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ABSTRACT

Thin films of amorphous sel enium have been prepared by thermal evapo-
ration technique. The analysis proposed by Swanepoel has been suc-
cessfully employed to determine the average thickness and refractive
index of thefilmswith high accuracy in the spectral range of 540-1050 nm.
The absorption coefficient a, therefore extinction coefficient k, have been
determined from the transmission spectra at the strong absorption re-
gion. The optical absorption edgeis described using Tauc formulaand it
has been found that the transition was direct with an energy gap equal to
2.02 eV. Thedispersion of therefractiveindex isdiscussed interms of the
single-oscillator Wemple-DiDomenico model. The dispersion energy E,
and single-oscillator energy E werefound to be 3.888 eV and 25.514 eV
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INTRODUCTION

In recent years many efforts have been subjected
for thestudy for the most commercial important chal -
cogenide semiconductor, the amorphous selenium,
which has been known as one of theimportant semi-
conductorsthat exhibitsphotoconductivity, low photo-
melting temperature and switching phenomenon(*4,
Amorphoussdeniumisessantiadly aglass, and dl glasses
exhibit somedegreeof structurd relaxation effectsdur-
ingwhichthe physica propertiessuch astherefractive
index and theband gap changewithtimewhichiscaled
aging. Sdlenium hasbeen used inmany gpplicationssuch
aselectrophotography photoinduced anisotropy, pho-
toconductive devices, photovoltaic, rectifiers, photo-

cellsand many more devices>.

Thereare many research papersthat concernthe
development of Sethinfilmsand their functiona prop-
ertied>14 their optical properties are known to be
strongly depend on the preparation technique, so ther-
mal evaporation method was adopted to fabricate a-
Sethinfilm.

In this paper, afast and nondestructivetechnique
was used to determinethe optical constants of amor-
phous selenium in order to obtain itsresponseto the
incident electromagneticradiaioninthevisbleregion.

EXPERIMENTAL

High quality selenium obtained from the (BDH
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chemicals Ltd England) was deposited by thermal

evaporation technique. The glass substrates were
cleaned with detergent, degreased with trichl oroethyl-
ene, acetone and rinsed with delonized water inan ul-
trasonic cleaner. A rectangul ar molybdenum boat of
(2895 k) melting point was used as the evaporation
source. High vacuum unit (Edwards coating unit model

306A) wasused inthepreparation of Sethinfilm, at a
glasssubstrate of 300 k. Thesubstratewasfixed ona
spherical holder and placed at aheight of 15 cmabove
theboat. Thevacuumwasmaintained at 10-° mbar and
the deposition rate was kept at 10A/sec in order to
obtain Sethinfilmswith highhomogeneity. Theoptica

transmission spectrumfor thedeposited thinfilmswere
recorded using UV-V1Sdouble beam spectrophotom-
eter (schimadzu 1650 Japan) in thewavel ength range
of 540-1050 nm.

RESULTSAND DISCUSSION

Opticd parametersof thefilmswerecdculated from
thetranamission spectrausing Swanepod ’s method! >,
Figure 1 showstypica transmission spectrafor thein-
vestigated films. Interference maximaand minimadueto
multi plereflectionson thefilm surface can be observed.
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Figurel: Transmission spectrum for amor phousselenium
thin film
Theindex of refraction at different wavelengthswas
calculated usingtheenvelopecurvefor T andT in
thetransmission spectra. Thisrelation can béexpressed
asfollows:
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n.istherefractiveindex of the substrate (in our casen,
was considered to be constant and equal to 1.533 for
the glasssubstrate). Thevaluesof refractiveindex as
calculated from equation (1) areshownin TABLE 1.
Thethicknessof thethinfilm d can beca culated by
knowing thevaluesof refractiveindicesn, and n, at
two adjacent maximaand minimacorrespondingto ther
wavelength’A, and A, and thethicknessisgiven by:

9“1}\‘2
2(11}"2 _xle) (3)
Thevaluesof d determined by thisequation arelisted
asd, inTABLE 1. Theaveragevaueof 7, is800.25

nm. Thisvaluecan beused withnto calculatem_ac-
cording tothefollowing equation:
2nd =m A @)
wherem_isaninteger for maximaand haf integer of
minima. Theaccuracy of d canbesgnificantly increased
by taking the corresponding exact integer or half inte-
ger values of m associ ated to each extreme point, and
derivinganew thicknessd, fromequation (4). Theva-
uesof d, found inthisway haveasmaller dispersion
andtheaveragevalueof d, are 7, is804.35nm. With
the precise values of m and d, equation (4) was used
againto get thevaluesof n, at each wavelength, thus
thefinal vauesof therefractiveindex are obtained. All
the calculated valuesarelistedin TABLE 1. Figure 2
showstherefractiveindex versuswavelength, and it
can be seenthat n decreaseswith theincreaseinwave-
length and thismay be correlated withtheincreasein
transmittance and decreasein absorbance. Thedecrease
inthevaueof refractiveindex with wavel ength shows
thenormal dispersion behavior of thematerid.

Now thevauesof n, can befitted using Sellmeier
equationwhichisrepresented by thefollowing relation:

B 2

n’=A+ 2 f c )
WhereA B and C are constants. By solving thisequa-
tion, the values of A, B and C were found to be as
7.12061, 0.86286 and 2.97664 x 10° respectively.

