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Abstract 

  The influence of annealing on quaternary compound Ag0.9Cu0.1InSe2 (ACIS) thin film is 

considered a striking semiconductor for second-generation solar cells. The film deposited by 

thermal evaporation with a thickness of about 700 nm at R.T and vacuum annealing at temperatures 

(373,473) K for 1 hour. It was deposited in a vacuum of 4.5*10-5 Torr on a glass substrate. From 

XRD and AFM analysis, it is evident that Ag0.9Cu0.1InSe2 films are polycrystalline in nature, 

having ideal stoichiometric composition. Structural analysis indicated that annealing the films 

following the deposition resulted in the increasing polycrystalline phase with the preferred 

orientation along (112) direction. , increasing crystallite size and average grain size after annealing 

. The optical properties of these films are determined by the wavelength between 400 nm – 1000 

nm. The band gap of the Ag0.9Cu0.1InSe2 films was evaluated to be (1.68-1.5) eV, and the optical 

constants calculated, such as the refractive index, the extinction coefficient, and the real and 

imaginary parts of the dielectric constant. 

Keywords: Optical properties, AgCuInSe2, AFM, thin film. 

 

1. Introduction 

Ternary compounds AgInSe2 and CulnSe₂ are direct band gap semiconductors crystallizing in the 

chalcopyrite structure. The nearest chemical, and electronic properties are analogues to binary zinc 

blende II-VI [1,2] I-III–VI2 semiconductors Group involve two metals and one chalcogen [3]. 

Their bandgaps lies between 0.8 and 2.0 eV [4] and between 1.07 and 2.73 eV cover the entire 

solar spectrum which make it an ideal system for multi-junction solar cell [5]. The crystal structure 

is tetragonal structure chalcopyrite with the lattice constant a =b= 6.102 A° and c = 11.69 A° of 
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AgInSe2 and a =b= 5.781 A° and c = 11.552 A° of CuInSe2 [6,7]. 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 [8] high optical absorption 

coefficient, high carrier mobility, long term optoelectronic stability [9] Thin film of quaternary 

compound AgCuInSe2 has been deposited by several methods such as pulsed laser[1] molecular 

beam epitaxy [10] Hybrid magnetron sputtering /evaporation[5] direct current (dc) magnetron 

sputtering [11] thermal evaporation [12,13] sputtered [9] The chalcogenide semiconductor family 

I–III–VI2 is AgInSe2, and CulnSe₂  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 [14,15] 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+1 (0.71Å ) than Ag +1 (1.29Å). 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 on the fabrication of  AgCuInSe2 thin film by vacuum evaporation method and study 

the concentrate on the effect of annealing (473,573) K on their description using XRD, AFM, 

optical measurement of AgCuInSe2 film and the interconnection between these parameters.   

2. Experimental  

High purity for quaternary compound Silver, Copper, Indium, and selenium ACIS elements 

stoichiometric is proportions by weight (0.9:0.1:1:2). Then, mix these four elements and put under 

the pressure of (3*10-3 mbar) in a tube of quartz. The electric oven (1300 K) used to complete the 

alloy was higher than the melting temperature of AgInSe2 & CuInSe2 [18, 19]. They are deposited 

on glass substrates at R.T with 700 nm thickness for photovoltaic application. They we study the 

electrical, structural, and optical properties of ACIS thin films, using (E 306) thermal evaporation 

at R.T of 4.5*10-5 Torr. X-ray diffraction XRD and AFM has characterized the structural 

morphology of the ACIS films. The optical transmission measurements in the range of (400–1000) 

nm are done to calculate the energy gap.  

X-ray diffraction has been used to study the structure of these films, and Scherer’s Formula is used 

to calculate the crystalline size of the films [20, 21]: 

𝐶. 𝑆 =
0.9𝜆

𝐵𝑐𝑜𝑠𝛳
                                            (1) 

where B (FWHM) is the width of the diffraction peak at half maximum intensity. 

Optical properties of thin film preparation, transmission, and absorption  spectrums in the  

wavelength range between (400 to 1000) nm have been noted, and lambert law and Tauc equation 

have been used to determine the absorption coefficients α and the  energy gap (Egopt), respectively 

from absorption spectrum [22,23]: 

                                        ) 2(                                                           r) gE –αhυ = D (hυ     

  α  = 2.303
A

𝐭
                                                          (3)                                               

where D is a constant that depends on the temperature and the properties of the valence & 

conduction bands and α: the absorption coefficient, h  the incident photon energy, r: a parameter 

for the type of the optical transition. A: absorbance, t: thickness. 

