal values.

One may considerably improve the quality of
the fit between these values by introducing the
model structure of such films together with
Se=AsSe;,, and AsScy ;, SeSey 2 ASgo13
structural units into the disordered network. The

reality of such supposition is confirmed by the
absence of a well-defined separation of the RDF
peaks at 7, r] and r;, r5. This lack of separation
means that correlations ion the location of atoms
at the distances of 2.40 A and 3.90 A contribute
also to the RDF which coincides with the first
and second coordination sphere radii of AsSe;
and SeSe, ,As,_y, 3 structural units.

So, the short-range order of the atomic struc-
ture for As,,Seg, (at T, and T;) and AsySey,
(at 7,, films) may be described by the model of a
chemically disordered network consiting of
Se=AsSe, ,,, AsSe;,, and SeSe A8,k We
denote such films as those having a,-type amor-
phous structure. The ratio and chaiacter of corre-
lation of the above structural units in the films
with «,-type amorphous structure are also de-
fined by the chemical composition, preparation
and post-condensation aging conditions. That is
why, these factors being changed, the short-range
order structure of a,type films may be greatly
influenced. This fact finds its confirmation in the
values of the RDF parameters (table 1). A simul-
tanecus realization of several conditions may
probably promotc the formation of Se=AsSe;,,
structural units in the disordered network of
AsySeg, and AsySe,, films.

(1) Under flash evaporation conditions of the
initial glass powder at T, = 770-870 K, the atomic
complexes which tend to form the As=Se double
bond exist in vapour. It should be noted that we
failed to prepare the short-range structure films
of a,-type by the conventional thermal ¢vapora-
tion method.

(2) The composition and structure of As,gSeg,
and As,Se, glasses also promotc the formation
of particular atomic complexes in vapour phase
during flash evaporation.

(3) The comparatively higher ¢vaporation tem-
peratures, T,, arc enough to excite the atomtic
complexes with subsequent electron orbital hy-
bridization of As and Se atoms necessary for the
formation of the structural units with double
bonding.

(4) A low substrate temperature promotes
quenching of Se=AsSe, , structural units to be
coordinated into the disordercd network during
film condensation.
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-4.2. Medium-rarige order structural modifications

Different explanations for the nature of the
FSDP in non-crystalline substances have been
proposed [17-22]. We give preference to the clus-
ter mode! for amorphous films. Following this
model the FSDP is conditioned by the availability
of molecular and {or) quasimolccular structural
species in the disordered network of As Sejg_,
films. The chemical composition, concentration
and character of correlation of different molecu-
lar species in the disordered network are defined
by the chemical composition of the film and its
preparation conditions (see fig. 4).

The availability of different gquasimolecular
species in As,S¢q_, films is predetermined by
the vapour phase composition when the Initial
glass is being evaporated [6,23]. Mass spcctro-
scopic investigations of the vapour phasc compo-
sition when arsenic selenides As,Se;, As,Sc; and
AsSe are cvaporated [6] showed that in all the
cases the vapour containcd a number of different
multi-atomic complexes. It should be noted that
these investigations are carried out at the lower
cvaporation temperatures in comparison with
melting temperatures for the corresponding ar-
senic selenides; therefore, the mass spectra, given
in ref. [6], are probably associated with the subli-
mation process. However, we used evaporation
temperatures which were 250 to 450 ° C higher in
our investigations. Howcver, we assumc that a
substantial amount of multi-atomic complexes was
present in vapour even at such evaporation tem-
peratures. When vapour condenses onto the sub-
strate, many of these complcxes are connected
into the disordered network of the amorphous
film in the form of molecular and (or) quasi-
molecular species. The increase in the evapora-
tion temperature of the substance increases the
energy of vapour particles and decrcases the con-
centration of multiatomic particles [24].

To analyze the results obtained on the influ-
ence of the evaporation temperature for the ini-
tial As,Se,g_, glass upon the FSDP intensity,
we have calculated the degree of vapour ‘over-
heating’ with respect to its state at liquidus tem-
peratures, 7y, for the As—Se system by the for-
mula 8 =(7,— T )/T.. The values of 7 are

taken from ref. {25]. The concentration depen-
dences of 8 in the case of T, and T, are given
in fig. 4 (curves S and 6, respectively). In the case
of T,, =770 K, a full corrclation of the composi-
tion dependences of the FSDP intensity and pa-
rameter & for as-deposited films is observed: the
increasc in the degree of vapour overheating (the
decrcase in the concentration of multi-atomic
conmplexes) corresponds to the increase of I /1.
The observed correlation of § and I, /1, testifies
to a determining effect of the composition and
¢nergy of vapour phase particles upon the
medium-range order of condensing As,Se_,
amorphous films.

