
Research topic Ion implantation #1: Low-cost bifacial n-type silicon wafer solar cells by ion 
implantation 
 
The vast majority (~90%) of the photovoltaic (PV) modules manufactured today are based on 
crystalline silicon (c-Si) wafers. The reasons behind c-Si’s dominance of the PV market are 
numerous, including a high module efficiency (13-20%), low manufacturing cost ($/Wp), an 
excellent long-term stability (> 20 years) of the modules in the field, robust and high-yield wafer, 
cell and module fabrication processes, and material abundance and non-toxicity. Another important 
contributor is the fact that wafer-based silicon is the material of choice in the integrated circuit 
industry, enabling a sharing of research and infrastructure costs with this mighty partner and 
providing an excellent and well understood technology and equipment base ranging from the 
fabrication of polysilicon feedstock to the manufacture of PV cells and modules. It is therefore not 
surprising that new production technologies with a significant cost reduction potential for silicon 
wafer solar cell production emerge from the semiconductor industry. 
 
Ion implantation is the technology of choice in the semiconductor industry for doping c-Si due to its 
unrivalled lateral uniformity, high purity and excellent control of the dopant depth by controlling the 
energy of the ions. Very recently the interest in ion implantation for industrial silicon wafer solar 
cells has re-emerged. Ion implantation is a unique technology that can enable higher energy 
conversion efficiencies for silicon wafer solar cells and potentially significantly reduce the number 
of steps in solar cell manufacturing. Higher efficiencies are attainable as ion implantation allows a 
tremendous flexibility in doping profile by changing the energy and dose during the implantation 
and the temperature profile during subsequent annealing. During the high temperature annealing a 
high-quality thermal oxide can be obtained “free of cost” that can be used for surface passivation in 
the final solar cell design. In addition ion implantation is an extremely uniform single-side process. 
From a process point it is important to note that ion implantation is a single-side process, the 
implant can easily be patterned, and ion implantation can provide both p-type and n-type doping. 
 
In this project the PhD student will focus on the development of bifacial n-type silicon wafer solar 
cells whereby both the electron and hole collector are formed by means of ion implantation. In the 
first phase the student will focus on optimisation of the P and B implantation and annealing 
process. Subsequently the focus will shift on optimising a process flow for the fabrication of the 
solar cells with a strong focus on energy conversion efficiency as well as cost. Simultaneously the 
student will work closely with the PV module development team to ensure that the solar cell is 
compatible with conventional PV module manufacturing. All work will be done on the R&D pilot line 
for silicon wafer solar cells at SERIS that comprises of state-of-the-art industrial equipment to 
ensure smooth transfer of project results to the PV industry.  
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