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In the present work the optical properties of Se substituted by Bi in GexSeg thin films
have been studied. Optica reflection and transmission spectra, a normal incidence of
GexSeso«Bix thin films (x = 0,4,6,8,10,12) were obtained in the range 200 nm — 840 nm. The
optical energy gap was estimated from the absorption coefficient values using Tauc's
procedure. It isfound that, the optical band gap decreases with increasing bismuth content.
The extinction coefficient, refractive index, real and imaginary parts of the dieectric
constants have been calculated.
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1. Introduction

Chal cogenide glasses represent one of the major categories of amorphous semiconductors
because of their physical properties such as the switching and memory effects [1-4] and are well
known for their IR transmittance [5,6]. These materials exhibit a wide range of photoinduced effects
accompanied by significant changes in their optical constants, and applicabl e as optical recording or
imaging media [7], absorption filters, laser fibre amplifiers, ultralow loss tdecommunication links,
radiation resistant telecommunication links, flexible CO, laser power guides [8], image bundles for
detector array dissection, temperature, pressure and chemical sensors, non-linear components and
many other optical dements [9,10]. Knowledge of the optical properties of these amorphous
materials is obviously necessary for exploiting their very interesting technologica potential. Optical
and structural features of semiconductor films depend on the conditions of their preparation[11,12].

Optical properties are important in view of the intensive interest in the optodectronic
devices. Chal cogenide glassy semiconductors are generally p-type semiconductors and Bi - modified
germanium cha cogenide glasses Ge-M-Bi (M = S, Se, Te) exhibit a p-n transition at high Bi
concentration e.g., 11at % in Ge-S, 7at% in Ge-Se and 3.5 at% in Ge-Te [13]. In the present work a
detailed investigation of optical properties of Se substituted by Bi in Ge,pSesy system have been
undertaken.

2. Experimental

Bulk GeSepn«Bix materids (x = 0, 4, 6, 8, 10, 12) were prepared by the wdl known
conventional met quenching technique. The ingots so obtained were characterised for amorphicity
by taking XRD patterns. Thin films of GexSeso.Biy Were prepared a room temperature a 10 Torr
vacuum using flash evaporation technique on a glass substrate of 1 cm x 1 cm size. The film
thickness was kept around 2000A° which was measured by quartz crysta digital thickness monitor
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DTM —101 modd. The samples were well characterized by taking XRD, DSC, EPMA and XRF
[14].

In order to determine the absorption coefficient a and optical constants of the films as a
function of the incident light wavelength, a measurement of the spectral transmittance T(A) and
reflectance R(A) has been carried out at normal ind dence in the wave ength range 200 nm — 840 nm
by means of aHitachi double monochromator spectrophotometer modd 330.

3. Results and discussion

Study of the materids by means of the optical absorption provides a simple method for
explaining some features concerning the band structure and energy gap of non metallic aloys [15].
The transmission and refl ection spectra for GexSeso-«Bix thin films were recorded in the wave ength
range 200 nm to 840 nm. The absorption coefficient can be determined using the following relation

T=[(1-R)*€*Y1-R* &> @)

where d is the thickness of the sample [16]. For many glassy and amorphous non-metallic materids,
the absorption edge can be divided into two regions depending on the value of absorption coefficient
a.
(1) Incaseof a<10' cm™, thereis usualy an Urbach tail [17] in which o depends exponentially
on photon energy, hv as

a = doexp(hv / E) 2

where a, isaconstant and Ee is the width of the band tail of the localized states in the band gap
also caled Urbach slope. Fig. 1 showsthe variation of Ina with the photon energy hv. Variationsin
the width of the exponential region E. provide information about the reative changes of the
structural disorder induced by an additive For a good chal cogenide material, a typica value of the
slope E. is around 50 meV. Tauc [19] bdieved that it arises from dectronic transitions between
localized states in the band edge tails; the density of which is assumed to fall off exponentialy with
energy. Davis and Mott were uncertain about the precise explanation of the exponentid dependence
and suggested that the slopes of the observed exponential edges obtained from above equation are
very much the same in many semiconductors, and the value of E, for a range of amorphous
semiconductors lie between 0.045 and 0.67 €V [18]. The vaues of E, cdculated from figure 5 and
using equation (2) areindicated in Table 1. The optical absorption edge was found to shift towards
lower values of photon energies with increasing Bi content the reason could be shrinking of the
energy gap [20, 21]. The edge va ue varies from 3.00eV for GeSes to 1.95eV for GeySesBi..

