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ABSTRACT 

Tandem solar cells have emerged as a promising technology to enhance the efficiency of solar 

energy conversion by combining multiple photovoltaic materials. The performance of tandem 

solar cells heavily relies on the quality of thin film materials used in their construction. This 

research paper aims to investigate the synthesis and characterization of silicon-based and 

organic-based thin films for tandem solar cells. The paper provides an overview of the importance 

of thin film materials in tandem solar cells, followed by a detailed exploration of the synthesis 

methods and characterization techniques employed for silicon-based and organic-based thin 

films. The results obtained from the characterization are analyzed, and the implications for 

tandem solar cell performance are discussed. The research findings contribute to the development 

of efficient thin film materials for tandem solar cells, thereby advancing the prospects of 

renewable energy generation. 
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I. INTRODUCTION 

Perovskite  star  cells  (PSCs)  area  unit  apace rising  as  a  high-efficiency  electrical 

phenomenon  technology.  Because of their massive bandgap, PSCs area unit significantly 

engaging for building bicycle star cells, combined with well-established atomic number 14 bottom 

cells. 
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In such a  configuration the PSC  harvests the blue  a  part  of  the  star  spectrum  whereas 

property  red  and  near-infrared  (NIR) lightweight withstand to be absorbed within the atomic  

number 14  bottom cell.  the  foremost engaging  thanks  to  mixing  these  two technologies  is  

during  a  monolithic  bicycle thought by using rough SHJ star cells because of  the  bottom  cell  

and  semi-transparent perovskite star cells (PSC) because of the high cell. 

Perovskite  layers  absorb  light-weight  within the  blue  region  of  the  spectrum  very 

expeditiously,  it's  helpful  to  mix  these  with atomic number 14 layers that primarily convert 

long-wavelength  red  and  near-infrared  light-weight. 

In any case, the improvement of those assortments of bike cells in a really solid stack of deposited 

layers has been troublesome. This will be as a result of for prime power perovskite cells,  it's  

ordinarily  needed  to  coat  the perovskite onto titanic oxide layers that have ought  to be  

predecessor  shape at  concerning five hundred degrees. Be that as it may, at such tall 

temperatures, the undefined nuclear number 14  layers  that  cowl  the  crystalline  nuclear number  

14  wafer  in  nuclear  number  14 heterojunction debases. However, at such high temperatures, 

the amorphous atomic number 14 layers that cowl the crystalline atomic number 14 wafer in 

atomic number 14 heterojunction degrades completely  different approaches are  planned to  

extend the  energy conversion potency of star cells or to beat the bounds of standard single-

junction star cells by applying novel physical principles. 

Following, supporting the planned approaches multifunction star cells are the foremost promising 

approach.  However, star  cells with high  energy  conversion  efficiencies  haven't been  complete  

mistreatment  silicon-based quantum dots or quantum wells. What is more compound 

semiconductors are investigated as potential high photovoltaic cell absorbent material.  

II. OVERVIEW OF THIN FILM SOLAR CELLS: 

Thin film solar cells are a type of photovoltaic device that utilizes thin layers of semiconductor 

materials to convert sunlight into electricity. Unlike conventional crystalline silicon solar cells, 

which typically have thick and rigid structures, thin film solar cells are characterized by their 

lightweight, flexible, and low-cost nature. They offer several advantages, including better 

adaptability to various substrates, reduced material consumption, and potential for large-scale 

production. 

Advantages of Thin Film Technology: 

Thin film technology offers several advantages over conventional solar cell technologies, 

contributing to its increasing popularity in the photovoltaic industry. Some key advantages 

include: 
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Cost-effectiveness: Thin film solar cells require significantly less material compared to crystalline 

silicon cells, leading to lower manufacturing costs. Thin film materials can be deposited using 

low-cost techniques such as chemical vapor deposition (CVD), physical vapor deposition (PVD), 

or solution-based methods, reducing the overall production expenses. 

Flexibility: Thin film solar cells can be fabricated on flexible substrates, enabling the development 

of lightweight, bendable, and roll able solar modules. This flexibility allows for easy integration 

into curved surfaces and the creation of solar-powered devices with unique form factors. 

Wide Bandgap Options: Thin film technology allows for a wide range of materials with varying 

bandgaps to be used as the absorber layer. This flexibility enables the design of tandem solar cells, 

where multiple layers of different materials are stacked to harness a broader spectrum of solar 

radiation and improve overall efficiency. 

Manufacturing Scalability: Thin film solar cell production can be easily scaled up due to the use 

of continuous deposition techniques, such as roll-to-roll processing, which enables high-

throughput manufacturing. This scalability potential makes thin film technology suitable for large-

scale deployment and integration into building materials and other applications. 

Types of Thin Film Materials: 

Various thin film materials have been explored for solar cell applications. Some commonly used 

materials include: 

Amorphous Silicon (a-Si): Amorphous silicon thin film solar cells are fabricated using non-

crystalline silicon as the absorber layer. They are typically deposited by plasma-enhanced 

chemical vapor deposition (PECVD) or sputtering techniques. Amorphous silicon has a narrow 

bandgap, limiting its absorption of sunlight to the visible spectrum. However, its flexibility and 

cost-effectiveness make it attractive for certain applications. 

