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Today's thin film photovoltaic technologies are costly, toxic and rare in the earth's. Hence, 

in future cost reduction and increased production, using abundantly available non-toxic 

elements, seem to be the main issues like Cu2ZnSnS4 (CZTS), Cu2ZnSnS4 as an absorber 

layer material is attracting much attention recently in a heterojunction solar cell. 

ZnO/Cu2ZnSnS4 p–n heterostructure nanorod arrays were fabricated using ZnO nanorod 

arrays as the template was grown by the hydrothermal method and interpenetrated with 

CZTS and was studied by using Scanning Electron Mircorscopy (SEM) and High 

Resolution Transmission Electron Microscopy (HRTEM), which confirm the formation of 

CZTS nanocrystals (NCs). X-ray diffraction shows clearly the interpenetration of CZTS 

on ZnO nanorods. The results indicate that the heterostructure nanorod arrays may shed 

light on new opportunities for nanoscale solar cell. 
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1. Introduction  
 

The current global energy policy is orientated towards green-renewable and non-polluting 

energies, among which photovoltaics. The field of photovoltaics attracts the attention of scientists 

for many years at the fundamental level, and the technological progress made in recent years 

allows to consider, in the short and medium term, an economically advantageous industrial 

valorization. For the most part, the expected technological advances come from progress done in 

materials science, synthesis of new materials and in the manufacture of solar cells. 

Among the most promising photovoltaic materials are semiconductors, some of which are 

already widely used in the field of optoelectronics. The leading material on which all 

semiconductor technology is currently based is silicon. However, some new complex materials 

(multi-atoms) compete with silicon because of their low cost and acceptable photovoltaic 

efficiency.  

Cu2ZnSnS4 (CZTS), a p-type quaternary compound consists of abundant elements, is one 

of the promising candidate semiconductors for solar cell coumpounds because it has a high 

absorption coefficient of the order of 104 cm−1 with an optimum band gap of about 1.5 eV. [1–3] 

also, its toxicity is enough low compared to the compounds containing selenium and Cadmium 

telluride so that it is very attractive as a light absorber material for solar cells.[4–8]  

The phase diagram of the Cu-Zn-Sn-Se system is rich in secondary phases. During the 

growth of the materials, these are in competition with the main phase Cu2ZnSnSe4 (CZTSe) 

targeted for its photovoltaic qualities. The secondary phases that may be present in the samples 

are, for example, ZnSe and Cu2SnSe3 (CTSe) [9-10]. Similarly, the secondary ZnS, Cu2SnS3 

(CTS) phases can coexist in Cu2ZnSnS4 (CZTS) samples [11]. These secondary compounds will 

inevitably influence the properties electronic and optical CZTS and CZTSe, which may explain the 

great dispersion of measures [12]. Despite the sustained attention ternary compounds of the CTS 
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and CZT type, their fundamental properties, such as crystalline structure and band gap, still on 

debate.  

The CZTS quaternary compound thin layer was manufactured for the first time by Ito and 

Nakazawa 1988 using the spraying technique atomic beam in Shinshu University, these authors 

specified that the energy of the optical gap is close to the optimum value of 1.45eV. The phase 

transformation procedure on the quaternary structure of CZTSe had has been proposed by some 

groups of researchers [13]. Volobujeva et al. [14] made a thin layer of CZTSe by selenization of 

metal precursors of Sn-Zn-Cu in Se vapor contained in sealed ampoules of 250°C at 520°C. At low 

temperature, the dominant processes are the incorporation of Se and Cu outside the diffusion to 

form different selenium brass. This is due to Se, which reacts easily with Cu to form CuxSey at a 

lower temperature. As the temperature increases, the binary selenides and ternaries react with the 

excess of Se vapor and lead to the formation of Cu2ZnSnSe4.  

Several research efforts have recently been made on the CZTS-based solar cells since 

Katagiri  and al. reported a CZTS/CdS hetrojunction solar cell with 6.77% [15–21]. 

 
 
2. Experimental details 
 

ZnO nanorods were obtained using the hydrothermal technique. starting with the cleaning 

of conductive glass substrates (ITO, 10ohm/square) by ultrasound with acetone and isopropanol 

and acetic acid. 