Optical Constants such as k : extinction coefficient, n refractive index, real part εr & imaginary 

part εi of dielectric constant can be considered by the relations below[24,25,26]: 
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k =
αλ

4π
                                                      (4) 

n = [
4R

(R − 1)2
− k2]1/2 −

(R + 1)

(R − 1)
     (5) 

εr = n2‒ k2                                              (6) 

εi = 2nk                                                    (7) 

 

3. Results and Discussion 

Figure (1) displays the XRD patterns of the deposited ACIS thin films with a thickness (700nm) 

at R.T and (373,473) K. The patterns show that all thin films before and after annealing have a 

polycrystalline with tetragonal structures. The strongest sharp peak corresponds to (112) at a 

diffraction angle of 25.45. All the peaks of diffraction can be assigned to the Ternary compound 

AgInSe2 ICDD 00-038-0952 card standard value. There is another noticeable peak (204) when 

diffraction angle 42.55 can observe. We can notice when annealing with temperatures (373&473), 

the places for measured diffraction peaks do not alter significantly, but the intensities peaks 

increase with annealing, and crystallite size becomes larger. This implies that crystalline films 

have been improved due to system regularity and reduced defects [27]. 

 

 

InSe2 at R.T and Ta(373,473) K0.1Cu0.9Ag XRD pattern for thin film .Figure 1 

The crystallite size estimated by Scherer's formula is listed in Table (1), showing that the sample 

Ag0.9Cu0.1InSe2 at 473 K has a large crystallite size from other samples. The micro strain and 

dislocation density were calculated, and the calculated values are given in Table (1). It is evident 

that the micro strain δ and dislocation density ε decrease with increasing annealing temperature. 

This is due to the direct proportionality between the micro strain and FWHM of the main peak 

and the inverse proportionality between the dislocation density and the crystallite size. The 

decrease in Ag0.9Cu0.1InSe2 thin film defects with increasing annealing temperature indicates it 

improved their crystal structure. 

 

(112) 

(204) 
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Table 1. Experimental XRD data for thin films Ag0.9Cu0.1InSe2 at R.T   and Ta (373,473) K 

aT 

(K) 

expd 

(Å) 

exp2θ 

(deg.) 

hkl FWHM 

(deg.) 

(C.S) 

(nm) 

15δ*10 

)2lines/m( 

3-ε*10 

R.T 3.49 25.45 

 

112 0.40000 21.268 2.2107 97.54 

2.12 42.55 204 

373 3.49 25.45 

 

112 0.3548 23.977 1.7393 86.52 

2.12 42.55 204 

473 3.49 25.45 

 

112 0.31210 27.258 1.34587 76.108 

2.12 42.55 204 

 

The surface morphology of the Ag0.9Cu0.1InSe2  thin films at R.T and (373,473) K was 

examined by AFM analysis. Figure (2) shows these films' Granularity Cumulation Distribution 

chart and three-dimensional AFM images. The small particles have grown on the substrate 

surface, and the pyramidal morphology variations can be seen. 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 (63.30 to 71.33 nm) as 

well as the variations in the roughness and root mean square values. It is clear from this Table 

that the average grain size, roughness, and root mean square is increased after vacuum annealing 

thin film. The sample AICS has a 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. 
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Table (2): The grain size, roughness average and Root mean square of Ag0.9Cu0.1InSe2  at R.T   and Ta (373,473) 

K 

Thickness (700nm) Grain size (G.S) (nm) Roughness    average (nm) r.m.s (nm) 

R.T 63.30 4.75 5.92 

373 68.62 5.84 7.26 

473 71.33 8.07 10.4 

 

 

 

RT 

373K 
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Figure 2. Granularity Cumulation Distribution chart and three dimension Ag0.9Cu0.1InSe2 at R.T  and Ta 

(373,473) K. 

The transmittance and absorbance spectra of the Ag0.9Cu0.1InSe2   thin films at R.T and 

(373,473) K in the wavelength range of (400–1000) nm are displayed in Figure (3). It can be seen 

that the transmittance values decrease when there are increases in vacuum annealing temperatures. 

