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Abstract

Cu>ZnSnSy, copper, zinc, tin, sulphide (CZTS) is a p-type semiconductor with high
absorption coefficient and a low cost promising absorber material, having a direct band
gap from 1 to 1.5 eV, which is ideal for making absorber layer for solar cell. Owing to
the cost effective noble metal, less abundance and industrial large scale application
purpose, an effective replacement of indium and gallium in CulnxGa;..S(Se): (CIGS) is
highly demanded. There are several approaches to improving the performance of as solar
cell by enhancing the power conversion efficiency with a less costly and facile device. In
this work we present a brief review on different synthesis methods and characterisation
of CZTS material. It is therefore, essential for engineering of CZTS material and the
optimisation of the fabrication method for the improvement of solar cell.

Keywords-- CuxZnSnS4, Optimisation, Fabrication.

1.0 INTRODUCTION

Lately, it is feasible to take the resources and natural elements into accounts because of the
emergence of solar cells (Huang ef al., 2016). Aside from silicon-based solar cell, the CulnxGa.
xS(Se)z (CIGS) thin film solar based cell has drawn in much consideration since its fine steadiness
and potential power conversion(Huang et al., 2016). In any case, the use of costly materials like
indium and additionally gallium expands the manufacturing. Lately, CuzZnSnS4 (CZTS) was
seriously examined and expected to be the most encouraging contender to replace Cu(In,Ga)Se:
(CIGS) (Camara et al., 2013), in which raw materials utilized have minimal expenses, less toxic,
and earth abundant. Besides, CZTS likewise has an immediate band gap of 1.4-1.5 eV with high
absorption coefficient in the visible rannge (>104 cm—1) (Khare et al., 2011).

The CuzZnSnS4 (CZTS) compound, non-toxic and abundant, can be a potential alternative for the
light absorbing layer in the thin film devices of solar cells to replace conventional absorbent layers,
such as CdTe and Cu.In; Ga/Se; (CIGS) (Li et al., 2012). Shockley—Queisser balance calculations
also show that the photon theoretical limit efficiency of CZTS thin film solar cells is 32.2% (Zhou
et al., 2011). CZTS has an absorption coefficient of over 10* cm™ with band gap of about 1.5 eV
(Leitao et al., 2011). It is a semiconductor material of p-type, [2-1I-IV-VI4 quaternary compound
by substitution of selenium with sulfur, indium with zinc and gallium with tin in the CulnGaSe;
(CIGS) compound (Mali et al., 2012). Each component of CZTS is easily available and abundant
in the Earth’s crust: copper (Cu) 50 ppm, zinc (Zn) 75 ppm, tin (Sn) 2.2 ppm and sulfur (S) 260
ppm. These characteristics in combination make it suitable to have exciting findings, ensuring
widespread and low cost applications in thin film solar cells. Moreover these properties are the key
factors needed to make solar technology competitive with carbon based fuels (Mali et al., 2012).

Therefore, synthesis of CZTS micro- or nanocrystallines has attracted much attention, and then,
many solution-based processes have been proposed, such as hot-injection method, hydrothermal
method, solvothermal method, and microwaveirradiated method, Sol gel method, Electrospining
(Liu et al., 2013) and several others. Generally, there are two principal crystallographic phase
structures of CZTS, which are the so-called stannite (space group 142m) and kesterite (space group
14) (Chen et al., 2009). The only difference between the two structures is the arrangement of Cu
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and Zn atoms. It has been experimentally confirmed that CZTS usually crystallizes in kesterite
phase as it is thermodynamically more stable than the stannite (Schorr, 2007).

2.0 DIFFERENT METHODS OF SYNTHESIS

2.1 Electrochemical deposition method

Electrochemical deposition is a coating method to reduce the cations in the aqueous solution,
organic solution, or hot-dip fluid in the cathode by supplying potential difference with external
circuit power. In the 1970s, people began to try the electrochemical deposition of semiconductor
materials (Lincot, 2005). Nowadays, the electrodeposition technique has been widely employed in
the fabrication of solar cells, such as the CIGS solar cells research (Lincot, 2004) and the CdTe
cells produced. Although CdS in the electrodeposition had used the thiourea as precursors
(McCandless et al., 1995), it was very difficult to find such a stable sulfur source in the
electrodeposition CZTS.

