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ABSTRACT 

AgInTe2 (AIT) thin films had been prepared by the used technique of 

vacuum thermal evaporation, with thickness  300 nm, the deposition rate  

1.7 ±0.1 nm/sec on a glass substrate at room temperature and pressure 

(10
-5

) mbar Heat treatment was performed in the range (473-673) K for 

samples. The AIT thin films optical properties (absorption coefficient, 

index of refractive, extinction coefficient, real and imaginary dielectric 

constant) were studied by determination using measurement absorption 

and transmission spectra. The results showed they are wide applications 

such as photovoltaic electronic applications and photovoltaic 

applications. 

 

Introduction 
Semiconductor thin films are particularly attractive in 

applications of solar cells due to have high optical 

absorption factor  so their varied both optical and 

electrical properties. AIT have  direct band gap 

material , good stability, high absorption coefficient 

and largest efficiency[1]. So it has been used in 

several applications like optoelectronic devices and 

photovoltaic applications [2,3]. 

AIT thin film have the high coefficient of absorption 

(10
4
 cm

-1
), a direct band gap and the largest 

efficiency[1, 2], so these properties create AgInTe2 a 

probable substance for many photovoltaic 

applications [3].It is recognized that the optical, 

electrical, and structural. The properties of this 

substance are highly influenced via the mechanism 

used for the production 

Experimental details 
Using (Edwards – Unit 306) system with 2.5x10

-5
 

mbar at room temperature from (AIT) alloy thin films 

have been deposited on glass substrate by the 

mechanism of thermal vacuum evaporation. The 

film's thickness was specified with (Precisa-Swiss) 

microbalance by using the weighing method and 

found  about (300∓10)nm and deposition rate of 

(1.7∓0.1) nm/sec. 

From equation (1) can be calculated  the coefficient 

of absorption  (α) from the transmittance spectrum[4]: 

α   
      

 
                     

Where: t film thickness, A is the absorbance can be 

calculated by the relation[4]:  

A=log(1/T)…………………….(2) 

Where: (T) is the transparence. 

Both the type and value of the optical gap are 

determined by the equation (3) which represent 

electron excitation from the valence band to 

conduction band[5]: 

             ………………(3) 

Where: B is constant and depending on the 

semiconductor type, α(cm
-1

) is the coefficient of 

absorption, hν(eV) is the energy of the photon, Eg 

(eV) is the optical band gap. The (n) is an index 

attached to the material nature which is specified via 

the optical transition involved in the absorption 

process, it appoints the allowed direct transition (n = 

1/2) and allowed indirect transition (n = 2) in the 

electronic band structure. 

optical constants completely characterize the optical 

materials manner so they are important main 

properties of matter [6,7]. The optical properties of 

the film depend completely on the evaporation 

technique. The index of refractive  (n), the coefficient 

of extinction  (k), both real(1) and imaginary parts 

(2) of dielectric constant represent the optical 

constants. Using the equation(4) to calculate the 

refractive index (n) [5]: 

𝑛=[
  

      
   

      
   

   
………………….(4) 
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Where: R is the reflectance and shown in the 

equation(5), [4]: 

R + A + T = 1  …………………….(5) 

The refractive index dispersion functions an 

significant  part for optical materials because it is an 

important factor in designing devices from the 

spectral dispersion [6]. 

 The coefficient of extinction ( k), (imaginary part of 

the refractive index), which is attached to the 

exponential decay of the wave as it passes into the 

medium can be specified by equation[7]: 

  
  

  
                

Where:  is the incident wavelength radiation. 

The complex electronic dielectric constant(ε) defined 

as [6,8]:   

                      

Where: ε  the real dielectric constant, ε  the 

imaginary dielectric constant, ε  and ε  can be 

determined by the equations[5,8]: 

ε1 = n
2
-  

  ………………..………….(8) 

ε2 = 2nk0 ……………………………(9) 

Results and Discussion 
The spectra of optical transmittance as a wavelength 

function for AIT thin film are showed in fig.1  from 

350nm to 1090 nm  with annealing at (473-673) K . 

Usually the transmittance of optical  increases when 

the wavelength increases ,there was when the  

temperature of annealing increase lead to shift in the 

wavelength for the region where the transmittance are 

increases. So for all the temperature annealing  the 

transmittance is very high at  wavelength longer than 

(850 nm). The transmittance values are reduced by 

increasing the temperature of annealing due to an 

increase in absorbance. It is also noted that the higher 

permeability values are shifted towards the larger 

wavelength when the thickness increases ,this is 

consistent with the sources [9,10,11]. 