An increase of evaporation temperature to 870
K in the preparation of As Se,y,_, films causes a
loss of correlation between & and [, /I, and com-
position, especially in the region of compositions
40 < x < 60 {fig. 4, curve 6). This loss may be
conditioned by: (a) more complex vapour phase
composition dependence of the evaporation tem-
perature of initial glass; (b) the initial glass com-
position and structure effect upon the vapour
phase composition and its tempcrature depen-
dence; (c) the formation of the middle-range or-
der structural species not only from the multi-
atomic vapour particles but from one, two, and
three atomic particles during association on the
substrate and connection to the growing films,
The middle-range order formation mechanism in
As _Se g, films is indirectly indicated by the
fact that the increasc in the middle-range order
degree occurs in some films in the disordered
structure already formed at structural relaxation
(fig. 4, curves 1, 2 or 3, 4).

4.3, Structural changes at thermal annealing

The structural transformation of the medium-
range order of the disordered film structure sig-
nificantly changed the RDF and its parameters
(fig. 1, dotted curves). In the case of a film with
the short-range order structure of a,-type, the
structure disordering at short-range increased
drastically (fig. 1, RDF for x = 47). For films with
short-range order structure of a,-type the first
RDF peak remained practically unchanged after
structural transformation, and the subsequent
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peaks changed less than those of a,-type films
(fig. 1, RDF for x = 20).

Many works have been devoted to the temper-
ature dependence of the FSDP intensity
[17,19,26-28]. It has been established that for
well-annealed glasses and amorphous films an
insignificant increase in the peak intensity with
increasing temperaturc {abnormal behaviour) is
observed. The annealing of as-deposited amor-
phous films decreascs the FSDP intensity and the
layer structure is closc to that of glass [6,28]. The
latter case is rcalized in As Sey,_, films investi-
gated by us.

We consider the model of ‘polymerization’ of
molecular structural species into the more contin-
uous disordered network [23,29] to be the most
suitable one to explain the decrease in the FSDP
intensity for as-deposited amorphous films after
annealing [23,29], Just preceding the ‘polymeriza-
tion’ processes in the disordercd network of
As_Se,g,_, as-deposited films for annealing above
a temperature, 7}, defincs the change in struc-
ture to be observed in the form of the structural
transformation described. During polymerization
in the short-range structure of a,-type, the mid-
dle-range order decreases drastically and the
nearest environment of the majority of atoms (fig.
1, x = 47) changes to some¢ ¢xtent. In the case of
the short-range structure of a,-type, the middle-
range order also decrcascs drastically during
polymerization, but thc nearest atom environ-
ment changes less (fig. 1, x = 20). The strongest
double bonds in Se=AsSe; ,, structural units re-
main practically unchanged.

The structural transformations observed by us
in as-deposited As  Sc,q,_, films differ from those
abserved earlier by a full disappearance of the
FSDP in the diffraction patterns, i.e., in the films
‘under investigation, the polymerization of molec-
ular and (or) quasimolecular structural species
into more uniform disordered nctwork was fully
completed after annealing within the range of
temperatures, T > T,. This disappearance is due
to the peculiarity of thin film samples investi-
gated by us. In all the works known to us, the
structural changes have been studied in relatively
thick layers (~ 0.5 pm thick) on different sub-
strates. The initiation of thermally stimulated

1

th

structural transformations in the latter gives rise
to internal mechanical stresses in the disordered
atomic network of the film. At the stage of ther-
mally stimulated structural changes {of polymer-
ization processes), the stresses reach a level at
which further structural transformations are not
possible., As a result, the FSDP intensity of such
films after annealing will correspond to a degree
of polymerization which is related to the internal
mechanical stresses in films.

We have investigated the As, Se,y_, self-sup-
ported thin films (50-60 nm) positioned on a
grid-holder. Under such conditions the mechani-
cal stresses which occur during thermally stimu-
lated structural transformations may relax easily
due to flexure of films. Indeed, an electron mi-
croscopic study, in situ, during thermally stimu-
lated structural transformation processes showed
local flexurcs, ‘dark’ areas, subjected to structural
transformation (fig. 5) near boundaries with ‘light’
(initial} arcas.

5, Conclusions

In the present work, it has been shown that,
depending on the evaporation temperature of
initial glasses in the As-Se systcm, different
structure types are produced in As,Sey_, thin
films. The structure of films with x = 10, 40, 47,
53 prepared at evaporation temperatures of 770
and 870 K and with x = 30 prepared at 870 K is
well described by the model of chemically disor-
dered network consisting of SeSe, ,,As(, 5 and
AsSe, ,AS¢ _,, » structural units where k=0, 1,
2,n=0,1, 2, 3. In the films with x = 20 prepared
at evaporation temperatures of 770 K and 870 K
and with x =30 prepared at 770 K, the unit
Se=AsSe; ,, with a double bond is the main struc-
tural unit which defines the short-range order.

A close correlation of the FSDP intensity of
films and vapour overheating degree relative to
the liquidus temperature at their deposition has
been ohserved that testifies to a determining ef-
fect of the composition and energy of vapour
phase particles upon the middle-range order of
As-Se condensing amorphous films. Annealiralg
As_ Se _, self-supported films (500-600 A)
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above some threshold temperature, dependent,
on x, the structural transformation with a full
FSDP disappearance proceeds, while the amor-
phicity of structure remains the same,
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