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Preparation and study effect of vacuum annealing on structure and optical
properties of AgCulnSe; thin film
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Agy3Cug,InSe2 (ACIS) alloys and thin films have been fabricated with different vacuum
annealing temperatures Thin film has been deposited by thermal evaporation method of
vacuum of 1.3*%10-6 Torr with thickness about 700 nm at R.T and vacuum annealing at
temperatures (373,473) K for 1 hour. The deposition in a vacuum on glass substrates. The
crystal structure of deposited thin film had been examined by XRD and AFM analysis,
which confirms the formation of tetragonal phase in 112 direction and these films are
polycrystalline in nature having ideal stoichiometric. The optical properties of these films
are determined for the wavelength range 400 - 1000 nm. The band gap of the
Ag0.8Cu0.2InSe?2 films was evaluated to be (1.48-1.42) eV.
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1. Introduction

Thin films photovoltaic technology is based on various types of light absorbers
semiconductors. The I-III-VI2 semiconductor materials have global energy and environmental
problems[1]. Ternary compounds AgCulnSe, and CulnSe, is direct band gap semiconductors
crystallizing in the chalcopyrite structure, they are the nearest chemical and electronic properties
are analogues to binary zinc blende II-VI [2,3], I-III-VI2 semiconductors group involve two
metals and one chalcogen[4]. It is founded to be candidate material for low cost solar cell absorber
[1] These thin-film semiconductor has been attractive material for solar cells because of their low
production costs, high absorption, and chemical flexibility that allows for the alteration of the
bandgap [5] high optical absorption coefficient, high carrier mobility, long term optoelectronic
stability [6] Their bandgaps are lies between 0.8 and 2.0 eV [7] and between 1.07 and 2.73 eV
cover the entire solar spectrum which makes it an ideal system for multi junction solar cell [8] the
crystal structure is tetragonal structure chalcopyrite with the lattice constant a =b= 6.102 A° and ¢
= 11.69 A° of AgInSe2 and a =b= 5.781 A° and ¢ = 11.552 A° of CulnSe2 [9,10]. Quaternary
compound thin film of AgCulnSe, has been deposited by several methods such as molecular beam
epitaxy [11] Hybrid magnetron sputtering /evaporation[8] pulsed laser [2] thermal evaporation
[12,13] magnetron sputtering [14]  direct current (dc) sputtered [6] The chalcogenide
semiconductor family [-III-VI2 is AgInSe2, and CulnSe, have suitable band-gap energies, the
attention of much recent research because of their excellent electrical and optical properties, very
significant application in optical devices (linear and nonlinear), photovoltaic solar cell, NIR
applications in addition to the preparation of solar cells device and Schottky diode [1,15] The ionic
radii of Cu doping being smaller than the ionic radius of Ag ion is suitable dopant for AIS lattice
because the lower ionic radii Cu' (0.714 ) than Ag ™' (1.294) So Cu is of great interest as a
substitute for Ag, the structural, optical and electrical properties of AIS film could be controlled.
[16,17]. This work concentrate for on fabrication of of Ag0.8Cu0.2InSe2 by vacuum evaporation
method and study the concentrate on the effect of annealing (473,573) K on their description using
XRD, AFM, optical measurement.
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2. Experimental

In this work, the Silver Ag, Copper Cu, Indium In and selenium Se elements
stoichiometric proportions by weight (0.8:0.2:1:2) with high purity for quaternary compound ACIS
then mix these four elements and put under pressure of (3*10 mbar) in tube of quartz, then
electric oven (1300 K) for six hours used to complete the alloy (3 g) was higher than the melting
temperature of AgInSe2 & CulnSe2 [18,19]. The Ag0.8Cu0.2InSe2 thin films were prepared by
using (E 306) thermal evaporation at RT deposited on glass substrates at R.T with 700 nm
thickness then vacuum annealing temperatures (473 and 573) K for study the electrical, structural,
and optical properties of ACIS thin films. X-ray diffraction XRD, AFM have characterized the
structural morphology of the ACIS films. X-ray diffraction has been used to study the structure of
these films by detailed 20 from 20° to 80 °with intervals of 0.05°, The interplanar spacing (dy) of
miller index (hkl) was estimated by using Bragg’s law [20] and Scherer’s Formula used to
calculate the crystalline size C.S of the films [21, 22]:

2dhkl sin@ = ni (D
Cs 0.91 5
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B (FWHM). is the width of the diffraction peak at half maximum intensity.
Microstrain (€) for fabricated thin films can be calculated from the equation below:

€= Bcosb
T4

(3)

The dislocations density (8) is defined as the length of dislocation lines per unit volume of
the crystal nd it can be determine from the formula below [23]:

1
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Optical properties of thin film prepare, transmission and absorption spectrums in the range
between (400 to 1000) nm has been noted, lambert law and Tauc equation have been used to
determine the absorption coefficients o and the energy gap (Egopt) respectively from absorption
spectrum [24,25]:

ahv=D (hv-E, )" ®))

o =2303% 6)

a: the absorption coefficient, hv the incident photon energy, r: a parameter for the type of the
optical transition. A: absorbance, t: thickness D is a constant depends on the temperature and the
properties of the valence & conduction bands.

