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Abstract  

    Quaternary semiconductor Cu2NiSnS4 thin film was made by the sol-gel method associated 

to dip-coating technique on ordinary glass substrates. In this paper, we have studied the 

impact of dip-coating cycle at different cycles: 4, 5 and 6 on the structural, compositional, 

morphological, optical and electrical characteristics. CNTS thin films have been analyzed by 

various characterization techniques including: X-ray diffractometer (XRD), Raman 

measurements, scanning electron microscope (SEM), energy dispersive X-ray spectroscope 

(EDS), UV-visible spectroscopy and four-point probe method. XRD spectra demonstrated the 

formation of cubic Cu2NiSnS4 with privileged orientation at (111) plane. Crystallite size of 

cubic CNTS thin films increase with from 6.30 to 9.52 with dip-coating cycle augmented. 

Raman scattering confirmed the existence of CNTS thin films by Raman vibrational mode 

positioned at 332 cm-1. EDS investigations showed near-stoichiometry of CNTS sample 

deposited at 5 cycles.  Scanning electron microscope showed uniform surface morphologies 

without any crack. UV-visible spectroscopy indicated that the optical absorption values are 

larger than 104 cm-1, Estimated band gap energy of CNTS absorber layers decrease from 1.64 

to 1.5 eV with dip-coating cycle increased. The electrical conductivity of CNTS thin films 

increase from 0.19 to 4.16 (Ω. cm)−1
. These characteristics are suitable for solar cells 

applications.  
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Introduction 

    The costly and scarcity of galium (Ga) and indium (In) and toxicity of cadmium (Cd) 

limited the future of high efficient copper indium gallium sulphur Cu2InGaS2 and cadmium 

telluride CdTe absorbers materials [1,2]. Due to these problems, the quaternary 

semiconductor Cu2ZnSnS4 (CZTS) is emerged as interest and appropriate absorber layer in 

photovoltaic solar cell based thin films during several years; CZTS thin film is low cost and 

abundant in earth crust [3-5]. The power conversion efficiency of 12.6 %, but this efficiency 

does not improved from 2014 until this year [6]. In addition Cu2ZnSnS4 has a wider range of 

possible defects depending on its growing conditions and variations in stoichiometry, most of 

the anti-sites CuZn, SnZn, and ZnSn) [7], theses defect influence negatively on the efficiency of 

CZTS solar cells. Effectively, the studies of semiconductors absorbers are separated in two 

major axes: Firstly the improve of CZTS thin film in solar cell for photovoltaic application 

[8], and secondly the amelioration of solar cell performances using a novel approach that has 

entice serious intension in 2020 from some research investigations is the substitution Zn2+ by 

other elements has similar valence electronic including: Mn2+, Mg2+, Fe2+, Co2+, Ba2+, Ni2+ 

these research lead to develop the novel low cost semiconductors absorbers layers 

Cu2MnSnS4, Cu2MgSnS4, Cu2FeSnS4, Cu2CoSnS4, Cu2BaSnS4 and Cu2NiSnS4 [9-14]. These 

quaternaries can be used in various applications such as: photolysis, sensors, 

thermoelectricitys, batteries, spintronics and photovoltaics. Copper nickel tin sulfur 

Cu2NiSnS4 (CNTS) is presently adaptable compound for photovoltaic solar cells, thanks to its 

high optical absorption coefficient α (superior to 104 cm-1), band gap range of 1.2-1.7 eV and 

p-type semiconductor material [15-17]. In addition CNTS does not contain scarce and cost 

chemical elements like indium (In) and gallium (Ga), the elements constituent of CNTS are 

economical and abundant in earth-crust. The high conversion efficiency of CNTS solar cell 

absorber layer is 8.2 % achieved by Lu et al. in 2018 [18], this efficiency is near to high 

efficiency of CZTS absorber material and motive the effort in CCTS compound. Various 

methods are applied for synthesis CNTS thin films such as: spray pyrolysis [19], electro-

deposition [20], solvothermal [21], hydrothermal [22], hot injection [23], spin coating [24], 

dip-coating [25]. 

