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2Abstract: A thin film of the ternary AgSbSe  has been deposited at room temperature on a precleaned

glass substrate by the thermal evaporation technique at vacuum pressure                    . The X-ray 

diffraction (XRD) studies revealed that the as-deposited films are amorphous in nature. The elemental

chemical composition of as-deposited films was confirmed using the energy dispersive X-ray analysis

(EDX). The transmission and reflection spectra of as-deposited (300 K) were recorded at normal light

incidence in the wavelength range 600-2500 nm. The refractive index and optical band gap have been

calculated for the investigated films. It was found that the refractive index is independent on the film

thickness  within  the  investigated  film  thickness  range  (400-800 nm).  The  dispersion parameters,

              static refractive index         , static dielectric constant,     have been calculated. An analysis

of the optical absorption spectra of the as-deposited films revealed an indirect optical transition with

energy, 1.16 eV. 
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INTRODUCTION

In recent years, the research has been focused on

the special types of glasses like fluoride, chalcogenide

and heavy metal oxide ones that can transmit the

optical radiation. These glasses are oxygen-free

inorganic glasses containing one or more kind of

chalcogen elements  and most of them are infrared[1-3]

(IR) transparent. Chalcogenide glasses based on

sulfides, selenide and telluride alloys in binary and

multi-component systems have evoked much interest in

terms of the understanding of basic physics of non-

crystalline solids, as well as for the development of

various semiconducting devices. These glasses are also

promising material for various optical and photonic

application . [4]

Chalcogenide glasses have recently attracted a

great deal of interest because of many applications as

solid-state devices both in scientific and technological

field . Many amorphous semiconducting glasses, in[5]

particular selenium, exhibit  a unique property of[6]

reversible transformation. This property makes these

glasses very useful in optical memory devices.

Selenium based chalcogenide glasses have high

transparency in the broad middle and far IR-region and

have strong non linear properties . Apart from these[7]

applications, amorphous Se has been found to have

tremendous potential in Xeroxing application and

therefore a lot of attempts have been made to improve

its properties by alloying it with other elements .[8 , 9]

The present work deals with the determination of

2the optical properties of AgSbSe  thin films by

analysing the transmission spectra of the deposited

films in the wavelength range 600–2500 nm. The

dispersion of the refractive index is to be analysed

using the single-effective-oscillator model and the

optical band gap of the as-deposited films has been

calculated.

2Experimental Techniques: AgSbSe  bulk ingot

material was prepared by the fusion of the mixtures of

their constituent elements (99.999% purity) in

stoichiometric ratio, in vacuum-sealed silica tube, using

electrical controlled furnace. The temperature of the

furnace was first slowly increased at the rate of 50

Kh  up to 500 K and the mixture was left at this!1

temperature for 2 h, the temperature was then increased

at a rate of 100 Kh  up to 1273 K at which the entire!1
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contents were melted. The melt was then kept at this

temperature for 24 h, in order to assure compound

formation. At this high temperature, the melt was

subjected to occasional shaking to ensure complete

mixing and reaction of the constituents elements.

Finally, the mixture was slowly cooled in the furnace

to room temperature (300 K).  

2AgSbSe  thin films with different thickness have

been deposited onto precleaned glass substrates at room

temperature by conventional thermal evaporation of the

synthesized material, in ~ 1.5 10  Pa vacuum, using a!3

high vacuum coating unit (Type Edwards 306 A). The

thickness of the deposited films was monitored during

evaporation process via quartz crystal thickness monitor

(Type Edwards, FTM4). 

Following the preparation process, the structural

characteristics of the prepared ingot material in a

powder form as well as the as-deposited films were

examined by means of an X-ray diffractometer (Type

áPhilips X’pert) with Ni-filtered CuK  radiation

operating at 35 kV and 100 mA. Transmission electron

microscope (Type JEOL-JSM-1230) was used to

examine the microstructure of the deposited film.  The

elemental chemical composition of the as-deposited

films was identified using energy dispersive X-ray unit

interfaced with a scanning electron microscope (JEOL-

JSM-T800). 