Optical Constants such as n refractive index, k : extinction coefficient, real part & &
imaginary part g of dielectric constant can be considered by the relations below: [26,27,28]:
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3. Results and discussion

Figure (1) displays the XRD spectrum of the deposited Ag0.8Cu0.2InSe2 thin films with
a thickness (700nm) at R.T and (373,473) K. From this figure we can notice that the patterns show
that all thin films before and after annealing have a polycrystalline with tetragonal structures and
two peaks which correspond to reflection from (112) & (204) planes of ACIS strongest sharp peak
corresponding to (211) at diffraction angle 25.95, all the peaks of diffraction can be assigned to
ICDD 00-038-0952 card standard value. Another one noticeable peak (204) when diffraction angle
42.55 can observe. We can notice when annealing with temperatures (373&473) K the places for
measured diffraction peak do not alteration significantly, but the intensities peaks increase with
annealing and crystallite size become larger. This implies that crystalline films have been
improved due to system regularity and reduced defects[21].
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Fig. 1. XRD pattern for thin film AgysCuy,InSe2 at R.T and (373,473) K.

The crystallites size estimated by Scherer's formula is listed in Table (1) where it shows
that the sample Ag0.8Cu0.2InSe2 at 473 K have high crystallite size from other samples the
decreases in FWHM of major peak which finally leads to increase in C.S of these films[29]. The
decreasing in microstrain and dislocation density with increasing annealing temperatures
(373&473) K. This is due to the direct proportionality between microstrain and FWHM of the
main peak and the inverse proportionality between the dislocation density and the crystallite size.
The decreasing in ACIS thin films defects with annealing temperature indicates improved their
crystal structure.

Table 1. Experimental XRD data for thin films Ag0.8Cu0.2InSe2 at R.T and (373,473) K.

T, desp 20, | hkl | FWHM C.S 5*10" €10~
(K) A) (deg.) (deg.) (nm) (lines/m®)
R.T 3.42 2595 | 112 | 02997 |28.414 1.2385 73.012

2.12 42.55 204
373 3.42 25.95 112 | 0.22400 | 38.01 0.691908 54.570

2.12 42.55 204
473 3.42 25.95 112 0.195 43.67 0.524350 47.505

2.12 42.55 204
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The surface morphology of the Ag0.8Cu0.2InSe2 thin films at R.T and (373,473) K was
examined by AFM analysis. Figure (2) shows analysis is a qualitative evaluation of the 3D shape
and Granularity Cumulation Distribution chart images of these films.

Table 2. The grain size, roughness average and Root mean square of Ag0.8Cu0.2InSe2 at R.T and

(373,473) K.
Thickness (700nm) Grain Size Surfaces roughness | Root mean Sq.
(nm) (nm) (nm)
R.T 79.07 16.3 19.2
373 85.66 16.6 19.7
473 86.52 18.7 22.1
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Fig. 2. Granularity Cumulation Distribution chart and three dimension Ag0.8Cu0.2InSe2 at R.T
and (373,473) K.
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The obtained results clearly showed that these images with the crystalline grains were
uniformly distributed throughout the surface Ag0.8Cu0.2InSe2 thin films.. The small particles
have grown on the substrate surface and the pyramidal morphology variations can be seen. Thin
films top surface roughness was important for evaluating thin films performance for device
application. The observed physical dimensions of the structure such as average grain size (G.S),
roughness and root mean square are listed in Table (2), the structures varied in average grain size
from (79.07 to 86.52 nm) as well as to the variations in the roughness and root mean square
values. It is clear from this table the average grain size, roughness and root mean square are
increased after vacuum annealing thin film and the sample AICS have high value at 473 K. This
behavior is due to the increase of the mobility of the atoms which causes the agglomeration of
particles and of larger particles which in turn clues to a rise of the film roughness. These
observations agree with XRD results.