    Some groups are studied CNTS thin layers by different preparation methods, Chen et al. 

elaborate uniform Cu2NiSnS4 thin layer by electrochemical deposition method and obtain a 

cubic zinc blend structure, great absorption coefficient and optical energy gap approximated 

to be 1.2 eV [26]. Yang et al. synthesis CNTS absorber materials using a single step 

electrodeposition method and found pure stannite structure and optical energy gap around 



1.61 eV [27]. Ghosh et al. fabricated solar cell based on CNTS absorber layer ITO/ZnO--

NR’S/ZnS/Cu2NiSnS4/Au under AM1.5 standard light condition and achieved the conversion 

efficiency of 2.71 % with band gap of 1.74 eV, also the solar cell parameters such as:                  

Voc=0.77 volts, FF=0.537 and Jsc=7.83 mA/cm2 [28]. Rondiya et al elaborated cubic zinc 

blend CNTS thin layers the approximated optical band gap energy around 1.57 eV and 

absorption coefficient over to 105 cm-1. The realized solar cell glass/Mo/CNTS/CdS/Al-

ZnO/Al reported the efficiency (η) of 0.09 %, Voc equal 423.80 mV, Jsc equal 0.52 mA/cm2 

and FF equal 0.43 [29]. 

In our work we investigate the preparation of CNTS thin films by sol-gel method associated 

to simple and economical dip-coating on the ordinary glass substrates without sulfurization 

process. We focused on the effect of dip-coating cycle: 4, 5 and 6 using a speed of 50 

mm/min on the some physical properties such as: structural, compositional, morphological, 

optical and electrical. We also, calculated some optical parameters including refractive index, 

extinction coefficient, imaginary and real dielectric constants and optical conductivity to 

improve the optical devisees.     

Experimental detail 

    CNTS thin layers were synthesis by sol gel approach, in which the initial solution is 

elaborated from copper chloride CuCl2 (II), nickl chloride NiCl2 (II), tin chloride SnCl4 (IV) 

and thiourea SC(NH2)2. These precursors, utilized as bases of diverse chemical elements (Cu, 

Ni, Sn and S) in the ratio of: 
NiSn = 1.1, 

CuNi+Sn = 0.85 and 
SCu+Ni+Sn = 1.9. These salts are 

dissolved in isopropyl alcohol (30%) and distilled water (70%), the solution was agitated 

magnetically during 30 min at 50 °C. A clear and homogenous green solution was prepared 

directly after addition of thiourea. The ordinary glass substrates were cleaned with distilled 

water, diluted nitric acid and isopropyl alcohol. The sol–gel CNTS solution was dip-coated at 

a speed of 50 mm/min on the ordinary glass substrates at a different dip-coating cycle: 4, 5 

and 6. The CNTS samples were annealed at 300°C for 5 min in air. The thicknesses of CCTS 

thin films are estimated in the range of 1.60-1.71 μm. The dip-coated CNTS samples were 

characterized using X-ray diffractometer (XRD) with CuKα radiation (λ=1.54056 Å) in angle 

2 theta range of 20-65 degrees (D2 Phaser-Bruker) and Raman spectroscopy using a laser 

excitation wavelength λ=532 nm in the Raman shift from 100 to1000 cm-1 to study structural 

properties. The compositional and morphological properties were controlled using a energy 

dispersion X-ray spectroscopy (EDS) and scanning electron microscopy (SEM) (Jeol 

scanning microscopy IT 100 (JSM-IT 100)). The optical characteristics were studied by using 

UV-Visible spectrophotometer in the wavelength range of 475-850 nm (Spectrovio junior kit-



SV2100). The electrical properties were measured using the four point probe method for 

calculated the resistivity conductivity of CNTS thin films. 

Results and discussion 

Structural properties   

     Figure 1 presented the X-ray diffraction patterns of CNTS thin films elaborated at different 

dip-coating cycles. Broad peaks are located at 2𝝷 around 28.45°, 32.56° and 47.48° matching 

respectively to (111), (200) and (220) planes, the high intensity of peak located at 28.45° of 

showed privileged direction along (111) plane,  the preferentially direction of (111) plane and 

peaks corresponding proved the formation of cubic CNTS phase corresponding to (JCPDS 

card No.00-026-0552). These results are similar to the reported using different research 

groups [14].  No other additional phases are presented in the films deposited at 4 cycles and 5 

cycles, we have shown the formation of NiS secondary phase in the film deposited at 6 

cycles, the formation of this phases is probably due to high quantity of nickel (Ni) in sample 

dip-coated at 6 cycles, the high adhesion of Ni compared to Sn for this film lead the Ni allied 

with sulphur (S) due to high electronegativity of this chemical element. The strong peak at 

(111) plane show adequate crystalinity of CNTS films, the intensity of (111) plane increased 

with dip-coating cycle increased, this probably due increasing of grain size of films with 

increasing of dip-coating cycle.  

