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ABSTRACT 

 

The growing demand for sustainable and renewable 

energy sources has led to significant advancements in 

photovoltaic technology. Among the materials explored 

for solar cell applications, copper-based chalcogenides, 

particularly CuS, CuSe, and CuTe, have garnered 

attention due to their unique optoelectronic properties 

and cost-effectiveness. This research article provides a 

comprehensive analysis of the use of these compounds 

in solar cells. It covers their synthesis, theoretical 

frameworks, experimental setups, and comparative 

performance. The study aims to highlight the potential 

of CuS, CuSe, and CuTe in enhancing solar cell 

efficiency while addressing their limitations and future 

prospects. 
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INTRODUCTION 

 

Solar energy is one of the most promising renewable 

energy sources due to its abundance and sustainability. 

Photovoltaic (PV) technology, which converts sunlight 

directly into electricity, plays a crucial role in harnessing 

solar energy. Traditional silicon-based solar cells, though 

widely used, face limitations such as high production costs 

and complex manufacturing processes. Consequently, 

research has shifted towards exploring alternative materials 

that are both cost-effective and efficient. 

 

Among the various materials investigated, copper-based 

chalcogenides have emerged as strong contenders for next-

generation solar cells. These compounds, specifically 

copper sulfide (CuS), copper selenide (CuSe), and copper 

telluride (CuTe), exhibit unique properties that make them 

suitable for photovoltaic applications. These include 

suitable band gaps, high absorption coefficients, and low-

cost raw materials. 

 

Copper Sulfide (CuS) 

CuS is a p-type semiconductor known for its high 

absorption coefficient and direct band gap of 

approximately 2.0 eV. These characteristics make it an 

excellent candidate for absorbing a broad spectrum of 

sunlight. Additionally, CuS has been extensively studied 

for its potential in thin-film solar cells, which are crucial 

for reducing material usage and manufacturing costs. 

 

Copper Selenide (CuSe) 

CuSe, another p-type semiconductor, has a lower band gap 

of about 1.4-1.5 eV, which aligns well with the solar 

spectrum, allowing for efficient photon absorption. The 

compound is also known for its good electrical 

conductivity and ease of synthesis, further enhancing its 

appeal for photovoltaic applications. CuSe-based solar 

cells have shown promising efficiencies, making them a 

subject of ongoing research. 

 

Copper Telluride (CuTe) 

CuTe, with a band gap of around 1.1-1.2 eV, is particularly 

notable for its thermoelectric properties, which can be 

leveraged in photovoltaic systems to enhance efficiency. 

The lower band gap enables CuTe to absorb longer 

wavelengths of light, thus capturing more solar energy. 

Despite its potential, CuTe's use in solar cells is less 

explored compared to CuS and CuSe, presenting an 

opportunity for further research. This article delves into the 

synthesis, theoretical frameworks, experimental setups, and 

performance analyses of solar cells using CuS, CuSe, and 

CuTe. By comparing these materials, we aim to provide 

insights into their viability and potential improvements for 

future photovoltaic technologies. 

 

LITERATURE REVIEW 

 

The exploration of copper-based chalcogenides in solar 

cells has seen significant advancements over the past few 

decades. Early studies focused on the synthesis and basic 

characterization of these materials, while recent research 

has delved into optimizing their properties for photovoltaic 

applications. 

 

CuS in Solar Cells 

CuS has been widely studied for its potential in thin-film 

solar cells. Early research by Hussain et al. (2013) 

demonstrated the feasibility of CuS thin films prepared by 

chemical bath deposition, highlighting their high 

absorption coefficient and suitable band gap for solar 

energy conversion. Subsequent studies have focused on 

improving the efficiency and stability of CuS-based solar 

cells. For instance, Chen et al. (2016) investigated the use 

of CuS nanostructures in enhancing light absorption and 
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charge separation, resulting in improved photovoltaic 

performance. 

 

CuSe in Solar Cells 

CuSe's lower band gap has made it a focus of research for 

enhancing solar cell efficiency. A study by Hsu et al. 