 

 
Figure (1):Variation the transmittance spectra as a function wavelength of AIT thin films . 

 

Fig.2 is shown the spectra of absorption for all films 

.When Increase temperature of annealing  refer to  

increase the absorption  value  and all  peaks of high 

absorption  shifts to lower wavelength, because 

Increase temperature lead to the atoms rearrangement 

for position in the structure [9] . 
 

 
Figure ( 2): Variation the absorbance spectra as a function wavelength of AIT thin films . 

 

Fig.3 is shown the spectra of reflectance for AIT thin 

films. In the range of (550 - 650) nm the reflectance 

of AgInTe2 the reflection decreases with the 

temperature and increases with the wavelength 

[10,11] ,but at (T=473K)  refers to the susceptibility 

of this different material to change its reflection by 

wavelength, due to the correlation of reflectivity to 

the change of absorbance and permeability within 

these wavelengths The shift of transmittance and 

reflectance refer to that  regard to the change in the 

crystalline properties  of  the  film and decrease with 

wavelength from the range of (800 to 1100) nm  [9]. 
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Figure (3): Variation of reflectance spectra as a function wavelength of AIT thin films 

 

Fig. 4  is shown the absorption coefficient (α) change 

with wavelength. Absorption coefficient (α) 

decreases with increase of wavelength which main a 

large probability of the allowed direct transition, By 

increasing the annealing temperature absorption 

coefficient increase, because of the improved 

crystalline structure and rearrange the atoms of their 

sites within the crystal lattice to be more regular 

access to the crystalline state[11]. As well, table 

No.(1) it is shown in  that absorbance increases with 

increase the annealing temperature of the AgInTe2 . 

 

 
Figure (4): absorption coefficient change with wavelength of AIT thin films. 

 

Fig.5. is shown the  films have direct band transitions. 

The shift towards higher or to lower energies depends 

on the method of film preparation [11]. table No.(1) 

showed  the energy gap is decrease with increase 

annealing temperature because rearrange the atoms in 

crystalline structure and hide some crystalline defects 

and add additional levels between the valence band 

and conduction band [10]. The value of the energy 

gap was similar to previous studies[10,11]. 

 

 
Figure (5): (αhʋ)

2
  change with photon energy (hʋ)of AIT thin films 

 

The manner of refractive index shown in fig.6. The 

refractive index increases with the increasing of 

photon energy point out that all the films show a 

normal dispersion manner in the range (1.3 - 2) eV 

identical to the wavelength in the range (650-900) nm 

due to improved crystalline structure and increased 

absorption coefficient [12]. From table No.(1) we 

show the annealing films decrease the refractive 

index . 

 

 
Figure6: refractive index change with photon energy of AIT thin films. 
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Eq.(6) show the manner of (k0) is roughly like to the 

identical absorption coefficient (α) because of the 

extinction coefficient depends  on (α), so increase of 

extinction coefficient with the increase of absorption 

coefficient  due to the increase of photon energy and 

from table No.(1) extinction coefficient (k) increase 

with increase annealing temperature due to change 

the properties of the film to crystalline structure[10]. 

Fig.7 exhibit the change of extinction coefficient (k0) 

with photon energy. 
 

 
Figure ( 7): change extinction coefficient with photon energy of AIT thin films 

 

Table No.(1) : Variation the optical properties with annealing temperature 

ε2 ε1 n K Eg 

(eV) 
αx10

4
 

(cm
-1

) 
T( K) 

5.590 49.164 7.023 0.398 1.44 6.033 RT 

6.234 28.987 5.412 0.576 1.41 7.830 473 

6.506 17.022 4.198 0.775 1.34 11.146 573 

2.966 1.969 1.663 0.892 1.3 13.490 673 

Conclusion 
The annealing process affected on the optical 

properties of the AIT  films .The absorbance in the 

visible region high. when increase the annealing 

temperature the absorbance increase. The optical 

band gap has an allowed direct transition types, so the 

values were found to decrease from (1.44 to 1.3) eV 

with increasing of annealing temperature. The optical 

constants like (coefficient of absorption, refractive 

index, coefficient of extinction, imaginary and real 

part) of the films depend on the annealing 

temperature.