Crystallite size (D) of CCTS thin layers was approximated from Debye Scherrer’s relation 

(1): 

                                                            𝐷 = 0.94 𝜆𝛽 𝑐𝑜𝑠 (𝜃)                                                          (1) 

where λ is the wavelength of the X-ray diffract- meter (λ=1.54056 Å), β is the full-width at 

half maximum (FWHM), 𝝷 is an angle of the Bragg diffraction. The estimated crystallites size 

of deposited CNTS thin films with different dip-coating cycle is summarized in Table 1. The 

crystallites size is increased from 6.30 to 9.52 nm demonstrated the enhancement of thin films 

quality with dip-coating cycle increased.  

Dislocation density (ρ) shows the defect quantity of dip-coater CNTS thin layer structure. “ρ” 

is distinct as the dislocation length lines per unit volume of the elaborated CNTS 

semiconductor compound material [30]. In general, great crystallite size of compound thin 

layers indicates smaller dislocation density [30]. The micro-strain (ε) is linked to some 

annealing and deposition conditions, the approximated number of crystallite is                 

calculated using film tackiness (e) and crystallite size (D) of CNTS thin films. To investigate 

certain structural parameters along (111) plane of CNTS films, dislocation density,          

micro-strain and crystallite number were approximated following the equations: 



 

                                                           𝜀 = βcos (θ)4                                                            (2) 

                                                                            𝜌 = 1𝐷2                                                               (3) 

                                                             𝑁 = 𝑒𝐷3                                                         (4) 

To control the vibrations modes and to confirm the phase identification of cubic Cu2NiSnS4 

Raman measurements was used for the analyse various samples, we have seen from Figure 2 

one Raman peak at 332 cm-1 showed for the samples dip-coated at 4 and 6 cycles  is identified 

for cubic CNTS structure agreeing to results reported in the literatures [31]. No other ternary 

and binary secondary phases such as: SnS2 (Raman peaks at: 205 and 312 cm-1) [32], SnS 

(Raman peaks at: 94, 160, 185 and 214 cm-1) [33], Cu2S (Raman peaks at: 410, 267 and 

475 cm−1) [34] and NiS (Raman peaks: 143, 240, 299, 345 and 371 cm−1
 [35] exist with 

CNTS phase. The NiS secondary phase in XRD patterns is not obtained in Raman spectrum 

of the sample dip-coated at 6 cycles indicated lower quantity of this phase compared to CNTS 

phase. 

 

 

Figure 1: X-ray diffraction peaks of CNTS thin films dip-coated at various cycles 

 

 

 

 



Table 1: Structural information of Cu2NiSnS4 thin films at (111) plane 

Dip-coating 

cycle 

Crystallite 

size D (nm) 

Dislocation 

density (ρ) x 

1016 (Lines/m2) 

micro-strain 

(ε) x 10-2 

crystallite 

number (N)  

x1018 (m-2)        

4 6.30 2.51 2.34 6.39 

5 8.40 1.41 1.76 2.80 

6 9.52 1.10 1.55 1.98 

 

 

 

  Figure 2: Raman scattering measurements of CNTS deposited at 4 and 6 cycles 

Compositional and morphological properties 

    Energy dispersion X-ray spectroscopy (EDS) was utilized to control the atomic percentages 

of four constitutions elements (Cu, Ni, Sn and S) in CNTS layers with various dip-coating 

cycles. We have indicated from Table 2 the presence of different chemical composition 

elements of CNTS thin films. The percentage of Cu is obtained in the range of 17.27-21.15%, 

the percentage of Ni increased with increasing of dip-coating cycle from 8.79 to 16.25%, we 

have indicated from this results the nickl is more adhesive with increasing of dip-coater cycle, 

this behaviour confirm the existence of NiS secondary phase in CNTS thin layer deposited at 

