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ELECTRON DIFFRACTION INVESTIGATION OF CRYSTALLIZATION KINETICS OF
AgInSe; AMORPHOUS FILMS
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The kinetics of phase transformations taking place in the result of amorphous AglnSe, film crystallization has been investigated by the
method of kinematic electronography. It is established that thin amorphous layer crystallization AgInSe, obtained by vacuum precipitation on
NaCl, KCl single crystals, takes place on regularities established by Avrami-Kolmogorovim and it is expressed by V,=V[I-exp(-kt")]. The
growth regularity at amorphous film crystallization AgInSe, which is equal to 2 and also the values of activation energies of germ-formation
and their further growth which are equal to £,=20,2 kcal/mol and E,=27,6 kcal/mol have been defined correspondingly.

Spatially homogeneous germ-formation probability at
similar rate and further their growth is described by Avrami-
Kolmogorov (A-K) [1-2] in the case of amorphous
substances. One can obtain the information about phase
transformation mechanism in everlasting volume in the
supposition about the fact that phase transitions take place
with the formation of big amount of new phase germs
occasionally distributed in the space and time with their
following growth by the studying of temperature-time
dependence of amorphous film crystallization. The following
kinetic equation

Vv, =V, []— exp(— ldm)] (1)

is the general one for description of formation kinetics of new
phase germs in the given time moment with their further
growth as in the case of constant origin rate, so at decreasing
one.

The analytical expression (1) allows us to define
temperature-time dependence of film crystallization which is
the dependence on time of relative part of initial phase, where
V;is part of substance volume endured the transformation to
moment ¢, V) is initial volume which is volume of amorphous
phase in the beginning of phase transformation process, K is
reaction rate constant equal to 08w, (KSC) where w; is origin

rate of new phase germs in the unit of non-switched volume,
ks is shape form, c is growth linear rate. The m value is
different for different possible transformation types and
depends on crystal growth size: the conclusions about
possible transformation mechanism are done on the base of
the value of m-degree index. Note that one should have the
detail experimental data about V;, for obtaining of reliable
results with the help of A-K theory.

In the given paper the crystallization process of
amorphous films AgInSe, obtained on new-spalled single
crystals NaCl, KCl and amorphous celluloid obtained by
evaporation of synthesized substance in vacuum ~10*Pa has
been investigated by the method of kinematic
electronography. The isothermic kinematic electronograms at
423, 438, 453 and 473K have been obtained for studying of
kinetic crystallization of amorphous layers AglnSe, by the
thickness ~25 nm. The strong phase transition in the result of
which one can’t observe the transformation dynamics takes
place higher 473K. The kinematic electronogram on which
the amorphous and crystal phases and also the coexistence
region of both phases are observed, is given on the fig.1.
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Fig. 1. Kinematic electronogram from AglnSe,.

The microphotogram from defined regions of kinematic
electronograms corresponding to different time moments of
film annealing are obtained for measurement of diffraction
line intensity of increasing crystal phase AgInSe, on
microphotometer MPh-4. The transition from intensity values
to quantity of crystallized substance is carried out by the way
of normalization taking into consideration the fact that
electron dispersion intensity in kinematic approximation is
proportional to the volume of dispersed substance

1,,, ~ V [3]. On kinematic electronogram the intensification

with line intensity time on crystal phase at crystallization is
caused by increase of polycrystal phase volume radiated by
electron beam, i.e. the intensity changes of diffraction lines of
one phase is connected with quantity change of this phase in
radiated volume as the general substance quantity in it stays
constant. As the small region from diffraction part is fixed on
kinematic electronogram, then one can said about local
intensity of Debye ring corresponding to small region A
which is expressed by the following formula according to [2]:
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where [ is intensity of primary radiation beam; A is length of
electron wave, @ is structural amplitude of diffraction

reflection which is calculated from atom dispersion factor in
kinematic approximation, (2 is volume of elementary crystal