 The substrates were coated at 2000 rpm for 20sec twice by centrifugation with a solution 

of 5 mM zinc acetate dehydrated in ethanol. To obtain small ZnO grains on the surface, the spin-

coated substrates were placed in an oven at 350°C for 20 min. Then, the activated substrates were 

immersed in a solution of zinc nitrate and hexamethylenetetramine (HMT) with a 1: 1 ratio as 

precursors at a temperature of 90°C for 90 minutes to grow the ZnO nanorods in a system. 

isothermal sublimation with closed spacing. In order to obtain a well organized The substrate with 

the ZnO nanorods was placed in an oven around the quartz tube to maintain the system as a whole 

at an almost constant temperature of between 350 and 400°C. 

Finally, a composite layer of (Cu,Sn)S was deposited on on the ZnO arrays by the 

successive ionic layer adsorption and reaction, SILAR method. In the SILAR approach, dissolved 

anionic and cationic precursors are in separate vessels. For one deposition cycle the bare 

nanostructured material is dipped into the precursor solution containing the metal cation. After 

rinsing, the nanostructured material is dipped into the second precursor solution containing the 

anion, and a second rinsing step completes the deposition cycle. 

For the deposition, a mixed solution of Na2S solutions was used as the anion precursor 

solution, and SnCl2 and CuCl2 were used as the cation precursor solution. After 40 cycles of 

SILAR processes, the composite CTS layer of (Cu,Sn)S was obtained with a concentration of 

Na2S in the anion solution was 0.1M. And the concentration of Sn
2+

 and Cu
2+

 in the cation solution 

was 0.06M and 0.12M, respectively. 

After the deposition of the CTS layer a thin film of (Cu, Zn)Sn CZT will be deposited. For 

the deposition of the ZnS film, Zn(Ac)2, thiourea and sodium citrate solutions were prepared, 

respectively.Then were added into the Zn(Ac)2 solution successively. Finally 3ml of ammonia was 

added to adjust the pH value of the deposition solution. The concentrations of the Zn(Ac)2, 

thiourea and sodium citrate in the deposition solution were 0.04M, 0.12M, and 0.06M, 

respectively. After the preparation of deposition solution, glass substrates with the (Cu,Sn)S layer 

were inserted into the solution, and each substrate was placed at 60°C angle to the horizontal line. 

The depositions take place at 80°C for 3h.  

This was followed by an annealing in a tubular furnace with quartz tube under a mixed N2 

and S vapor atmosphere with flow rate of N2 1L/min at atmosphere pressure. The temperature of 

the precursor increased to 500°C in increments of 10°C/min. This temperature was kept constant 

for 2 hours then the system was allowed to cool naturally. 
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a)                                                        b) 

Fig. 1.  (a) SEM Images of the ZnO as-grown film; (b) Scanning Electron Microscopy image of CTS-CZT / 

ZnO and high magnification SEM images of the CTS and CZT film.  

 

 
The phase purity of the CZTS layer was assessed by Xray diffraction (XRD) 

measurement, Raman spectra and scanning electron microscopy (SEM) and high resolution 
transmission electron microscopy (HRTEM) images, were measured in all the samples.   

X-ray diffraction (XRD) patterns were taken in Bragg Brentano configuration using a 
Siemens D-5000 powder diffractometer with Cu K1 radiation. The deconvolution for 
microstructural analysis was done with a B6La certified sample. SEM images were obtained with a 
Hitachi S4800 electron microscope. HRTEM observations were performed using a JEOL JEM-
2010 (High resolution mode: 0,16 nm point to point). 

 
 
3. Discussion and results  
 
Fig. 2 (a) is a typical SEM image shows the nanorods having a typical hexagonal 

morphology and satisfying vertical alignment. These NRs are nearly perpendicular to the substrate 
with lengths of about 2 µm and diameters around 200 nm. There are between 40 and 50 nanorods 
per square micron and the empty space between nanorods occupies around 40 - 45% of the whole 
surface. 

Diffraction mode, the images of the high resolution electron microscopy show a single 
crystal diffraction pattern of ZnO nanorods (Fig 2-b) and showing a high crystalline quality 
contains one set of diffraction spots that can be indexed to the [010] zone axis of the ZnO, and 
other diffraction spots that can be easily indexed, within the same zone axis, as the (100) and (002) 
planes. 