5 cycles. Also the percentage of Sn decreased with increasing of dip-coating cycle from 21.64 

to 14.13%, this behaviour is due increasing of Ni quantity with dip-coating cycle increased, 

because the quantity of sulphur almost fixe close to ideal percentage 50% despite of annealing 



without utilization of sulfurization approach in toxic gases like H2S and argon. From the 

atomic percentages of four chemical elements and the ratios of Ni/Sn, Cu/(Ni+Sn) and 

S/(Cu+Ni+Sn) we have shown that CNTS sample dip-coated at 5 cycles is near to 

stoichiometry. The obtained results are motived the research about CNTS thin layers for 

photovoltaic solar cells. The EDS spectra of CNTS thin films are showed in Figure 3. 

Figure 4 presents the scanning electronic microscope images of CNTS thin films dip-coated at 

various cycles, we have seen from Figure 4 the all films indicated high quality SEM images 

uniform without any crack, this images suitable for photovoltaic applications, the film 

deposited at 4 cycles presented granular surface morphology, the film deposited at 5 cycle 

indicate the increasing of grain size and  high grain size is observed in the film dip-coated at 6 

cycles, also the density of films increased with dip-coating increased, this behaviour is due to 

more adsorption of CNTS material when a deposition of 6 cycles.  The uniformity of films 

indicates the high distribution of copper-nickl-tin-sulphur on the all surface of films and 

proved the EDS results.  

Table 2: EDS analysis of CNTS thin films 

Dip-coating 

cycle 

Cu Ni Sn S Ni/Sn Cu/(Ni+Sn) S/(Cu+Ni+Sn) 

4 20.66 8.79 21.64 48.91 0.40 0.67 0.95 

5 21.15 12.47 15.13 51.13 0.82 0.76 1.04 

6 17.27 16.25 14.13 52.35 1.15 0.56 1.09 



 

Figure 3: EDS spectra of CNTS thin films deposited at a) 4 cycles, b) 5 cycles  and                            

c) 6 cycles 

 



 

 Figure 4: SEM images of Cu2NiSnS4 thin films dip-coated at a) 4 cycles, b) 5 cycles  

and c) 6 cycles 

Optical properties  

    We can evaluate transmittance (T) and absorbance (Abs) spectra from spectrophotometer  

UV-vis to investigate the absorbance and transparency of films, Figure 5 shows optical 

transmittance as function of wavelength λ in the range of 475-850 nm, we can show from this 

figure the transmittance of thin films decrease with dip-coating cycle increased, the maximum 

transmittances of CNTS thin films deposited at 4, 5 and 6 cycles are 14.14 %, 10.84 % and 

9.83 % respectively, this behaviour is due to the more absorption of incident photon energy 

from CNTS thin films with dip-coating increased, also due increasing of films thickness with 

increasing of adsorption layers, in addition the decreasing of transmittance spectra with 

increasing of annealing temperature confirm the increasing of film densities. The low 

transmittances demonstrate that CNTS is suitable as absorber material in the solar cell based 

thin layers. Figure 6 indicates the variation of optical absorbance versus wavelength λ. The 

optical absorbance spectra increased with annealing temperature increased, the values of 

optical absorbance in the wavelength 475 nm are 1.34, 1.56 and 1.80 for the CNTS films 

deposited at 4, 5 and 6 cycles respectively, these values motived the future research on CNTS 

thin films as alternative absorbers materials for solar cells applications. These results are 

comparable to the reported Ramírez et al. for sprayed Cu2ZnSnS4 [36], also, Ghediya et al. for 



CCTS absorber materials deposited by dip-coating technique [37] and Elsaeedy for CNTS 

absorber layers deposited by spray pyrolysis method [14].  

 

Figure 5: Transmittance data as a function wavelength λ of CNTS absorber layers 

 

Figure 6: Absorbance spectra as a function of wavelength λ of CCNTS absorber layers 

 

Optical absorption coefficient (α) of Cu2NiSnS4 thin layers is calculated from film thickness 

and optical absorbance data using relation (5) [38]. Figure 7 presents the variation of 

absorption coefficient values as a function of wavelength λ, the absorption coefficient 

increased with dip-coating cycle and these values are in the range of 1.20-2.38 x 104 cm-1. The 



values of “α” are comparable to other research works on thin films absorber layers [19, 38,             

39], these values are adaptable to photovoltaic conversion solar energy. 

