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Characterization of laser ablated AgInSe2 films 
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AgInSe2 (AIS) thin films have been grown directly on silicon by means of a pulsed laser deposition 
technique. The X-ray diffraction studies show that the films are textured in the (112) direction. Increase 
of the substrate temperature results in a more ordered structure. Composition of the samples has been 
analysed by EDAX. It was found that the stoichiometry is better maintained with the PLD technique than 
with other traditional methods like thermal evaporation. The optical studies of the films show that the 
optical band gap is about 1.20 eV. The results of investigations may be of interest for a better understand-
ing of the growth processes of chalcopyrite thin films on silicon materials. 
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1. Introduction 

The I–III–VI2 compounds are ternary analogues of II–VI compounds having high 
absorption coefficient and good thermal stability [1]. The chalcopyrite semiconductor 
AgInSe2 (AIS) is one of the most attractive materials in thin film solar cell applica-
tions because of its high optical absorption coefficient. These compounds crystallize  
in chalcopyrite structure which is closely related to a zinc blend structure. Ternary 
chalcopyrite compounds have photovoltaic properties that have potential use in solar 
cells since their optical band gap lies between 0.8 eV and 2.0 eV and can be grown 
either as n or p type [2]. The efficiency of 19.5% has been reported by Contreras et al. 
in CuInGaSe2 [3]. AgInSe2 having a band gap of 1.20 eV and the melting point of 
780 °C has applications in photovoltaic and optoelectronic devices. Matsuo et al. stud-
ied AgInSe2 films grown by the thermal evaporation technique, taking Ag2Se and 
In2Se3 as starting materials [4]. Ramesh et al. obtained the efficiency of 7.5% in  
p-AgInSe2/n-CdS solar cells in which AgInSe2 is used as the absorber material [5]. 
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A number of physical and chemical deposition techniques such as flash evaporation [6], 
radio frequency sputtering [7], thermal evaporation [8–10], solution growth [11, 12] and 
hot pressing [13] have been used for the preparation of AgInSe2 under various experi-
mental conditions. All these techniques have advantages and disadvantages, depend-
ing on the type of application intended for the films. It is important to obtain high 
quality AIS films for improving solar cell performance. However, the common prob-
lem encountered during synthesis is to preserve the stoichiometric amount of selenium 
due to high volatility in Se containing compounds. The pulsed laser deposition (PLD) 
technique has been shown to be an excellent way to fabricate high temperature super-
conductors [14] and multicomponent oxide films [15, 16], especially with respect to 
compositional reproduction and high deposition rate. PLD has many advantages and 
technological possibilities. These advantages are the effectiveness and simplicity of 
the deposition equipment, high deposition rates and low temperature deposition, 
a wide spectrum of deposition parameters for the control and optimization of film 
properties. In addition, PLD enables accurate control both the stoichiometry and the 
film thickness. The growth of AIS on Si substrates is of interest, since it is regarded to 
be a prerequisite for the direct integration of this material with the more dominant Si-
based technologies. In this paper, an attempt has been made to grow AgInSe2 films on 
Si substrates with (100) orientation by laser ablation. We report on the synthesis of 
AIS thin films using the (PLD) technique in which Se volatility can be minimized. 
Structural and optical properties depending on substrate temperature of films fabri-
cated by pulse laser deposition have also been studied. 

2. Experimental 

Ablation of a polycrystalline target 25 mm in diameter was achieved using a mul-
titarget, ultra high vacuum (UVH) pulse laser deposition (PLD), KrF excimer laser 
system (λ = 248 nm, the laser rate of 3 Hz and the pulse energy density of 1–2 J/cm2). 
The complete set up of the system is shown in Fig. 1. The synthesis of the target was 
performed using a stoichiometric mixture of Ag, In and Se, followed by sealing in 
a quartz tube ampoule. The sealed quartz tube was heated at 900 °C for 48 h and 
cooled slowly. A polycrystalline chalcopyrite structure was obtained as the resulting 
compound. The details of the synthesis of the AIS target have been described else-
where [10]. The target substrate distance was kept at 40 mm. The chamber was evacu-
ated to the pressure lower than 2.7×10–6 Pa before ablation. The (100) oriented Si sub-
strates were chemically cleaned and etched in a dilute HF solution prior to 
introduction into the chamber. All substrates were also cleaned in an ultrasonic bath 
before deposition. The ablated AIS was collected on a Si(100) wafer. The silicon sub-
strates were then mounted on a direct heating sample holder made of a stainless steel 
sheet. AIS/Si films were grown with the deposition temperatures 300 K and 473 K. 
Laser pulses were incident at the angle of 45° on the target, over the surface scanned 
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by the focused laser beam. The deposited films were finally cooled to room tempera-
ture in vacuum. 

