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Abstract 

 

Thin-film and nanocrystal copper indium disulfide (such as CuInS2, CIS) gained significant attention in academics and industry 
due to their fascinating optoelectronic properties. Numerous studies have reported the deposition of CIS thin-films and the 
synthesis of nanocrystals using various techniques. Chemical bath deposition (CBD) method and the environmental friendly 
hydrothermal method offer the best option for the deposition of CuInS2 thin films and synthesis of CuInS2 nanocrystals 
respectively, in a cost-effective way. The fabrication of CIS-based thin-film solar cells using low-cost and simple way can be 
one of the promising alternatives to silicon solar cells. This review article described the physical and chemical properties of 
CIS thin-films deposited by the CBD method and hydrothermal synthesized CIS nanocrystals. 
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1. Introduction 

World energy demand is increasing day by day. Today, non-

renewable energy sources such as petroleum, coal, 

hydrocarbon gas, natural gas, nuclear energy, etc are the most 

commonly used energy sources. These energy sources are 

limited, extracted from the earth, and will eventually run out 

with time. In the current scenario, worldwide crude oil 

production is more than 100 million barrels per day (Mb/d) by 

the mid-2020. It will reach 104 and 118 Mb/d in 2030 and 

2050, respectively.[1] If we continuously use fossil fuel at the 

current rate, the earth will be running out of natural gas within 

65 years, coal in about 200 years, and petroleum within 50 

years.[2,3] Also, the emission of carbon dioxide and the final 

product of fossil fuel significantly influence the earth’s 

atmosphere. Therefore, it is important to find other 

alternatives to these energy resources. Because of the limited  

availability of nonrenewable energy resources and the impact 

on global warming, alternative renewable energy options 

are required. Renewable energy sources can be the alternative 

to nonrenewable sources. The renewable energy sources used 

for energy production are mainly solar energy, wind energy, 

geothermal energy, hydropower energy, and ocean energy in 

the form of water waves (Fig. 1). Throughout the decades, 

there has been a great deal of work to establish new renewable 

energy sources. One of the most promising alternatives is to 

harvest solar energy, an abundantly available, clean, and green 

energy source through solar cells.[4-8] The solar energy can be 

harvested through solar cells. In this regard, a variety of 

chalcopyrite materials such as copper indium 

disulfide/selenide (CuInS2/Se2 – CIS/Se), and copper indium 

gallium sulfide/selenide (Cu(In,Ga)S2/Se2 (CIGS/Se), 

CuFeSe2 have been used in solar cells as a light-absorbing 

layer and technology is being developed to enhance efficiency 

by reducing costs and toxicity, etc.[9,10] 

Among various absorber materials used in the solar cell, 

the ternary copper indium disulfide (CuInS2, CIS) compound 

semiconductors have attracted much attention. Because of the 

interesting optoelectronic properties, CIS can be used in 

applications like solar cells, photoelectrochemical cells (PEC), 

photodetectors and light-sensing transistors, etc. [10,11] The CIS 

is a ternary semiconductor (I–III–IV2) that contains nontoxic 

materials, with a direct bulk bandgap between 1.3 and 1.5 

eV,[8,12-14] and a high optical absorption coefficient of about 105 

cm-1. The CIS can be obtained in both n-type and p-type since 

its conduction type depends on the intrinsic defects, such as 

cation vacancies and anti-site defects.[15] Theoretically, 

photoconversion efficiency around 27-32% has been 
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calculated for CIS absorber layer[16, 17] and it is nearly equal to 

other chalcopyrite materials used in solar cells. Polycrystalline 

CIS laboratory solar cell has been produced with an efficiency 

at almost 13 percent.[18] The CIS thin films can be deposited by 

chemical methods such as chemical bath deposition (CBD),[19-

21] spray pyrolysis,[22,23] electrodeposition,[24,25] successive ionic 

layer adsorption and reaction (SILAR)[26,27] as well as physical 

method like co-evaporation from elemental source,[28,29] 

molecular beam epitaxy,[30,31] sputtering,[32,33] chemical vapor 

deposition (CVD),[34,35] laser chemical vapor deposition 

(LCVD),[36] atomic layer deposition,[37] etc. 