Scragg et al. (2008), the Bath University in Britain employed the method of laminating and
vulcanizing electrodeposition Cu/Sn/Zn to obtain the CZTS solar cells with a conversion efficiency
of 0.8% (Scragg et al., 2008). In 2010, by annealing for 2 hours at 575°C in an atmosphere of N>
carrier gas containing S powder and 10% Ha, they obtained the cells device with a conversion
efficiency of 3.2% through improved technology (Scragg et al., 2010).

Shinde et al. (2012) reported a novel chemical successive ionic layer adsorption and reaction
(SILAR) technique for CZTS thin films formation by sequential reaction on solar lime glass (SLG)
substrate surface. CZTS thin films were formed by sequential immersion of the substrate into the
beakers containing the cationic precursor solutions of 0.1M CuSOs4, 0.05M ZnSOs4, and 0.05M
SnSO4 (1:1:1) and the anionic precursor solution of 0.2M thioacetamide. The films obtained were
then annealed at 400 °C for 4h.The photoelectrochemical solar cell (PEC) cell was constructed
using the annealed CZTS thin film and exhibited an efficiency of 0.12%.

2.2 Vacuum deposition method.

Vacuum deposition method is a physical deposition method that puts the film raw material into the
vacuum chamber and heats it to high temperature to make the atoms or molecules escape from the
surface then form a vapor stream entering the surface of the plated substrate; due to the low
temperature of substrate, it condenses to form a solid film. Katagiri et al. (1997), in Nagaoka
University of Technology utilized the electron beam evaporation to fabricate the CuZnSnS4 thin
film solar cells with an efficiency of 0.66% for the first time. Later, through improving technology
with employing ZnS as evaporation source, they obtained the photoelectric conversion efficiency
of 2.62% Katagiri et al. (2001). Also through adding NaS and improving the vacuum background
of annealing with a stainless steel chamber, they and obtained an efficiency of 5.45% Katagiri et
al. (2003).

Wang et al. (2010) obtained the CZTS solar cell with an efficiency of 6.8% by co-evaporation, they
further improved equipment and craft, employing the Cu, Zn, and Sn evaporation source of
Knudsen type and Veeco S source box in metal tantalum with valves; the substrate temperature
increased from110 °C to 150 °C, and the annealing temperature increased from 540 °C to 570 °C,
the annealing time was also 5 minutes. Although the film was only 600 nm, they still obtained the
CZTS solar cells with an efficiency of 8.4%, which is currently the highest CZTS cells efficiency
without Se (Shin ef al., 2011).

2.3 Electron beam evaporation method

Electron beam evaporation method is to employ electric field to make electron getting kinetic
energy to bombard the evaporation material of anode, which can make the material vaporize to
achieve evaporation coating. Nagaoka et al. (1996) National College of Technology Research
Group, used the electron beam evaporation and curing method to fabricate the solar cells of ZnO:
Al/CdS/ CZTS/Mo/SLG structure with the open circuit voltage of 400 mV, short circuit current of
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6.0 mA/cm?, and fill factor of 0.277, and the conversion efficiency was only 0.66%. Yan et al.
(2011) improved the conversion efficiency, employed Cu, Sn (or SnS2), and ZnS as vapor
deposition material by electron beam evaporation method, changing the order of deposition from
an evaporation to multiple cycles evaporation, using soda lime glass instead of the ordinary glass,
using ZnO:Al instead of ZnO as a window layer, and finally the cells efficiency was increased to
5.45%.

Electron beam evaporation method overcomes many defects of the resistance heating evaporation,
especially suitable for the production of high-melting point material and high purity thin film
material. At present, preparation of the CZTS thin film with electron beam evaporation method is
the most widely study in the laboratory, and the surface morphology, phase matching, and optical
performance of thin film are better Yan et al. (2011).

24 Magnetron sputtering method

Magnetron sputtering is that the electrons crash with Argon (Ar) atom in the electric field with
ionizing abundant argon ions and electrons, and the electrons fly to the substrate. The Ar ions are
accelerated in the electric field to bombard the target with sputtering a lot of target atoms, and the
neutral target atoms (or molecules) are deposited on the substrate to form film.

Tanaka et al. (2005) for the first time used vacuum based hybrid sputtering to deposit CZTS thin
films on a quart glass substrate. Films were fabricated by the sequential deposition of metal
elements and annealing in 'S' flux, varying the substrate temperature from 300 °C to 500 °C. Film
thickness decreased with increase in substrate temperature. Single phase, stoichiometric CZTS film
with stannite structure was obtained at 400 °C. However, composition of the thin films became Zn-
poor at and above 450 °C, Resistivity, carrier concentration and Hall mobility of the films at 400
°C were 0.130 Qcm, 8x10™'® cm™ and 6 cm? V'!s! respectively.

