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Abstract : Thin films of amorphous Gejgg_, Sb,., where x = 5, 10, 50, 80, 90 and 95 at.
%, were prepared by the flash evaporation technique. The temperature dependence of the
resistivity of these films reveals two activation energies for conduction in the temperature range
300- 580 K. The temperature of the amorphous-crystalline transition (Ty;,). shifts to higher
value as the Sb-content increases The disorder-order transition occurred when the films were
anncaled at 100, 130, 140 and 150°C for different times. The X-ray results revealed crystalline
Ge, Sb and Ge Sb. phases. It was found that the values of the resistivity and the activation energy
decrease as a result of raising the annealing temperature and/or Sb content.
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1. Introduction

The most important parameters controlling the physical properties of amorphous
germanium films and its alloys are the substrate temperature, the evaporation rate and the
vacuum environment during the deposition [1]. To understand the electronic properties of
amorphous semiconductors and insulators, a detailed knowledge of the structure of the
investigated materials is required [2]. The diffraction experiments such as electrons X-rays
or neutrons diffraction are usually used to study the structure. The density is an important
parameter in the analysis of the diffraction data. A stable glassy state is appreciably less
dense than the crystalline counterpart [3]. Amorphous semiconductors are suitable for
studying the nature of randomness by comparison with crystals of the same material. Bulk-
glassy samples are chemically ordered and comprise well-defined structural units. When the
evaporated films are annealed at the glass-transition temperature, the density of the
homopolar bonds decreases and the films approach the structure of the bulk glass [4]. It is
reasonable to suppose that a change in the chemical bonding would affect the electronic
properties of the material.
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The aim of this work is to study the temperature dependence of the electrical
resistivity, the effect of antimony content on the electrical resistivity and the structure of
thin films of amorphous Ge)o-Sb;.

2. Experimental

Bulk samples of the system Ge go_,Sb,, where x =5, 10, 50, 80, 90 and 95 at. %, were
prepared by the melt quenching technique. Appropriate proportions of 99.999% purity
clements were mixed together in silica ampoules which were sealed under vacuum at 10~
torr. Each ampoule was heated at 1100°C for 10 hour and rocked from time to time to
ensurc a good mixing of the constituents, and subsequently quenched rapidly in ice-water.
Amorphous thin films of thickness of order 2000 A were prepared by the flash evaporation
technique at room temperature from the ingot material. Using X-ray diffraction, the
evaporated films were found to be in amorphous state. The elgctrical resistivity as a
function of temperature was recorded using the two probe method. The contact between the
terminals of the resistance mcasurcments and the films was silver paste. Accordingly, the
contact effects and space charge arc minimized.

3. Results and discussion

Figure 1 shows the temperature dependence of the resistivity of amorphous Geg_,Sb, thin
films, where x =5, 10, 50, 80, 90 and 95 at %. This dependence shows an abrupt and sharp
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Figure 1. Arrhenius plot of temperature dependence of the resistivity far films of
Ge|00-xSb, system (x = 5, 10, 50, 80, 90 and 95 at. %).
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decreasing of the resistivity at a certain temperature T, Which is higher than the glass
transition temperature T,. Two straight lincs were obtained confirming the semiconducting
behaviour and obeying the Arrhenius type equation,

o = o, exp (-E/KT),
where o is the conductivity at any temperature, O, is a constant and E is the activation
energy for conduction. This means that every composition transforms from amorphous to

Table 1. The acuvation energies and the temperature of
transitions for a-Gegg-,Sb, thin films.

X E4lev) E(ev) Tranidk)
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Figure 2a. Arrhenius plot of temperature dependence of the resistivity after anncaling
at 100, 130, 140 and 150°C, for films of Ge jgo-,Sb; system, x =5 %.
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crystalline state a-c transition. The obtained activation energy for cach phase are related to
the conduction mechanism of the corresponding phase. The values of the activation energy

O Annealing at 100
| a4 Annaaling at 130%
s e Anncaling at 140'¢°

24.9F © Annealing

Lnp (N.em )
3 X} R
3 - W
T T T

~
-
.
w
1

L J 1 1 ¢+ 1 1 1 4 1 1 1 11

1000
T

Figure 2b. Arrhenius plot of temperature dependence of the resistivity after annealing
at 100, 130, 140 and 150°C, for films of Ge gp—,Sb, system, x = 10 %.