 
Fig. 1. Different energy utilization methods. 

Although the deposition of thin films via the 

aforementioned physical methods results in good-quality thin 

films, it is highly expensive and requires many material targets. 

Therefore, an alternative low-cost method is needed to 

produce good quality films. Chemical deposition methods 

could be the best alternative because most of them do not 

require expensive equipment. The chemical method strongly 

depends on the deposition parameters such as solution 

chemistry, solution concentration, pH value, solution 

temperature, etc. 

Among all the chemical methods, the CBD method has 

attracted considerable interests because of its simplicity. It 

does not require a sophisticated instrument. Low operating 

temperatures, large-area deposition, and flexibility in the 

selection of substrate are other advantages of the CBD method. 

In this review article, we briefly discussed CBD methods for 

the deposition of a ternary CIS thin film. Their preparative 

parameters, structural, morphological, and electrical 

properties were described. The properties CIS nanocrystals 

synthesized using simple and low-cost hydrothermal method 

also discussed. The data on preparative parameters of the CIS 

thin films and hydrothermal synthesized CIS nanocrystals 

from the previously published reports have been presented in 

tabular form. 

2. Crystal structure of CuInS2 

The CuInS2 is a chalcogenide ternary semiconductor material, 

which belongs to the I-III-VI2 group. Its molecular formula is 

ABX2 and exhibits a tetragonal crystal structure (A= Cu, Ag, 

B= Al, In Ga and X=S, Se, Te). It is an isoelectronic analog of 

binary (II-VI) semiconductors. The crystal structure of ternary 

chalcopyrite belongs to the nonsymmorphic space group 𝐷2𝑑
12  

with eight atoms per primitive unit cell.[38] It is the superlattice 

structure of zinc blend or sphalerite structure, which has a 

diamond like unit cell consisting of two inter-penetrating face 

centered cubic lattices, separated by translational vectors of 

(1/4, 1/4, 1/4) consisting of two atoms per primitive unit cell.[38] 

The chalcopyrite cell structure of the CIS consists of eight 

atoms per unit cell. Each cation (A, B) is tetrahedrally 

coordinated by four anions (X), whereas each anion (X) is 

coordinated tetrahedrally by two cations (A, B) in an orderly 

manner.[39] 

The difference between zinc blend structure and 

chalcopyrite structure is the existence of two cation sub-

lattices, i.e., tetrahedral distortion and anion displacement. 

The presence of two different cations in ternary chalcopyrite 

results in two near-neighbor chemical bands (A-X, B-X) with 

unequal bond lengths (RA-X ≠ RB-X). The tetragonal distortion 

existing in the structure is mainly due to two different cations 

forming two chemical bonds of different bond lengths. 

Because of this, the tetragonal cell gets distorted leading to the 

distortion (η = c/2a ≠ 1), where a and c correspond to the lattice 

parameters of the diagonal unit cell.[38] Due to the anion 

displacement (u) from the ideal tetrahedra site, the bond length 

mismatch is observed, which does not exist in the zinc blend-

like undistorted anion sublattice. Because of theses added 

structural (η, u) and chemical degrees of freedom, the ternary 

chalcopyrite structure exhibits superior physical and chemical 

properties relative to their binary analog.  

 
Fig. 2 a) Tetragonal unit cell of chalcopyrite CuInS2, b) zinc blend 

or sphalerite unit cell, c) tetragonal distortion (η) and anion 

displacement (u) in CuInS2 unit cell, and d) wurtzite unit cell.  
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Table 1. Physical Properties of the CuInS2 (Bulk).[38- 43] 

Sr. 

No. 

