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In this study, we fabricated Cu2ZnSnS4(CZTS) thin films by one-step 
electrochemicaldeposition and annealing. In the deposition process, additives including 
trisodium citrate and  triethanolamine were included to improve the film quality. In 
addition, various deposition voltages were adjusted to vary the film composition. Then, to 
investigate the annealing effect, heat treatment with differentannealing time was examined. 
To study the structural, morphological and compositional properties of CZTS thin 
films,the as-deposited and annealed CZTS thin films were characterized by X-ray 
diffraction (XRD), field emission scanning electron microscopy (FE-SEM), energy 
dispersive X-ray spectroscopy (EDX) and Hall Effect Analyzer.  
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1. Introduction 
 
With increasing demand of energy, environmental pollution, and global warming, clean 

and renewable energy sources have been regarded as the ultimate solution to future energy crisis. 
Among all the renewable energy sources, solar power solar cellshave been intensively investigated 
as one of the alternative energy sources. Currently, silicon-based solar cell is the popular 
mainstream in solar cell technologies. However, the indirect bandgap of silicon material with low 
optical absorption coefficient has a very thick absorber layer of film of 100μm order [1]. To 
replace the traditional silicon-based photovoltaic technology, CuInGaSe2 (CIGS) and 
Cu2ZnSnS4(CZTS) have been proposed as thin and effective absorber materials to fabricate solar 
cells. Compared with CIGS absorber consisting of rare elements of In and Ga, CZTS is made up of 
rich elements on earth. Similar to CIGS films quaternary compounds CZTS thin film has anenergy 
gap of 1.4-1.5 eV and 104 cm-1 absorption coefficient [2].  . 
    To synthesize CZTS films, various vacuum fabrication methods including hybrid sputtering 
method [3], RF magnetron sputtering [4], thermal evaporation [5], pulsed laser deposition [6,7], 
electron beam evaporation sulfide precursor [8,9] have been proposed. Recently, the conversion 
efficiency of the CZTS-based solar cell has reached 11.1% [10]. CZTS films deposited in vacuum 
conditions. Therefore, non-vacuum fabrication processes inlcuding spraying techniques [11,12], 
photochemical deposition [13], sol-gel method [14-15], spin-coating method [16] and 
electrodeposition [17-21] have been reported to produce CZTS film. 
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2. Experiment 
 
2.1 Experimental parameters and electrodeposition conditions 
 
To carry out one-step CZTS filmelectrodeposition, various electrolytes including were 

included in the plating solution. The plating solution composition is shown in Table 1. To 
electrodeposit the CZTS film, multifunction constant voltage and current meter 
(PotentiostatGalvanostat) were applied with three electrodes at room temperature without stirring. 
Pt was used as the counter electrode, the Mo conductive glass was used as the working electrode, 
and silver / silver chloride (Ag/AgCl) as reference electrode.  

 
2.2ElectrodepositionCZTS pre-treatment steps 
The main recipes of CZTS plating solution and the operating conditions are shown in 

Table 1. First, acetone, methanol, isopropanol, and DI water was applied to cleanse the Mo 
substrate. Then, aqueous ammonia (25%) was used to remove molybdenum oxide.  
 

2.3 CZTS annealing process  
The deposited CZTS film was placed in a vacuum furnacefor annealing. The 

finalannealing  temperature was 550℃ [24]. The temperature elevation profile for annealing is 
shown in Fig. 1. 

