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KINEMATIC ELECTRON DIFFRACTION STUDY OF CRYSTALLIZATION KINETICS OF
AMORPHOUS YbiSmAs4Te; NANOTHICK FILMS

E. Sh. HAJIYEV
Institute of Physics, Academy of Sciences of Azerbaijan,
33 H. Javid, Baku Az — 1143, Azerbaijan

The crystallization kinetics of ternary Yb,,Sm,As,Te; amorphous thin films has been investigated by kinematic electron diffraction
method. It is shown that crystallization takes place in accordance with Avrami — Kolmogorov law. The kinetics parameters and the growth

dimensionality of the crystallization have been determined.

The systems on base of chalcogenide glasses containing
the rare — earth elements have been widely studied last years.
In these systems, it is established that formation of ternary
compounds which can be applied in devices controlled by
external magnetic field. Amorphous alloys containing rare —
earth elements represent a new class of amorphous materials
[1].The main interest in these materials is the environment of
AsyTe; — Yby,Sm,(x=0.2 at. %) system is one of these classes
of above-mentioned materials. According to state diagram,
the Yb,Smy AssTe;, YbiSmy As,Tes and YbsqSmy
AsyTeg ternary compounds are formed in this system. Thin
films of Yb,,Sm, As,Te; with thickness ~ 30 nm obtained by
vacuum evaporation and deposition on substrates of fresh
cleavage surfaces of NaCl , KCl crystals and amorphous
celluloid at room temperature were amorphous. Amorphous
phase is formed on NaCl up to 7,=523K. Using electron
diffraction method we have investigated the structure of
obtained films. The electron diffraction pattern shows seven
diffuse diffraction ring corresponding S=4msin6/4=20.3; 33.0;
51.7;71.4;96.0; 119.0; 152.0 nm™. Amorphous films crystallization
at 7=523K results in the formation of Yb,,Sm, As;Te;
polycrystalline with parameters of the rhombic lattice
rhombic unit cell with a=1,214; 5=1,470; ¢=0,410 nm. This is
agreement the data of ref: 4

The general form describing the kinetics of growth is
written as [5,6]

Vi=Vo[1-exp(-kt™)] (1)

where V; is volume of substance transforming to ¢ time, V, is
initiation volume of substance, k is reaction rate constant.
“m” quantity is different for variety transformation types and
is depend on growth measure. To obtain reliable results using
this theory, it is need to have exact experimental data for V.
Studying of crystallization processes depending on
temperature and time gives information about mechanism of
growth and crystal growth rate on depended temperature.

To determine the kinetic parameters of crystallization of
Yb,xSmy As,Te; amorphous films we have used kinematic
electron diffraction method from amorphous films with
thickness ~30nm, at 7=523K, 7=548K, 7=573K temperatures
[7]. It is quite clear, that much more temperature, than fast
occurs the crystallization process.

Electron diffraction pattern taken from annealing samples
shows how diffuse rings relating to amorphous phase are
disappearance and the lines of the polycrystalline phase of
Yb;xSmAs,Te; are occur. There is the area where crystal
and amorphous phases exist together.

Intensities of lines of the Yb,,Sm, As,Te; polycrystalline
phase were measured by micro photometric method. The
intensities of diffraction lines with 4, k&, [ index were

the rare — earth atom because it determines the electric, optic
and magnetic properties of these materials. The structure and
crystallization of some ternary compounds of system
containing rare-earth elements have been investigated in the
film state before [2-3]. Therefore, the purpose of the present
work is study crystallization of Yb;,Sm, As,Te; amorphous
nanothick films.

determined depending on annealing time. To get quantity of
crystallized matter we use standardization method taking
account of intensity of scattering of electrons is proportional
to the volume of scattering matter [8].
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Fig 1. The kinetic curves of crystallization of Yb;Sm,As,Te;
amorphous films.