Specification Value 

Structural Properties 

1  Lattice parameters a = b = 0.55 nm 

c = 1.01, c/a = 2.01 

2 Crystal structure Tetragonal (chalcopyrite, 

sphalerite and wurtzite) 

3 Density 4.75 g/cc 

4 Volume compressibility, 

 

0.141 x 10-10 m²/N 

Electrical Properties 

1 Band gap energy 1.5 eV 

2 Excitonic energy gap 1.554 eV 

3 Carrier concentration (n-CIS) 

at RT 

3×1016 cm-3 

4 Carrier concentration (p-CIS) 

at RT 

6×1017 to 2×1018 cm-3 

5 Mobility (n-CIS) at RT 15 cm2V-1S-1 

6 Mobility (p-CIS) at RT 412 cm2V-1s-1 

7 Effective mass(mp) 1.3mo 

8 Effective mass(mn) 0.03mo 

Optical Properties 

1 Refractive index 3.32 

2 Extinction coefficient 0.0201 

3 Optical energy gap (Eg) 1.5 eV 

4 Real ε1 dielectric constants 11.03 

5 Imaginary ε2 dielectric 

constants 

0.134 

The unit cell of chalcopyrite structure, zinc blend structure, 

the distortion in tetragonal unit cell and the wurtzite unit cell 

structure is depicted in Fig. 2(a-d), respectively. The lattice 

parameters and the physical properties of bulk CIS are 

summarized in Table 1. 

3. The CBD of CuInS2 thin films and their properties  

The CBD is the simplest method available for the deposition 

of a variety of semiconductor thin film. All that is needed for 

deposition purposes is a vessel, which contains the aqueous 

solution of the precursors. Using CBD method, a large number 

of binary and ternary compounds such as cadmium 

sulfide/selenide (CdS/Se), coper sulfide/selenide (CuS/Se), 

lead sulfide/ selenide (PbS/Se) zinc sulfide/selenide (ZnS/Se) 

copper indium sulfide/selenide (CuInS2/Se2), coper zinc tin 

sulfide/selenide (CZTS/Se), etc. have been deposited.[44] 

In the CBD method, two steps involved in the formation of 

a solid phase from a precursor solution are the formation of 

nucleation and particle growth.[45] For precipitation to take 

place and to produce the stable phase (nucleation), some 

minimum number of ions or molecules are required in the 

solution. The necessary step for the precipitate is the formation 

of nucleation. The concept of nucleation in solution is that the 

molecular cluster formed undergoes rapid decomposition and 

the particles combines to form a film on the substrate. The 

formation of films also depends on deposition condition such 

as the bath temperature, stirring rate, pH, concentration of the 

solution, etc. The film growth may occur through ion 

condensation of material or through the adsorption of colloidal 

material from the solution on the substrate. The schematics of 

the CBD method is shown in Fig. 3. 

 
Fig. 3 Experimental set-up for chemical bath deposition. 

 
Fig. 4. The SEM image of CBD deposited CIS thin film a) as-

deposited, b) annealed at 200 °C, reproduced with the permission 

from [47]. 

CIS is a strong candidate for thin-film photovoltaic cells. 

Because of the broad absorption coefficients, a CIS film of 1 

μm thick is more than sufficient to absorb most of light in the 

visible spectrum. Several methods for depositing thin films of 

CIS have been reported. However, very few attempts have 

been made to deposit CIS by using the CBD method. For 

example, Padam et al.[19] reported the deposition of CIS thin 

films using cupric chloride (CuCl2.H2O) (0.5 M), indium 

chloride (InCl3) (0.5 M) as an anionic precursor, and thiourea 

as a cationic precursor. Triethanolamine (TEA) was used as a 

complexing agent in the reaction. The effect of deposition 

temperature and deposition time on the physical properties of 

CIS thin films were investigated. The films deposited at 40 °C 

was reported to be a single-phase and well adherent to the 

substrate. Pathan et al.[46] employed a modified CBD (M-CBD) 

method to deposit stoichiometric CIS thin film. In a typical 

process, CIS thin films were obtained from the sequential 

deposition on the glass substrate in the mixture of anionic 

precursor and cationic precursor. The anions were complexed 

with TEA and hydrazine hydrate (HH)[47] Roh et al.[47] 

deposited CIS thin films on indium tin oxide (ITO) substrate. 

The SEM image of as synthesized and annealed CIS thin film 

showed compact and dense surface with a slight variation in 

http://www.matweb.com/tools/unitconverter.aspx?fromID=43&fromValue=4.75
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the grain size (38 nm), which is depicted in Fig. 4. In the 

process, the adsorption of anions (Cu and In) and their reaction 

with cation (sulfur) and the compound film are formed on the 

substrate as shown in the following reaction. 

