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Abstract

Thin films of Cu,ZnSnS,; (CZTS) have been
successfully deposited on soda lime glass by spin
coating technique. Raw material of sol-gel solution
(precursors)  consists of copper (II) acetate
monohydrate, zinc (lI) acetate dihydrate, tin (1)
chloride dihydrate and Thiourea. CZTS thin films have
been grown on clean soda-lime glass substrates at
different annealing temperatures in the air for a period
of 1 hour. The structural properties of these films have
been studied by using X-ray diffraction XRD. The
results of X-ray diffraction showed that all the CZTS
films are polycrystalline (Hexagonal - Wurtzite)
structure and preferred orientation along (100) to all
sample, and the increasing annealing temperature led to
an increase in the grain size, whereas dislocation
density and micro strain decreases with the increase of
annealing temperatures. The surface morphology of the
thin films has been studied by using atomic force
microscopes (AFM).The results of the atomic force
microscope showed that the films grown by this
technique have good crystalline and homogeneous
surface. The Root Mean Square (RMS)and surface
roughness values of thin films are decreased with
increasing annealing temperature.
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1. Introduction

Energy demand is increasing following the
development of industry, transportation and growth
worldwide [1].To meet the ever increasing demand for
energy and to cope with the limited fossil resources
available, photovoltaic solar energy production will
become increasingly important. In order to reduce the
cost of solar cells, new alternative materials in thin films
have been investigated by researchers during recent
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years for the development of next generation of efficient
and cost-effective solar cells. Among them Copper
Indium Gallium Diselenide (CIGS) and Cadmium
Telluride (CdTe) have been successfully synthesized and
have reached the commercialization stage [2,3].
However, the scarcity and toxicity of some elements
such as Indium, Cadmium and Selenide could be a brake
to the development of solar cells based on these
materials. To develop new (PV) photovoltaic materials
constituted of abundant elements in nature and which are
cost-effective and eco-friendly is therefore an important
and necessary issue to overcome the problem of
limitation. The Cu,ZnSnS, (CZTS) material is one of the
promising candidates to fulfill the above requirements
Because possesses huge potential for photovoltaic
application due to its optimum energy band gap in the
range (1.4-1.6) eV and high absorption coefficient (> 10*
cm™) [4,5,6]. Several deposition techniques have been
used for CZTS thin film manufacture, such as spray
pyrolysis deposition [7], electron-beam-evaporation [8,
9, 10], rf magnetron sputtering deposition [11, 12], and
sol gel deposition [13] and spin-coating deposition [14,
15,16]. However, Spin coating is currently the
predominant technique employed to produce uniform
thin films of photosensitive organic-inorganic materials
with thickness of the order of micrometers and nano
meters. The physics of spin coating can be effectively
modeled by dividing the whole process into five stages
which are (a) deposition,(b) spin-up, (c) spin-off and (d)
evaporation of solvents(e) annealing. The first three are
commonly sequential, but spin-off and evaporation
usually overlap. Stage 3 (flow controlled) and stage 4
(evaporation controlled) are the two stages that have the
most impact on final coating thickness. Spin coating has
many advantages in coating operations with its biggest
advantage being the absence of coupled process
variables. Film thickness is easily changed by changing
spin speed, or switching to a different viscosity photo
resist. Another advantage of spin coating is the ability of
the film to get progressively more uniform as it thins,
and if the film ever becomes completely uniform during
the coating process, it will remain so for the duration of
the process. It is low cost and fast operating system [17].
In this work, the structural properties of CZTS thin films
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deposited by using sol-gel spin-coated deposition on
clean soda-lime glass substrate at different annealing
temperatures are presented.

2.Experimental Methods

CZTS precursor has been prepared by using :
copper (I1) acetate monohydrate (0.5 M), zinc (I1) acetate
dihydrate (0.25 M), tin (Il) chloride dihydrate (0.25 M),
thiourea (2 M),2-methoxyethanol (50 mL) and
diethanolamine (5 mL) were used. The solution of the
precursors was dissolved in 2-metho and it was stirred at
room temperature for 1 h to dissolve metal compounds
completely. DEA was used as the stabilizer. After aging
at room temperature in air for 24h, the prepared
precursor solution was converted into sol-gel solution.
The precursor sol solution was spin-coated onto SLG,
which were previously cleaned into acetone, distilled
water and ethanol at 3000 rpm for 30s followed by a
solvent drying at 200 °C for 10 min on a hot plate.
drying films were repeated 10 times to have a suitable
thickness of the film. Finally, films were annealed at
different temperatures (500, 550,600,650)°C using an
electric furnace for 2 h in air.The X-ray diffraction
patterns for the prepared films were obtained in a
(Shimadzu XRD-6000) goniometer using copper target
(1.5406 A) and Atomic Force Microscopy (AFM)
micrographs were recorded by using scanning probe
microscope type (SPM- AA3000), Contact mode,
supplied by Angstrom Advanced Inc.

