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In this study, Cu2CrSnS4 thin films are prepared using chemical pyrolysis technique at various deposition temperatures (200, 250, 
300, 350, 400 and 450 C) and without any annealing process.  The structure characteristics of the films have been studied by X ray 
diffraction (XRD), micro-Raman spectroscopy, and Field Emission Scanning Electron Microscope (FESEM), while the optical 
characteristics are investigated by UV-Visible spectrophotometry, and the electrical properties aree described by Hall Effect test. 
Results of XRD for Cu2CrSnS4 (CCTS) films showed the tetragonal crystal structure of stannite phase with (112) preferred 
orientation. The results of Raman spectroscopy of the prepared CCTS thin films showed a clear peak at ~ 336 cm-1. Furthermore, 
the morphology results and through (FESEM) images of thin films surface showed different forms and shapes with different 
granular size ranging from 40 to 294 nm. Optical examination of the ultraviolet-visible spectrum showed an optical energy gap of 
(1.69-1.59 eV) which are considered to be suitable for thin films solar cells applications. The electrical measurements through Hall 
Effect test showed that the films have charge carriers of (p-type). From results analysis, the optimized temperature of the prepared 
(CCTS) samples was 350 oC. 
Keywords: Cu2CrSnS4, Spray pyrolysis, Deposition temperature, XRD analysis, UV-Visible Spectroscopy, Hall Effect. 
PACS: 88.40.jn; 73.61.−r; 81.15.Rs; 61.82.Fk; 78.20.−e 
 

Due to the high values of absorption coefficient with suitable energy gap, the chalcogenides based on Cu showed promised 
future as effective materials for various applications. [1]. Cu2CrSnS4 (CCTS) material is interesting thanks to its positive 
characteristics for different optoelectronic applications [2, 3]. There are different techniques which can be used to deposit thin 
films of these types of materials such as chemical and physical methods. The spray pyrolysis method has many benefits such as 
that it is a cost-effective technique which does not need expensive and complicated parts and it is safe and friendly technique 
[4]. Many reports on the preparation of quaternary chalcogenide films were carried out by this method. Khodair et al. succeeded 
in preparing CZTS thin films [5]. Abed et al. deposited Cu2FeSnS4 films on soda-lime slides at different temperatures by the 
same technique  ]6 [ . The goal of this study is the investigation of preparation temperature impact on the structure and the optical, 
as well as the electronic characteristics of CCTS thin films prepared using spray pyrolysis method and to get good quality and 
homogeneous samples which are desirable as solar cell absorber layer. 
 

EXPERIMENTAL PROCEDURE 
The solution used to deposit the Cu2CrSnS4 (CCTS) films deposition has been prepared by dissolving 0.01 M of 

copper acetate monohydrate (Cu(CH3.COO)2.H2O) (Thomas Baker), 0.005 M of chromium chloride hexahydrate 
(CrCl3.6H2O) (Central Drug House), 0.005 M of tin chloride  (SnCl2.2H2O) (Thomas Baker), and 0.004 M of 
thiocarbamide (SC(NH2)2) (BDH Chemicals Ltd.) in 0.1 l of distilled water. The concentration of thiocarbamide used is 
doubled to overcome the evaporation process. The detailed procedure is reported elsewhere [7]. 
 

RESULTS AND DISCUSSION 
The XRD patterns of the deposited CCTS films at different substrate temperatures (200-450°C) and thickness of 300 nm 

are displayed in Figure 1. The patterns have clear peaks at 28.42°, 47.26° and 56.12° attributed to 112, 220 and 312 planes 
respectively which belong to the stannite tetragonal phase of CCTS material [8]. From the figure, it can be seen that there are 
no other peaks belonging to ternary and binary materials [9,10]. The standard card (00-031-0462) of the compound copper iron 
zinc tin sulfide (Cu4FeZnSnS8) was adopted for matching the present XRD patterns due to the lack of entries in the database of 
the International Center for Diffraction Data (ICDD) for the quaternary compound (Cu2CrSnS4) which we are investigating in 
this study, as the replacement of Zn in the quaternary compound (Cu2ZnSnS4) with near transition elements (e.g., Cr, Ni, Mn, 
Fe, Co, Fe, Mn) presents defects which are similar to (Cu2ZnSnS4) because their ionic radii vary slightly and thus no significant 
change in the crystal structure [11,12]. Table (1) depicts the XRD results of the (112) plane. 

The inter-planar distance (d) was estimated by using Bragg formula [13]: 𝑚𝜆 = 2𝑑𝑠𝑖𝑛𝜃, (1) 

where m is the diffraction order, ө is the angle of Bragg, and λ is the x-ray wavelength. 
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Figure 1. XRD patterns of CCTS samples at various temperatures. 