Cu+ + In+3 + 2S-2  →   CuInS2           (1)                                                         

Gallium (Ga) doped CIS thin films were deposited on the 

ITO substrate by Pan et al.[48] To dope Ga, appropriate quantity 

of gallium trichloride (GaCl3) was mixed in the TEA 

complexed precursor solution containing CuCl2.H20 (0.4 M), 

InCl3 (0.5 M), and thioacetamide. A substitution of 0.2 M of 

Ga resulted in the transition of n-Ga-CIS to p-Ga-CIS. The 

carrier density increased with an increase in Ga concentration 

in the bath solution. 

The slope of straight line in Mott-Schottky plot turned 

from positive to negative value, indicating the change of 

semiconductor property from n-type to p-type. The Ga doped 

compound semiconductor film showed a significant quantum 

efficiency, demonstrating that the films could be used for high-

performance solar cells. In a further study, Garskaite et al.[49] 

have successfully deposited Zn, antimony (Sb) and Ni doped 

CIS thin films on the ITO substrate using CBD technique at 

room temperature. The XRD pattern depicted in Fig. 5 reveled 

that the crystalline nature of CIS thin film was improved with 

doping. The Mott-Schottky plot and the photocurrent density 

showed that the films make the transition from n-type to p-

type conductivity for 0.6, 0.4, and 0.4 molar ratios of Zn, Sb, 

and Ni respectively. The doped films were employed in the 

reactor to study the hydrogen evolution. The maximum 

hydrogen evolution obtained was reported to be 33.26 mL/cm2 

with p-type Zn-CIS films. The surface morphological study of 

undoped and doped CIS thin films (Fig. 6) showed the uniform 

and dense surface with spherical grains over the surface.  

 
Fig. 5. The XRD patterns of undoped CuInS2 and CuInS2:Zn 

(1%), CuInS2:Sb (1%), CuInS2:Ni (1%), CuInS2:Zn (5%), 

CuInS2:Sb (4%) and CuInS2:Ni (4%) films, reproduced with the 

permission from [49]. 

Comparative study of bandgap variation of thermally and 

chemically deposited CIS thin film was studied by Mahmoud 

et al..[50] Chemically as-deposited films were uniform, 

adherent. When the films were  heated in a vacuum at 523 K, 

the grain size found to be increased. The study showed that the 

bandgap of the chemically as-deposited film was 1.5 eV. After 

annealing about 15 minutes at 623 K and 700 K in the sulfur 

atmosphere, the thermally deposited films showed a band gap 

of 1.52 eV. In sulfur atmosphere, reduction of the d-level 

contribution in the upper valence band and the change of 

lattice distance caused by nature of the native defects are 

mainly responsible for increase in the transition.[51] 

 

 

 

 

 

 

 

 

Fig. 6 The SEM images CIS thin film (a) and (b) 

without doping, (c) CuInS2:Zn (1%), (d) CuInS2:Zn 

(5%), (e) CuInS2:Sb (4%)  and (f) CuInS2:Ni (4%). 

Insets in (d), (e) and (f) images show grain size of 

deposited films, reproduced with the permission 

from [49]. 
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Fig. 7. SEM image of CIS thin film composed of nanorods on 

ITO substrate surface, reproduced with the permission from [53]. 

Bini et al.[52] have reported a novel method for the 

conversion of chemically deposited Cu2S films into CIS film. 

The synthesis consists of evaporation of high purity indium on 

chemically deposited Cu2S film. The XRD study of annealed 

Cu2S sample (200 and 300 °C) showed an amorphous film. 

After evaporation of In on Cu2S film, the obtained CIS film 

was converted into polycrystalline. The CIS nanorod thin 

films were synthesized in an alkaline medium.[53] Copper 

sulfate (0.02 M, CuSO4), ammonia solution, indium chloride 

(0.02 M InCl3), citric acid solution (0.05 M) and thiourea 

(NH2)2 CS (0.02 M) were used as the precursors for deposition, 

and TEA were used as a complexing agent. The ITO glass 

substrates were used for deposition and the deposition 

temperature was at 45 °C. The XRD study showed the 

tetragonal chalcopyrite phase with an intense peak at 37.32º 

orientation along the (211) crystal plane. Fig. 7 depicts the 

SEM image of CIS thin film, which shows the rod like CIS 

deposit on the substrate surface. The EDAX analysis revealed 

that the indium-rich stoichiometric composition (Cu-19.25%, 

In-65.87%, and S-14.88%) of CIS films. The optical study 

revealed that the band gap value of as-formed and aqueous 

ammonia etched CIS films was 1.40 and 1.46 eV respectively. 