@

cell, V is radiated volume, d ,fkl is interplanar spacing, is

small region of Debye ring, P is multiplicity factor of
diffraction reflex increase, LA is device constant.
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W, 10°% o to intensity unit, has been defined. The kinetic crystallization
curves of amorphous AglnSe, have been constructed in the
473 453 4= 47 . . .
70 investigated interval (fig.2).
The value of index m in (1) defined from line inclination
of Inln(V,/V,-V,) on Int for temperatures mentioned

above is close to 3 (m=2,72; 2,80; 2,93 and 2,99 for 423, 438,
40 453 and 473K) correspondingly. This shows that the crystal
- two-dymensional growth takes place in the case of
amorphous crystallization AgInSe,. The general activation
energy of crystallization equal to 75,3kcal/mol has been
10 defined on line inclination of /n k dependence on reverse
< < ¢ (o) temperature. The activation energy of germ formation
an E a0 110 130 calculated on line inclination of /¢ dependence on /n ¢ (here ¢

is incubation time, experimentally observable time of
Fig.2. Kinetic curves of crystallization of AgInSe,. crystallization beginning) is equal to 20,2kcal/mol. The
activation energy of crystal growth E, defined from relation

Egr = (Eggn - £, ) / 2, 1s equal to 26,7kcal/mol.
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The intensity max value is compared with totally
crystallized substance volume and the volume corresponding
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AgInSe; AMORF TOBOQOLORINDO KRISTALLASMA KINETIKASININ ELEKTRONOQRAFIK TODQIQI

Kinematik elektronoqrafiya tisulunun totbiqi ilo AgInSe, amorf tobogalorinin kristallagsmasi naticosindo bas veran faza
cevrilmolori todqiq edilmisdir. Miioayyon olunmusdur ki, NaCl KCI monokristallar1 {izorinde vakuumda ¢okdiirms ilo alinmig
AgInSe, nazik amorf tobagolorin kristallasmast Avrami-Kolmoqorov qanunauygunluglart osasinda bas verorok
V=Vl I-exp (-kt")] analitik tonliyi ilo tosvir olunur. AgInSe, amorf toboagalorin kristallasmasi zamani amalo galon kristallitlorin
iki Olgiilii (77=3) olmasi toyin edilmis, kristallit riigeymlorin omolo golmasi vo onlarin sonraki bdyiimolori iigiin tolob edilon
aktivlagsmo enerjilorinin (£, va E}, ) qiymatlori miiayyan olunmusdur: E,=20,2 kkal/mol; E,=27,6 kkal/mol.

.. Ucmanaos, H.K. Kepumona

SJIEKTPOHOI'PA®UYECKOE NCCIIEJOBAHUE KUHETUKHU KPUCTAJIVIM3ALINU AMOP®HBIX
IIJIEHOK AgInSe,

MeTooM KHMHEMAaTH4eCKOH 3JIEeKTPOHOrpadMy HCCIEN0BaHA KHHETHKA (Ha3OBBIX IPEBPAICHUH, MPOUCXOIAIIUX B pe3yJibTaTe
KpucTam3auu amopdHbIX 1ieHoK AglnSe,. YcTaHOBIEHO, YTO KPHUCTAIM3AlMs TOHKHX aMOpQHBIX cinoeB AglnSe,, MOMydYeHHBIX
BaKyyMHbIM ocaxeHreM Ha MoHokpucTauisl NaCl, KCI mpoucxoauT no 3akOHOMEPHOCTSIM, YCTAHOBJICHHBIM ABpamMu- KoaMoroposbsiM, 1
OITKCHIBACTCS aHAIMTHYECKUM BhIpaxkeHueM V,=V[I-exp(-ki")]. Onpenenensl MEPHOCTh POCTa MPH KPUCTAJUTM3AUWKE aMOP(HBIX [ICHOK
AglInSe,, paBHas naByM, a TaKXKe 3HA4YCHHUS OHEPIUil aKTHBAUMil 3apoiblIeoOpa3oBaHMs ¥ JAaJbHEHIIEro HX pOCTa, paBHBIC
E,=20,2kxan/monv u E,=27,6 KKa/MOJb COOTBETCTBEHHO.
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