
Master’s Thesis Engineering Technology

Supervisors / Co-supervisors / Advisors:

Context Objective

Results & conclusion Materials & methods

Optimization of thin film chalcogenide solar cell 
baseline process

Prof. dr. Guy Brammertz

Prof. Dr. Bart Vermang

2024-2025

Nick Keppens

Master of Energy Engineering Technology

Optimizing the Absorber Layer of the Imo-Imomec Group
• By modifying the selenization process in the two-step process

Why Thin-Film Solar Cells?
• CIGS solar cells (Copper Indium Gallium Selenide) are a leading thin-film 

technology
• Compared to conventional crystalline silicon [1]:

• Less power losses
• Higher sensitivity to light
• Generate more power at low irradiance

Figure 1: Representation of the standard  stack
of a CIGS-based solar cell [2, p.2] 

EU’s Climate Ambition:
• Climate neutral by 2050
• Renewable energy, such as solar power, are essential to this transition

Structure of a CIGS Solar Cell
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The Two-Step process
1. CuGa-In sputtering

• Sputtering  Cu & Ga together at 30°C
• Sputtering In at 150°C
• Capped with 2-3 µm of Selenium

Repeat 10 times

2. Selenization
• Metallic stack placed in graphite box
• Annealing in the Annealsys-AS One furnace
• Selenization transformation of the metal stack into the CIGS 

absorber layer

Figure 2: The two-step process of the fabrication of the absorber layer of CIGS cells [3, p.278]

• Understand and optimize the selenization
parameters

• Improve efficiency reproducibility of the 
imo-imomec group

Used Tools
Annealsys-AS One furnace → Fabrication absorber layer

Photoluminescence spectroscopy (PL) →Measuring lifetime 
& peak wavelength

Scanning electron microscopy (SEM)→
To evaluate the absorber layer's structure

Current-voltage (IV) setup →Measuring electrical 
characterization

Figure 3: Annealsys-As 
One furnace [4]

Figure 4: PL-setup

Figure 5: SEM-setup [5]

Figure 6: IV-setup

Full Factorial Design of Experiments
• All possible combinations in which the selenization parameters change

• 4 Varied parameters:          →

1) Ramping speed
2) Anneal temperature
3) Total anneal time
4) Post-anneal time

Key Results

3 parameters with significant 
influence on the outcomes

These parameters strongly 
impact:
• Peak wavelength
• Jsc (short-circuit current
             density)

Overall efficiency remains too 
low 

Conclusion
3 key process parameters identified
Improvements in Peak Wavelength & Jsc
Efficiency remains too low
Further optimization needed → focus on the metal 
sputtering step in the two-step fabrication process

New Baseline

Figure 7: Influence of process parameters on characterizations 

Table 1: Parameters old and new baseline
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Figure 8: Pictogram solar cell [6]
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