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Abstract: Cu2ZnSnS4 (CZTS) thin films were prepared by directly sputtering 

Cu (In,Ga)Se2 quaternary target consisting of (Cu: 25%, Zn: 12.5%, Sn; 12.5% 

and S: 50%). The composition and structure of CZTS layers have been 

investigated after annealing at 200 0C, 350 0C and 500 0C under vacuum. The 

results show that recrystallization of the CZTS thin film occurs and increasing 
the grain size with a preferred orientation in the (112) direction was obtained. The 

Raman spectra showed the existence of crystalline CZTS phase after annealing. 

Optical transmission spectra were recorded within the range 300-900 nm. The 
energy band gap (Eg) of the CZTS thin films was calculated before and after 

annealing from the transmittance spectra using Beer-Lambert’s law. Results show 

that Eg is dependent on the annealing temperature. The optical band gap of CZTS 
also varied from 1.57 eV to 1.31 eV with increase in the annealing temperature 

from 200 0C min to 500 0C. 
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1. INTRODUCTION  

Multinary compounds semiconductor, Cu2ZnSnS4 (CZTS) and Cu2ZnSn(S, Se)4 

(CZTSSe) with kesterite crystal structure are promising materials for high 
efficiency thin film solar cell absorber layers because they have high absorption 

coefficient (104 cm-1), low processing cost, not including rare metal, and suitable 

direct band gap (1.4 eV) for solar spectrum [1–3]. The CZTS semiconductor is 

potential candidate material for terawatt (TW) scale photovoltaic energy 
conversion: a fractional amount of the elemental constituents produced annually 

solar cells which can supply renewable energy on a scale comparable to is 
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sufficient to fabricate CZTS thin-film the world’s electricity consumption [4-7]. 

Significant progress on this relatively new research area has been achieved in 
recent years [5-6]. Champion efficiency of CZTS thin film solar cell has reached 

8.8 % and an efficiency of 6.21 % has been demonstrated for CZTS solar cells 

[7-9]. However, these efficiencies are still much lower than those of CIGS PV 
devices. Therefore new research based on improve efficiency and preparation 

cost of CZTS thin film solar cells [8,9]. So the purpose of this work is firstly to 

investigate the effect of preparation condition on structural and optical properties 

of CZTS thin films [10]. 

2. FABRICATION PROCEDURES 

Quartz glass was used as a substrate after Molybdenum (Mo) back contact with 
500 nm in thickness was deposited on the soda-lime glass by DC magnetron 

sputtering. All the substrates were cleaned and finally dried by blowing N2 gas. 

The Zn/(Cu,Sn) metal precursor was deposited by RF magnetron sputtering using 
quaternary target consisting of Cu (99.995%), Zn(99.999%) and Sn(99.999%) 

with 7.5 cm in diameter and stoichiometric (Cu: 25%, Zn: 12.5%, Sn; 12.5% and 

S: 50%). After the base pressure reached approximately 4 × 10-5 Torr, precursor 

was deposited at a working pressure of 0.67 Pa in an Ar atmosphere. RF power 
and Time were 40 Watt and 160 min. respectively. 

The grown films were annealed in three capsules with different annealing 

temperatures at 200 0C, 350 0C and 500 0C for 60 min in vacuum. The CZTS thin 
films annealed at higher than 550°C and longer that 60 min. were decomposed, 

which limits the annealing temperature below than 550°C for 60 min. Before and 

after each annealing stage, the structural and optical properties were measured. 
The crystal structure and phase composition of the CZTS thin films were 

established by X-ray diffraction (XRD) analysis in the range of scattering angles 

2𝜃= 100 –800. The XRD patterns were recorded by an automatically controlled 

Siemens D-5000 diffract meter operating at CuKα radiation (𝜆 = 1.5405 Å) and a 
nickel filter. The transmittance and reflectance spectra of the experimental 

samples were recorded in the wavelength range 300–900 nm using a Cary-500 

Scan (Varian, USA) spectrophotometer with a spectral resolution of 1.0 nm. 
These data were used to analyze the optical properties and the parameters for the 

optical absorption edge of the films. 
 

3. RESULTS AND DISCUSSION 

Figure 1 shows the XRD patterns of CZTS thin films deposited by RF magnetron 

sputtering on the glass substrate and annealed at different temperatures. The 

identification and assignments of the observed diffraction patterns were made 
using the JCPDS data and reported literature [11]. The intensity of the (112) 
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CZTS and (211) Mo reflection of picks increases with the annealing temperature. 

This pattern showed 
several peaks produced by the (112) and (312) crystalline planes of the tetragonal 

CZTS phase It shows that CZTS thin films annealed at the higher has the better 

crystalline property. The average grain size can be calculated from the Scherrer 
equation [12]. The peaks of the preferred orientation (112) show higher intensities 

and larger grain size. The X-ray diffraction peaks obtained at (312) correspond to 

Kesterite CZTS with tetragonal phase [13, 14]. 
 

