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 This paper reviews the current technological status of and challenges in the 
manufacturing of Cu2ZnSn(S)4 (CZTS) absorber material which is most suitable 

material for next generation thin film solar cells. Absorber characteristics such as 

crystalline nature, composition, and strongly influenced growth properties, interface 
nature between layers are discussed. Different growth methods for preparation for 

absorber material and its efficiencies are discussed. 
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INTRODUCTION 

  

 Due to increase in consumption of fossil fuel and its consequence of environmental crisis, there is a huge 

attention in the research and application of solar cells. Among all, interest in the development and 

commercialization of thin film solar cells has been growing over the past decade because of their low cost and 

scalability. Owing to the demand for less material, the thin film solar cell technology can effectively reduce the 

cost value of materials. Additionally, the thin film materials can be deposited on technologically important 

substrates such as glass, stainless steel and polymers. This could lead to work on solar energy powered 

buildings. Considering fact that the available fossil fuels are continuously dug out from earth crust, there is 

enormous need in photovoltaic operation in 2020−2040 [IEA,2011]. This will demand of the photovoltaic 

power of 20−150 GWp/y. This will include around 30% of the market taken by thin films (VI, 2011).  

  The main thin film solar cells include the CdTe, copper indium selenium based solar cells (CIS, CIGS, 

CIGSSe), GaAs, amorphous Si thin film and the copper zinc tin sulphur (Cu2ZnSnS4 (CZTS)).  Among them, 

GaAs and CdTe are having toxic elements (Cd, As) and CIS based cells contains rare indium elements. So, these 

two types of solar cells can’t help for the future development of solar cells in large area TWp applications (IEA, 

2009). The CZTS is quaternary compounds of Kesterite structure with close to the optimum energy band gap of 

1.50 eV for solar energy conversion. This is very close to the theoretical Shockley-Queisser limit of single p-n 

junction semiconductor solar cells (1.35 eV) (Shockley,1961). CZTS is the direct band gap semiconductor 

material with a high absorption coefficient in the order of 10
5
 cm

-1
 and can be employed in multilayer structure 

(S. Delbos,2012). Therefore, it can be used in the absorption layer of thin film solar cells. Currently 

commercialized crystalline silicon, CdTe and CIGS are lacking in earth abundance, nontoxic nature and 

environmentally friendliness. This above said qualities makes CZTS is the best candidate materials for solar 

absorbing layer, which is expected to become the ideal absorption layer material of next generation thin film 

solar cells. Recently it has been observed that CZTS based thin film solar cells had given more than 12.6% 

efficiency (W. Wang et al., 2014) (CZTSSe) by its associated material. This efficiency is very close to the 

commercialized CIGS efficiency.  

 

Czts Properties: 

 Cu2ZnSnS4 is the quaternary compound semiconductor crystallises in thermodynamically stable body 

centred tetragonal Kesterite structure (Space group I4 ) (S.R. Hall et al., 1978).. Another structure is called 

stannite structure. Cu2ZnSnS4 in quaternary Group I2-II-IV-VI4 is formed through indium of Group III being 

replaced by the Zn of Group II and Sn of Group IV in CuInS2. The typical reported lattice constants for the 

CZTS are obtained as a~5.419 Å, b~10.854 Å and c/2a~1.0015 Å with band gap of 1.5 eV (S. Delbos,2012). 

This band gap of this material can be altered from 1.5 eV to 1 eV by substituting S by Se (S. Delbos,2012). The 

single phase composition region is much narrower for CZTS than for CIGS. The single phase CZTS monograin 
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powders can be obtained from a precursor mixture comprising metal ratios of Cu/(Zn + Sn) = 0.92−0.95 and 

Zn/Sn = 1.0−1.03 (K. Muska et al., 1978)..  

 CZTS thin film absorber material can be prepared by vacuum and non vacuum based methods. The vacuum 

based methods are mainly adopted for controlling deposition parameters in order to obtain desired 

stoichiometric ratio and crystalline quality. Non vacuum methods are mainly adopted for reducing material cost 

and simplified method for production. However, the unlike CIGS films, non-vacuum methods were shown as 

high efficiencies for CZTS solar cells. Controlling the binaries during large area deposition is very difficult in 

non-vacuum process. There are wide varieties of non-vacuum methods available for preparing CZTS thin films. 

 

Recent Development In Conversion Efficiency: 

 The photovoltaic effect in CZTS material was reported by (Ito and Nakazawa, 1988). They have used CZTS 

and transparent cadmium tin oxide as p-n junction. After large evolution, in recent years the CZTS solar cells 

are made similar multilayer structure of Cu(In,Ga)Se2 based solar cells which is SLG/Mo/CZTS/n-CdS/i-ZnO/n-

ZnO structure (H. Wang,2011). Molybdenum layer is used as back contact and n-CdS/n-ZnO is working as 

window layer. A typical CZTS solar cell structure is given in fig. 1. 

 

 
 

Fig. 1: Schematic multilayer structure of CZTS absorber based solar cells. 

 

 Conversion efficiency for the CZTS solar cells is being improved every year. The conversion efficiency is 

dependent on different parameters like the growth condition, crystalline quality, p-n junction nature, carrier 

concentration etc. (Fernandes et al.,2010) has reported CZTS solar cell with standard multilayer cell structure. 

