
Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-639-3 

IIP Proceedings, Volume 2, Book 12, Part 1, Chapter 11   

SYNTHESIS TECHNIQUES OF CADMIUM 

 TELLURIDE THIN FILMS FOR SOLAR CELL APPLICATIONS 

 

Copyright © 2022 Authors                                                                                                                    Page | 144  
 

SYNTHESIS TECHNIQUES OF CADMIUM 

TELLURIDE THIN FILMS FOR SOLAR CELL 

APPLICATIONS 

 
Abstract 

 

As a photoelectric and intense 

radiation detection compound, the II-IV 

semiconductor compound CdTe possesses 

suitable electrical and optical characteristics. 

By acting as an absorber material in thin-film 

solar cells created with inexpensive 

technology, CdTe has the potential to be used 

in the creation of high-efficiency solar cells. 

The methods for depositing thin films of 

CdTe are thoroughly examined in this 

chapter. 
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I. INTRODUCTION 

 

Sunlight is a renewable energy source. Solar energy is free, and solar modules have 

been used without any dangerous compounds being released. In general, the photoelectric 

effect was used to power many different types of solar cells [1]. Because it is non-toxic, 

plentiful, and has greater power conversion efficiency, silicon is now the leading photovoltaic 

material. The most significant disadvantage was that it was unreasonably costly. Later, the 

creation of a solar cell was revealed [2]. Thin film technology, according to experts, can 

reduce the quantity of active material in a cell while also being less expensive than crystalline 

silicon. solar panels, which are a second-generation invention, are made by stacking one or 

more thin layers of PV components over a glass, plastic, or metal substrate [3]. The film's 

thickness may range from a few nanometers to tens of micrometers, making it significantly 

thinner than its rival, a normal first-generation c-Si solar cell with wafers 200 micrometers 

thick. As a result, , the pioneer photovoltaic thin film technology, was created in the early 

1970s and are currently the only ones to rank among the top ten global producers. This is 

because CdTe is exceedingly tough and chemically stable, and it can be deposited in a variety 

of ways, making it ideal for large-scale manufacture. CdTe is a potential absorber material for 

thin-film solar cells, with an energy band gap of roughly 1.5eV and an absorption coefficient 

greater than 10
4
 cm

-1
 [5]. It may be made as either a substrate or a superstrate. It is 90% 

absorbent at one mm thickness. CdTe can therefore be used as the solar cell's effective 

absorber layer. Since the component is extremely stable in form and is less expensive to make 

than Si PV cells, the is also considered to be important by the market [6]. Alternatively, using 

an injected carrier the CdTe multi-layer structure of the solar cell may provide excellent 

efficiency in both interface scattering and recombination. Keeping the p and n doping under 

control might lower the rating system. However, careful analysis of the p and n-type doped 

junction of CdTe and this area is essential [7]. 

   
Generally, the first component of deposition is the split of deposition techniques into 

physical and chemical processes. The initial step in the process starts with a solid substance 

that is sublimated before being placed on the substrate to transfer this gas. For this technique, 

a high vacuum possibly even an ultrahigh vacuum is required [8]. The second approach starts 

the deposition by utilizing reagents that, through chemical reactions, generate the material to 

deposit. The primary difference between these methods is how the vacuum is used during 

film deposition. Because of this, it is assumed that the first operation is more expensive than 

the second [9]. Another difference is that the physical technique enables more precise control 

of the deposition speed. The CdTe polycrystalline films may be created using a variety of 

processes, including chemical vapour deposition, closed space sublimation (CSS), pulsed 

laser deposition (PLD), Sputtering, thermal evaporation, screen printing, and molecular beam 

epitaxial approach [10]. 

 

1. Closed space sublimation: CSS (close-spaced sublimation) is a simple method of 

physical vapor deposition. Under both vacuum and atmospheric pressure, materials that 

evaporate below 800°C, notable semiconductors, can be coated on substrates such as 

glass. The target materials must be solid, in the form of chunks or powder [11]. For 

example, cadmium telluride (CdTe) may be deposited in 10 minutes at 600°C with a 

thickness of 1-10 m, making it one of the shortest deposition durations among various 

physical vapor deposition (PVD) techniques. CSS and the binary compound material 
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cadmium telluride (CdTe) are intimately related since CSS is used extensively in 

manufacturing CdTe. When producing on flexible glass substrates, one extreme must be 

considered: the glass transition temperature (Tg = 560°C). Controlling deposition 

pressure during the sublimation process can help improve characteristics [12]. 