(1)  In case of 10°< a < 10° cm™ in the high absorption region (where absorption is
associated with interband transitions) Tauc [19] and Davis and Mott [22] independently
derived an expression reating the absorption coefficient o to the photon energy hv

(1

ahv = Blhv - Egop]" (3)

where 3 isthe band tailing parameter and is equal to
3 = (410 / ncEy), 4

where ¢ is the speed of light and o is the minimum metallic conductivity(extrapolated d.c
conductivity & T = ). E.is a measure of the width of the tail states distribution, n is the refractive
index and Ey o is the optical band gap [23]. In the above equation n = % for a direct dlowed
transition, n = 3/2 for adirect forbidden transition, n =2 for anindirect allowed transition and n =3
for an indirect forbidden transition. The study of the spectrum of the absorption coefficient a of a
semiconductor in the fundamental region and near the fundamental edge provides us with valuable
information about the energy band structure of the material.
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Table 1.
Composition | E(meV) | B(emlev?) E, (eV) E, (eV)
(x 10°)

GexnSaro 25.9 1.61 2.14 1.49
GexSersBis 28.4 2.19 2.09 1.46
GexnSenBis 34.4 1.94 195 1.45
GexnSerBig 38.3 2.45 1.80 1.29
GexnSeBig 475 1.42 1.79 1.25
GeSessBiin 54.8 2.39 1.69 1.17
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Fig. 1. Variation of logarithm of absorption coeffiecient with the incident photon energy.

For indirect and direct allowed transitions the energy gaps were determined by the i ntercept
of the extrapolations to zero absorption with the photon energy axis are taken as the values of the
indirect and direct energy gaps E, and E,* respectively. Fig. 2 and Fig. 3 shows the variations of
(ahv )? and (ahv )2 vs. hv respectivdly. The values of direct and indirect band gaps cal culated
from the graphs arelisted inthe Table 1 and the variation with incident photon energy hv is shown
in Fig. 8. It is clear from the figures that both direct and indirect band gaps decreases with increasing
Bismuth content. The indirect band gap decreased from 1.48 to 1.16 €V and the direct band gap
decreases from 2.14 to 1.68 €V when Bi content is increased from x = 0 to x = 12. Data listed in
Table 1 revedls that the addition of Bi in the glass structure caused deeper band tail s extended in the
gap and thereby | eading to a decrease in the value of optical band gap. The decrease of optical band
gap with increasing Bi content is related to the increase of Bi-Se bonds and the decrease of Se-Se
bonds. Bismuth enters into the tetrahedral structure GeSe, forming units containing dl the three
dements (Ge, Se, Bi) thus leading to the modification of the glassy network. Further, the optical
band gap is strongly dependent on the fractional concentration of atoms. The decrease in the optical
band gap is quditatively in agreement with the concept that a decreasing ionic character of the
covaent bond leads to a small energy gap of the corresponding materia of the system. The lone pair
dectrons adjacent to Bi atoms will have higher energies than those remote from Bi atoms, causing a
broadening and tailing of the lone-pair valence band of the chalcogen. This effect can account for
the shallower dope 3 with increasing Bi content.
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Fig. 2. Variation of (ahv)®with hv for GexSes«Biy thin filmwith x = 0, 4, 6, 8, 10, 12.
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Fig. 3. Variation of (ahv)”2with hv for Ge,Seg.Biy thin filmwith x =0, 4, 6, 8, 10, 12.

The dope of the curves (ahv )2 and (ahv )?> vs. hv gives the value of B which is a
measure of the structural randomness the val ues so obtained from Fig. 2 and 3 arelisted in Table 1
and the increase in the value of B with increase in the Bi content indicates the increase in the
rigidity of the network and thus the modification in the network structure of the Gey,Ses system
[24].