 
Fig. 1. Complete PLD set up 

The structure of the as prepared  powder  and pulse laser ablated  films on Si(100) 
wafers  was observed with a  θ–2θ  X-ray diffractrometer using CuKα radiation to 
study the orientation and crystallinity of the films. The analysis of the composition of 
the product has been carried out by the energy dispersive analysis through X-rays 
(EDAX), together with field emission scanning electron microscopy (FESEM). The 
optical studies were performed on films grown on glass substrates, using the same 
conditions as used for the deposition on Si substrates [9, 17]. Glass was chosen only 
for the optical measurements. It is noted that AIS/glass exhibits a similar composition 
to that found in AIS/Si films. The absorption spectra of AgInSe2 films were recorded 
in the wavelength range 200–1100 nm, using a UV-VIS Perkin-Elmer spectropho-
tometer.The microstructure was studied using field emission scanning electron mi-
croscopy (FESEM-FEI Quanta 200 F). To prevent the charge build up during FESEM 
observation, samples were coated with gold using a sputtering system. 

3. Results and discussion 

The XRD profile of the as-prepared powder is shown in Fig. 2a. The pattern indi-
cates that AIS is polycrystalline in nature and exhibits a prominent (112) peak of chal-
copyrite phase, in addition to other (220), (204), (312) and (116) peaks of very small 
intensity. The films prepared on the Si(100) wafers at room temperature are character-
ized by the absence of diffraction peaks, indicating their amorphous nature. However 
the AIS films obtained at 473 K indicate high orientation in the (112) plane, parallel to 
the silicon substrate along with a reflection from the (204) plane of comparatively 
small intensity (Fig. 2b). 
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Fig. 2. XRD pattern of  as synthesized powder (a) and films  (b)  

fabricated by PLD on Si(100) wafers at 300 K and 473 K 

The crystallite size is calculated from the FWHM value of the (112) peak by using 
Scherrer’s formula 

 0.9
cos

D λ
β θ

=  (1) 

and is found to be 6 nm, where λ is the wavelength of X-rays, β is the FWHM in radi-
ans, θ is the Bragg angle. XRD studies confirm that by performing laser ablation, 
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AgInSe2 can be grown on silicon wafers. These preliminary results indicate the possi-
bility of producing device quality chalcopyrite–AgInSe2/Si heterojunctions by pulse 
laser ablation for photovoltaic applications. 

Fig. 3. FESEM of laser ablated AIS films 
on Si(100) wafer at 473 K  

Field emission scanning electron micrograph of an AIS nanostructured film depos-
ited by pulse laser deposition at 473 K on Si(100) substrate is shown in Fig 3. It de-
lineates the shape and distribution of crystallites. Densely packed grains elongated in 
one direction are exhibited by AIS film grown at 473 K. It is also observed that grains 
are more homogeneous, uniformly distributed and densely packed as compared with 
the films deposited by thermal evaporation on the same substrate, Si(100), and at the 
same deposition temperature [9]: these are the major advantages of PLD, along with 
pore free growth. 

Analysis of the composition of AIS films grown on 100 oriented silicon wafers 
was carried out by the energy dispersive analysis through X-rays. This elemental 
analysis showed that films obtained at 473K are almost as stoichiometric those pre-
pared by thermal evaporation with Ag 28.96%, In 27.41% and Se 43.63%. The sele-
nium percentage deviates to some extent due highly volatile nature of the element. 

The optical studies were carried out on AIS films grown on glass substrates under 
the same conditions as those used for deposition on Si substrates [9, 17]. It is noted 
that AIS/glass has a similar composition to that found in AIS/Si films. The linear na-
ture of the plot near the absorption edge confirms that ablated AgInSe2 films show 
semi-conducting behaviour with direct band gap [18]. The band gap energy (Eg) was 
estimated based on the recorded optical spectra from the equation of Bardeen [19]. 

 ( )n

gh A hα ν ν Ε= −  (2) 

where A is a constant, α is the absorption coefficient, hν is the photon energy, and n 
depends on the nature of the transition. For direct transition, n =1/2 or 3/2, while for 
the indirect one n = 2 or 3, depending on whether they are allowed or forbidden, re-
spectively. Here the best fit to the experimental data was obtained for n = 1/2. The 
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dependence of (αhν)2 on hν yields a straight line, indicating that the fundamental ab-
sorption edge could be due to direct allowed transition.  

 
Fig. 4. Dependence of (αhν)2 on E 

These results are in conformity with those reported earlier for thermally evapo-
rated AIS [6, 8–10]. The band gap energy is estimated to be 1.20 ev (Fig. 4). Various 
authors reported different values for the band gap energy of AgInSe2 films [6,8], 
which may be attributed to different proportions of Ag/In/Se in the composition. 

4. Conclusions 

We have successfully deposited silver indium selenide films directly on Si (100) 
substrates by the pulse laser deposition technique. The films show a tetragonally dis-
torted chalcopyrite structure. Room temperature deposited films are amorphous in 
nature while AIS films deposited at 473 K appear to have preferential texture oriented 
in the (112) direction. Crystallites of 6 nm size were obtained. On silicon wafers, from 
optical measurements, the band gap energy is estimated to be 1.20 eV. We believe that 
these preliminary results may be of interest for a better understanding of the growth of 
chalcopyrite thin films on silicon materials, since it is regarded to be a prerequisite for 
the direct integration of these materials with the dominant Si-based technologies. 
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