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CRYSTALLIZATION OF AMORPHQUS Se FILMS

G. Fleury, C. Viger, C. Vautier and C. Lhermitte

Laboratoire d'Etudes des Couches Minces Amorphes et Polycristallines,
Faculté des Sciences de Rouen, 76130 Mont—Saint-Aignan, France

Abstract - Crystallization in amorphous Se films produced by
flash evaporation technic has been studied from conductivity
measurements on the temperature range 313 to 353K. The experi-
mental results show an heterogenous nucleation and that the
crystallization depends upon thickness ; they allow us to de-
termine the parameters which characterise this phonomenon :
drowth and nucleation rates, concentration and mean size of the
crystallites in good agreement with microscopy studies, as well
as the growth rate activation energy.

Introduction - Crystallization in amorphous materials involves elec-
tron diffraction and microscopy |1}|2],differential thermal analysis
3|14}, photoemission and optical absorption |5]||6|. Recently Germain
et al I7T]8] have shown that conductivity measurements can be applied
to study crystallization processes. This method can provide both the
determination of the crystallization type as well as the parameters
which govern and characterise the crystallization and has been used
for materials such as Ge and Si. For these materials the ratio from
crystalline to amorphous conductivities is about 20 whereas for Se,it
is up to 10°, which leads to an adjustement of the model. This paper
deals with an attempt to apply this model to Se films and to give the
values of the corresponding parameters.

Theoretical - The model developped by Germain et al is based on the
existence of two types of crystallites:one duetchomogenous nucleation
(crystallites being created and growing all along the crystallization
takes place), the other due to heterogenous nucleation (the crystalli-
tes being present at the initial time), both growing in two ways,
first in a three-dimensionnal (spherical) way as long as their diame-
ter is smaller than the thickness e of the layer, then in a two-dimen-
sionnal (cylindrical) way and interfering in two crystallization

modes : bulk induced crystallization (B.I.C) and surface induced crys-
tallization (S.I.C}.

Bulk induced crystallization - Starting from Avrami relation,which

gives the crystallization volume V(t), for homogenous nucleation :
t
- —+t
v(t) = fon Y \Y,¥o Vo (t-th)dt

(where n is a shape factor, Yi the growth rate of the crystallites in
the i direction and VI the nucleation rate)
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and assuming an isotropic growth rate, the authors have established
the crystallization kinetic equations :

1 n'

_1_= 1[ 2 l [ 3_.3 L n- 3.4 S
(1) Ln 1= P g (ao+vqt) +3n vy (£°=-1°) 3 & vgt for t T
1 s 2,1 n' 3.4
(2) n =2 = P g (a0+vgt) + 3 T Vgt for ¢t < 1

(1T being a critical time for the growth of a crystallite to switch
from a spherical to a cylindrical mode, v_ the growth rate, P the num-
ber and a_. the mean size of the initial cgystallites and n' the nucle-
ation rate).

Surface induced crystallization - In case of S.I.C they also calcula-
ted both the variation with time of the conductance of the layer :

G R P

I (a) N e
(where ES is the ratio of the crystalline to the amorphous conducti-

a
vities) and the crystalline fraction
v
x = Pm a? ;ﬂ t for t < 1
1 _ Pu 2
Ln T-x - S (ao+vgt) for ¢t > 1

Then using the Landauer equation,
1 0,70 0,70 1
Ln(T:Q) = Ln {1 - (52173)(32153)
which gives for spherical shaped crystallites the relation between the
crystalline fractiog X versus the conductivity of the layer, it is

possible as far as EE is known, to obtain the crystallization type as

a
well as the values of the parameters.

Experimental - The samples having S
a thickness ranging from 50008 to —a
lum have been prepared by flash La
evaporation technic |[9|Fig. 1
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The isothermic crystallization has T4~
been studied for two series of : l
samples : lum thick (S.l) and i !
50004 thick (§.3), the correspon- p ot
ding curves Lny=- = £(t) and ab ¢ d

1
Ln Ln(TTE) = Ln(t) have been Fig. 1 - A typical variation with
plotted on figures 2 and 3 (S.1), time of the relative conduc-
4 and 5 (S.2). tance <&
Equations (1) and (2) being reduced Za

to L(T%Q) ~ AtT,we can see that the behavior of the samples depends

upon thickness ; they exhibit a r=1, 2 and 4 behavior for the highest
thickness (S.I) and r=1,2 and 3 behavior for the lowest (S.2), which
indicates in both kind first an heterogenous crystallization at the
beginning of the phenomenon and then an homogenous crystallization

in the bulk.
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The values of the
parameters have
been calculated for
each series : the
growth rate v, in-
creases with %he
temperature |0.6 to

2.38 s7! for a tem-
perature range 334
to 351K (S;1) and
0.6 to 1.8A s~! for
temperature range
338 to 346K (S.2) |
and appears to be
rather independent
of the thickness
while the nuclea-
tion rate n' increa-
ses from 1 to 3 108
em™*s”! (s.1) and
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with temperature as parameter
¥ 346K, » 341K, @ 338K

150 hlmin
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from 1 to 1.5 10°
em~%s-1(s.2) in

the same temperature
ranges. The other
parameters have been found
constant both with temperature
and thickness :0,2um for the
mean size of the crystallites,
in good agreement with micros-
copy measurements,and 10 %cm 2
for their concentration per
unjit surface., We have also
calculated the activation
energy of the growth rate

from the curve vg = f(%) which

we found approximatively
equal to 0.78eV whatever the
thickness.

® 337K

Conclusion - The adaptation
of Germain and al method to
materials like selenium which
ratio, crystalline to amor-
phous conductivities is very
high, leads to a good deter-
mination of the parameters
which govern the crystalliza-
tion kinetics. The different
results are in good agreement
with those obtained by other
methods : electron microscopy
and differential termal
analysis,
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LnLn Té; = f(Ln t) with temperature LnLn T%; = £(Ln t) with tempera-
as parameter : # 351K, ¥ 246K, ture as parameter : ¥ 346K ;
* 340K; @ 337K * 341K; @ 338K
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