(2014) showed that CuSe thin films could be effectively 

used in tandem solar cells to achieve higher overall 

efficiency. The research highlighted the importance of 

optimizing the deposition techniques to control the film's 

morphology and composition, which directly impact the 

cell's performance. More recent work by Zhang et al. 

(2019) explored the use of CuSe in hybrid organic-

inorganic solar cells, demonstrating significant 

improvements in charge transport and device stability. 

 

CuTe in Solar Cells 

CuTe has been relatively underexplored compared to CuS 

and CuSe. However, its potential for photovoltaic 

applications is increasingly being recognized. A study by 

Li et al. (2018) investigated the thermoelectric properties 

of CuTe and their implications for solar cell efficiency. 

The research suggested that CuTe could be used in tandem 

with other materials to exploit both photovoltaic and 

thermoelectric effects, thus enhancing overall energy 

conversion efficiency. More recent studies are focusing on 

optimizing the synthesis of CuTe to improve its optical and 

electrical properties for solar cell applications. 

 

Semiconductor Physics and Materials Science  

The theoretical framework for solar cells using CuS, CuSe, 

and CuTe is grounded in semiconductor physics and 

materials science. The efficiency of a solar cell is 

determined by several factors, including the material's 

band gap, absorption coefficient, carrier mobility, and 

recombination rates. 

 

Band Gap and Absorption Coefficient 

The band gap of a semiconductor determines the range of 

photon energies it can absorb. CuS, with a band gap of 

around 2.0 eV, is suitable for absorbing high-energy 

photons, while CuSe and CuTe, with lower band gaps, can 

absorb a broader spectrum of solar radiation. The 

absorption coefficient, which measures how efficiently a 

material absorbs light, is also crucial. High absorption 

coefficients in CuS, CuSe, and CuTe ensure that thin films 

of these materials can effectively capture sunlight. 

 

Carrier Mobility and Recombination Rates 

Carrier mobility, which affects how quickly charge carriers 

(electrons and holes) move through the material, is 

essential for efficient charge transport. High mobility 

reduces the likelihood of recombination, where electrons 

and holes recombine without generating electricity. The 

recombination rate is influenced by the material's purity 

and crystalline quality. Optimizing these parameters is key 

to enhancing the performance of solar cells based on CuS, 

CuSe, and CuTe. 

 

Interface Engineering 

The interfaces between different layers in a solar cell, such 

as the absorber layer and the buffer layer, play a critical 

role in device performance. Proper interface engineering 

can minimize energy losses and improve charge separation. 

Research on CuS, CuSe, and CuTe solar cells often 

involves optimizing these interfaces to enhance overall 

efficiency. 

 

Experimental Setup 

The experimental setup for fabricating and testing solar 

cells using CuS, CuSe, and CuTe involves several key 

steps: synthesis of the materials, deposition of thin films, 

and device fabrication. 

 

Synthesis of CuS, CuSe, and CuTe 

 

1. CuS Synthesis: CuS can be synthesized using 

methods such as chemical bath deposition, spray 

pyrolysis, and electrodeposition. Chemical bath 

deposition is popular due to its simplicity and 

cost-effectiveness. 

2. CuSe Synthesis: CuSe thin films are commonly 

prepared using chemical vapor deposition, 

thermal evaporation, and electrochemical 

methods. Control over the deposition parameters 

is crucial for achieving the desired film properties. 

3. CuTe Synthesis: CuTe can be synthesized using 

techniques such as sputtering, thermal 

evaporation, and solution-based methods. The 

choice of method affects the material's crystalline 

quality and optoelectronic properties. 

 

Deposition of Thin Films 

The deposition of CuS, CuSe, and CuTe thin films 

involves techniques that ensure uniformity and optimal 

thickness. Common methods include: 

 

1. Spin Coating: Used for depositing precursor 

solutions onto substrates, followed by annealing 

to form thin films. 

2. Thermal Evaporation: Involves evaporating the 

material in a vacuum and condensing it onto a 

substrate. 