                                                              𝛼 = 1𝑒 ln (100𝑇 )                                                    (5) 

The optical energy gap is an essential in optical devices, the band gap of thin film absorber 

layer is considered the lower compared to buffer and window thin films in solar cell, the band 

gap of window layer is considered the higher for maximise the transmittance of photon 

energy from this layer, the band gap of buffer layer is higher than the band of absorber layer 

and lower than the band gap of window layer, the role of this layer is to avoid electron hole 

recombination, so to found adaptable absorber material it is necessary to obtain the band gap 

range of 1.4-1.7 eV [40, 41 ].  The band gap of CNTS layers is estimated from Tauc’s relation 

(6):   

                                                     (𝛼ℎ𝜈) = 𝐴(ℎ𝜈 − 𝐸𝑔)𝑚
                                         (6) 

where A is proportionality constant; h is constant of Planck’s, m is signifies the transition 

nature, m can take up a  12  for direct allowed change and 2 for an indirect allowed change, 3 

for indirect forbidden change, and 
32 for direct forbidden change. The CNTS absorber 

semiconductor has a direct allowed variation. The optimum band gap of quaternary absorber 

layers is 1.5 eV. The optical energy gap was estimated by extrapolating the lined part of 

(αhν)2 v.s hν to (αhν)=0 shown in Figure 8. The band gap energies are 1.64, 1.56 and 1.5 eV 

for CNTS samples dip-coater at 4, 5 and 6 cycles, the band gap decreased with increasing of 

dip-coating cycle, this behaviour is probably due to increasing of film tackiness, and increase 

in density of CNTS thin films with dip-coating increased. The NiS secondary phase is not 

affect negatively the band gap. These results are similar to the archived by Bakr et al. of 

CZTS thin films synthesis by chemical spray pyrolysis [42], also Maldara et al. for CCTS thin 

films prepared by spray pyrolysis method [43], and Abed et al. for sprayed CNTS absorber 

materials [44]. The band gap of 1.5 eV showed of CNTS thin film dip-coated at 6 cycles is 

the theoretical optimum value of  semiconductors absorber thin films of solar cells realization 

[45]. 



 

Figure 7: Absorption coefficient of CNTS absorber materials 

 

     

Figure 8: Approximation of band gap by extrapolation method from 

the variation of (αhν)2 as a function of hν for Cu2NiSnS4 thin films 

 

The investigation of optical parameters such as: refractive index (n), extinction coefficient 

(k), Real (εr) and imaginary (εi) dielectric constants and optical conductivity (σopt) is interested 

for the amelioration and enhancement of solar cells devices. Refractive index is the more 

critical optical parameter of semiconductor thin films, because of its linked to electronic 

polarization and local field interior semiconductor material. Figure 9 shows the optical 



refractive index as a function of wavelength λ, from this figure 9 and Table 3 we have shown 

that refractive index is increased with annealing approach increased; the greater values of “n” 

of the dip-coater CNTS thin films with dip-coating cycle increased can be clarified by the 

densification of our layers. When dip-coating cycle increased, the surface morphology is 

more and more dense and this reasons a decrease in the light speed through the CNTS 

absorber layer and this leads to increase the values of “n”. This result is in good agreement 

with SEM images of CNTS thin films, which present densely packed surface morphology for 

high dip-coating cycle. It can be, consequently, concluded that a thin layer with a most 

density present the strong refractive index values giving in figure 4, the decreasing of 

refractive index are decreased with rise of wavelength λ indicate normal dispersion behaviour. 

The values of refractive index are in the range of 2.71-5.69 in the wavelength from 475 nm to 

850 nm, these values are appropriate for CNTS compound for solar cells applications. Also 

are compared to those reported by other research studies for absorber materials [46, 47].  

The extinction coefficient (k) shows the total optical waste bring around by scattering and 

optical transmittance of incident light. Similarly, the parameter “k” signifies the quantity of 

absorption photon energy in the thin layer semiconductor material, which means the 

extenuation of an electromagnetic wavelength that is traveling in a thin film material, Figure 

10 presents the optical extinction coefficient as a function of wavelength λ, from figure 10 

and Table 3 we have indicate that extinction coefficient increased with dip-coating cycle 

increased, this behaviour attributed  to the increasing of “α” values with increasing of dip-

coating cycle, In addition this probably attributed  to similar reason specified earlier in the 

refractive behaviour, the values of extinction coefficient are in the range of 0.033-0.044, this 

lesser values are due to strong optical absorbance of all CNTS absorber material, these values 

are comparable to other groups for absorber layres [48, 49]. 