Table 1. XRD results of CCTS films deposited at various temperatures 

Deposition 
Temperature (oC) 

2Ɵ 
(o) 

Inter-planar distance 
(Å) Crystallite size (nm) Texture coefficient 

200 28.52 3.127 2.712 0.55
250 28.5 3.129 3.061 3.48
300 28.44 3.135 4.123 0.64
350 28.42 3.137 8.518 0.51
400 28.38 3.142 8.102 0.54
450 28.42 3.137 3.093 0.58

The lattice parameters are calculated through the well-known formula [8]: 

 
ଵௗమ =  ௛మା௞మ௔మ +  ℓమ௖మ, (2) 

where (h, k, l) represent indices of Miller; and the tetragonal unit cell parameters are represented by a and c. 
The estimated values of a and c are a = 5.445 Å and c = 10.755 Å very near to the ideal ones a = 5.449 Å and 

c = 10.75 Å. The crystallite size (D) is estimated using the specifications of the peak corresponding to the (112) plane by 
Scherrer’s equation [14]: 

 𝐷 = ୏ఒఉ ୡ୭ୱ ఏ, (3) 

where k = 0.9 and β is (FWHM) in radians. 
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The estimated values of (D) are shown in Table 1 which shows that when the temperature increases, the values of 
(D) increase up to 350 oC and then start to decrease. 

This is owing to the high evaporation of the sprayed drops once this temperature has been reached, that is larger than 
that required to produce maximal pyrolysis and crystallization of the films, due to the high thermal energy. Thus, the 
crystallization mechanism is not complete [15]. Texture coefficient (Tc) is evaluated by the equation below [14]: 

 𝑻𝑪 =  𝑰(𝒉𝜿𝓵) 𝑰°(𝒉𝜿𝓵)⁄𝑵ష𝟏 ∑ 𝑰(𝒉𝜿𝓵) 𝑰°(𝒉𝜿𝓵)⁄𝑵    , (4) 

where N stands for the number of peaks visible in XRD patterns, I(hkl) is the experimental relative intensity and 𝑰°(𝒉𝜿𝓵) is 
the ideal intensity. 

Tc values for the prevailing direction of growth are listed in Table 1. Tc less than 1 values indicate that all films are 
polycrystalline. X-ray diffraction could be used to classify the materials phase, but it was difficult to distinguish between 
them because of how similar their compositions are. So, Raman spectroscopy at room temperature was performed and its 
results are plotted Figure 2 and Table 2 where the measured spectrum is plotted in black color, the green color represents 
the peaks resulting from the analysis of the measured spectra, and the sum of these peaks appears in red color representing 
the calculated spectrum, which is highly consistent with the measured black color. 

Figure 2. Micro-Raman shift of CCTS samples at various temperatures 

Table 2. Result of micro-Raman spectra analysis of CCTS prepared in the current study 

Intensity 
(arb. u.) Width of peak (cm-1) Center of peak  (cm-1) Temperature 

(˚C) 
4.989  81.574 337  200  
6.007  69.424 337  250  0.942  65.323 439  
7.054  39.829 336  300  1.252  56.592 441  
7. 987  29.986 335  350  1.369  37.444 442  
7.500  36.020 336  400  0.759  54.428 445  
7.029  47.999 337  450  

Due to sulfur atoms vibrations in the CCTS structure, the prominent peaks of great intensity at the positions (335, 
336, and 337 cm-1) could be seen. This is consistent with the findings of other published investigations [16-18]. Other 
observed lower intensity peaks can be observed at (439, 441, 442, 445 cm-1) which are consistent with the results of Yan 
et al. [18]. The surface topography of the films was imaged by FESEM. Figure 3 shows the micro-images at magnification 
of 50 Kx of the prepared CCTS films. At temperature (200, 250˚C), an irregular formation process appears with voids 
and cracks on the surface, and ball-like shapes begin to stick and align, with some temperature increasing, at (300˚C) we 
notice irregular distribution of nano-paper-like shapes with cracks and hole, and this indicates the formation of a new 
layer that starts to appear more on the surface and the emergence of a series of small particles in some areas that start to 
disappear when the substrate temperature increases. At 350, 400, and 450 ˚C substrate temperatures, we notice 
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cauliflower-like shapes having polyhedral forms, irregular distribution, and uneven growth, including some cracks and 
voids caused by crystal flaws, as well as secondary growth on the surface. This can be explained by the development of 
a new layer before the growth of the prior layer is finished. The granular borders may be seen clearly [13, 19-21]. If it is 
noticed that the average particle size is large in the sample (CCTS), then it begins to decrease and rise as a result of the 
temperature difference. 

Figure 3. FESEM micro-images of CCTS samples deposited at different temperatures 

The optical characteristics of the CCTS films were examined through the absorbance (A) of UV-visible spectra. The 
absorption coefficient (α) of any film of thickness (t) could be calculated using the following relationship [22]: 

 α = 2.303 A/t, (5) 

The values of α were found to be greater than 104 cm-1. Using Tauc's formula, the optical band gap, Eg, could be 
evaluated from the absorption spectra [23]: 

 (𝛼𝐸)  =  𝑃(𝐸 −  𝐸𝑔)௥, (6) 

where P is constant, E stands for photon energy, while r is an empirical quantity that describes the electronic transition 
type which is equal to ½ for direct allowed transition. 

