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Abstract 

This paper discusses the synthesis of chalcogenide materials using thermal evaporation in 

vacuum conditions, emphasizing the advantages of this method in achieving high-quality thin 

films. Chalcogenides, known for their diverse applications in electronics, photovoltaics, and 

thermoelectric devices, are effectively fabricated through controlled thermal evaporation, 

which allows for precise manipulation of film properties such as thickness, crystallinity, and 

surface morphology. The review highlights recent advancements in the field, including the 

impact of post-deposition treatments and the scalability of the thermal evaporation process, 

providing insights into future research directions. 
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Introduction 

Chalcogenide materials, composed primarily of elements from Group 16 of the periodic table 

(sulfur, selenium, and tellurium), are renowned for their exceptional electrical, optical, and 

thermoelectric properties. These materials have gained prominence in various applications, 

including photovoltaics, photodetectors, and phase-change memory devices (Baker et al., 

2022; Li & Zhang, 2023). The ability to control film characteristics during deposition is crucial 

for optimizing performance in these applications. 

Thermal evaporation under vacuum conditions is a widely utilized technique for synthesizing 

chalcogenide thin films due to its simplicity and effectiveness in producing high-quality 

materials. This method involves heating the chalcogenide source material in a vacuum 

chamber, where the evaporated atoms condense on a cooler substrate, forming a thin film. The 

vacuum environment minimizes contamination and allows for precise control over deposition 

parameters, such as temperature and rate, which significantly influence film properties 

(Nguyen et al., 2023). 

Recent studies have demonstrated the effectiveness of thermal evaporation in producing 

chalcogenide films with desirable characteristics. For instance, Bi₂S₃ thin films synthesized 

via this method exhibited improved charge transport properties and a high degree of 
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crystallinity after post-annealing treatments (Kumar et al., 2024). Additionally, research on 

AgBiS₂ films has shown promising results in achieving competitive efficiencies for 

photovoltaic applications, showcasing the potential of thermal evaporation for scalable 

production (Chen et al., 2024). 

Chalcogenide materials, which include compounds such as sulfides, selenides, and tellurides, 

are significant due to their unique properties that make them suitable for a range of applications 

including photovoltaics, photodetectors, and thermoelectric devices. The synthesis of these 

materials using thermal evaporation in vacuum has gained traction as an effective method for 

producing high-quality thin films. 

 

1. Thermal Evaporation Process 

The thermal evaporation process involves heating a solid chalcogenide source material in a 

vacuum chamber to high temperatures, allowing it to vaporize. The vaporized atoms or 

molecules travel through the vacuum and condense onto a substrate, forming a thin film. Key 

parameters in this process include: 

• Evaporation Temperature: The temperature at which the source material evaporates, 

which needs to be optimized to ensure sufficient vapor pressure without degrading the 

material. 

• Vacuum Level: A high vacuum is essential to reduce contamination from atmospheric 

gases and improve film uniformity (Nguyen et al., 2023). 

 

• Deposition Rate: This affects film thickness and morphology; slower rates often lead 

to better crystallinity but longer deposition times. 

Recent studies highlight the importance of controlling these parameters to achieve desired film 

characteristics. For example, a study demonstrated that adjusting the substrate temperature 

during Bi₂S₃ film deposition can significantly impact the morphology and electrical properties 

of the films (Kumar et al., 2024). 

 

2. Advantages of Thermal Evaporation 

Thermal evaporation offers several advantages for the synthesis of chalcogenide thin films: 

• High Purity: The vacuum environment minimizes contamination, leading to high-purity 

films, which is crucial for electronic applications (Baker et al., 2022). 

• Uniformity: The method allows for uniform film deposition over large areas, which is 

essential for commercial applications. 

• Scalability: Thermal evaporation can be scaled up for industrial production, making it 

suitable for the mass fabrication of devices (Chen et al., 2024). 
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3. Challenges and Limitations 

Despite its advantages, there are challenges associated with thermal evaporation: 

• Material Utilization: The efficiency of material usage can be a concern, as some of the 

source material may not contribute to the film (Li & Zhang, 2023). 

• Complex Composition: For ternary or quaternary chalcogenides, achieving the correct 

stoichiometry can be challenging during co-evaporation processes, which requires precise 

control of multiple source materials (Kumar et al., 2024). 

 

4. Recent Advancements 

Recent research has focused on optimizing the thermal evaporation process and exploring new 

chalcogenide compositions. Notable advancements include: 

• High-Performance Thin Films: A 2024 study reported the synthesis of AgBiS₂ films via 

co-evaporation, achieving a power conversion efficiency of 1.52% for solar cells. This 

demonstrates the potential of thermal evaporation for producing high-efficiency photovoltaic 

materials (Chen et al., 2024). 

• Post-Deposition Treatments: Post-deposition annealing has shown to significantly 

improve the crystallinity and electronic properties of chalcogenide films. For instance, Bi₂S₃ 

films exhibited enhanced electrical performance after annealing, highlighting the role of 

thermal treatments in optimizing film characteristics (Kumar et al., 2024). 

 

5. Future Perspectives 

The future of chalcogenide synthesis via thermal evaporation looks promising. Ongoing 

research aims to: 

• Develop Novel Materials: Investigating new chalcogenide compositions with enhanced 

properties for specific applications, such as thermoelectric generators and high-efficiency solar 

cells (Nguyen et al., 2023). 

• Refine Synthesis Techniques: Further optimization of deposition parameters and the 

exploration of hybrid methods, such as combining thermal evaporation with other techniques 

like sputtering or chemical vapor deposition, to improve film quality and functionality. 

 

Conclusions 

Thermal evaporation in vacuum conditions stands out as a robust method for the synthesis of 

chalcogenide materials, providing high-quality films that can be tailored for a variety of 

applications. The combination of precise control over deposition conditions and the ability to 

achieve high purity and uniformity positions this method as a leading choice in the field. As 

research advances, the optimization of synthesis techniques and exploration of novel materials 

will be essential in pushing the boundaries of chalcogenide applications in future technologies. 
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