A double beam spectrophotometer, with automatic

computer data acquisition (Type Jasco, V-570, Rerll-00,

UV–VIS–NIR), photometric accuracy of ±0.002–0.004

absorbance and ±0.3% transmittance, was employed at

normal light incidence to record the optical

transmission and reflection spectra of the deposited

films over the wavelength range 600–2500 nm. The

measurements were made at room temperature on

various parts of the deposited films, scanning the entire

sample, and a very good reproducibility of the spectra

was generally achieved. 

RESULTS AND DISCUSSIONS

Structural Properties: The X-ray diffraction pattern of

2the prepared AgSbSe  powder taken at room

temperature is shown in Fig.1. Comparing the observed

reflection peaks with the standard JCPDS card (JCPDS-

ICDD Card No: 12-0379) confirmed that the recoded

2pattern corresponds to the cubic AgSbSe  single phase.

The plane-spacing equation for cubic crystal is given

by

  1

Combining the Bragg law,                           and

the plane-spacing equation, we have

  2

This equation predicts, for a particular incident

wavelength ë and a particular cubic crystal of unit cell

size  "a",  all  the  possible  Bragg  angles  at which

diffraction can occur from the planes(        ). Plotting

              vs.                   , as shown in Fig.2,

allows us to calculate the lattice constant 'a ' form the

slope             of the linear relation. The calculated

lattice constant                         are in agreement

with the standard value (a =0.5786 nm). Fig.3a shows

the X-ray diffraction pattern of the as-deposited

2AgSbSe  film of thickness 780 nm. It is clearly seen

2from the figure that, the as-deposited AgSbSe  film did

not show any peak within the investigated 2q range

indicates that the amorphous nature of the prepared

films. The amorphous behaviour of the as-deposited

films was confirmed via transmission electron

microscope. Fig.3b shows the transmission electron

micrograph along with the corresponding electron

2diffraction pattern of AgSbSe  thin film of thickness

~70 nm. It is clearly seen from the figure that, the

diffraction pattern showed diffused rings indicated

random orientation without any preferential directions.

Fig.4 shows the EDX spectra for a typical

2representative sample of AgSbSe  thin films of

thickness 768 nm deposited onto glass substrate. The

result indicates that the chemical composition of

2AgSbSe  films had elemental composition of

24.08:23.86:52.05 corresponding to Ag: Sb: Se,

indicating a deficiency in Ag (~0.92at %) and Sb

(~1.14at %) with an excess of Se (~2.05at %) led to

that the as-deposited film had a chemical formula

0.963 0.954 2.082Ag Sb Se , revealing a nearly stoichiometric

composition.

23.2. Optical Properties of the As-deposited AgSbSe

Films: Fig.5 shows the spectral variation of the

transmission, T (l) and reflection, R (l) for as-deposited

2AgSbSe  films with different film thicknesses. It is

clearly seen from transmittance spectra that in the weak

absorption region, sharp interference fringes were

apparent and indicated that the interfaces, air/layer, and

layer/glass were flat and parallel. Strong absorption was

observed at wavelengths lower than 950 nm, where

interference effects suppressed almost completely due

to a well-defined band edge. Moreover, the observed

maxima  and  minima  positions  of  the interference
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2Fig. 1: Powdered X-ray diffraction pattern of the prepared AgSbSe  

Fig. 2: Plotting               vs.  

o d o sTable 3.4: Values of the single-oscillator energy `gap' (E ), dispersion energy (E ), static refractive index (n  (0)), static dielectric constant, e

2as well as the other related param eters for as-deposited AgSbSe  films. 

o dE (eV) E    (eV)

2.204 13.674 30.140 2.684 7.204 1.102
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Fig. 3a:  X-ray diffraction pattern of the as-deposited film, (film thickness 780 nm).

Fig. 3b: Transmission electron micrograph and the corresponding electron diffraction pattern of as-deposited

AbSbSe2 film (film thickness 70 nm).

Fig. 4: EDX pattern of as-deposited films.
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2Fig. 5: Transmission and reflection spectra of as-deposited AgSbSe  films with different thickness.

fringes in reflectance spectra at the same wavelength

positions of the corresponding minima and maxima in

transmittance spectra indicates the optical homogeneity

of the deposited films.  

