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Abstract 

Chalcogenide semiconductor thin films, comprising elements from Group VI (S, Se, Te) and Groups IV–VI 

metals (e.g., Cd, Pb, Sn, In, Cu, Ga), have gained immense attention for their versatile optical and electrical 

properties. These materials exhibit a tunable band gap, high absorption coefficients, and cost-effective 

fabrication, making them suitable for diverse applications, including photovoltaics, photo detectors, 

thermoelectric, and phase-change memory devices. This review provides a comprehensive summary of the 

synthesis techniques, structural and optoelectronic properties, and emerging applications of key chalcogenide 

thin films such as CdSe, CdTe, SnS, CuInSe₂, and GeTe. Emphasis is placed on how doping, 

nanostructuring, and fabrication processes influence film characteristics and performance. The review 

concludes with current challenges and future prospects in this rapidly evolving field. 
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1. Introduction 

Chalcogenide semiconductors are compounds formed between chalcogenide elements (S, Se, Te) and metals 

from groups II–VI, III–VI, or IV–VI. These materials have unique photoelectric and thermoelectric 

properties, which make them promising candidates for next-generation energy and electronic devices. The 

thin film form of these materials is especially attractive due to its scalability, cost-effectiveness, and the 

ability to tune material properties via deposition parameters or doping. Among the most extensively studied 

chalcogenide thin films are cadmium selenide (CdSe), cadmium telluride (CdTe), copper indium diselenide 

(CuInSe₂), tin sulfide (SnS), and germanium telluride (GeTe). These films find broad applications in solar 

cells, IR detectors, sensors, and non-volatile memory due to their direct bandgap, high optical absorption, 

and compatibility with flexible substrates. 
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2. Types of Semiconductor Chalcogenide Thin Films 

2.1 Cadmium Selenide (CdSe) 

CdSe is a II–VI semiconductor with a direct band gap (~1.7 eV). Its high absorption coefficient and good 

electron mobility make it suitable for solar cells and photodetectors. CdSe thin films can be deposited using 

methods such as chemical bath deposition (CBD), electrodeposition, and spray pyrolysis. 

2.2 Tin Sulfide (SnS) 

SnS is a promising IV–VI chalcogenide with a band gap around 1.3–1.5 eV and high absorption (>10⁴ cm⁻¹). 
Due to its earth-abundant, non-toxic nature, SnS is being explored as an alternative absorber layer in 

photovoltaics. The anisotropic crystal structure also makes it of interest for thermoelectric applications. 

2.3 Copper Indium Diselenide (CuInSe₂, CIS) 

CIS belongs to the chalcopyrite family and has a direct band gap of ~1.0 eV. It shows superior photovoltaic 

performance when alloyed with Ga (forming CIGS). Films are typically prepared by sputtering or co-

evaporation and require high-temperature post-annealing for crystallization. 

2.4 Cadmium Telluride (CdTe) 

CdTe is one of the most successful thin-film PV materials with an optimal band gap (~1.45 eV). CdTe-based 

solar panels have achieved commercial success due to low production cost and high efficiency. However, 

toxicity and cadmium regulation remain challenges. 

2.5 Germanium Telluride (GeTe) 

GeTe is a narrow-gap semiconductor (~0.6 eV) that is widely studied for its phase-change memory 

properties. It switches between amorphous and crystalline states under thermal stress, making it ideal for data 

storage applications. 

3. Fabrication Techniques 

Chalcogenide thin films can be deposited using both physical and chemical techniques: 

 Chemical methods: Chemical Bath Deposition (CBD), Successive Ionic Layer Adsorption and 

Reaction (SILAR), spray pyrolysis 

 Physical methods: Thermal evaporation, Pulsed Laser Deposition (PLD), sputtering, Molecular 

Beam Epitaxy (MBE) 

Parameters such as precursor concentration, substrate temperature, pH, and annealing significantly 

affect the film’s microstructure, crystallinity, and electronic properties. 
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4. Properties of Chalcogenide Thin Films 

Material Band Gap (eV) Optical Absorption Electrical Conductivity Notable Features 

CdSe ~1.7 High Moderate Photodetector, solar cell 

SnS 1.3–1.5 Very High p-type Non-toxic, absorber 

CuInSe₂ ~1.0 High High (p-type) PV absorber layer 

CdTe ~1.45 High Moderate Commercial PV material 

GeTe ~0.6 Moderate Phase-change Memory devices 

Structural Properties: Crystallinity, grain size, and orientation affect carrier mobility and recombination. 

Optical Properties: Band gap tuning can be achieved through doping or quantum confinement in 

nanostructured films. 

Electrical Properties: Controlled by doping concentration, intrinsic defects (e.g., vacancies), and post-

deposition annealing. 

5. Doping and Alloying Effects 

Doping is a key strategy to improve performance. Examples include: 

 Cu or In doping in CdSe: Enhances conductivity and modifies band structure. 

 Al or Ag doping in SnS: Increases carrier concentration and reduces resistivity. 

 Ga addition in CuInSe₂: Improves efficiency and stability (forming CIGS). 

 Sb or Bi doping in GeTe: Enhances phase-change speed and data retention. 

These dopants introduce localized energy levels or modify crystallinity, enhancing device performance. 

6. Applications 

 Photovoltaics: CdTe, CuInSe₂, and SnS thin films are used in commercial and experimental solar 

cells. 

 Photodetectors: CdSe and SnS films are responsive in the visible and near-IR range. 

 Phase-Change Memory: GeTe and its alloys are widely used in non-volatile memory devices. 

 Thermoelectrics: SnSe and Sb₂Te₃-based chalcogenide show high thermoelectric efficiency due to 

low thermal conductivity. 

7. Challenges and Future Directions 

 Toxicity of Cd and Te poses environmental and health concerns. 

 Stability under long-term exposure (UV, humidity) needs improvement. 

 Scalability and uniform deposition over large areas require advanced process control. 

 Bandgap Engineering through nanostructuring and heterostructures is a key research area. 

Future research is focusing on eco-friendly alternatives, 2D chalcogenide, hybrid perovskite-

chalcogenide systems, and integration with flexible electronics. 
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8. Conclusion 

Semiconductor chalcogenide thin films represent a diverse and promising class of materials with significant 

potential across electronics, energy, and sensing technologies. Their unique combination of tunable 

optoelectronic properties and compatibility with low-cost fabrication techniques makes them key candidates 

for future innovation. Continued research into their physical properties, doping behavior, and device 

integration will be crucial to unlocking their full potential. 
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