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Next Generation Photovoltaic Technology

Perovskite-Silicon 
Tandem Photovoltaics



Our Services

Development of highly efficient, novel solar cell 
structures, scaling from laboratory to production 
environment
Development and production of adapted silicon 
bottom solar cells for tandem technologies
Process development for timely, resource efficient, 
and scalable solar cell and module manufacturing 
processes
Characterization, reliability testing, and simulations 
for materials, tandem solar cells and modules
Certified calibrations of tandem cells, and modules in 
our accredited laboratories
Outdoor performance and durability testing for all 
module types
Life cycle assessments and cost calculations of cell and 
module production processes
Technology assessment and transfer services

Pushing Efficiency to the 
Next Level 

Pero-Si-SCALE Lab for large area tandem solar cell fabrication  
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Addressing the needs of cell and module manufac- 
turers, system engineers, and others in the industry, 
we focus on further increasing the efficiency of per-
ovskite-silicon tandem solar cells and modules while 
reducing the levelized cost of electricity. With state-
of-the-art laboratory infrastructure and pilot-scale 
facilities, we support our partners in transferring this 
promising tandem technology from the research level 
up to industrial production. 

At Fraunhofer ISE, we cover the full technology chain, from 
material and process development, through cell and module 
design, including characterization, up to system integration  
for diverse applications. 

Bottom Cell Development 

In developing customized silicon bottom cells for tandem tech-
nologies, we focus on advanced TOPCon-based cells with opti-
mized passivation, metallization, and interfaces, including tailored 
contact- and TCO-recombination layers, textured bottom cells, 
and ohmic substrates. From lab-scale to full-format G12 cells, we 
scale innovations into production-ready solutions.

Perovskite Top Cell Development 

Our cell research services span from early-stage development 
on small substrates up to pre-industrial pilot lines, targeting 
scalable processes and materials with long-term stability. For the 
perovskite top cell, we focus on novel hybrid deposition routes 
on industrially textured silicon and have achieved record efficien-
cies with this technique. Our state-of-the-art infrastructure for 
evaporation, wet-chemical processes, and ultra-low-temperature 
metallization pastes enables us to develop industry-ready per-
ovskite-silicon tandem concepts to ensure a fast, reliable transfer 
from lab to fab.

Technology Assessment and Transfer

We evaluate and transfer promising technologies for the indus-
trial-scale production of perovskite-silicon tandem solar cells. 
Assisted by process modeling and material flow analysis, we 
assess the techno-economic and environmental aspects to identi-
fy the most sustainable and cost-effective manufacturing routes.

Module Development for Reliable, Durable, and 
High Performance 

The interconnection and encapsulation of temperature- 
sensitive and thermo-mechanically demanding layers pose a 
particular challenge for manufacturing. We research low- 
temperature processes and evaluate suitable materials to 
ensure reliable connections and module integration. For mois-
ture-sensitive tandem solar cells, we are adapting the bill of 
materials (BOM) and developing new edge-sealing concepts. 
Our research focuses on achieving stable industrial processes, 
low costs, mechanical stability, high electrical performance 
and long-term durability.

Characterization

We support research and industry with novel characterization 
and modeling services – ranging from materials analysis to 
in-field failure analyses. Using advanced degradation model-
ing of cells and modules, we predict long-term stability and 
derive measures to enhance it. Our experts support industry 
partners with tailored material selection, quality assurance, 
and comprehensive testing to provide robust and sustainable 
module solutions.
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Contact

Photovoltaics: Materials, Cells and Modules – 

Perovskite-Silicon Tandem Photovoltaics  

Dr. Martin Hermle

+49 761 4588-5265

sipv.tandem@ise.fraunhofer.de

Fraunhofer ISE

Heidenhofstr. 2 

79110 Freiburg, Germany 

www.ise.fraunhofer.de/en
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Perovskite-Silicon 
Tandem PV

Overview of R&D Infrastructure 

Fraunhofer ISE’s Module-TEC – Module Technology  
Evaluation Center provides a state-of-the-art infrastructure 
for the development, manufacturing and testing of novel PV 
module technologies. From tailored prototype design to small-
batch production, we provide support from virtual simulations 
and joint design up to prototype construction and long-term 
reliability evaluations.

At Pero-Si-SCALE and PV-TEC® – Photovoltaic Technol-
ogy Evaluation Center, we develop and evaluate scalable 
processes for perovskite-silicon tandem solar cells up to G12 
format. This unique European platform allows us to perform 
realistic testing of equipment, processes, and materials for 
industry and to provide support in process transfer, pilot-line 
setup, and prototype production. Bridging research and man-
ufacturing, our research services accelerate industrialization 
and minimize market risks for our customers. 

At our accredited calibration lab CalLab PV Cells & Modules, 
we have over four decades of experience. In addition to 
standard cells, we specialize in performance measurements 
on tandem solar cells and modules. Our setups allow us to 
illuminate tandem cells, up to industrial-scale sizes, spectrally 
adapting the radiation field as needed. Solar cells with up to  
6 p-n junctions can be precisely calibrated and measured.
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https://www.ise.fraunhofer.de/en/business-areas/photovoltaics-materials-cells-and-modules/silicon-based-tandem-solar-cells-and-modules.html