Table 1. Composition of the plating solution and the deposition condition 

Composition of plating solution 

CuSO4 0.02M 

ZnSO4 0.01M 

SnSO4 0.02M 

Na2S2O3 0.02M 

Trisodium 

Citrate 

0.2M 

Tartaric Acid 0.1M 

pH 4.5~5.0 

voltage -1.3～-1.6 V 

 

Fig. 1 The temperature elevation profile for annealing 
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3. Results and discussion 
 
3.1 The influence of deposition voltage  
 
To examine the influence of the deposition voltage, the deposited CZTS film was 

investigated by XRD patterns as shown in Fig. 2(a) and (b). The CZTS filmsdeposited with 
different voltages ranging from -1.2V to -2.2V were annealed with rapid thermal annealing (RTA) 
at 550 ℃ for 1 hour. Figure 2 (a) shows that the diffraction peaks of molybdenum substrate could 
be observed but nothing else could be observed for the film deposited at -1.2V. As the deposition 
voltage increased to -1.3V and -1.4V, the CuSn, SnS, and Cu2SnS3 diffraction peaks appeared as 
shown in Fig. 2(a). In addition, Cu phase emerged at the deposition voltage of - 1.6 V. As the 
deposition voltagefurther increased to -1.8V, the CuSn, Cu, SnS, and Cu2SnS3phase diffraction 
peaks became strongest as shown in Fig. 2(a). As the deposition voltage increased to -2.1 V, the 
diffraction peaks of CuSn, SnS, Cu2SnS3 and Cu phase became weaker but the diffraction peaks of 
molybdenum became stronger. At the deposition voltage of -2.2V, the molybdenum substrate 
began to dissociate and the diffraction peak of Mo decrease drastically and many impurity peaks 
emerged as shown in Fig. 2(b). Since CZTS deposition with a negative voltage around 2 V might 
cause dissociation and produce impurities, we chose deposition voltages below 1.7 V.  In 
addition to XRD analyses, SEM images of the film deposited with deposition voltages of -1.1, -1.3, 
-1.5, and -1.7V are shown in Fig. 3 (a), (b), (c), and (d). Consistent with XRD analyses, the most 
compact film with high material quality was deposited at -1.7 V as shown in Fig. 3 (d). 

 
 

 
(a) 

 

 
(b) 

 
Fig. 2 XRD patterns of the film deposited at (a) -1.2, -1.4, -1.6 and, -1.8V (a) -2.1 and -2.2 V. 
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films, the CZTS films were analyzed by a Hall effect analyzer. Table 2 shows the carrier 
concentration and the sheet resistance ofthe CZTS films deposited at -1.3V,-1.4V,-1.5V, and -1.6V 
were annealed at with RTA at 550 ℃for various time.  The experimental results indicate that low 
sheet resistances could be obtained forthe CZTS films annealed for 10 minutes. In addition, the 
as-deposited film belonged to N-type but most of the CZTS film belonged to P-type after 
annealing treatment. 

 
(a)                                (b) 

 

(c)                           (d) 

Fig.7The XRD pattern of the CZTS films deposited at -1.3V,-1.4V,-1.5V, and -1.6V were  

annealed at with RTA at 550 ℃for (a) the as-deposited (b) 10 min (c) 20 min (d) 30 min. 
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Table 2 Carrier concentration and the sheet resistance ofthe CZTS films deposited  

at -1.3V,-1.4V,-1.5V, and -1.6V were annealed at with RTA at 550 ℃ for various time 

 

3.5 The composition of the CZTS film 
To analyze the film composition,EDS analysis reveal the composition of the CZTS film as 

shown in Fig. 8. The Cu/Zn/Sn/S compositions were 14.95%, 1.69%, 0.72%, and 82.64%. A 
previous study shows that the volatilization of tin might cause the loss of tin [25].  

 

 
Element Weight% Atomic% 
S K 69.81 82.64 
Cu L 25.02 14.95 
Zn L 2.91 1.69 
Sn L 2.26 0.72 

 
Fig. 8. CZTSfilm composition 

 
4. Conclusion 
 
In this research, CZTS films were grown on the Mo substrate by one-step 

electrodeposition method and annealing. Multiple material and electrical analyses were used to 
examine the film quality. To study the effects of the deposition condition, various deposition time, 
deposition voltage, and additive concentrations were varied to improve the film quality. In 
addition, we investigated the relation between the annealing time and the film quality. The 
electrodeposited CZTS films are promising for future development of the CZTS-based solar cell 
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