In investigation interval of temperature the kinetic curves
of crystallization of Yb,,Sm, As;Te; amorphous films have
been calculated i.e. the curves of the crystallized volume as a
function of the time for variety temperatures. (fig. 1).
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Fig.2. The Inln(V,/(V,-V,)) dependence on Int for
Yb,Sm,As,Te,.
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The Inln(Vy /(Vy — V3)) dependences on Int were calculated
at T=523K, T7=548K, T7=573K temperatures. The lines
drawing through the experimental points are straight lines for
all temperatures (fig.2).

The value of “m” in (1) form determined from slope is
equal to about 4 (m=3,80 at 573 K; m=3,95 at 548 K; m=3,93
at 523 K). That is witness for the three-dimensionality growth
of crystals at investigation temperatures.

In k dependence on //T is linear . The nucleation rate and
crystal growth rate are described by Arrenius form

_Es
v,=Ce *

E, 2
v,=Ce

where v, is the formation rate of the nucleation centre and
determined as number of nucleus creating in unit time in unit

volume of metastable phase; v, is crystal growth linear rate
and determined as the change rate of linear sizes of
growthing crystal of the new phase.

Summary nucleation activation energy - E; is determined
from slope of the /n k curve as function //T and equal to
79,6 kcal/mol. The nucleation activation energy is calculated
from slope of the //z, curve as a function /nt (where z, is
experimental beginning time of crystallization) and equal to
26,2 kcal/mol. E, is crystal growth activation energy is
determined by E, = (E,-E,)/3 and equal to 17,8 kcal/mol.

In this work we also investigated the crystallization of
Yb;«Sm, As,Te; amorphous films obtained in condition of
electric field action (U=3000 V/cm).It is shown that the
influence of electric field on crystallization process leads to
an increasing of nucleation (v,) and growth (v,) rate, that is ,
decreasing of activation energies about 10-12% [Table 1].

Table 1
Amorphous compound Electric fields activation energy
V) m E, E, E,
kcal/mol kcal/mol kcal/mol
Yb,.,Sm,As,Te; U=0 3 79,6 26,2 17,8
U=3000 V-cm 3 70,8 23,1 15,9
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KINEMATIK ELEKTRONOQRAFIYA METODU ILO NANOQALINLIQLI AMORF Yb,,Sm,As,Te;
TIOBOQOLIRIN KRISTALLASMA KINETIKASININ TODQIQI

Kinematik elektronoqrafiya metodu ilo Yb,,Sm,As,Te; ligqat birlosmasinin nanoqalinliqlt amorf tobaqgalarinin kristallagsma kinetikasi
tadqiq edilmisdir. Gostorilmisdir ki, kristallasgma prosesi Avrami — Kolmoqorov qanunauygunlugu ils bas verir. Kristallasmanin kinetik
parametrlari va kristallik riigeymlarin bdyiims dl¢iisii miioyyan edilmisdir.

E.II. I'ag:xueB

NCCIEJOBAHUE KNHETUKHU KPUCTAJVIM3AIIUN AMOP®HBIX HAHOTOJIIMWHHBIX IIVIEHOK
Yb;,.SmAs,Te; METOJOM KHUHEMATHUYECKOU 3JIEKTPOHOI'PA®UN

MeTooM KHHEMATHYECKOM 37eKTPOHOrpaduu uccae[oBaHa KHHETHKA KPUCTAIUTU3AINN TPOWHBIX aMOP(GHBIX HAHOTOJIIMHHBIX TICHOK
Yb;.,Sm,As,Te;. TlokazaHo, YTO KPHUCTAJUTU3AIMS MPOUCXOJUT MO 3aKOHOMEPHOCTSIM, YCTaHOBICHHbIM ABpamu — KoJIMOropoBbIM.

OrnpezeneHbl 3HaUSHUS] KHHETUYECKHUX [TapaMeTPOB U MEPHOCTh POCTa.
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