                                                  𝑛 = 1+𝑅1−𝑅 + √ 4𝑅(1−𝑅)2 − 𝑘2                                       (7) 

                                                               𝑘 = 𝛼𝜆4𝜋                                                          (8) 

The optical dielectric constant is an intrinsic optical parameter to express the optical 

behaviour of a thin layer semiconductor material. This parameter can be valued using the 

values of “n” and the values of “k”. The complex dielectric constant equation is followed 

using ε=εr+iεi where “εr” and “εi” are real and imaginary dielectric constants respectively. “εr” 

is allied to the  deceleration of the light speed and “εi” is related to the interaction of electric 

fieled with an matter. The values of dielectric constants were calculated using equation and 

are showed in figures 11 and 12. 

                                                        𝜀𝑟 = 𝑛2 − 𝑘2                                               (9)          

                                                           𝜀𝑖 = 2𝑛𝑘                                                       (10) 



From figure 11 and Table 3 we can show the real dielectric constant is increased with dip-

cating cycle increased in the wavelength λ range of 475-850 nm, this behaviour is attributed 

to the strong dispersion reason by the increase of dip-coating cycle. The real dielectric 

constant values are determined from 7.56 to 31.41 in the wavelength range of 475-850 nm. 

Allowing to relation (9), the values of real dielectric constant are depend usually on the values 

refractive index (n2) due to the values of extinction coefficient (k2) are minor compared to n2. 

Figure 12 shows the imaginary dielectric constant as a function of wavelength λ, the 

imaginary dielectric constant increase with dip-coating cycle increased, this behaviour is due 

to the rise in the extinction coefficient values.  The imaginary dielectric values are found 

ranging from 0.19 to 0.49.  The superior value of “εi” is assigned to the losses made by the 

optical absorbance. The more optical absorbance can reason major losses inside the thin film 

material. These found results are good agreement to other research works on absorber 

materials [39, 47].  The values of optical parameters including: absorption coefficient, 

refractive index, extinction coefficient, real dielectric constant and imaginary dielectric 

constant in wavelength λ 800 nm are tabulated in Table 3. 

 

Figure 9: Refractive index versus wavelength λ of CNTS thin films 

 



             
Figure 10: Optical Extinction coefficient versus wavelength λ of Cu2NiSnS4 thin films 

 

                 

 Figure 11: Real dielectric constant of quaternary CNTS thin films 



                                   

Figure 12: Imaginary dielectric constant of deposited CNTS thin films  

 

Table 4: Values of some optical parametes of Cu2NiSnS4 absorber materials                                 

in the wavelength λ 800 nm 

 

The optical conductivity parameter (σopt) is a determination of the frequency response of the 

compound thin layer material when presented to electromagnetic light; “σopt” is allied to the 

refractive index (n) and optical absorption coefficient (α) by following equation (11) [50]. 

                                                                𝜎𝑜𝑝𝑡 = 𝑐𝑛𝛼4𝜋                                                 (11)                                            

Figure 13 indicate the values of optical conductivity versus photon energy hν. We can see 

from Figure xx that “σopt” increase with dip-coating cycle increased in the hν range from 1.5 

to 2.6 eV, this behaviour is attributed to behaviours of refractive index and extinction 

coefficient, also “σopt” increase with photon energy increased, the increase in photon energy 

advances the number of photo-excited electrons and their movement in thin film. This 

phenomenon helps the improvement of optical conductivity values. The values of optical 

Dip-coating  

cycle  

Absorption 

coefficient 

(α) x 104 cm-1 

Refractive 

index (n) 

Extinction 

coefficient 

(k) 

Real 

dielectric 

constant (εr) 

 

Imaginary 

dielectric 

constant (εi) 

4 1.24 2.77 0.034 7.78 0.19 

5 1.36 3.10 0.037 9.76 0.23 

6 1.38 3.19 0.039 10.20 0.25 



conductivity are ranging from 0.80 to 3.16 × 1014 (s-1), the great values of “σopt” are due to 

lesser l transmittance and great values of refractive index and absorption coefficient. 