In this study, a straight line was generated by sketching a plot between (αE)2 and (E). The direct bandgap could then 
be estimated by extrapolating this straight line to (αhυ)2 = 0, as shown in Figure 4. The estimated values of Eg were in 

200˚C 250˚C 

300˚C 350˚C

400˚C 450˚C 
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the range of 1.69-1.95 eV. This matches well with the findings of other reports [24, 25]. Because of the unsaturated bonds 
and/or micro-stress generated during the growth which leads to local states of high density, there may be a variance in the 
energy gap value [7]. 

In order to define the electrical characteristics of the CCTS films, the Hall Effect was carried out to ascertain the 
type, concentration, mobility, and conductivity of majority charge carriers. The results of this test are shown in Table 3, 
which shows positive values of RH (p-type) consistent with the findings of earlier investigations [4]. 
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Figure 4. Energy gap of CCTS films prepared at different temperatures 
Table 3. Outcomes of Hall Effect test of CCTS samples 

Temperature 
(°C) 

Hall coef. 
(cm3/C) 

Concentration 
(cm-3) ×1017 

Mobility 
(cm2/V.s) 

Resistivity  
(Ω.cm) 

Conductivity 
(Ω.cm)-1 

200 15.19 4.11 3.026 5.019 0.199 
250 11.96 5.22 4.551 2.627 0.380
300 8.53 7.32 5.213 1.636 0.611
350 6.75 9.25 6.011 1.123 0.890
400 7.79 8.01 5.337 1.46 0.685
450 10.32 6.05 4.002 2.578 0.387 
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The electrical conductivity, mobility, and concentration of charge carriers have increasing trend as the deposition 
temperature is increased upto 350 °C, and then they began to decline, as shown in Figures 5 and 6. The results of XRD 
analysis support this [17]. 

200 250 300 350 400 450
0.0

0.2

0.4

0.6

0.8

1.0

Temperature (C)


(

 .c
m

)-1

200 250 300 350 400 450
3

4

5

6

7

8

9

10

11

12
 n
 

Tempreature (C)
n 

(c
m

-3
)x

10
17

2

3

4

5

6

7


(c

m
2 /

V 
.s

)

Figure 5. Hall conductivity of CCTS films at various 
temperatures 

Figure 6. Charge carriers and their mobility of CCTS films at various 
temperatures 

 
CONCLUSIONS 

According to XRD observations, the CCTS films were found to be tetragonal polycrystalline having favorable 
growth direction of (112). The quaternary CCTS compound's high and distinct peaks at (335, 336, and 337 cm-1) were 
revealed by Raman spectroscopy, supporting the XRD findings. Different grain sizes and shapes could be seen in the 
micro-images obtained by FESEM. Electrical measurements of the Hall Effect show that the conductivity was p-type. 
The band gap range (1.69-1.95 eV) as well as the coefficient of optical absorption (104 cm-1) are extremely near to the 
optimal material values employed in the absorbent layer in solar cells. 
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ОТРИМАННЯ ТА ХАРАКТЕРИСТИКА ТОНКИХ ПЛІВОК CU2CrSnS4, 

НАНЕСЕНИХ ПРИ РІЗНИХ ТЕМПЕРАТУРАХ 
Худа Талібa,b, Набіл А. Бакрa, Мохаммед А. Абедb 

aФакультет фізики, Науковий коледж, Університет Діяла, Діяла, Ірак 
bГоловне управління освіти Діяла, Діяла, Ірак 

У цьому дослідженні тонкі плівки Cu2CrSnS4 отримані за допомогою техніки хімічного піролізу при різних температурах 
осадження (200, 250, 300, 350, 400 і 450C) і без будь-якого процесу відпалювання. Структурні характеристики плівок були 
вивчені за допомогою дифракції рентгенівських променів (XRD), мікро-Раманівської спектроскопії та польово-емісійного 
скануючого електронного мікроскопа (FESEM), тоді як оптичні характеристики досліджені за допомогою УФ-видимої 
спектрофотометрії, а також описані електричні властивості за допомогою тесту на ефект Холла. Результати XRD для плівок 
Cu2CrSnS4 (CCTS) показали тетрагональну кристалічну структуру станнітної фази з переважною орієнтацією (112). 
Результати раманівської спектроскопії підготовлених тонких плівок CCTS показали чіткий пік при ~ 336 см-1. Крім того, 
результати морфології та наскрізні (FESEM) зображення поверхні тонких плівок показали різні форми та форми з різним 
розміром зерен у діапазоні від 40 до 294 нм. Оптичне дослідження ультрафіолетового та видимого спектру показало оптичний 
енергетичний проміжок (1,69-1,59 еВ), який вважається придатним для застосування в тонкоплівкових сонячних елементах. 
Електричні вимірювання за допомогою тесту на ефект Холла показали, що плівки мають носії заряду (p-типу). З аналізу 
результатів оптимізована температура підготовлених (CCTS) зразків становила 350oC. 
Ключові слова: Cu2CrSnS4, розпилювальний піроліз, температура осадження, рентгеноструктурний аналіз, УФ-видима 
спектроскопія, ефект Холла 