The refractive index and thickness of the deposited

2AgSbSe  films have been determined from the recorded

transmission spectra using Swanoepl‘s method . [10]

Fig.6 shows the variation of the calculated

refractive index for different film thicknesses in the

wavelength range 650-2500 nm. The symbols represent

Fthe set values of n  calculated for each film thickness

calculated from interference fringes using only

transmittance spectra, while, the curve (solid line)

represent the theoretical values of refractive index

calculated  using  the  two-term  Cauchy  dispersion

relation,                         . It is clearly seen that

very smaller dispersion in the values of refractive

indices for different film thickness has been observed

especially for higher wavelengths values, and the

dispersion increases slightly at lower wavelength

values. This result indicates that the refractive index is

independent on the film thickness within the

investigated film thickness range.
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2Fig. 6: Refractive index of the as-deposited AgSbSe  film. The symbols represent the set of the experimental

values calculated using Swaneploe method, whereas, the solid line represent the theoretical fit of these

points according to the tow-term Cauchy dispersion relation. 

The data on the dispersion of the refractive index,

n, were evaluated according to the single effective-

osc illa tor model p roposed  by W emple and

DiDomenico .[11]

  3

dThe parameter F is expressed as              ; E

ois defined as dispersion energy and E  as a single 

oscillator energy (              ). 

Therefore, plotting                 vs.            in

the photon energy range 0.25-0.91 eV  and fitting a2

straight line as shown in Fig. 7, allow us to determine

the oscillator parameters,       and       directly from

the slope,                  and  intercept,              ,

respectively. The straight-line equation corresponding

to the least squares fit is: 

                                            . The values

of dispersion parameters,      ,       , static refractive

index    (calculated    extrapolating    the   Wemple-

DiDomenico    optical - dispersion     equation    to

      V         ), static dielectric constant,     and the

oscillator strength, f                   are  listed in

Table 1. 

Using the values of refractive index, n, and film

thickness, t the optical absorption coefficient, a can be

calculated using the following relation :[10]

  4

For the region of weak and medium absorption, the

absorbance, x, is given in terms of the interference

extremes by the following relation:

  5

Where
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Fig. 7: A Plots of (n -1)  vs. photon energy squared.2 -1

For the strong absorption region, where the

interference maxima and minima converge to a single

curve T, the absorbance, x is given by;

 6

Fig. 8 shows the spectral distribution of the

absorption coefficient, a, vs. photon energy for the as-

deposited film (a represent the mean values of the

absorption coefficient for different film thicknesses).

The analysis of the absorption coefficient was found to

follow the relation 

  7

With g=2, which characterizes an indirect optical

transition for amorphous films according to Tauc . A[12]

plots of              vs.      as shown in Fig.9; yields

a straight line. The corresponding indirect band gap

energy was found to be 1.16 eV. 

2Conclusions: AgSbSe  thin film has been deposited at

room temperature onto precleaned glass substrate. The

amorphous behaviour of the as-deposited films was

confirmed using X-ray and electron diffraction

techniques. The elemental chemical composition of the

as-deposited films indicates that the evaporated

2AgSbSe  films had elemental composition of

24.08:23.86:52.05 corresponding to Ag: Sb: Se,

indicating a deficiency in Ag (~0.92at %) and Sb

(~1.14at %) with an excess of Se (~2.05at %) led to

that the as-deposited film had a chemical formula

0.963 0.954 2.082Ag Sb Se , revealing a nearly stoichiometric

composition. The optical properties of the as-deposited

films have been calculated from the recorded data of

transmission spectrum at normal light incidence in the

wavelength range 600-2500 nm. The refractive index

and optical band gap have been calculated for the

investigated films. It was found that the refractive

index is independent on the film thickness within the

investigated film thickness range (400-800 nm). The 

dispersion  parameters,                static  refractive

index         , static dielectric constant,      have been

calculated. An analysis of the optical absorption spectra

revealed an indirect optical transition characterizing the

as-deposited films with energy, 1.16 eV.
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Fig. 8: A plot of the absorption coefficient vs. photon energy.

Fig. 9: A plots of                vs. 
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