This means after annealing, the absorbance values for these thin films increase, and the absorption 

of the photon by the free carrier contributes to the decrease in optical transmittance or might be 

attributable to the growth of the crystallite size [28]. It is clear from figure 3 that the absorbance 

value of prepared Ag0.9Cu0.1InSe2 thin film after annealing is near 80%. These high values make 

these films a desired material for photovoltaic applications. Ag0.9Cu0.1InSe2 film at 473 K has 

the highest values of 90% 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 

increase in absorbance [29]. 

  

Figure 3. The Transmittance and Reflection spectrum of Ag0.9Cu0.1InSe2  at R.T and Ta (373,473) K 

 

The Tauc equation was used to calculate the energy gap. It is appraised from the extrapolation to 

zero absorption in the Tauc equation. The variation of Eg Ag0.9Cu0.1InSe2   

473K 
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thin films at R.T and (373,473) K is illustrated in Figure (4). The allowed direct transition optical 

energy gaps of Ag0.9Cu0.1InSe2   films were calculate from 1.68eV to 1.5eV good agreement 

with [4,9,12,29]. This means it is decreased after annealing. This decreed due to the dopant atoms 

at the grain boundaries, and more absorbance can be obtained in Ag0.9Cu0.1InSe2. The absorption 

coefficient α is calculated from the exponential law, the Urbach law. In this present study, the α 

values before and after annealing are shown in Table (3). The high value is 5.3×104 cm-1 for 

Ag0.9Cu0.1InSe2 film at 473 K. These values indicate the increasing of localized states in the band 

gap after the annealing. 

  

  2.1InSe0.9Cu0and absorption coefficient with photon energy of Ag gwith photon energy E2 The (αhυ)Figure 4.  

at R.T and Ta (373,473) K.  

 

K. where ) 373,473( Ta at R.T and  2.1InSe0.9Cu0, α, k, n, εr and εi )for Agopt
gThe optical parameters (ETable 3: 

λ=550nm 

Thickness 

(700nm) 

 

(eV) opt
gE 4α×10 

1-cm 

n 

 

k εr εi 

R.T 1.68 2.34 1.8 0.1 3.7 0.37 

473 1.65 3.49 1.57 0.15 2.46 0.48 

573 1.5 3.9 1.52 0.16 2.28 0.51 
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Figure 5. Variation of refractive index, Extinction coefficient , of the real and imaginary part of dielectric 

.at R.T and Ta (373,473) K  2.1InSe0.9Cu0Ag constant with wavelength for 

 

The value of the refractive index (n), the extinction coefficient (k), and the real and imaginary parts 

of the dielectric constant (εr, εi) for thin film Ag0.9Cu0.1InSe2  at R.T and (373,473) K calculated 

from equations of optical constants. The calculated values of optical constant at the wavelength 

(λ) equal to 550nm (Within the visible range) are listed in Table (3). The refractive index n is a 

significant parameter for optical material and  application. The values of n decrease with vacuum 

annealing, due to a decrease in the corresponding reflection and the structural and compositional 

changes with annealing. This result agrees with [1, 12]. The extinction coefficient increases, as 

seen in Table (3), taking the same behaviour as the absorption coefficient because the extinction 

coefficient is directly related to the light absorption. The fundamental electron excitation spectrum 

of the film was termed by means of the frequency dependency of the complex dielectric constant. 

The real (εr) and imaginary (εi) parts of the dielectric constant are related to the n and k values. 

The value of εr and εi at λ=550nm  decreases because the behavior of εr is similar to that of n. In 

contrast, the behavior of εi is similar to that of k because it mainly depends on the k value. The 
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value of εi was smaller than that of the thin film at RT, which indicates a small dielectric loss. The 

best optical constant was when the vacuum   annealing effect of 473 K.  

4. Conclusions 

Thin films of polycrystalline Ag0.9Cu0.1InSe2 at R.T and (373,473) K with thickness of 700 nm 

are prepared by the thermal evaporation method. XRD and AFM studies reveal that the vacuum 

annealing effect  Ag0.9Cu0.1InSe2 has the strongest effects on the structural and morphology of 

the films. as well as the crystallite size and the average grain size increase after annealing. 

Ag0.9Cu0.1InSe2 films display good absorption in the spectral range (400-700) nm. The band gap 

of the Ag0.9Cu0.1InSe2 films was evaluated to be (1.68-1.5) eV. This makes it suitable for forming 

a solar cell junction. 
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