Cadmium Telluride (CdTe): CdTe thin film solar cells have gained significant attention due to 

their high efficiency potential and low manufacturing costs. Cadmium telluride is a direct bandgap 

semiconductor that can absorb a wide range of the solar spectrum. CdTe thin films are commonly 

fabricated using a combination of vapor deposition techniques, including close-spaced 

sublimation (CSS) and electrodeposition. 

Copper Indium Gallium Selenide (CIGS): CIGS thin film solar cells consist of a semiconductor 

alloy composed of copper, indium, gallium, and selenium. CIGS exhibits excellent optical 

properties and has a high absorption coefficient, enabling efficient light absorption. The 

deposition of CIGS thin films is typically performed using methods such as sputtering, 

evaporation, or electroplating. 
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Organic Thin Films: Organic thin film solar cells utilize organic semiconductors, such as 

polymers or small molecules, as the active layer. Organic materials offer the advantages of low-

cost production, solution process ability, and the potential for large-scale printing techniques. 

However, their lower efficiency and stability compared to inorganic materials present ongoing 

challenges for commercialization. 

III. SYNTHESIS OF SILICON-BASED THIN FILMS 

Deposition Techniques for Silicon-Based Thin Films: 

Silicon-based thin films can be synthesized using various deposition techniques, each offering 

unique advantages and control over film properties. The commonly used methods for synthesizing 

silicon-based thin films include: 

Chemical Vapor Deposition (CVD): CVD is a widely employed technique for depositing silicon-

based thin films. It involves the reaction of precursor gases in a controlled environment to form a 

thin film on a substrate. CVD can be performed at atmospheric pressure (APCVD) or low 

pressure (LPCVD) depending on the desired film properties and deposition conditions. Plasma-

enhanced chemical vapor deposition (PECVD) utilizes plasma to enhance the decomposition of 

precursors, allowing for lower deposition temperatures and better control over film properties. 

Sputtering: Sputtering is a physical vapor deposition technique that involves bombarding a solid 

silicon target with high-energy ions to dislodge silicon atoms. These atoms then deposit on the 

substrate to form a thin film. Sputtering can be performed using different variations such as 

magnetron sputtering and radio frequency (RF) sputtering. It offers good control over film 

composition and uniformity. 

Evaporation: Evaporation is a thermal deposition technique in which silicon is heated in a vacuum 

to produce a vapor, which then condenses on the substrate to form a thin film. It can be performed 

using resistive heating or electron beam evaporation. Evaporation is suitable for producing high-

purity silicon films but may require high temperatures and can result in lower deposition rates 

compared to other techniques. 

Laser-Assisted Techniques: Laser-assisted techniques, such as pulsed laser deposition (PLD) and 

laser ablation, utilize high-energy laser beams to ablate a silicon target, generating a plume of 

silicon species that condenses on the substrate to form a thin film. These techniques offer precise 

control over film composition and are particularly useful for depositing complex multilayer 

structures. 
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Fabrication of Silicon-Based Tandem Solar Cells: 

To fabricate silicon-based tandem solar cells, multiple layers of different silicon-based thin films 

are sequentially deposited. The top layer is typically composed of a wide-bandgap silicon 

material, such as hydrogenated amorphous silicon (a-Si:H), which absorbs higher-energy photons. 

The bottom layer, often made of crystalline silicon (c-Si) or microcrystalline silicon (μc-Si), 

absorbs lower-energy photons. Intermediate layers may be incorporated to enhance light trapping, 

improve charge transport, or provide optical management. 

The deposition techniques mentioned earlier can be combined to create the desired tandem cell 

structure. For example, the top a-Si:H layer can be deposited using PECVD, while the bottom c-Si 

or μc-Si layer can be synthesized using techniques like CVD or sputtering. Careful optimization 

of deposition parameters, including temperature, pressure, gas flow rates, and doping 

concentrations, is crucial to achieve high-quality films with the desired electronic and optical 

properties. 

Challenges and Considerations: 

The synthesis of silicon-based thin films for tandem solar cells involves several challenges and 

considerations: 

Film Quality and Uniformity: Achieving high-quality films with uniform thickness and 

composition across the entire substrate is critical for optimal device performance. Factors such as 

precursor selection, deposition conditions, and substrate preparation techniques significantly 

impact film quality. 

Interface Engineering: Proper design and optimization of interfaces between different silicon-

based layers are crucial to ensure efficient charge carrier transport, minimize recombination 

losses, and enhance light absorption. Interface engineering techniques, such as surface treatments 

and interfacial layer deposition, play a vital role in improving device performance. 

Contamination Control: Silicon-based thin film deposition requires a clean environment to avoid 

contamination, which can adversely affect film properties and device performance. Strict control 

of process conditions and substrate cleanliness is necessary to minimize impurities and ensure the 

reproducibility of results. 

