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Abstract 

This study focuses on the optimization of vacuum-based thermal evaporation 

techniques for the deposition of chalcogenide compounds, which are essential 

materials in applications such as photovoltaics, infrared detectors, and phase-

change memory devices. The research explores various parameters affecting the 

quality of chalcogenide thin films, including vacuum pressure, evaporation 

temperature, and deposition rate. By refining these parameters, improved 

uniformity, film thickness control, and enhanced material properties were 

achieved. The study also examines the impact of substrate preparation and post-

deposition annealing on the structural, optical, and electrical characteristics of the 

films. The findings contribute to the development of more efficient and reliable 

fabrication processes for high-performance chalcogenide-based devices. 
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Introduction 

Chalcogenide compounds, consisting of elements from Group 16 of the periodic 

table (such as sulfur, selenium, and tellurium), are increasingly important in 

modern technological applications, particularly in the fields of optoelectronics, 

infrared sensing, phase-change memory, and photovoltaics. The unique 

properties of chalcogenides, including their tunable optical bandgap, high 

refractive index, and phase-change capabilities, make them ideal for a wide range 

of advanced devices. However, the fabrication of high-quality chalcogenide thin 

films is critical to the performance and reliability of these devices. 

Vacuum-based thermal evaporation is a widely used technique for depositing 

chalcogenide thin films due to its simplicity, cost-effectiveness, and ability to 

create uniform layers. This process involves heating the chalcogenide source 



International Conference on Developments in Education 
Hosted from Saint Petersburg, Russia 

https: econferencezone.org                                                     October - 23rd 2024 

pg. 15 
 

 

 

material in a vacuum chamber until it evaporates, then condensing the vapor onto 

a substrate to form a thin film. Despite the method’s versatility, achieving 

consistent film quality remains challenging. Key factors such as evaporation 

temperature, vacuum pressure, deposition rate, and substrate preparation play 

crucial roles in determining the properties of the deposited films. Additionally, 

post-deposition treatments like annealing are often required to optimize the film's 

structural, electrical, and optical characteristics. 

Optimizing these parameters is essential to improve the performance of 

chalcogenide-based devices. For instance, a precisely controlled deposition rate 

ensures uniform thickness, while optimal vacuum conditions prevent 

contamination and defects in the film. Furthermore, substrate preparation and 

post-annealing processes can significantly affect the crystallinity and phase 

composition of the material, which are critical for applications such as phase-

change memory and infrared detectors. 

This study focuses on refining the vacuum-based thermal evaporation process for 

chalcogenide thin films by investigating the critical deposition parameters. By 

understanding the effects of these factors on film morphology, structure, and 

properties, this research aims to provide insights into the fabrication of high-

quality chalcogenide films, contributing to the advancement of efficient and 

reliable manufacturing processes for emerging technologies. 

 

The main part 

1. Overview of Vacuum-Based Thermal Evaporation Process 

Vacuum-based thermal evaporation is a widely adopted technique for fabricating 

high-quality thin films, particularly of materials like chalcogenide compounds. 

The process is characterized by heating the chalcogenide material inside a 

vacuum chamber until it vaporizes. The vapor particles then travel through the 

vacuum and condense on a cooled substrate, forming a thin film. The primary 

advantage of this method lies in its ability to deposit uniform layers of materials 

with minimal contamination, owing to the high vacuum conditions that limit 

unwanted chemical reactions with residual gases. 
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Figure 1. Schematic representation of thermal evaporation techniques: (a) 

Resistive thermal evaporation. (b) Electron-beam evaporation. 
 

In the case of chalcogenides, which are crucial for numerous applications such as 

phase-change memory, infrared optics, and photovoltaic cells, controlling the 

evaporation process is critical for achieving the desired film characteristics, such 

as uniformity, composition, and thickness. This section discusses the key factors 

that influence the quality of the deposited chalcogenide films and outlines 

strategies to optimize the deposition process. 

 

2. Key Factors Influencing Chalcogenide Thin Film Quality 

a. Vacuum Pressure. Maintaining an optimal vacuum pressure is one of the most 

critical aspects of the evaporation process. Low pressures, typically in the range 

of 10^-6 to 10^-8 torr, are required to reduce the presence of contaminants and 

prevent unwanted reactions that could degrade the film quality. Insufficient 

vacuum pressure can introduce impurities, leading to non-uniform films or 

defects such as pinholes and rough surfaces. Achieving ultra-high vacuum 

conditions ensures that the evaporated chalcogenide molecules remain pure as 

they condense on the substrate, resulting in films with improved optical and 

electrical properties. 

 

b. Evaporation Temperature. The evaporation temperature must be carefully 

controlled to ensure that the chalcogenide material evaporates without 

decomposing or oxidizing. Different chalcogenide compounds, such as 

Ge2Sb2Te5 (GST) or As2Se3, have distinct vaporization temperatures that need 

to be adjusted according to their physical and chemical properties. Typically, the 



International Conference on Developments in Education 
Hosted from Saint Petersburg, Russia 

https: econferencezone.org                                                     October - 23rd 2024 

pg. 17 
 

 

 

temperature should be sufficient to fully vaporize the material, but not so high 

that it causes excessive vaporization rates or chemical degradation. Overly high 

temperatures can also lead to non-uniform deposition, as the evaporant may lose 

its stoichiometry, affecting the final composition of the thin film. 