Yeon et al. (2015) successfully prepared CZTS thin films through sulphurisation of ion beam
sputtered precursors. Their results show that electrical and optical properties of the prepared films
have strong dependence on atomic ratio of the constituents. By optimizing the precursor preparation
conditions they obtained low resistivity of -0.1562 cm.

2.5 Spray pyrolysis method

Spray pyrolysis method is to heat the surface of substrate to about 600 °C and then spray one or
more metal salt solutions onto the substrate surface; high temperature will cause pyrolysis of the
spray coating, which will form a coat on substrate surface. The quality and performance of thin
film fabricated by spray pyrolysis relate to substrate temperature. If the substrate temperature is too
high, it will be uneasy for the film to be adsorbed on the substrate; when the substrate temperature
is too low, the crystallization of film will be deteriorated. According to experiment results, the
CZTS thin film will have better optical property if the substrate temperature is controlled within
the range of 500 °C — 650 °C in pyrolysis.

Zhang et al. (2010) made a reaction in CuCl2, ZnCl2, and SnCI2 and vulcanized them in SC (NHz)
solution by spray pyrolysis method. The substances reacted for 1 hour at the substrate temperature
of 340 °C and were annealed for 120 minutes at 550 °C. Finally, the CZTS thin films with a band
gap of 1.5 eV were fabricated. The spray pyrolysis device is simple and easy to operate; the
experimental procedure is simple, and no vacuum and gas protection devices are needed, so the
cost is low, and the thin-film materials have good performance (Zhang et al., 2010).

2.6 Pulsed laser deposition method

Pulsed laser deposition method is a physical vacuum deposition process that makes the high-power
pulsed laser focus on the target surface to produce high temperature and cauterization and then
produce high pressure and high temperature plasma; the plasma emission expands in directional
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local area and deposits the substrate to form a thin film. (Washio ef al., 2012) deposited CZTS thin
films epitaxially on GaP substrates using pulsed laser deposition PLD. The band gap of the films
was found to be 1.5 eV and films were nearly stoichiometric. (Wadia et al., 2009) prepared CZTS
thin films using PLD. Film was Sn-rich and the band gap was 1.5 eV. In another report, (Vigil et
al., 2015) prepared CZTS precursor using PLD and then annealed in N>+H-S (5 %) atmosphere.

Sugimoto et al. (2011) prepared polycrystalline CZTS thin films through PLD at room temperature.
Study of laser incident energy revealed that structural, morphological and optical properties were
improved up to incident energy of 2.5 J/em. Shin et al. (2013) deposited CZTS thin films on heated
Mo-coated glass substrates using PLD. Band gap of the films varied from 1.53 to 1.98 eV
depending on substrate temperature From EDAX results, all the films were Cu rich and S-deficient.

2.7 Screen Printing

Zhou et al. (2010) reported a simple and low cost screen printing approach for the preparation of
CZTS absorber layers. Microparticles of CZTS prepared using wet ball milling and sintering
methods, were dispersed in isopropanol. Separately, ethyl cellulose was dissolved in isopropanol.
The screen printable paste was then made by mixing both solutions with small quantity of terpinol
and deposited onto 'Mo' coated polyimide substrates. Band gap, sheet resistance, carrier
concentration, and Hall mobility of the screen printed CZTS layers were 1.49 eV, 2.42 x 10° Q/cm,
3.81x10"®cm, and 12.61 cm? V''s™! respectively.

2.8 Chemical Bath Deposition

Chalapathi et al. (2015) deposited SnS and ZnS on 'Mo' coated SLG substrates through chemical
bath deposition (CBD) in which 'Cu' ions were incorporated into the precursor films via ion
exchange technique. These CZTS precursor films were then annealed in H.S atmosphere at 500
"C. They could produce compositionally uniform microcrystalline CZTS with kesterite structure
and band gap of 1.45 eV.

2.9 Successive Ionic Layer Adsorption and Reaction (SILAR) Deposition

Sugimoto et al. (2011) reported fabrication of CZTS thin film based solar cells using similar
approach. CZTS thin films were formed by sequential immersion of substrate into the solutions of
cationic and anionic precursors, as deposited films were dried in oven at 60 °C for 30 min and
reported an efficiency of 1.85 % on a solar cell based on CZTS prepared from SILAR technique.