3. Sputtering: A physical vapor deposition method 

that creates thin films by sputtering material from 

a target onto a substrate. 

 

Device Fabrication 

The solar cell fabrication process includes the following 

steps: 
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1. Substrate Preparation: Cleaning and preparing 

substrates (e.g., glass, silicon) to ensure good 

adhesion and minimal contamination. 

2. Layer Deposition: Sequential deposition of 

different layers, including the absorber layer 

(CuS, CuSe, or CuTe), buffer layer, and 

transparent conductive oxide layer. 

3. Electrode Formation: Deposition of metal 

contacts (e.g., gold, silver) to form the anode and 

cathode. 

4. Encapsulation: Encapsulating the solar cell to 

protect it from environmental degradation. 

 

Testing and Characterization 

The fabricated solar cells are characterized using 

techniques such as: 

 

1. Current-Voltage (I-V) Measurements: To 

determine the efficiency, open-circuit voltage, 

short-circuit current, and fill factor. 

2. Spectral Response: To measure the cell's 

response to different wavelengths of light. 

3. Impedance Spectroscopy: To study the charge 

transport and recombination processes within the 

device. 

 

RESULTS & ANALYSIS 

 

The performance of solar cells using CuS, CuSe, and CuTe 

depends on various factors, including the quality of the thin 

films, the efficiency of charge transport, and the 

effectiveness of light absorption. 

 

CuS Solar Cells 

CuS-based solar cells typically achieve efficiencies of 

around 6-8%. The high absorption coefficient of CuS 

allows for effective light harvesting even with thin films.  

 

However, improving the charge carrier mobility and 

reducing recombination rates remain challenges. Recent 

advancements in nanostructuring and interface engineering 

have shown promise in addressing these issues. 

 

CuSe Solar Cells 

CuSe solar cells have demonstrated higher efficiencies, 

typically in the range of 10-12%. The lower band gap of 

CuSe enables better utilization of the solar spectrum, while 

its high electrical conductivity aids in efficient charge 

transport. Optimization of deposition techniques and 

interface engineering has been key to achieving these 

efficiencies. 

 

CuTe Solar Cells 

CuTe-based solar cells, while still under extensive 

research, show efficiencies of around 5-7%. The potential 

for combining photovoltaic and thermoelectric effects 

offers a unique advantage, but challenges related to 

material stability and synthesis must be addressed.  

 

Recent studies have focused on improving the crystalline 

quality of CuTe films and exploring hybrid devices to 

enhance performance. 

 

 

Comparative Analysis 

 

Property CuS CuSe CuTe 

Band Gap ~2.0 eV ~1.4-1.5 eV 
~1.1-1.2 

eV 

Absorption 

Coefficient 
High High High 

Synthesis 

Methods 

Chemical Bath 

Deposition, 

Spray 

Pyrolysis, 

Electrodepositi

on 

Chemical 

Vapor 

Deposition, 

Thermal 

Evaporation, 

Electrochemi

cal 

Sputtering, 

Thermal 

Evaporatio

n, 

Solution-

based 

Electrical 

Conductivi

ty 

Moderate to 

High 
High Moderate 

Carrier 

Mobility 
Moderate High Moderate 

Stability Good Good Moderate 

Cost Low Moderate Moderate 

Efficiency 

(Typical) 
~6-8% ~10-12% ~5-7% 

 

Significance of the Topic 

The exploration of CuS, CuSe, and CuTe for solar cell 

applications is significant due to several reasons: 

 

1. Cost-Effectiveness: Copper and chalcogenides 

are relatively abundant and inexpensive, making 

them attractive for large-scale production. 

2. Versatility: These materials can be synthesized 

using various methods, allowing for flexibility in 

fabrication processes. 

3. Performance Potential: The unique properties of 

CuS, CuSe, and CuTe offer the potential for high-

efficiency solar cells, particularly when optimized 

for specific applications. 

4. Sustainability: The use of non-toxic and 

environmentally benign materials aligns with the 

goal of sustainable energy solutions. 
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Limitations & Drawbacks 

Despite their potential, solar cells based on CuS, CuSe, and 

CuTe face several limitations: 

 

1. Material Stability: CuTe, in particular, suffers 

from stability issues that can affect long-term 

performance. 

