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Advancing Perovskite-Silicon Tandem Solar Cell and 

Module Technology to Industrial Maturity 

Stacking a solar cell made of perovskite material on top of a conventional sili-
con solar cell enables a more effective use of the solar spectrum, compared to a 
pure silicon solar cell.  Scientists around the world are presently conducting 
research on these perovskite-silicon solar cells, focusing on stability, durability 
and industrial manufacturing processes. Between 2020 and 2022, researchers at 
the Fraunhofer Institute for Solar Energy Systems ISE, together with industry 
partners, developed technologies for the production of perovskite-silicon full-
format PV modules in the joint project "SWiTch". At the cell level, the research 
teams in the Fraunhofer lighthouse project "MaNiTU" and in the project "PrEs-
to", funded by the German Federal Ministry of Economic Affairs and Climate 
Action BMWK, succeeded in scaling up perovskite-silicon tandem solar cells 
from laboratory cell size to wafer size. Within the framework of a recent col-
laboration agreement with Meyer Burger, Fraunhofer ISE will further intensify 
its activities in the field of tandem solar cells and modules. 
 
Perovskite-silicon tandem solar cells represent another further development of the con-
ventional silicon wafer-based solar cell technology. Here a perovskite solar cell with a 
wider band gap is stacked on top of the silicon solar cell to make better use of sunlight. 
"Efficiencies of over 35 percent are possible with these tandem solar cells," says Prof. 
Dr. Andreas Bett, institute director at Fraunhofer ISE. "Laboratory-scale perovskite-silicon 
tandem solar cells have already overcome the silicon cell’s theoretical upper efficiency 
limit of 29.4 percent, showing promise for even more efficient solar cells in the future." 
 
Scaling of the laboratory cells to wafer size 
 
On a laboratory scale, the best published efficiency of a perovskite-silicon solar cell is 
currently 31.3 percent. However, these laboratory solar cells have a small cell area of 
around 1 square centimeter, and most of the manufacturing processes used in the la-
boratory to date cannot be used for industrial production. "We are therefore very 
pleased that we have succeeded in achieving a certified efficiency of 22.5 percent for a 
perovskite-silicon solar cell with an area of more than 100 square centimeters and with 
industrial screen-printing metallization. Our aim is now to realize the high efficiencies of 
our small laboratory cells on large-area cells using scalable fabrication methods," says 
Dr. Patricia Schulze, solar cell scientist working in the "MaNiTU" project at Fraunhofer 
ISE. In particular, the Fraunhofer researchers are working on a hybrid deposition process 
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based on two established manufacturing processes to produce perovskite solar cells on 
double-sided textured silicon solar cells. 
 
First full-format modules built 
 
In the joint project "SwiTch", Fraunhofer ISE developed interconnection and encapsula-
tion solutions for tandem solar cells together with the project partners. "The intercon-
nection and lamination processes had to be understood and adapted in such a way that 
the perovskite-silicon solar cells can be integrated into the module without damage, at 
low cost and with long-term stability," says Dr. Holger Neuhaus, department head of 
Photovoltaic Modules at Fraunhofer ISE. First module prototypes with an output of 430 
watts peak have already been produced. The development was accompanied by a de-
tailed analysis of cell-to-module losses and work on the long-term stability of the tan-
dem PV modules. As part of the joint project "SALTO", Fraunhofer ISE was able to es-
tablish Meyer Burger's patented SmartWire interconnection technology (SWTC™) for 
full-format modules at Fraunhofer ISE. This low-temperature technology is suitable for 
interconnecting silicon-perovskite solar cells, in contrast to conventional soldering pro-
cesses. 

More information 

• Research on perovskite-silicon tandem solar cells at Fraunhofer ISE: 
https://www.ise.fraunhofer.de/en/business-areas/photovoltaics/perovskite-and-
organic-photovoltaics/perovskite-silicon-tandem-photovoltaics.html 

• Joint project "SwiTch" (in German): 
https://www.enargus.de/pub/bscw.cgi/?op=enargus.eps2&q=%2201215994/1
%22  

• Fraunhofer lighthouse project "MaNiTU"(in German): 
https://manitu.fraunhofer.de/  

• Research project "PrEsto” https://www.ise.fraunhofer.de/en/research-
projects/presto.html 

• Paper on upscaling of perovskite silicon tandem cells presented at the 
WCPEC8, Milan 2022: 
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/con
ference-paper/wcpec-8/Schultz-Wittmann_2AV35.pdf 

• Meyer Burger press release: 
https://www.meyerburger.com/en/newsroom/artikel/meyer-burger-establishes-
new-partnerships-for-the-development-of-high-performance-solar-modules-
with-perovskite-technology  
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Processing perovskite-silicon tandem solar cells at Fraunhofer ISE. The lab infrastructure comprises 

evap-oration chambers for perovskite absorbers, selective contacts and metals, and the atomic layer 

deposi-tion of metal oxides under an inert gas atmosphere. © Fraunhofer ISE 

The Fraunhofer-Gesellschaft based in Germany is the world’s leading applied research organization. Prioritizing key future-relevant technologies 

and commercializing its findings in business and industry, it plays a major role in the innovation process. A trailblazer and trendsetter in innovative 

developments and research excellence, it is helping shape our society and our future. Founded in 1949, the Fraunhofer-Gesellschaft currently 

operates 76 institutes and research units throughout Germany. Over 30,000 employees, predominantly scientists and engineers, work with an 

annual research budget of €2.9 billion. Fraunhofer generates €2.5 billion of this from contract research. 

 

 