From the absorpti on coefficient data extinction coefficient can be cal culated

k=a\/4m (5)
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Further the refractiveindex n can be calculated [22] using the relation:

R= [{(n=1)%+ K}{ (n+1)?+ k3] (6)

0.35 .

w o b

0.30

»
X X X X X
wonononon
o
N O

0.25
0.20

X 0.15

0.10

0.05

0.00

Fig. 4. Variation of extinction coefficient 'k’ with the incident photon energy hv.
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Fig. 5. Varidion of refractiveindex ‘'n" with the incident photon energy hv.

Fig. 4 and 5 shows the variation of extinction coefficient k and refractive index n with the
photon energy hv. From Fig. 4 it appears that the k curve shows a single broad peak for lower Bi
content and another peak starts gppearing with increasing Bi content and the peak position too was
found to shift towards lower energy with increasing Bi content. While the value of n was found
decrease with increasing photon energy for al films finally increasing slightly near 6 €V showing a
small peak whose peak vaue decreases with increasing Bi content. The changes obtained in the
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values of k and n are due to change in the stoichiometry [25], change in crystallite size [26] and
internal strain [27] of the glassy alloy with Bi incorporation. While Fig. 6 and 7 show the real part
£ =n”—k? and theimaginary part € = 2 nk of complex die ectric constant [28] variations with hv.
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Fig. 6. Varidtion of rea part of dielectric constant €’ with hv.
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Fig. 7. Variation of complex part of dielectric constant €” with hv.

The dispersion curves for the refractive index, real and the imaginary part of the dieectric
constant reveal that the general behaviour of these constants are the same and show maxi mum near
the absorption edge. From the Fig. 6 it appears that the variation of € with photon energy hv shows
two peaks near 1.5 eV and 7 eV and that the peak value increases with increasing Bi content. €” is
directly related to the density of states within the forbidden gap of the amorphous semi conductor.
Fig. 7 showing the variation of €” with hv have a single broad peak and the peak vdue shifts
towards higher energy with increasing Bi content. One more peak appears and becomes distinctly
visible with increasing Bi content in €” curve two peaks which becomes d ear and more distinct with
the increasing Bismuth content. The €” spectrum of most cha cogenides consists of two peaks be ow
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10 eV, both of which survive disordering. The lower and higher energy peaks are frequently
atributed to - o* and o - o* transitions respectively [29].
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Fig. 8. Variation of direct Ey’ and indirect band gap E; with hv.

4. Conclusions

The study of the optica properties of Ge,Seg Bix thin amorphous films showed a distinct

variation in the refractive index n, absorption coefficient a and the extinction coefficient k with the
variation of Bi content. The more apparent phenomenon is the variation of optical band with
variation of Bi content and it fits well with the equations 2 and 3. It was found that:

The optical edge was found to shift towards lower values of photon energies with increasing Bi
content the reason could be shrinking of the energy gap.

The energy dependence of the optical absorption coefficient o is characterised by: (a) The
val ues obtained for o were fairly high (a = 10° — 10" em). (b) All the films exhibit two distinct
absorption regions, a high energy threshold and another low energy threshold possibly
corresponding to the two absorpti on mechanisms.

The variation in the value of extinction coefficient k and refractive index n could be explained in
terms of the changes introduced in the stoichiometry, crystalline size and internal strain of the
glassy aloy dueto the introduction of Bi.

It was found that the €' has two peaks while €'’ shows a single broad peak but another peak
starts appearing with increasing Bi content and becomes distinctly visible at higher Bi
concentration. The lower energy peak in €’ spectrum corresponds to 11— ¢* transitions while
the higher energy peakto ¢ —» ¢* transitions.

Theindirect band gap val ue was found to decrease from 1.48 to 1.16 €V and the direct band gap
from 2.14 to 1.68 eV with increasing Bi content. This decrease in the both the optical band gaps
with increasing Bi content is related to the increasein thelocalized state density within the band
gap as suggested by Davis and Mott [22].

The decrease in optical band gap with increasing Bi amount is aso related to the increase of Bi-
Se bonds and the decrease of Se-Se bonds.
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