Bag et al. (2012) reported a novel chemical successive ionic layer adsorption and reaction (SILAR)
technique for CZTS thin film formation by sequential reaction on SLG substrate surface. Films
were then annealed in vacuum at 400 "C. X-ray diffraction studies showed formation of kesterite
structure of CZTS films.

2.10  Sol-Gel Deposition

Sol-gel is one of the catalysts preparation methods of CZTS thin films; it is a homogeneous process
resulting in continuous transformation of a solution into hydrated solid precursor. This method has
several promising advantages over the conventional techniques. It offers better control of the
texture, composition, homogeneity and structural properties of the final solids.

Tanaka et al. (2009) reported fabrication of CZTS-based thin film solar cell using sol-gel method.
They used CZTS films prepared over 'Mo' coated glass substrates by sulphurising precursors
deposited by sol-gel technique as the absorber layer. Zhang et al. (2009) prepared CZTS films by
sol-gel spin coating deposition. They avoided usual sulphurisation process Film with a nearly
stoichiometric composition was prepared at synthesizing temperature of 280 °C. Absorption
coefficient and the optical energy gap of the deposited films were 2.9 x 10* cm™ and 1.5 eV
respectively.
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Wang et al. (2011) prepared CZTS thin films by spin-coating the sol-gel precursor followed by
annealing in a nitrogen atmosphere. Band gap and absorption coefficient of the films were 1.51 eV
and 10* cm™! respectively. Zhou et al. (2010) deposited sol-gel processed CZTS thin films without
sulphurisation. The grain size was up to 1 um and the Cu/(Zn+Sn) and Zn/Sn ratios were 0.93 and
1.07 respectively.

2.11 Hydrothermal deposition

Hydrothermal method is the methods that does not require any expensive precursors or equipment
and can be readily adopted for industrial production processes. It possesses remarkable reliability
and selectivity as well as high efficiency at low temperature (Habib, 2012).

Hydrothermal and solvothermal methods have been developed to prepare CZTS nanoparticles. The
hydrothermal method is defined as a method that uses water as a solvent in a sealed reaction
container when the temperature is raised above 100 °C, while a solvothermal method uses an
organic solvent in the precursor solution (Habib, 2012).

The organic solvents such as ethylene glycol and oleylamine used in the solvothermal method are
toxic and harmful to the environment. Thus, it is desirable to develop suitable hydrothermal method
for fabrication of CZTS material, because of its low environmental impact (Habib, 2012).

Chopra et al. (2004) synthesized nanocrystalline CZTS powder through hydrothermal process
using thiourea as sulphur precursor. They got kesterite CZTS of particle size 4-5 nm High
temperature thermal annealing treatments are, needed for the an-deposited nanocrystal films to
form large grains, which are crucial for high performance thin film solar s Based on the experience
with CIGS and CIS film deposition for solar cells, films with micrometer sized grains in the
absorber layer can produce cells with high power conversion efficiencies The current progresses in
CZTS nanocrystal based solar cells have demonstrated that without stain growing thermal treatment
process, solar cells are generally unable to generate 1% efficiency

Weber et al. (2010) reported that even when kesterite crystal structure nanocrystals have been
formed in deposited films, thermal annealing cannot be omitted. To make CZTS thin films from
the nanocrystals, CZTS nanocrystals are generally dispersed in a solvent or a mixture of solvent
and binder before being subjected to film deposition. The CZTS slurry or paste with suitable
rheological properties must be prepared to create a uniform layer with homogenous film thickness.
The nanocrystal coatings are normally accomplished by either repeating spin coating or doctor-
blading to achieve 1 to 2 um of film thickness, which is mostly reported as the absorber layer
thickness for thin film solar cells. The as-deposited film is usually subjected to soft baking at a
temperature around 300 °C followed by a high temperature annealing 500 to 580 °C for a designed
duration. Although CZTE crystal ready tam the ocean amount of chalogen (sulphur in most
cases)the thermal annealing process of the nanocrystal films still requires the presence of chalogen
vapour Under high vacuum conditions, the CZES phase decomposes at temperature above 550 °C
(Weber et al., 2010). The decomposition rate largely varies depending on the temperature, total
pressure of the annealing chamber, and the partial pressure of the volatile products. Therefore in
order to prevent the loss of CZTS phase and the formation of undesired phases an atmospheric base
pressure and a chalcogen source are normally applied in the thermal annealing process, sulphur
(sulphurisation) or selenium (selenisation) is a reasonable option to prevent the decomposition of
CZTS and CZTSe.