 
Fig. 1.  X-ray diffraction spectra of the CZTS thin films annealed at various temperatures 

for 60 min. (a)- before annealing, (b) annealed at 200 0C, (c) annealed at 350 0C 
(d) annealed at 500 0C. 

 

Lattice parameters from the XRD pattern were determined from the formula [15]: 
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Where θ is the scattering angle and А = h2 + k2, B = l2 the parameters calculated 
and listed in Table 1. Morphology and surface topology of the as deposited and 
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annealed films were studied by AFM. The AFM images are shown in Figure 2. 

This images show clear grain boundary between smaller grains before annealing 
and growth of grain size by increasing the annealing temperature. 
 

 
Table 1: Calculated lattice parameters from the XRD spectra of CZTS thin films 

Sample 2ɵ peak a(0A) c(0A) 

Annealed at 200 
0C 

28.6 (112) 5.41 10.80 

annealed at 350 
0C 

28.6 (112) 5.41 10.80 

annealed at 500 
0C 

28.6 (112) 5.41 10.80 

annealed at 500 
0C 

56.1 (312) 5.43 10.89 

 
Fig. 2. AFM images of CZTS thin films, (a) before annealing, (b) annealed at 200 0C, 

(c) annealed at 350 0C (d) annealed at 500 0C. 
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Figure 3 shows the surface and cross-sectional SEM images of the as-deposited 

and the annealed CZTS samples prepared RF magnetron sputtering method. The 

crystallinity changes could be perceptibly found. After annealing the texture of 
the CZTS thin film transformed from thin grains to equiaxial grain structure. 

After annealing particles adopted sharper edges and increased grain size than as 

deposited films and shows that thickness of CZTS thin films increase as annealing 
temperature increased. Slight decrease in the roughness and micro cracks were 

observed with increasing the annealing temperature which is consistent with the 

reported literature [16] .Therefore the particle size and thickness of CZTS become 

larger with increasing annealing temperature. The roughness values of the CZTS 
thin films are given in Table 2. The roughness values increased remarkably after 

annealing because annealing acts as thermal etching of the film surface [17]. 

During annealing agglomerated particles are formed due to coalescence of small 
grain together, this also led to increased roughness value (Figure 4). 
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Fig. 3. Typical SEM images of CZTS thin films, (a) before annealing, (b) annealed at 

200 0C, (c) annealed at 500 0C 
 

The Raman spectrum shown in Fig. 5 for the CZTS sample before and after 

annealing. It shows the presence of two major peaks at 282 and 332 cm-1 which 
can be attributed to tetragonal and cubic CZTS respectively [18]. The presence 

of the shoulder peaks at 370 cm-1 confirm the formation of kesterite CZTS. No 

other peaks are observed for the CZTS thin films before and after annealing [19, 
20]. 
 

Table 2 Roughness of CZTS thin films deposited at different temperatures before and 

after annealing [2 base main paper] 

 

Sample Roughness (nm) 

Before annealing,  8.9 

Annealed at 200 0C 11.2 

Annealed at 350 0C  18.5 

Annealed at 500 0C 27.4 
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Fig. 4. Surface roughness of as-sputtered and annealed films analyzed by AFM 

measurement. 
 

 
 

Fig. 5. Raman patterns of CZTS thin films, (a) before annealing, (b) annealed at 350 0C 

and (c) annealed at 350 0C. 

 

The optical transmittance spectra of (a) as deposited and (b) annealed CZTS thin 

films, in the wavelength range of 300–900 nm, are shown in Figure 6(I) and the 
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Tauc curves calculated from the transmittance curves are shown in Figures 6(II) 

[21]. 

 
Fig. 6. Transmittance (I) and absorption coefficient (II) spectra of CZTS thin films, (a) 

annealed at 500 0C before annealing, (b) annealed at 200 0C, (c) annealed at 350 
0C (d) before annealing 

 

 
The energy band gap (Eg) of the CZTS thin films was calculated before and after 

annealing from the transmittance spectra using Beer-Lambert’s law. Results show 

that Eg is dependent on the annealing temperature. The annealed CZTS thin films 
at 500 0C have lower optic energy band gap compared with the as-deposited 

samples. The optical band gap of CZT varied from 1.59 eV (before annealing) to 

1.31 (500 0C) eV with increase in the annealing temperature. These results 

indicate that the annealed films present higher crystallinity that is consistent with 
the XRD measurements [22, 23]. 
 

4. CONCLUSION 

In this paper we have investigated the effect of annealing on the phase formation, 
crystallite size, optical band gap and Raman spectroscopy of Mo/CZTS thin films 

fabricated by RF magnetron sputtering. The intensity of (112) peak of CZTS layer 

in XRD patterns and the grain size increased after annealing. The shape of 
crystallite also improved with annealing temperature. The optical band gap of 

CZTS also varied from 1.57 eV to 1.31 eV with increase in the annealing 

temperature from 200 0C min to 500 0C, respectively. Shifts in the Raman spectra 

have been observed with increase in the annealing temperature. Both the increase 
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of the optical transmittance and the grain structure after annealing lead to the 

improved performance of thin-film CZTS solar cells. 
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