 

Figure 13: optical conductivity versus photon energy hν of dip-coated CNTS thin films 

Electrical properties  

    The control of electrical characteristics is significant to investigate the appropriateness of 

compound semiconductor thin films materials in solar cells applications. Four pointes probe 

method was employed at room temperature for the study of sheet resistance (ρsheet), resistivity 

(ρs) and conductivity (σs). Generally, the film with great electrical conductivity is more 

adaptable for photovoltaic energy. The values of “ρs” were calculated from the determined 

“ρsheet” and film tackiness “e” using equation (11) and “σs” were calculated from the inverse 

of “ρsheet”. 

                                                                 𝜌𝑠 = 𝜌𝑠ℎ𝑒𝑒𝑡 × 𝑒                                         (11)       

  

We can indicate from Table 4, the sheet resistance values decreased with dip-coating cycle 

increased, this behaviour is due more density and homogeneity of CNTS sample dip-coater at 

6 cycles. The values of resistivity and sheet resistance are comparable to the other research 

groups [51, 52]. The values of electrical conductivity of the films deposited using 4 and 5 

cycles are lower, the electrical conductivity of the CNTS thin film deposited at 6 cycles is 

more adaptable for solar cell applications, probably the existence of secondary phase NiS 

improve the electrical characteristics of CNTS thin films. 

 

 



 

Table 4: Electrical characteristics of CNTS thin films  

Dip-coating cycle  Sheet resistance ρsheet  (kΩ/sq) 

Resistivity ρs 

(Ω.cm) 

Conductivity (σs) (Ω. cm)−1
 

4 31.84 5.09 0.0 

5 7.86 1.30 0.76 

6 1.44 0.24 4.16 

 

Conclusion 

    In brief, this paper proves the synthesis possibility of Cu2NiSnS4 thin films using sol-gel 

dip-coating method on ordinary glass substrates and annealed without sulfurization process. 

The effect dip-coating cycle and annealing temperature was studied. All CNTS films 

indicated the formation of cubic structure with a privileged orientation along (111) plane. The 

crystallite sizes of all CNTS samples are in range between 6.30 and 9.52 nm. Raman 

experiments were confirmed the existence of cubic CNTS by strong peak at 332 cm-1. The 

EDS analysis of the sample dip-coated at 5 cycles demonstrated near-stoichiometric CNTS 

thin film. SEM images present the homogeny films the density of CNTS thin films increased 

with dip-coating cycle increased, the estimated band gap is in the range of 1.5-1.64 eV, some 

optical parameters of CNTS thin films such as refractive index, extinction coefficient, real 

and imaginary dielectric constants and optical conductivity are calculated from transmittance 

and absorbance spectra to enhance photovoltaic devices. The values of electrical sheet 

resistance obtained in the range of 1.44-31.84 (kΩ/sq) are suitable of CNTS thin films for 

photovoltaic applications devices. 
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Figures

Figure 1

X-ray diffraction peaks of CNTS thin �lms dip-coated at various cycles

Figure 2

Raman scattering measurements of CNTS deposited at 4 and 6 cycles



Figure 3

EDS spectra of CNTS thin �lms deposited at a) 4 cycles, b) 5 cycles and c) 6 cycles



Figure 4

SEM images of Cu2NiSnS4 thin �lms dip-coated at a) 4 cycles, b) 5 cycles and c) 6 cycles



Figure 5

Transmittance data as a function wavelength λ of CNTS absorber layers

Figure 6

Absorbance spectra as a function of wavelength λ of CCNTS absorber layers

Figure 7

Absorption coe�cient of CNTS absorber materials



Figure 8

Approximation of band gap by extrapolation method from the variation of (αhν)2 as a function of hν for
Cu2NiSnS4 thin �lms

Figure 9

Refractive index versus wavelength λ of CNTS thin �lms



Figure 10

Optical Extinction coe�cient versus wavelength λ of Cu2NiSnS4 thin �lms

Figure 11

Real dielectric constant of quaternary CNTS thin �lms



Figure 12

Imaginary dielectric constant of deposited CNTS thin �lms

Figure 13

optical conductivity versus photon energy hν of dip-coated CNTS thin �lms