3.0 CHARATERISATION

3.1 Visible ultraviolet spectroscopy (UV-VIS)

UV-VIS spectrophotometry is a quantitative strategy used to quantify how much a compound
substance ingests light. This is finished by estimating the power of light that goes through an
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example (as an element of frequency) regarding the force of light through a reference test or clear
with a gadget called spectrophotometer.

UV spectrophotometer principle follows the Beer-Lambert Law. This law states that whenever a
beam of monochromatic light is passed through a solution with an absorbing substance, the
decreasing rate of the radiation intensity along with the thickness of the absorbing solution is actually
proportional to the concentration of the solution and the incident radiation.

This law is expressed through this equation:
A =log (10/T) = ECI (1)

A stands for the absorbance, 10 refers to the intensity of light upon a sample cell, I refers to the
intensity of light departing the sample cell, C stands for the concentration of the solute, L stands for
the length of the sample cell and E refers to the molar absorptivity.
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Figure 1: diagram of the components of a typical spectrophotometer (Fox, 2006).

Cho et al. (2013) Synthesised CuxZnSnS4 thin films by a precursor solution paste, The results show
that CZTS materials have low transmittance levels, indicating that the solids promote adequate
absorption conditions mainly concentrated in the region of 2.0-1.54 eV, which evidence media
values associated to an appropriate behavior in terms of UV absorption coefficients. The results
also show a direct relationship between the synthesis temperature and the optical properties of the
materials. It was observed that the energy gap decreases as the treatment temperature increases.
This behavior suggests effective electronic transitions in the valence band, so that at higher
temperatures a better consolidation of the Kesterite phase was achieved, decreasing the percentage
of secondary phases in the CZTS materials.

Khalate et al. (2017), who sythesised CZTS by chemical treatment showed similar behavior and
found that the optical properties of CZTS are influenced by the temperature in processes that are
clearly dependent of synthesis conditions. In effect, the synthesized materials exhibit characteristic
band-gap values for each system, in which the CZTS material show a remarkable result, reaching
Eg values around 1.54 eV.
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3.2 X-ray diffraction analyses

X-Ray diffraction (XRD) is an incredible procedure for assurance of precious stone design and
cross section boundaries. An essential instrument for such investigation is the Bragg spectrometer
as shown in fig. 3 below.
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Figure 2: Schematics of X-ray diffractometer (Guinier, 1963)

Fig. 3 shows the schematics of X-ray diffractometer. Diffraction in general occurs only when the
wavelength of the wave motion is of the same order of magnitude as the repeat distance between
scattering centers. This condition of diffraction is nothing but Bragg’s law and is given as,

2d sin® = n\ (2)

where d is inter-planer spacing, 0 is diffraction angle, A is wavelength of x-ray and n is order of
diffraction.

For slight movies, the powder procedure related to diffractometer is most regularly utilized. In this
procedure the diffracted radiation is recognized by the counter cylinder, which moves along the
rakish scope of reflections. The forces are recorded on a PC framework. The ‘d’ values are
determined utilizing connection (2.5) for known upsides of 0, A and n. The X-beam diffraction
information in this manner got is imprinted in even structure on paper and is contrasted and Joint
Committee Power Diffraction Standards (JCPDS) information to recognize the obscure material.
The example utilized might be powder, single gem or slim film. The crystallite size of the stores is
assessed from the full width at half greatest (FWHM) of the most exceptional diffraction line by
Scherrer's equation as follows (Barrett and Massalski, 1966);

_ 0.9
PcosO

Where, D is crystallite size, A is wavelength of X-ray used, f is full width at half maxima of the
peak (FWHM) in radians, 0 is Bragg's angle. The X- ray diffraction data can also be used to
determine the dimension of the unit cell.