 
Figure 1:  Working Model of Closed Space Sublimation 

 

2. Chemical vapour deposition: Chemical vapor deposition (CVD) is a common material 

processing technology that forms thin layers on a heated substrate by the chemical 

interaction with gas-phase precursors. CVD has a significant advantage over physical 

vapor deposition processes such as evaporation and sputtering because it is based on 

chemical reactions, which allow for variable deposition rates and high-quality products 

with great conformality [13]. The increasing need for semiconductor thin films during 

WWII provided the first impetus for the fast development of CVD technology. Carbon 

nanotubes, graphene, and 2D transition metal dichalcogenides (TMDs) have recently 

given fresh life to the electronics sector by developing more strict conditions for effective 

CVD of these materials with high purity and fine structure [14]. 

 

 
 

Figure 2: Systematic Diagram of Chemical Vapour Deposition 
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The architectures and properties of the resulting products may be modified using 

contemporary CVD systems and their modifications, such as plasma-enhanced CVD and 

metal-organic CVD (MOCVD). CVD is a common technology for applications in 

electronics, optoelectronics, surface modification, and biomedicine since it frequently 

does not need high vacuum working conditions [15]. 

 

3. Spray pyrolysis: A simple chemical procedure called spray pyrolysis is mostly employed 

to deposit the TCO layer. In this procedure, the pressure of a gas crushes the substance in 

the solution (argon, air, nitrogen, etc.). For this procedure, it's essential to regulate the 

flow of the solution and the pressure of the gas. The pulverized solution is sprayed over 

the heated substrate to form the film. The kind of pulverization separates the two different 

spray pyrolysis methods that are now available [16]. 

 

 
 

Figure 3: Working Principle of Spray Pyrolysis. 

  Sputtering technique:; Physically, the target is sublimated using the sputtering 

process, which involves bombarding the target with powerful ions. The plasma formed 

inside the apparatus, which contains a vacuum chamber, is where the ions are obtained. 

When the ions interact with the target, they shift momentum along with the target's atoms. 

Sputtering is the process of ejecting the target atoms when the energy of the ions striking 

is higher than the binding energy. Ion energy, incidence angle, ion mass, and atom mass 

in the target are the factors to take into account in this procedure. These ions are often 

produced from ionized gas, such as argon. [17]. 

 

4. Electro chemical deposition technique: Electro deposition would be a preferred method 

for producing CdTe due to its low cost, convenience, adaptability, and processability, as 

well as its ability to make p-, i-, or n-type materials by altering the cathodic voltage 

during electrodeposition [18]. Mathers and Turner published the first paper on the 
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cathodic electrodeposition of CdTe using an aqueous solution of CdSO4 and TeO2 in 

1928. Before the 1978 publication of Panicker et alpapers on the subject, there had been 

no fresh study on this electrodeposition method for 50 years. Electrodeposition is a 

popular approach for producing non-aqueous and anodic [19] deposition. A Cadmium 

source of CdTe employed in electrodeposition was the CdSO4 precursor. The deposited 

CdTe layer should next be CdCl2 treated to activate the CdTe characteristics for 

enhanced quality in CdS/CdTe solar cells. CdCl2 treatment has been used as an activation 

step for CdTe solar cells since 1979 [20], and the efficiency of solar cells has always risen 

by an order of magnitude with this so-called "magic step". The CdCl2 treatment is 

thought to accelerate grain development, improve charge carrier recrystallization and 

lifespan, modify the doping concentration, and eliminate defects and Te precipitations in 

CdTe thin films [21]. In light of these benefits, this work conducted comprehensive 

research on CdTe electrochemical anodization with an aqueous suspension chloride 

precursor utilizing Cadmium chloride as the Cadmium source rather than Cadmium 

sulfate [22]. 

 

Figure 4: Electro chemical deposition set-up 

II. CONCLUSION 
 

This chapter's goal is to provide a summary of the various methods for depositing 

CdTe thin films. All of the methods stated above are novel because they allow for the 

creation of thin films with various qualities. For instance, traditional solar cells are made 

using physical methods, whereas transparent technology is made using chemical methods due 

to their quick deposition times. Differ in various respects, the method used is determined by 

the uses for the thin films. 
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