CIS thin films were formed by the sequential deposition of 

CBD-In2S3 and CBD-CuS thin films on glass using CBD 

method.[54] After heat treatment at 350 °C, In2S3-CuS thin-

films completely were transferred to CIS film. The CIS thin 

film so formed was employed in the photovoltaic cell. The 

superstrate solar cell structure glass/SnO2:F/CdS/Sb2S3/ 

CuInS2/PbS/C/Ag with CBD deposited CIS absorber layer 

showed a photo conversion efficiency of 0.53%. The 

photoconversion efficiency reported is low compared to the 

earlier reported values (2.35%),[55] where the CIS layer was 

deposited using chemical spray deposition method. The low 

photoconversion conversion efficiency could be due to the 

intermixing of the layers during the heat treatment. Cui et al.[56] 

recorded a Raman spectra of CBD deposited CIS thin film at 

approximately 290 cm-1 position, which belongs to 

chalcopyrite phase CuInS2 (Fig. 8). 

 
Fig. 8. Raman spectrum of annealed CIS thin film deposited using 

CBD method.  

The formation of CIS thin films is probably related to the 

dissociation of the anionic complex and cationic complex.[45] 

In the CBD method, the complexing agent plays a vital role in 

the formation of thin films. During the deposition process, 

both the cations and anions present in the solution will react 

with each other and get converted into a neutral molecule. Due 

to this fast reaction, molecule precipitates before they deposit 

on the substrate. Therefore, to slow down the reaction rate, the 

anions were complexed with the complexing agent. In most of 

the reports, TEA was used as a complexing agent to form metal 

complexes. The thiourea, thioacetamide, and Na2S were used 

as the sulfur (cationic) precursor. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. The schematics of experimental set up of 

hydrothermal/solvothermal method for the preparation 

of CIS nanoparticles. 
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In an aqueous medium, the thioacetamide (CH3CSNH2-

TAA) is ready to be dissociative in the following reaction, 

CH3CSNH2 + H+ → H2S + CH3CNH+                (2)                   

H2S +H2O    →     HS- + H3O+                 (3)                                                   

HS- + H2O    →   S-2 + H3O+                    (4)                                                  

The decomposition of TAA leads to the release of S-2 ions. 

The step wise reactions involving the formation of metal 

complex in the presence of triethanolamine (TEA) are 

described as follows, 

Cu+2 +TEA   →    Cu(TEA)2+         (5)                   

In+3 + TEA   →    In(TEA)3+               (6)                                            

The Cu and In complexed ions and the sulfur ions migrate 

towards the surface of the substrate and the reaction take place 

to form CuInS2 thin films as shown by the following reaction, 

Cu(TEA)2++ In(TEA)3++ 2S2- → CuInS2 film    (7) 

Uniform, adherent, desired stoichiometric and n or p 

conductive CIS film deposition is possible with the CBD 

technique. In many reports, the deposition of CIS is carried out 

at different deposition temperatures of solution precursors. 

The XRD patterns of room temperature deposited CIS film 

showed weak crystallinity/amorphous nature. Therefore, heat 

treatment was required for improving the grain size. Therefore, 

it is challenging to deposit thin films at room temperature with 

the desired stoichiometry. As a light absorber layer in the solar 

cell application, the required grain size of the CIS film must 

be around 1-2 µm. However, it is found difficult to obtain the 

required grain size of CIS material using CBD technique. To 

overcome these problems, deposition parameters should be 

properly optimized so that the CBD grown CIS films should 

be competent with that of other high cost and more effective 

depositions methods. Considering the solar cell power 

conversion efficiency and cost, low cost deposition such 

as CBD should be preferred. Table 2 gives the details of 

preparative parameters used to deposite CIS thin films using 

the CBD technique. In order to identify the desired phase 

compound, only XRD study is not sufficient. 