N =2n

d:
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Thesevaueswereused in equation (5) to calculatethe
vauesof refractiveindex for dl theinvestigated wave-
lengths. Knowing n and d, the absorption coefficient
and the extinction coefficient can beobtained by using
thefollowingformula

(EM[Ea —(nz—l)z(nz—n;‘)]%)

. 5 ©)
(n=1)*(n-nyg)

X=

where,

8n?ns

Evy -(n*=1)(n*-n?) @)

max

Theabsorption coefficient o is calculated from the equa-
tion*d;

a= 1 In 1 €))

d x

Figure 3 depictsthevariation of absorption coefficient
with wavelength. It can be seenthat thevalueof a de-
creasesexponentially asthewavelength increasesand
then becomenearly congtant in thewave ength range of
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Figure?2: Refractiveindex ver suswavelength for amor phous
selenium thin film

710-1050 nm.
The optical absorption edgewasandyzed by Tauc
method using thefoll owing equationi*¥:

_B(hv-E, )"
B hv

wherepy istheincident photon energy, B isaconstant
whichisameasureof theextent of bandtailingand E,
istheforbidden energy gap. Thelinear dependence of
{ whui?® on inthe high absorption region for amor-
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phous Sefilmsisshownin Figure4whichindicatesthe
presenceof direct trandtion between the parabolic edges
of the valance and conduction bands. The extrapola
tion of thelinear portion of the plot on to the photon
energy axisdeterminestheenergy band gap of thefilm
whichwasfoundto be 2.02 V. The extinction coeffi-
cientk isca culated using thefoll owing rel ation:

_al
Tan

Figure 5 showsthevariation of the extinction coef-
ficient withwavelength. It isclearly seenthat thevaue
of k decreases sharply inthevisibleregion, and starts
toincreaseinthenear infrared region. Thedecreasein
thevaluesof k withincreasing thewavel ength shows
that inthevisibleregionthefraction of light lostisdueto
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Figure3: Absor ption coefficient ver suswavelength for amor-

phousseleniumthin film
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Figure4 : (ahv)? ver sus photon ener gy of the amorphous
selenium thin film

scattering and absorbance decrease.
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Thered andimaginary partsof dielectric constant
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Figure5: Extinction coefficient ver suswavelength for amor -
phousseleniumthin film
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Figure6: Real and imaginary partsof thedielectric con-
stant ver suswavelength for amor phous selenium thin film

can becalculated using thefollowing rel ationg?:
g, =n>=k?

g, =nnk

(1)
(12)
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Figure 6 showsthered andimaginary partsof the
die ectric constant versuswavelength. Thered part de-
scribesthe propagation characteristics (velocity v=w /
k”) whiletheimaginary part describesthe rate of at-
tenuation a ong the propagation direction. Both could
be used to definetherefractiveindex of the medium
(film materia) and the absorption coefficient. It can be
seenthat thered part of thedie ectric constant decreases
withincreasing wavelengthinthevisibleregion while
their valuesremain gpproximately constant in the near
infracred region. Thereal and imaginary partsfollow
the same pattern and the values of the real part are
higher thantheimaginary part.

Inorder to analyzetherefractiveindex dispersion
of thefilms, weused the single-oscillator model devel-
oped by DiDomenico and Wemple. Therefractivein-
dex at can be expressed in terms of thedispersion en-
ergy E, and single-oscillator energy E . Thesingle-os-
cillator mode for therefractiveindex dispersionisex-
pressed asfollows?:

=14 0

Es —(hv)?
Plotting (n?- 1) versus asshowninFigure7, dlowsus
todeterminetheoscillator parameters. Eoand Ed vaues
werecd culated fromthedopeandintercept onthever-
tica axisof v(n*- 1)* versus plot. TheE_ and E- vaues
arefoundto be3.888 eV and 25.514 eV respectively.
E., isan average energy gap and can berelated to the
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Figure7: (n?- 1)*versus(hv)?for amor phousselenium thin
film
band gap, Eg, in close approximation E ~2Eg*. The
obtained valuesof energy band gap is E=19¢eV.

Hn Tndéan g%wumé



58 Optical parameters of amorphous selenium deposited by thermal evaporation technique

PCAIJ, 8(2) 2013

Full Paper ==
CONCLUSIONS

Theoptica characterization of thermaly evaporated
of amorphous Se semiconducting films hasbeen car-
ried out using only the transmi sson spectrum at normal
incidence. The envelope method suggested by
Swanepoel has been successfully applied to thefilms
with higher thickness, with areasonable number of in-
terferencefringes. Theresultsindicatethat the values of
n are 2.8812-3.2006 The optical band gap was ap-
propriatdy fittedto thedirect transtion modd proposed
by Tauc in the strong-absorption region of investigated
filmsanditsvaluewas2.02 V. Thevalue of theband

TABLE 1: The calculated parameters due to swanepoel
method for amor phousselenium thin films

A T max
643.6 0.518
665.7 0.654
701.6 0.845
7443 0.885
7946 0.910
855.0 0.916

Trmin n di me m dp n,
0316 3.27070 8.130 80 787.1 3.2006
0.394 3.04700 7.330 7.5 819.3 3.1036
0.453 3.06250 6.980 7.0 801.8 3.0529
0473 3.02120 6.49 6.5 800.7 3.0074
0500 2.93300 5910 6.0 8128 2.9636
0492 297552 5570 55 790.2 2.9232
9344 0927 0515 289153 8380 4.950 50 807.9 2.8812
1030.0 0.931 0528 284370 6952 4.420 45 8150 2.8812
gap iscompared withitsval ue obtai ned by the method
proposed by wimple—-DiDomenico and was found to
bel.9eV.

697.5
965.2
742.0
863.6
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