2. Efficiency Ceiling: While CuSe has shown 

promising efficiencies, CuS and CuTe still lag 

behind more established materials like silicon and 

CdTe. 

3. Complex Synthesis: Achieving high-quality thin 

films with controlled properties requires precise 

synthesis techniques, which can be challenging 

and costly. 

4. Environmental Concerns: Although copper and 

sulfur are relatively benign, selenium and 

tellurium pose environmental concerns, 

necessitating careful handling and disposal. 

 

CONCLUSION 

 

Solar cells utilizing CuS, CuSe, and CuTe represent a 

promising avenue for advancing photovoltaic technology. 

These materials offer unique advantages in terms of cost, 

versatility, and potential performance. However, 

addressing their limitations, particularly in terms of 

efficiency and stability, is crucial for their widespread 

adoption. Future research should focus on optimizing 

synthesis methods, improving material properties, and 

exploring hybrid devices to fully harness the potential of 

these copper-based chalcogenides in solar energy 

conversion. 

 

REFERENCES 

 

[1]. Hussain, S., Kumar, S., & Malik, M. A. (2013). 

Chemical bath deposition of CuS thin films and their 

characterization. Journal of Materials Science: 

Materials in Electronics, 24(2), 758-762. 

[2]. Chen, Y., Wang, Z., & Liu, X. (2016). Enhanced 

photovoltaic performance of CuS nanostructures in 

thin-film solar cells. Applied Surface Science, 377, 

399-406. 

[3]. Hsu, C., Wu, T., & Chang, Y. (2014). CuSe thin 

films for tandem solar cell applications. Solar Energy 

Materials and Solar Cells, 125, 102-107. 

[4]. Zhang, X., Li, Y., & Wu, J. (2019). Hybrid organic-

inorganic solar cells with CuSe thin films. Journal of 

Power Sources, 429, 51-58. 

[5]. Li, Z., Zhang, H., & Liu, Q. (2018). Thermoelectric 

properties of CuTe and their implications for 

photovoltaic applications. Materials Science in 

Semiconductor Processing, 81, 54-60. 

[6]. Bera, S., Banerjee, S., & Ghosh, R. (2017). Interface 

engineering in CuS-based solar cells. Thin Solid 

Films, 638, 91-97. 

[7]. Singh, P., & Shinde, S. (2015). Chemical vapor 

deposition of CuSe thin films. Journal of Crystal 

Growth, 417, 42-47. 

[8]. Xu, Y., & Zhang, J. (2017). Synthesis and 

characterization of CuTe thin films by sputtering. 

Materials Letters, 204, 70-73. 

[9]. Kumar, A., & Singh, R. (2016). Optimization of 

CuSe thin films for photovoltaic applications. 

Journal of Alloys and Compounds, 688, 1073-1080. 

[10]. Giri, P., & Das, S. (2014). Structural and optical 

properties of CuS thin films. Journal of Materials 

Science: Materials in Electronics, 25(6), 2631-2637. 

[11]. Roy, P., & Paul, B. (2019). Stability of CuTe-based 

solar cells. Solar Energy Materials and Solar Cells, 

196, 151-159. 

[12]. Wei, X., & Li, D. (2018). Enhancing the performance 

of CuS/CdS heterojunction solar cells. Journal of 

Electronic Materials, 47(6), 3318-3325. 

[13]. Sun, W., & Chen, L. (2017). CuSe nanostructures for 

efficient solar energy conversion. Nano Energy, 37, 

73-81. 

[14]. Luo, Y., & Zhang, H. (2016). Comparative study of 

CuS and CuSe thin films in photovoltaic devices. 

Energy Procedia, 98, 235-240. 

[15]. Liu, Y., & Chen, X. (2020). Hybrid CuTe solar cells 

with enhanced stability and performance. Advanced 

Materials Interfaces, 7(4), 1901567. 

 


