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Oxford PV and Fraunhofer ISE Develop Full-sized Tan-
dem PV Module with Record Efficiency of 25 Percent 

Photovoltaic (PV) modules based on perovskite silicon tandem solar cells have 
the potential to achieve significantly higher efficiencies than today's standard 
silicon PV modules. A research team from the Fraunhofer Institute for Solar En-
ergy Systems ISE has now produced a PV module using perovskite silicon tan-
dem solar cells from Oxford PV. With an efficiency of 25 percent and an output 
of 421 watts on an area of 1.68 square meters, it is the world's most efficient 
silicon perovskite tandem solar module in industrial format. For the manufac-
turing process, the researchers used equipment at Fraunhofer ISE's Module-TEC 
that is already used in mass production and optimized the processes for the 
tandem technology. 

Oxford PV, a spin-out of Oxford University, is producing the perovskite-silicon solar cells 
in M6 format with an efficiency of 26.8 percent in small series at its factory in Branden-
burg, Germany. Commercial production of the tandem solar cells will begin this year. " 
This new world record is a crucial milestone for Oxford PV, proving that our tandem so-
lar cells can deliver record-breaking performance when assembled into solar panels," 
says David Ward, Chief Executive Officer, Oxford PV. Perovskite silicon tandem cells 
have a theoretical maximum efficiency of over 43 percent compared to less than 30 
percent for silicon solar cells.  
 
Using the Oxford PV perovskite-silicon tandem solar cells, a research team at Fraunho-
fer ISE has now successfully manufactured a glass-glass tandem PV module with 25 
percent efficiency (related to designated illuminated area). "This makes it more efficient 
than any silicon PV module ever built in industrial format," says Prof. Dr. Stefan Glunz, 
Head of Photovoltaics at Fraunhofer ISE. "The fact that mass production-compatible 
technology was used for its manufacture demonstrates the enormous potential of tan-
dem technology for the PV industry." 
 
As the perovskite layer of the tandem cells is temperature-sensitive, the research team 
developed low-temperature processes for the interconnection and encapsulation of the 
solar cells that are also particularly gentle on the cells mechanically. "These are suitable 
for industrial mass production and can be implemented on commercial systems. The 
necessary adaptions can also easily be implemented in today’s PV production lines," ex-
plains Dr. Achim Kraft, Group Leader for Interconnection Technology at Fraunhofer ISE. 
The solar cells were interconnected using conductive bonding "This type of intercon-
nection is used on an industrial scale at Fraunhofer ISE's Module-TEC. In future, we will 
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https://www.ise.fraunhofer.de/en/rd-infrastructure/tecs/module-tec.html
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also be testing another alternative: soldering the solar cells at low temperatures," says 
Dr. Achim Kraft.  
 
For the calibration measurements, CalLab PV Modules used a new multispectral solar 
simulator to determine the module efficiency. In order to make precise and reproduci-
ble statements about the tandem module’s power, both the perovskite and the silicon 
cell layers must be illuminated by different LED light sources under conditions that are 
as close as possible to those in which they produce electricity under natural sunlight. 
The efficiency was calculated using the designated area (da) of 1.68 square meters. As 
the currently standardized measurement methods are not fully transferable to this new 
technology, the method used was additionally validated with field measurements. 
 
The project teams from Fraunhofer ISE and Oxford PV are now working towards certifi-
cation of the PV module. To this end, intensive tests on long-term stability are already 
underway in the climate chambers of the TestLab PV Module at Fraunhofer ISE. 

https://www.ise.fraunhofer.de/en/press-media/press-releases/2023/accurately-determine-efficiency-of-perovskite-silicon-tandem-pv-modules.html
https://www.ise.fraunhofer.de/en/press-media/press-releases/2023/accurately-determine-efficiency-of-perovskite-silicon-tandem-pv-modules.html
https://www.ise.fraunhofer.de/en/rd-infrastructure/accredited-labs/testlab-pv-modules.html
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With an efficiency of 25 percent the tandem PV module is the world's most efficient si-

licon perovskite PV module on an industrial scale. © Fraunhofer ISE / photo: Bernd Schu-

macher 
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In order to measure the tandem PV module, the research team irradiated both cell lay-

ers in a special solar simulator developed specifically for this purpose. © Fraunhofer ISE 

/ photo: Bernd Schumacher 