 

c. Deposition Rate. The rate at which the chalcogenide material is deposited onto 

the substrate is another critical factor that influences film uniformity and 

structure. A low deposition rate generally leads to better control over film 

thickness and uniformity, as the atoms or molecules have more time to organize 

themselves on the substrate. However, deposition rates that are too low can 

increase the processing time and decrease throughput. Conversely, high 

deposition rates can result in rough films with poor structural integrity, as atoms 

may not have sufficient time to settle into an ordered structure. Optimizing the 

deposition rate ensures a balance between film quality and production efficiency. 

 

d. Substrate Preparation. The substrate on which the chalcogenide thin film is 

deposited plays a vital role in determining the quality of the film. Proper cleaning 

and preparation of the substrate surface are crucial to achieve good adhesion and 

minimize defects. Techniques such as ultrasonic cleaning, plasma cleaning, or 

annealing may be employed to remove contaminants and provide an atomically 

smooth surface for deposition. The nature of the substrate, including its thermal 

expansion coefficient, roughness, and crystallographic orientation, also 

influences the film's structural and optical properties. Selecting the appropriate 

substrate and ensuring its proper preparation can significantly enhance film 

performance. 

 

3. Post-Deposition Annealing 

Annealing is a post-deposition process that improves the structural and functional 

properties of chalcogenide thin films. Chalcogenide compounds are known for 

their phase-change properties, where thermal treatment can induce crystallization 

in previously amorphous films. This crystallization can improve electrical 

conductivity and alter optical properties, which is especially useful for 

applications like phase-change memory (PCM) devices. 

Annealing is typically performed in a controlled atmosphere (e.g., vacuum or 

inert gas) to prevent oxidation, at temperatures tailored to the specific 

chalcogenide material. For example, annealing GST films at temperatures 

between 150°C and 250°C can promote the desired crystalline phases for data 
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storage applications. The annealing temperature, duration, and cooling rate all 

contribute to the final film properties, such as grain size, crystallinity, and defect 

density. 

 

4. Film Characterization 

Once the thin films are deposited and annealed, comprehensive characterization 

is essential to evaluate their structural, optical, and electrical properties. A variety 

of techniques can be employed to assess the quality of the films: 

• X-ray Diffraction (XRD) is used to analyze the crystallinity of the film, 

particularly to distinguish between amorphous and crystalline phases. 

• Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM) 

provide insight into surface morphology, identifying surface roughness and 

uniformity. 

• Ellipsometry and Spectrophotometry are employed to measure the optical 

constants (refractive index and absorption coefficient), which are critical for 

applications in optics. 

• Four-point probe and Hall effect measurements can determine the electrical 

properties, such as resistivity and carrier concentration, crucial for memory and 

switching devices. 

 

5. Energy Efficiency and Material Waste Reduction 

Optimizing vacuum-based thermal evaporation not only improves film quality 

but also enhances the overall energy efficiency of the deposition process. Careful 

control of vacuum pressure and evaporation temperature reduces energy 

consumption by minimizing the time and power required to achieve the desired 

thin film properties. Furthermore, minimizing material waste is critical, 

particularly for expensive chalcogenide materials. This can be achieved by 

optimizing the deposition rate and ensuring efficient material usage through 

tailored crucible designs and deposition configurations. 

 

6. Applications of Optimized Chalcogenide Thin Films 

Chalcogenide thin films deposited via optimized vacuum-based thermal 

evaporation have widespread applications in modern technologies. Some key 

areas include: 

• Phase-Change Memory (PCM): The phase-change behavior of 

chalcogenides, such as Ge2Sb2Te5, makes them ideal for non-volatile memory 
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devices. Precise control over the film’s crystallization is essential for data storage 

performance. 

• Infrared Optics: Chalcogenide glasses are transparent in the infrared region, 

making them suitable for infrared lenses, sensors, and detectors. Optimized film 

uniformity and thickness are crucial for achieving high optical performance. 

• Photovoltaics: Chalcogenides such as CuInSe2 (CIS) and Cu(In,Ga)Se2 

(CIGS) are widely used as absorber layers in thin-film solar cells, where high-

quality films enhance solar conversion efficiency. 

 

Conclusion 

Optimizing the vacuum-based thermal evaporation process for chalcogenide 

compounds is essential to producing high-performance thin films for a range of 

advanced applications. By carefully controlling vacuum pressure, evaporation 

temperature, deposition rate, and substrate preparation, and incorporating post-

deposition annealing, significant improvements in film quality, energy efficiency, 

and material usage can be achieved. These optimizations pave the way for more 

reliable and efficient production of chalcogenide-based devices in industries such 

as memory storage, infrared sensing, and photovoltaics. 
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