References 

[1] Soon, H.K.; Yu, K.K.; Don, S.C. and Yung, E.S. 

(2006). Characterization of electrodeposited CuInSe2 

(CIS) film. Electrochimica Acta, 51(3):4433-4438.  

[2] Eisener, B.; Wagner, M.; Wolf, D. and Muller, G. 

(1999). Study of the Intrinsic Defects in Solution 

Grown CuInSe2 Crystals Depending on the Path of 

Crystallization. Journal of Crystal Growth, 

198(7):321-324. 

[3] Abu-Shama, J. Johnston, S. and Noufi, R. (2005). 

Bandlike and Localized Defects States in CuInSe2 

Solar Cells. Journal of Physics and Chemistry of 

Solids, 66 (5):1855–1857. 

[4] Terasako, T.; Uno, Y.; Kariya, T. and Shirakata, 

S. (2006). Structural and Optical Properties of In-rich 

Cu-In-Se Polycrystalline Thin Films Prepared By 

Chemical Spray Pyrolysis. Solar Energy Materials 

and Solar Cells, 90(3):262–275.  

[5] Hussain, K.M.; Podder, J.; Saha, D.K. and 

Ichimura, M. (2012). Electrical and optical 

characterization of CuInS2 thin films deposited by 

spray pyrolysis. Indian Journal of Pure and Applied 

Physics, 50 (2):117-122.  

[6] Agilana, S.; Mangalarajb, D.; Narayandassb, S. 

and Mohan, G. (2009). Effect of thickness and 

substrate temperature on structure and optical band 

gap of hot wall-deposited CuInSe2 polycrystalline 

thin films. Solar Energy Materials and Solar Cells, 

55(7):4105-4109. 

[7] Shah, N.M. et al. (2013). Structural, electrical, 

and optical properties of copper indium diselenide 

thin film prepared by thermal evaporation method. 

Indian Journal of Pure and Applied Physics, 62 

(4):107-112. 

[8] Suryanarayana, C. and Norton, M.G. (1998). X-

ray Diffraction, A Practical Approach, Plenum Press, 

New York. 

 [9] Vaidhyanathan, P. and Sobhnadri, (1983). The 

optical properties of AgInTe2 thin films. Thin sold 

films, 10(15):157-162.  

[10] Bodnar; Gremenok; Doering and Schmitz 

(2000). Fabrication and properties of AgInTe2 thin 

films. Inorganic Materials, 36(10):1000-1003. 

[11] Bodnar, Gremenok, Doering and Schmitz 

(1999). Optical properties of AgInTe2 films prepared 

by pulsed laser deposition. phys. Stat. sol, 

175(11):607. 

[12] EL-Nahass; EL-Barry; Farag, A. and EL-Soly 

(2006). Structural and optical properties of flash 

evaporated AgInTe2 thin films Eur. Phy., 35(5):98-

103. 

 

 
 



  
 

  
Tikrit Journal of Pure Science Vol. 24 (3) 2019 

 

55 

 AgInTe2دراسة تأثير التلدين على الخصائص البصرية للغشاء الرقيق 
 مروان رشيد عباس , أيطان حطيد خضير

 ، جامعة بغداد ، بغداد ، العراق ابن الهيثم للعلهم الررفة كلية التربيةقدم الفيزياء ، 
 

 الطلخص
. تيم الترسيي  ىلي  nm/sec 0.1±1.7وبسعيد  ترسيي   300nm( بهاسطة تقشية التبخير الحراري في  الفيرا, ب بديس  AgInTe2تم تحزير أغذية )

10)شرائح من الزجاج بزغط 
-5

) mbar  (673-473)وبدرجة حرارة الغرفة. تم معاملة جسيع العيشيا  حرارييا )تليد ن( بسيد  مين درجيا  الحيرارة K .
ب معاميي  التيييهثين واابيييا العيييز  الح يقييي  معامييي  اسارديييارفجيييهة الطاقييية بمعاميي  امتريييا  بتييم حدييياع جسييييع الخريييائل البرييرية للغذييياء الرقيييي  )

الشفهذييية . بيشييا الشتييائي ااييس يسايين اسييتخدام السييادة فيي  الرثييير ميين التط يقييا  مثيي  التط يقييا   والخيييال ( بهاسييطة كيي  ميين صيييو اسمترييا  وصيييو
 الرهروضهئية والتط يقا  الفهتهفهلطائية.

 


