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Abstract
Thin films of binary Bi,0,-TeO, and Bi,0,-V, O, systems were prepared by the
thermal co-evaporation technique in a vacuum at room temperature. The optical
absorption edge of these systems are studied in the wavelength of 200-800 nm using
a PERKIN-ELMER uv/vis spectrophotometer. It is found that the value of n=3/2 in
the Davis-Mott equation is best fitted for the fundamental absorption edge for these

materials. Itis also found that the optical energy gap (E

o for the Bi,0,-V, O, system

0]

lies between .65 and 3.5 eV. and for the Bi,0,-TeO, system between 0.95 and
3.25 eV. depending on the film .composition. The exponential behaviour of the
absorption coefficient with photon energy for the systems under invesgiation are

verified as suggested by Urbach.

Introduction

The analysis of optical spectra over a wide range of
photon energy has been one of the most productive tools
forunderstanding and developing the theory of electronic
structure in crystalline and amorphous solids. For the
amorphous materials in the high absorptionregion, which
is associated with interband transition, Tauc [1] and
Davis-Mott [2] independently derived an expression
relating the absorption coefficient o(w) to the photon
energy (o) as,

(o> - Eopr)’

= A
a(®) fw

0y

where Eopl is the optical energy gap and n is a number
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which characterizes the optical absorption processes. Its
values for different kinds of transitions are as follows:

n= 1/2: direct-allowed transition [3]

n= 1: non-metalic materials [4]

n= 3/2: direct-forbidden transition [5,6,7]

n= 2: indirect-allowed transition [8]

n= 3: indirect-forbidden transition [3]

A in Equation (1) is a constant and is given by,

A=4rGo @
ncE.

where c is the speed of light, n is the refractive index of
the material, G is the extrapolated dc. conductivity at T=
0K and E | is the extent of the band tailing.

The absorption edge in many disordered materials
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follows the Urbach rule [9] given by:
a,, <Exp dw) 3)
(®) AE

where (o) is the photon energy and AE is the width of
the tail of the localized states in the band gap.

Experimental Procedure
Sample Preparation

Thin films of Bi,0,-TeO, and Bi,0,-V,O, binary
systems with different composition were coated on
cleaned Corning 7059 glass substrate using thermally
co-evaporation technique at room temperature under a
pressure of p = 4x10° torr.

Samples specification and the condition of preparation
are given in Tables 1 and 2. Tungsten boats were found
to be most suitable for the evaporation since boats made
of other materials react with the evaporants, as was
confirmed by XPS. The film thickness and rate of
deposition were monitored using aquarts crystal monitor
unit (Intellometrics model IL-150).

The absorption coefficient for the samples listed in
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Tables 1and 2 was calculated from the following equation,

o =Lk @
I

where a. (o) is the absorption coefficient, I and I are the
intensities of incident and transmitted light, respectively,
and d is the thickness of the film.

Optical Data Measurement

We have investigated Bismuth oxide in thin film
form to determine,

a) the position and shape of absorption edge.

b) the value of n, in Equation (1) and therefore the
kind of transition in these materials.

¢) the optical energy gap,E_,, and

d) the effects of increasing the concentration of
Vnadium oxide and Tellerrium oxide on absorption edge
and the value of E_.

On the basis of our earlier experiments related to the
other binary systems containing V,0, and CeO, we
found that as the concentration of V,0, in the V,0,-CeO,
system decreases the absorption edge becomes sharper

Table 1. Optical absorption data for Bi,0,-V,O, system with different composition

Sample | Composition Thickness E. Pressure Temperature
No. Bi,0,-Te-O, nm. eV. Torr K
2010 88%-12% 360 35 2.104 305
2011 63%-37% 320 3.15 4.10 302
2012 56%-44% 345 255 2.10¢ 300
2013 42%-58% 340 1.72 2.5.10°¢ 304
2014 28%-72% 330 123 3.10°¢ 306
2015 15%-85% 355 0.65 1.10° 308
100.a 100%-00% 560 3.60 5.10¢ 312

Table 2. Optical absorption data for Bi,0,-V,0, system with different composition

Sample | Composition Thickness E. Pressure Temperature
No. Bi,0,-Te-O, nm. eV. Torr K
1050 23%-77% 440 098 2 .10% 304
1006 39%-61% 410 12 25 .10 305
1007 56%-44% 480 1.35 2 .10¢ 302
1008 72%-28% 475 1.75 3 .10¢ 299
1009 86%-14% 450 3.25 45 .10°¢ 300
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Figure 6. Variation of E(opt) vs. Bi,0, content for Bi,0,-V,0,

system

Hosseini and Hogarth

Vol. 10 No. 2

Spring 1999
R (ahw)*3/2 (Thousands)
Lo e
61 . R
o
4 ‘-L 3 -
. o
™
. - e L
2 . +
=
A ’ ]
o o
0 e e 1 i i I3
0 1 2 3 4 5
photon energy (hw). eV.
* 1008 + 1006 * 1007 O 1008 X 1009

Figure 5. Variationof (cthe)?vs. ho) for Bi, 0,-TeO, system
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Figure7. Variation of E(opt) vs. Bi,0, content for Bi,0,-TeO,
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