 

      
a)                                                        b) 

Fig. 2. (a) SEM Images of the ZnO Nanorods, the insets shows the top view of initial ZnO NR arrays;  

(b)  High resolution electron microscopy image of a ZnO rod and its corresponding diffraction  

along the [010] zone axis showing a high crystalline quality . 

 

 

The X-ray diffraction analysis was carried out using the INEL powder diffractometer 

equipped with a curved linear detector that covers a large angular range of 120°. An Si 

monochromator ensures the focusing of the beam on the detector. The radiation used is from a Cu 
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arranged in vertically positioned capillaries. 

Fig. 3 (a) is the XRD patterns of the as-prepared ZnO NR arrays. It can be seen that the 

XRD pattern matches well with the standard XRD pattern of Cu2ZnSnS4 (JCPDS No. 26-0575). 

All the peaks can be attributed to hexagonal ZnO Moreover, the strong intensity of the (002) 

diffraction peak located at about 2Ɵ = 34.5
o 

 and three diffraction peaks at 2Ɵ = 26.5, 47.3, and 

64.8
o
 are observed, which are indexed to diffraction of the (220), (331), and (331) planes of 

tetragonal CZTS respectively. 

confirms that the product grown on the substrate has a preferential growth direction along 

the c-axis orientation. No impurities are detected of impurity phases such as SnS, SnS2 or CuxS 

were detected in the diffraction pattern., indicating that this ZnO sample is highly phase-pure. The 

diffraction peaks can be indexed to hexagonal CZTS and hexagonal ZnO.  

Because some of the diffraction peaks of CZTS and ZnO stand too close to be 

distinguished,the structure was further investigated by Raman spectrum. The Figure. 3b shows the 

Raman spectrum of the structure . From the Raman spectrum we can observe one major peak at 

333 cm
−1

 as well as two small peaks at 287 cm
−1

 and 270 cm
−1

. All these peaks are well defined as 

the characteristic peaks of Cu2ZnSnS4 in Raman spectrum [21,22]. So the existence of ZnO in the 

structure is excluded by the Raman test and all the diffraction peaks in the XRD pattern are 

attributable to CZTS. From the XRD and Raman test we can conclude that the precursor 

transforms to CZTS phase during the annealing, and no obvious impurity phases are formed 

during this process. 

 

       
a)                                                        b) 

Fig. 3. (a) XRD pattern and (b) Raman spectrum of the CZTS film. 

 

 

Fig. 4 presents a high resolution transmission electron microscopy image obtained on 

sample of ZnO/CZTS heterostructure NR arrays. It can be observed that CZTS nanoparticles have 

grown on the surface of ZnO NR. Moreover, in some areas, the space between NRs have been 

filled up. The surface of NRs becomes rougher after the penetration of CZTS nanoparticles.  

High resolution transmission electron microscopy image of show a twinned domains on 

the CZTS nanocrystals and its Fourier transform, along [011] zone axis, showing a splitting of the 

Bragg  spot’s. The twinned part of the CZTS nanocrystal is associated to the weaker intensity spot. 

The magnification of CZTS nanocrystals pattern shows a quite significant contrast 

variation in the image due to the presence of microtwins. The study of the contrast’s image divulge 

an atomic arrangement of the CZTS / ZnO interface which is done by the intersection of the 

twinned CZTS with a perfectly monocrystalline atomic arrangement of ZnO. The effect of this 

reconstruction is reflected in a multiplicity of periodicity along the junction line. This new 

periodicity is stabilized by local relaxations, which explains the perfect adhesion of CZTS on ZnO. 
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Fig. 4. High resolution transmission electron microscopy image obtained on sample of the CZTS nanocrystal 

on ZnO. the insets shows the twinned domains on the CZTS nanocrystals and its Fourier transform, along 

[011] zone axis and the magnification at the interface showing the doubling of the CZTS cell parameter at 

the junction. 

 
 
4. Conclusion 
 

In this paper we show a good crystalline quality both of ZnO rods and CZTS nanocrystals. 

The results of HRTEM reveal a twinning of CZTS nanocrystals similar to that encountered in the 

bulk materials in its single crystal form. Our analysis showed CZTS film showed the kesterite 

phase, although minor impurity phases were observed. these research results open the viability of 

CZTS thin film solar cell in flexible and conformal device platforms. 
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