4. Hydrothermal synthesis of CIS nanocrystals and their 

properties 

Metal chalcogenide nanomaterials are the important class of 

materials, which are used in a variety of optoelectronic devices. 

Due to the quantum confinement effect and ability to tune the 

chemical composition, these nanomaterials show fascinating 

optoelectronic properties.[57] Among different metal 

chalcogenide materials, the copper indium disulfide (CIS) 

nanocrystals are interesting because of non-toxic, cadmium 

and lead-free, environmentally stable constituents. The CIS 

has a high absorption coefficient in the visible spectral range 

and a direct band gap of about 1.5 eV.[58] The CIS Bohr exciton 

radius is about 4 nm,[58] therefore the effect of quantum 

confinement in CIS nanocrystals can be observed. Thus, by 

changing the size of the CIS nanoparticles, the properties of 

absorption and emission can be tuned to the visible part of the 

spectrum.[59] Due to these fascinating properties, the CIS 

nanocrystals find applications in various fields including 

photocatalysis,[60] light emitting diodes (LEDs)[61] and 

particularly in different photovoltaic devices.[62,63] Numerous 

synthesis routes have been reported for the synthesis of CIS 

nanocrystals. Among them, colloidal synthesis,[64] 

hydrothermal synthesis, solvothermal synthesis,[65,66] and hot 

injection method[67,68] are the primary routes that require heat 

treatment during the synthesis. However, some room-

temperature synthesis method is also developed and is 

attractive in minimizing the production cost and ensuring 

sustainability.[69,70] 

4.1 Hydrothermal synthesis of CIS nanoparticles 

Many nanocrystal synthesis approaches employ organic 

solvents, which are generally toxic in nature and may cause 

adverse environmental impact. Also, the synthesis technique 

requires high temperature and vacuum conditions. This 

undoubtably increases the cost. Because of this, the production 

is hardly scaled to industrial scale. Therefore, a facile and low-

cost simple approach is highly desirable. Hydrothermal 

method is a low cost and simple method for the synthesis of 

variety of nanocrystals. In a hydrothermal method, the 

aqueous solution of precursors is heated in a sealed stainless-

steel autoclave. High temperature (above boiling point of 

water) and high pressure (above atmospheric pressure) 

environment in sealed autoclave provide a single step process, 

which results in a high crystalline product. In this section, we 

present the hydrothermal method for the synthesis of CIS 

nanocrystal and their physical properties. Fig. 9 shows the 

schematics of the hydrothermal synthesis method of CIS 

nanoparticles. 

Understanding the formation mechanism of the ternary 

CuInS2 nanocrystals is incredibly complex due to different 

properties of Cu+ and In3+ cations. In CIS, Cu+ and S2- ions are 

the soft Lewis and In3+ is a hard Lewis acid in the character, 

respectively.[71] Due to soft and hard Lewis acid characters of 

Cu and In, their reactivity to the sulfur is distinct. Therefore, it 

is necessary to balance the precursor's reactivity of both the 

cations to avoid the formation of binary phases. Furthermore, 

the CIS differs from the exact 1:1:2 ratio between copper, 

indium and sulfur. Therefore, stoichiometry is an additional 

parameter that is required to be adjusted by optimizing the 

synthesis parameters. Therefore, copper and indium's required 

reactivity can be achieved by employing different stabilizers 

in the reaction mixture.[67] There are very few reports on the 

synthesis of CIS nanocrystals using water-based, simple cost-

effective hydrothermal methods. For example, Nayari et al.[72] 

synthesized CuInS2 nanoparticles under different 

experimental conditions such as the use of various copper 

(CuCl2, CuCl) and sulfur (CS2 and S powder), different 

autoclave conditions (filling rate 80-90%) as well as different 

temperature conditions (150-250 °C). The sample obtained 

using CuCl, In metal and S powder at 220 °C and 80% of 

autoclave filling rate for 20 h of rection time showed the best
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Table 2. Preparative parameters of the CuInS2 thin film deposited using chemical bath deposition (CBD). 

Sr. 

No 
Precursors 

Deposition 

Temperature 

Substrate 

Material 
Remark Ref. 