The transmittance and absorbance spectra of the Ag0.8Cu0.2InSe2 thin films at R.T and
(373,473) K in the wavelength range of (400-1000) nm are displayed in Figure (3). we can notice
the decrease in absorbance with increasing the A for all samples. It can be seen that the
transmittance values decrease when increases of vacuum annealing temperatures which means
after annealing the absorbance values for these thin films are increasing, the photons absorption by
free carrier contributed to the decrease in optical transmittance, or might be attributable to the
growth of the crystallite size [30]. It is clear from figure 3 that the absorbance value of prepared
Ag0.8Cu0.2InSe2 thin film after annealing are near to 90%, these high values make these films a
desired material for photovoltaic applications. Ag0.8Cu0.2InSe2 film at 473 K has the highest
values when the range of wavelength (400-600) nm, this behavior can be related to XRD and AFM
data to understand the correlation between surface morphology and the increasing in absorbance
[25].
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Fig. 3. The Absorbance and Transmittance spectrum of Ag0.8Cu0.2InSe2 at R.T and (373,473) K.

The Tauc equation was used to compute the energy gap. This can be done by extrapolation
to zero absorption in the Tauc equation. The variation of Eg Ag0.8Cu0.2InSe2 thin films at R.T
and (373,473) K is illustrated in figure (4). The allowed direct transition optical energy gaps of
Ag0.8Cu0.2InSe2 films were calculating from 1.48 eV to 1.42 eV good agreement with [4,6,31].
This means decreased the energy band gaps for vacuum annealed samples. It is decreased this
decreed due to the dopant atoms at the grain boundaries and more absorbance can be get in
Ag0.8Cu0.2InSe2. The absorption coefficient a calculated from exponential law the Urbach law.
In this present study the o values before and after vacuum annealing show in Table (3), the high
value is 3x10* cm™ for Ag0.8Cu0.2InSe2 film at 473 K These values indicate the increasing of
localized states in the band gap after the annealing.
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Fig. 4. The (ahv)’ with photon energy E, and absorption coefficient with photon energy of Ag0.8Cu0.2InSe2
at R.T and (373,473) K.

Table 3. The optical parameters (E;", o, k, n, er and i )for Ag0.8Cu0.2InSe2 at R.T and (373,473) K.
where .=600nm.

Thickness E,” (eV) ax10* n k er &i
(700nm) cm’
R.T 1.48 2.26 1.8 0.1 32 0.39
473 1.45 2.7 1.7 0.12 3.14 0.47
573 1.42 3.0 1.73 0.14 3.00 0.48
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Fig. 5. Variation of refractive index, Extinction coefficient , of the real and imaginary part of dielectric
constant with wavelength for Ag0.8Cu0.2 InSe2 at R.T and (373,473) K.
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In order to determine optical constants are a significant parameter for optical material and
application the value of the refractive index (n), the extinction coefficient (k) and the real and
imaginary parts of the dielectric constant (er, €i) for thin film Ag0.8Cu0.2InSe2 at R.T and
(373,473) K it calculated from equations of optical constants (7-10). The calculated values of
optical constant at the wavelength () equal to 600nm are listed in Table (3). The values of n
decrease with vacuum annealing due to decrease the corresponding reflection this result agrees
with [2,12]. The extinction coefficient increases as seen in Table (3) takes the same behavior of the
absorption coefficient because the extinction coefficient is directly related to the absorption of the
light. The fundamental electron excitation spectrum of the film was termed by means of the
frequency dependency of the complex dielectric constant. The real (er) dielectric constant related
to the square of the refractive index observed for the smallest band gap value corresponds to the
long-wavelength refractive index of the material [12]. The imaginary (gi) parts of the dielectric
constant are related to the n and k values and the value of er and &i at A=600nm decreases because
the behavior of er is similar to that of n, while the behavior of i is similar to that of k because it
mainly depends on the k value, the value of €i was smaller than of the thin film at RT, which
indicates small dielectric loss. The best of optical constants was when vacuum annealing effect of
473 K.

4. Conclusions

Polycrystalline Ag0.8Cu0.2InSe2 thin films were deposited on a glass substrate using
thermal evaporation method at R.T and and the films were heat vacuum annealing at temperatures
(373,473) K. The XRD study reveals the fact that Ag0.8Cu0.2InSe2 thin films are crystalline in
nature and tetragonal structure with preferential orientation (112) plane high crystallite size with
473 K. AFM studies reveal that the Ag0.8Cu0.2InSe2 strongest effects on the morphology of the
films as well as the crystallites grains are uniformly distributed throughout the surface for the
deposited Ag0.8Cu0.2InSe2 the average grain size increase after vacuum annealing. films display
good absorption in the spectral range (400-700) nm. The band gap of the Ag0.8Cu0.2InSe2 films
was evaluated to be (1.48-1.42) eV this makes it is a promising way to enhance their properties to
get suitable absorber layer for solar cell application.
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