(k™)

of amorphous phase E,, the activation energy of crystalline phase E, and the temperature at
which a-c transition occurs Ty;, for all compositions are given in Table 1. It is shown that
E, slightly decreases as the Sb content increases from 5 to 50 at. %. This decrease may be
due 1o increase of the band tailing of the localized states which leads to a reduction in the
actual gap. With increasing the Sb content from 80 up to 95 at. %, the activation energy E,
becomes very small and comes close to the order of thermal activation energy. This may be
due to the Fermi energy passes through the conduction band edge or very close to it [S). It is
obvious also that the activation energy of crystalline phase E, decreases with increasing the
Sb content. This is due to the increase of the localized state density within the band gap.
The shift of T, to higher values with increasing the Sb content means that the time
required for a-c transformation will increase at constant heating rate. In other words, the
heat consumed during this transformation must be increased as the Sb content increases,
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Figure (2a,b) shows the temperature dependence of the electrical resistivity for
x=5and 10at. % samples annealed at 100, 130, 140 and 150°C for § hours. The annealing
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Figure 3a. Arrhenius plot of temperature dependence of the resistivity after annealing
at 100, 130, 140 and 150°C, for films of Gepp-,Sb, system, x =50 %

0.3
2 I O Anncaling at 100 %
= & Anncaling at 130 %
E 19.
o ° 9: O Annealing at 140 ‘c
S 9.8 e Annealing at 150 °c
\ - A & —
S 194
10.7 L _
-
1.0’ -
U W W NS VAN WA NN N VN WU WU GRS S S S |
2.0 2.4 2.8 2.2
10:0 ‘“-1’

Figure 3b, Arrhenius plot of temperature dependence of the resistivity after annealing
at 100, 130, 140 and 150°C, for films of Ge g, Sb, system, x = 80 %.

temperatures were selected between the glass transition temperature T, and the
crystallization temperatures T, as detected from DTA thermograms. It is seen from Figure 2
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that the temperature dependence of the electrical resistivity still follows an Arrhenius
equation. For films (x = 5 and 10 at. %) annealed at 100°C, two activation energies (E, and
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Figure 3c. Arrhenus plot of temperature dependence of the resistivity after annealing
at 100, 130, 140 and 150°C, for films of Gegg_,Sb, system, x =90 %.
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Figure 3d. Arrhenius plot of temperature dependence of the resistivity afier annealing
at 100, 130, 140 and 150°C, for films of Ge g, Sb, system, x =95 %.

E,) were obtained while the films annealed at 130, 140 and 150°C show only one activation
energy (E,). This is due to the fast a-c transformation at higher temperatures. For Films of
higher Sb content (x = 50, 80, 90 and 95 at. %), two activation energies of amorphous and
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crystalline phases E, and E, were obtained all over the range of annealing temperature as
shown in Figure (3a,b,c,d). Also the transition temperature T}, is shifted to higher value and
the DC electrical resistivity decreases as the annealing temperature increases. To show the
effect of annealing on the structure of the films, a-Ge;¢Sbgg thin film annealed at 150 and
320°C for different times was investigated by X-ray as shown in Figure 4. The detected
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Figure 4a. X-ray diffraction records for amorphous Figure 4b. X-ray diffraction records for amorphous
GeoSbgg thin film annealed for different times at Ge|pSbgg thin film annealed for different times at
150¢C 320°C.

peaks reveal that some partial crystallization occurs after annealing. The growth of
these peaks with increasing the annealing time shows the growth of the crystalline phase
on the expense of the amorphous one. The detected crystalline phases were /found to
be Ge in the tetragonal form and Sb in the hexagonal form. Also, a new crystalline

phase in the hexagonal form was appeared and it may be due to Ge Sb phase as shown in
Table 2.

Table 2. X-ray crystallographic of sample Ge|gSbgy after annealing for different times (h) at

150°C.
Time of Experimental ASTM cards
annealing R —
t(h) Crystal 20 gA Crystal gA (hkl) Crystal
phase phase
(a) Unknown 238 3.73 —_ —_ —_ —_—
(b) Sb 40.2 224 Sb 2.248 014) Hexagonal
5 (o Ge 488 1.864 Ge 1.856 (301) Tetragon.
() Ge 51.8 1.762 Ge 1.745 (004) Tetragon.
(e) Ge 28.8 3.096 Ge 3.01 (012) Tetragon.

69A(5)-6
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(Table 2. Cont'd.)
Time of Experimental ASTM cards
annealing - -
t(h) Crystal 26 gA Crystal 8A (hkl) Crystal
phase phase
(a) Unknown 23.7 3.749 —_ - — —_
(b) Sb 40.2 2.24 Sb 2248 (014) Hexagonal
10 (c) Ge 438.7 1.867 Ge 1.87 (310 Tetragon
()] Ge 51.8 1.762 Ge 1.745 (004) Tetragon.
(e) Ge 28.8 3.096 Sb 3.109 (102) Hexagon.
(a) Unknown 238 3734 — - — —_
(b) Sb 40.2 224 Sb 2.248 014) Hexagonal
15 © — 485 1.867 Ge 1.87 (310)  [Terr.
Sb 1.878 (006) Hex.
(d) Ge 52 1.754 Ge 1745 \  (004) Tetragon.
(e) Ge 28.6 3.014 Ge 3.01 012) Tetragon
(a) Unknown 23.7 3.749 -— — — —
(b) Sb 40.2 2.245 Sb 2.248 014) Hexagonal
20 (c) - 48.5 1.867 Ge 1.87 (310) Tetr
Sb 1.878 . (006) Hex
@  Ge 517 1.766 Ge ° 1745 ' (004)  Tetragon.
(e) Sb 289 3.085 Sb 3.109 (102) Hexagonal
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