1 10 mL, CuCl2.H2O (0.5 M) + 

5.5 mL InCl3 (0.5 M) + 40 mL 

CS(NH2)2, + 6 mL 

triethylamine (0.5 M) + 20 mL 

ammonia (13.4 M) 

25, 45 

and 

80 oC 

 

Glass Investigation done on Effect of deposition time and deposition 

temperature on properties of the CIS thin films. The film 

deposited at lower temperature and at lower deposition time 

was non-uniform, while single phase CIS films were formed at 

80 °C and 45 min of deposition time. 

[19] 

 

2 CuSO4.5H2O + In2(SO4)3 

triethylamine (TEA) + 

hydrazine hydrate (HH) + 

Na2S 

RT 

 

Glass p-CIS films were deposited at room temperature using anionic 

precursor complexed with TEA and HH and Na2S as a cationic 

precursor. Electrical resistivity was reported to be 10 Ωcm.  

[47] 

3 1.11 mL, CuCl2.H20 (0.4 M), + 

1.11 mL, InCl3 (0.4 M) + 

0.56mL, +TAA  (7.4 M). + 

TEA +  GaCl3 (0.4).  

RT 

 

Glass Obtained Ga doped CIS thin films from the solution of 

containing CuCl2.H20 (0.4 M), InCl3 (0.5M) and complexed 

with TEA and thioacetamide. Ga doping has resulted in the 

transition of n-type semiconductor to p-type semiconductor. 

[48] 

4 CuCl2.H20 (0.4 M), + InCl3 

(0.4 M) + TAA (0.4 M). + 

TEA + 0.4 M of Zn(NO3)2, 

SbCl3, Ni(NO3)2.6H2O.  

RT 

 

Glass Zn, Sb, Ni-CIS thin films were deposited successfully using the 

CBD method at room temperature. The doped films were used 

to study hydrogen evolution. The report showed that Zn-CIS 

films showed a maximum hydrogen evolution. 

[49] 

5 CuCl2, + InCl3 + CS(NH2)2 + 

TEA, NH3 

 

65 °C 

 

Glass The optical bandgap of the chemically as-deposited film was 

1.5eV. For the deposited film, Weak diffraction peak was 

recorded. The deposited films, heated at 700 K in sulfur 

atmosphere showed a bandgap value of 1.52eV. The electrical 

resistance of the as-deposited single-phase CIS indicates the 

extrinsic and intrinsic regions. Annealing in the sulfur vapor 

decreased resistivity. 

[50] 

7 CuSO4(0.02M) + InCl3 

(0.02M) + ammonia + citric 

acid+  (NH2)2CS (0.05M) + 

TEA (0.02M) 

45 °C 

 

Glass The CIS nanorods of 200-250 nm with 20-38 nm diameters 

were synthesized using CBD method. The XRD showed 

intense peak at 37.32° orientated along the (211) crystal plane 

is the characteristics peak of CIS. SEM showed rod-like 

structure of the CIS. The conductivity of the sample was 

changed from n-type to p-type when etched in ammonia. 

[53] 

 

8 C2H5NS, (1.0 M) + In(NO3)3 

(0.1 M)+ CH3COOH (0.1 M) 

RT Glass The CBD deposited In2S3-CuS films were completely 

transferred to CIS thin films after heat treatment at 350 °C for 

24 hr. The device formed 

glass/SnO2:F/CdS/Sb2S3/CuInS2/PbS/C/Ag with CBD 

deposited CIS film showed 0.53% of photoconversion 

efficiency. 

[54] 

9 31.25 mL, CuSO4 (0.1 M) + 25 

ml, InCl3 (0.1 M) + 

Na3C6H5O7 (0.1 M) 

45 °C ITO As deposited films were amorphous. The film annealed at 

450 °C showed crystalline chalcopyrite structure. 

Characteristics Raman peak was found at 290 cm-1 belong to 

chalcopyrite CIS. 