3.Results and Discussion
3.1. X-Ray Diffraction

CZTS thin films deposited by sol-gel spin
coating technique are examined by X-ray diffraction to
find the structural characterization of the films. Figure.
1shows the XRD patterns of the CZTS thin films
obtained at different annealing temperature (500,
550,600, and650)°C. It can be noticed from the X-ray
pattern all films have a polycrystalline structure with
peaks identified at 26~26°, 28°, 30°, 33° 47° and 51°
positions corresponding respectively to the (100), (101),
(102), (110) and (103) crystallographic directions of the
hexagonal structure and matching well with those of the
previously reported CZTS wurtzite structure [18].

Although there was no standard card for
wurtzite CZTS in JCPDS databases, This structure can
be obtained from the wurtzite ZnS by replacing Zn(ll)
with Cu(l), Zn(Il) and Sn(IV) [19].

The strongest peak observed at Bragg’s angle
(26= 26°) can be attributed to the (100) plane of the
hexagonal CZTS, which is in agreement with other
reports [20]. It can be noticed that 26 position for (100)
direction shifts to higher values as annealing temperature
increases from 500 °C,550 °C to 600°C, whereas at
annealing temperature of 650°C the 20 shifts back to a
lower value as shown in Table-1. The values of Full
Width at Half Maximum (FWHM) of the peaks which
decreases with annealing temperature.
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The lattice constant was found to vary from a = 3.8968A
to 3.8738 A and from ¢ = 6.7495 A to 6.7096 A. These
values matching well with those of the previously
reported CZTS wurtzite structure (a=3.8387 A, c=
6.3388 A) [18]. It must be noted here that there are many
peaks back secondary phases, which is unrelated to the
CZTS phase. All these peaks were defined by () In
figure-1.

These secondary phases can be attributed to
(Cu,S,Sn,S,Sn,S5,CuS;)  as  reported by  previous
studies[21,22,23]. The possibility of the emergence of
such secondary phases is the high proportion of thiourea,
which lead to increase the S content, it can react with
metal ions to form secondary Phases and as well the
annealing environment here the air [24,25].

Intensity (ar.u.)

o
20 (deg)

Figure 1. XRD pattern of CZTS thin films annealed at
different temperatures.

The average grain size D of the films is
calculated using Debye Scherrer’s formula [26]:

D=KMBcosO ............... €8

Where K is the constant, B is the full width at half
maximum (FWHM), 6 is the diffraction angle, and A is
wavelength of the X-ray, The K,Avalues are taken as 0.9,
1.5406 °A for the calculations, respectively. The values
of average grain size listed in Table-1 increase with the
increase of annealing temperature for CZTS thin films as
shown in Figure-2, this goes in agreement with previous
studies which indicates the crystal structure improvement
with annealing temperature [27].
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Table 1. The structural parameters of CZTS thin films

Annealing 500 550 600 650
temperature (°C) (°C) (°C) (°C)
(A-T)

26.38 | 26.46 | 26.54 | 26.44

26 (deg) 8 | 85 | 8 | 85
hk (100) | (100) | (100) | (100)
d(A) 3.375 | 3.365 | 3.355 | 3.367
FWHM(deg) 196 | 152 | 138 | 184
Dav(nm) 4165 | 5.372 | 5.918 | 4.437

6x10"(cm?) 5.764 | 3.465 | 2.856 | 5.079

£ 0.008 | 0.006 | 0.005 | 0.007
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Figure 2. Grain size and full width of half maximum for
CZTS thin films annealed at (500,550,600,650)°C.

The dislocation density ¢ which represents the
amount of defects in the film was determined from the
formula [28]:

S=1/D e )
Where D is the grain size. It is observed that (8) decrease
with increasing annealing temperatures as shown in
Table-1.

The micro strain is determined with the use of

the following formula [29]:

E=PBeosO/.. i, 3)
Where (&) is the micro strain. It is observed that (&)
decrease with increasing annealing temperatures as
shown in Table-1.

3.2.AFM Results

The Three-dimensional AFM images of
Cu2ZnSnS4 thin films are shown in Figure - 3.The size
of the scanned area was (2umx2um).AFM images show
that the films grown by this technique have good
crystalline and homogeneous surface. The surface
roughness and root mean square (RMS) for prepared thin
films as shown in Table-2.
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Figure 3. 3D AFM images of CZTS deposited films

Table 2. Surface roughness and root mean square of
CZTS thin films.

Surface Root
AT roughness Mean
(°C) (g m) Square

(nm)
500 1.56 1.84
550 0.621 0.723
600 0.502 0.603
650 0.5 0.582
Conclusions

In the present paper, we have investigated
CZTS thin films prepared on soda lime glass substrates
by spin coating technique. XRD results reveal that the
films are polycrystalline structure in Wurtzite phase and
by orientation along (100) to all samples. The grain size
increased with increasing annealing temperature, This
leads to decrease in Full Width at Half Maximums
(FWHM) of peak . It found there are many peaks back
secondary phases, which is unrelated to the CZTS phase,
These secondary phases attributed to (Cu,S, Sn,S, Sn,S,
CuS;). The possibility of the emergence of such
secondary phases is due to the high proportion of
thiourea, which lead to increase the S content, it can
react with metal ions to form secondary Phases and also
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the annealing environment here the air. AFM results
showed that the values of the root mean square (RMS)
and surface roughness of CZTS films decreased with the
increase of annealing temperature.
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