According to the collection code ICDD: 00-001-1281. The presence of this phase in the solids is
related to the synthesis temperature established in current work and becomes more evident in those
materials that were synthesized at low temperatures. This relationship has been reported by Pinzén
et al. (2021), observing that the intermediate phases of covallite, could be attributed to the
incomplete transformation of sulphides at low temperatures. Moreover, non-stoichiometric
relations of Zn, Sn and Cu can lead to formation of inhomogeneous materials Rajesh ez al. (2013).
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33 Scanning electron microscopy (SEM)

It can give significant data about the surface provisions of an item, its surface, the shape, size and
plan of the particles making up the article that are lying on the outer layer of the example or have
been uncovered by crushing or synthetic drawing, the components and mixtures the example is
made out of and their relative proportions in regions around 1 pm in measurement. Filtering
electron microscopy (SEM) is a fundamental instrument for material portrayal particularly
microstructural/morphological properties. Moreover, it can show the plan of particles in the
example and their level of request. Filtering electron magnifying lens goals are at present restricted
to around 25 Angstroms. The figure underneath shows a schematic outline of examining electron
microscopy (Weber et al., 2010).
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Figure 3: A schematic diagram of scanning electron microscopy

The examining electron magnifying lens produces a light emission in a vacuum. That shaft is
collimated by electromagnetic condenser focal points, centered by a goal focal point, and checked
across the outer layer of the example by electromagnetic redirection loops. The essential imaging
strategy is by gathering optional electrons that are delivered by the example. The optional electrons
are distinguished by a glimmer material that produces blazes of light from the electrons. The light
glimmers are then distinguished and enhanced by a photomultiplier tube. By relating the example
examine position with the subsequent sign, a picture can be shaped that is strikingly like what might
be seen through an optical magnifying lens, the light and the shadowing show very normal looking
surface geology (Habib, 2012).

Zhou et al. (2015), Reported a work via a facile liquid reflux method and the morphology of these
materials was improved with increasing synthesis temperature, since the concentration of
agglomerates decreased noticeably. Elemental composition analyzes performed on the CZTS
samples, using X-ray dispersive energy spectroscopy (EDX), revealed that the experimental
compositions differ about 1% with the theoretically calculated compositions. This difference can
be caused by the tendency of zinc and tin towards the formation of sulfides at low temperatures;
however, based on the properties identified up to this point and by effect of the low synthesis
temperatures, it is expected that these products could be reduced in posterior thermal treatments to
help to consolidate the main phase of CuxZnSnS4 (Zhou et al., 2015).

34 Raman spectroscopy analyses

The Raman microscopy analyzes carry out on the CZTS solids show that in addition to the
characteristic signals of the CZTS material secondary phases of Cu>SnS3, Sn,S3, SnS,, are observed
along CZTS1-CZTSS5 materials, mainly in the case of Cuz«S and ZnS phases, being clear a notable
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evolution in terms of synthesis temperature Pinzon ef al. (2017). The consolidation of a Kesterite
phase is more evident in CZTS5 sample, with a strong signal around 287 ¢cm™, as indicated in
Figure 4a.

The signals of magnified Raman spectrum of CZTS5 sample is shown in Figure 4b, and exhibit a
more detailed evidence of secondary phases with the main peak related with the Cu2ZnSnS4 system
in the Kesterite phase. The figure shows a signal at 338 cm™ related to the A-asymmetric vibrational
mode of the Kesterite. This mode linked to the vibrations of the sulfur atoms in the crystal lattice
is associated with the main signal of the CZTS molecule Pinzon et al. (2017). Likewise, the intense
signal found at 287 cm™ is related to the characteristic phononic frequencies of CZTS. The signals
at 243, 255 and 257 cm’' are also associated with the CZTS material.
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Figure 4: (a) Evolution of main vibrational Raman signals along CZTS1- CZTS5 samples with
presence of secondary phases of ZnS and Cu,S and (b) Raman magnified spectrum for the CZTS5
system showing the signals associated with the vibration band Pinzon et al. (2017).

3.5 Fourier transformation ifrared spectroscopy (FTIR)

FTIR spectroscopy offers both qualitative and quantitative analysis for organic or inorganic
samples. The basic principle of FTIR spectroscopy is to identify chemical bonds in a molecule by
producing an infrared absorption spectrum. The infrared spectra then produce a profile of the
sample, a distinctive molecular fingerprint as well as scan samples for different components. No
two unique molecular structures can produce the same infrared spectrum, similar like a fingerprint
concept. Hence, this makes infrared spectroscopy becoming very useful for many analysis
categories Bag et al. (2012)

4.0 Conclusion

This review summarises resent advances of CZTS and their performance as an alternative material
for costly materials like indium and gallium, this include different synthesis and characterisation
method. With the further development of the preparation technology and equipment, as well as the
mature theoretical research about basic features and crystallisation condition of CZTS thin film,
with its environmentally friendly features, rich content in the earth crust, and good photoelectric
performance, CZTS thin film will certainly become a promising photovoltaic material after CIGS
thin film.
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