[56] 

[RT- Room temperature, TEA- Triethanolamine, TAA- Thioacetamide, ITO- Indium tin oxide] 
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results. Xiao et al.[73] synthesized CIS nanorods using CuCl2, 

In, CS2, and NaOH as a reaction reagent. Role of attacking 

NaOH reagent is to release S2- ions from sulfur source in the 

reaction process. Under the optimized condition of reaction 

temperature (180 °C) and reaction time (15 h), the CIS product 

exhibits nanorods 20-25 nm in diameter and 400-450 nm 

inlength. Hydrothermally synthesized CIS nanoparticle were 

used for photocatalytic nitrate reduction in aqueous solution.[74] 

The aggregated nanosized CIS nanocrystals (Fig. 10(a)) of 

large BET surface of 9.8 m2/g showed significant 

photocatalytic nitrate reduction (74.8%) after 2h of irradiation. 

Fig. 10(b) shows the comparison of photocatalytic activity of 

hydrothermal synthesized CIS nanoparticles (HY) with the 

that of the high temperature solid state reaction (SSR) 

synthesized CIS nanoparticles.

 

 
Fig. 10 a) SEM image of hydrothermal synthesized CIS sample, b) The time dependence of the photocatalytic nitrate reduction for 

hydrothermal synthesized CuInS2 samples, reproduced with the permission from [74]. 

 
Fig. 11 a) TEM b) SAED patterns of as CuInS2 nanotubes, c) Raman spectra of as CuInS2 nanotube , reproduced with the permission 

from [75]. 
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Fig. 12. FESEM images of the as-synthesized CuInS2 samples incubated at 160 °C for a) 4, b) 8, c) 12, and d) 24 h, reproduced with 

permission from [78]. 

 

Sugan et al.[75] reported the hydrothermal synthesis of 

tetragonal chalcopyrite CIS nano-cubes with structure highly 

oriented along characteristics (112) peak (Fig. 11(a,b)). The 

Raman spectrum of the CIS sample is shown in Fig. 11(c). The 

CIS exhibits three vibrational Raman peaks located around 

293, 269 and 233 cm-1. The dominant peak at 293 cm-1 can be 

assigned to A1 mode and other peaks at 269 and 233 cm-1 may 

be attributed to E(LO/TO) and B2(LO/TO) modes.[76,77] 

Chang et al.[78] synthesized porous like microspheres of 

CIS structure using Gemini as a surfactant in the starting 

solution. Gemini surfactant possess essential characteristics 

that it can be used as a soft molecular template to control the 

structural and morphological properties of many inorganic 

nanomaterials.[79,80] The effect of Gemini template on 

morphology of CIS nanoparticles is shown in field emission 

scanning electron microscopy (FESEM), Fig. 12. This 

indicates that the aggregated nanoparticles get changed to 

porous-microspheres as the reaction time is increased.  

 

5. Conclusion and future scope 

The present review outlines the preparative parameters and the 

physical properties of the CIS absorber layer deposited via 

CBD method. The CIS deposition has been reported at 

different temperatures of the precursor solution. However, 

reports on room temperature deposition of CIS thin-film are 

limited. The room temperature deposition leads to amorphous, 

non-stoichiometric film composition. For low-temperature 

deposition, proper optimization of preparative parameters and 

understanding of suitable solution chemistry are required. The 

crystalline nature of the CIS film can be enhanced by 

annealing the film at different temperatures. Annealing in 

sulfur vapor atmosphere enhances the conductivity of CIS film. 

It is reported that the conductivity of the CBD deposited 

sample changed from n-type to p-type after doping with Ga, 

Sb or Ni. Etching the CIS film in ammonia also changed the 

conductivity. As an absorber material in solar cell application, 

the required grain size of CIS film must have a value of around 

1-2 µm. However, it is found difficult to obtain the required 

grain size of CIS material using CBD. The deposition 

parameters should be properly optimized to get the desired 

thickness of the film. Considering the photo conversion 

efficiency and cost of the solar cell, low-cost deposition such 

as CBD should be preferred. Another important aspect in CBD 

method is the pH of the cationic and anionic precursor solution. 

The CIS can be deposited both in acidic as well as in basic 

medium. A simple and cheaper deposition technique, such as 

CBD, onto cheaper and flexible substrates could effectively 

revive the advancements of cells. Chemical synthesis method 

is low-cost and simple for the synthesis of CIS nanocrystals. 

The electrical and optical properties shown by chemically 

synthesized CIS nanoparticles are interesting for solar energy 

conversion. 
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