However, it yielded poor conversion efficiency of 0.68% with open circuit voltage of 345 mV. The absorber 

layer was prepared two step process. Deposition of Zn/Sn/Cu metals one by another by dc magnetron sputtering 

and followed by sulphurization. The sulphurization was done at the temperature of 525 °C for 10 min in the 

presence of N2 gas and 0.56 mbar. It was observed that a compositional non uniformity of Zn in depth wise 

deteriorate the efficiency of the cell. A detailed study on Zn variation in depth was reported recently by (NREL) 

(Repins et al.,2014) on CZTSe prepared by controlled co-evaporation of Zn, Cu and Sn and selenization. The 

report finds that increase in Zn at the CZTSe film termination, there is a favourable condition for conduction 

band alignment. In this process, maximum efficiency of 8.9 % was observed with Voc of 380 mV. Another 

important conclusion is using a Zn-rich surface, the termination helps to reduce surface recombination 

significantly and improve performance in CZTSe devices. However, there is still unexplained voltage loss in 

kesterite devices. The voltage loss, defined to be VL = (bandgap − Voc), is VL = 1000 − 380 = 620 mV. 

Luminescence studies on these films explain about voltage loss by band tailing in kesterite film. Even highest 

reported efficiency 12.6 % (H. Wang, 2011) also shows VL= 1130 − 513 = 617 mV. (Tuati et al.,2014) has 

shown the study between substrate temperatures with crystalline structure and the dislocation densities were 

calculated. The results revealed the preferable orientation for CZTS (I. L. Repins, et al.,2014) high at high 

temperature. Similar studies are also made by other research group for fabrication CZTS absorber. CZTS 

absorber material preparation was also reported in many other vacuum based techniques such as e-beam 

multilayer and sulphurization (F. Biccaria, et at., 2011), sequentially evaporation and suphurization (P.M.P. 

Salome , et al.,2012), simultaneous evaporation and followed by elemental selenium annealing (L. Shao, et 

al.,2012), pulsed laser deposition (K. Moriya, et al., 2007) etc for achieving high efficient solar cells. All the 

studies were coming under either two step process or single step process. In two step process, metallic 

precursors were prepared by different techniques like co-sputtering or co-evaporation, stacked layer by 

sputtering or evaporation then followed by chalgogen addition at high temperature. On the other hand, a single 

step process all the constituent elements were evaporated and annealed at high temperature. (Repins et al.,2012) 

has reported best 9.15 % efficiency by co-evaporation technique followed by surphurization on continuation of 

his work (I. L. Repins, et al.,2014).  

 Metal binaries like Cu3Sn and CuZn can be formed at room temperature. At 200-450 °C, metal 

chalcogenide binaries such as CuX, Cu2X, and ZnX form. At temperature more than 450 °C, Sn based ternaries 

like Cu2SnX3 starts forming. These ternaries are becoming quaternary by reacting with binary at the temperature 

above 550 °C (S. Delbos,2012). The equation for formation of CZTS is given by 

Cu2SnX3 +ZnX → Cu2ZnSnX4 [5] 
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 In this process, there are lot of possibility of formation of binaries and ternaries. This formation should be 

eliminated during the formation of CZTS. Any untreated binaries or ternaries deteriorate the efficiency 

basically.  

 Another important layer that will affect efficiency is buffer layer. Till now, the high efficient solar cells 

were obtained with a CdS buffer layer ((W. Wang et al., 2014), (I. Repins,et al.,2012)) ZnS buffer layer gives 

huge band offset whereas (Zn,O,OH) can be able to give good efficiencies (S. Delbos,2012).  

 Simultaneously non-vacuum methods are mainly contributing for CZTS or CZTSe solar cells.  A high 

efficient CZTS solar cells was reported in non-vacuum method by (W. Wang et al., 2014) which is record 

efficiency till now. A traditional hydrazine slurry approach was followed, and the films were prepared in a 

composition of Zn rich condition.  Another report by (Todorov, et al.,2011) has shown 9.6 % efficiency. The 

films were deposited by simple hydrazine solution preparation and spin coating performed in a nitrogen-filled 

glove box. The device was shown Voc of 499.3 mV and band gap of the absorber material 1.21 eV. Recently, 

improvement of solution based method gives 12.3% efficiency by using hybrid buffer layers (H. Hiroi,et 

al.,2014). These solution based absorber films were suffered by high serious resistance which were directly 

affected the fill factor. In vacuum based methods these problems will be eliminated by controlling the 

stoichiometric ratio by controlling metallic precursor ratio. There are many other methods for preparing 

absorber layer such as successive ionic layer adsorption and reaction (SILAR) method (S N.M. Shinde,et 

al,2012), spray pyrolysis(T. Prabhakar,et al.,2010), sol–gel sulfurization (=5.1 %) (K. Woo, et al.,2012), 

electro and photochemical deposition followed by sulfurization (M. Farinellaa,et al.,2014) etc.  Studies were 

concluding that the devices were limited by the recombination at absorber/buffer interface (CZTS/CdS) minority 

carrier lifetime and Schottky-type barrier in the back contact (Mo/CZTS), which is caused by mainly secondary 

phases (S. Delbos,2012).  

 

Conclusion: 

 This paper gives review on recent development in CZTS and CZTSe absorber based solar cells. High 

efficient solar cells in vacuum and non-vacuum methods are discussed. The CZTS band gap can be tuned. The 

device efficiency is limited by formation of secondary phase in absorber layer. Zn incorporation at end or Zn 

rich condition of absorber layer yields better efficiencies.     
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