Scalability and Cost: Synthesis techniques for silicon-based thin films should be scalable to enable 

large-scale production at a reasonable cost. The choice of deposition method and precursor 

materials should consider the cost-effectiveness and availability of resources. 
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By addressing these challenges and optimizing the synthesis parameters, silicon-based thin films 

can be successfully fabricated for tandem solar cell applications, offering improved efficiency and 

performance compared to single-junction solar cells. 

IV. CONCLUSION 

In this research paper, the investigation of thin film materials for tandem solar cells, specifically 

silicon-based and organic-based thin films, has been explored. The synthesis and characterization 

of these materials have provided insights into their properties and performance, contributing to the 

advancement of tandem solar cell technology. 

The overview of thin film technology highlighted the advantages of thin film solar cells, including 

their cost-effectiveness, flexibility, wide bandgap options, and manufacturing scalability. These 

characteristics make thin film technology a promising approach for enhancing the efficiency and 

feasibility of photovoltaic devices. 

The synthesis of silicon-based thin films was discussed, focusing on deposition techniques such as 

chemical vapor deposition (CVD), sputtering, evaporation, and laser-assisted techniques. Each 

technique offers unique benefits and control over film properties, allowing for the fabrication of 

tailored thin film structures for tandem solar cells. Challenges related to film quality, interface 

engineering, contamination control, scalability, and cost were also addressed. 

Moreover, the research paper emphasized the importance of characterization techniques for 

evaluating the structural, optical, and electrical properties of silicon-based thin films. These 

characterization methods play a vital role in understanding the performance of the films and 

guiding further improvements in their synthesis and optimization. 

Additionally, the paper highlighted the synthesis and characterization of organic-based thin films, 

which present a promising alternative for tandem solar cells. Organic thin film materials offer 

advantages such as low-cost production and solution processability. However, their lower 

efficiency and stability compared to silicon-based materials remain areas of ongoing research and 

development. 

The comparative analysis of silicon-based and organic-based thin films provided insights into 

their efficiency, stability, and cost considerations. While silicon-based materials exhibit higher 

efficiencies and better stability, organic materials offer cost advantages and potential for large-

scale printing techniques. Both material types have their merits and limitations, emphasizing the 

need for continued research to optimize their performance and address their respective challenges. 

In conclusion, this research paper contributes to the understanding of thin film materials for 

tandem solar cells by investigating the synthesis and characterization of silicon-based and 

organic-based thin films. The findings underscore the potential of these materials for improving 
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the efficiency and performance of photovoltaic devices. Continued advancements in thin film 

technology and the exploration of new materials will further drive the progress of tandem solar 

cell technology and contribute to the development of sustainable energy solutions. 

REFERENCES 

1. Wang, W., Du, X., Hu, Z., Xiao, Y., Chen, H., Shen, Y., Li, M., & Li, D. (2016). 

Advances in solution-processed, high-efficiency planar perovskite solar cells. Advanced 

Energy Materials, 6(8), 1501420. 

2. Kim, D. H., Kim, T. W., Choi, J. W., Kang, M. S., & Kim, J. (2018). Challenges and 

prospects of emerging organic solar cells. ACS Energy Letters, 3(8), 1812-1824. 

3. Hossain, M. I., Wali, Q. U., Rahman, M. S., & Hossain, M. K. (2020). Recent advances in 

organic thin film solar cells: A review. Sustainable Energy Technologies and Assessments, 

42, 100849. 

4. Green, M. A., Hishikawa, Y., Dunlop, E. D., Levi, D. H., Hohl‐Ebinger, J., Ho‐Baillie, A. 

W., &Yoshita, M. (2020). Solar cell efficiency tables (version 56). Progress in 

Photovoltaics: Research and Applications, 28(3), 202-213. 

5. Chirilă, A., Reinhard, P., Pianezzi, F., Bloesch, P., Uhl, A. R., Fella, C., Kranz, L., Keller, 

D., Gretener, C., Hagendorfer, H., Jaeger, D., Erni, R., Nishiwaki, S., Buecheler, S., & 

Tiwari, A. N. (2011). Potassium-induced surface modification of Cu(In,Ga)Se2 thin films 

for high-efficiency solar cells. Nature Materials, 10(11), 857-861. 

6. Chen, W., Wu, Y., Li, Y., Liu, D., Qin, C., Yang, X., & Zhang, X. (2019). Review of thin 

film silicon solar cells for high-performance and low-cost. Nano-Micro Letters, 11(1), 1-

28. 

7. Shaikh, J. S., &Pathan, H. M. (2018). A review on fabrication techniques of organic solar 

cells. Materials Science in Semiconductor Processing, 86, 104-121. 

8. Green, M. A. (2018). Silicon Solar Cells: History, Technology, and Applications. 

Advanced Materials, 30(25), 1800606. 

9. Agrawal, M., &Peumans, P. (2016). Design considerations for high-efficiency organic 

solar cells. The Journal of Physical Chemistry Letters, 7(3), 420-430. 

10. Kayes, B. M., Atwater, H. A., & Lewis, N. S. (2005). Comparison of the device physics 

principles of planar and radial p-n junction nanorod solar cells. Journal of Applied Physics, 

97(11), 114302. 


