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Lightweight PV Modules for 
Space Applications

The demand for reliable, cost-effective and effici-
ent photovoltaics for space applications has never 
been greater than today. Such modules should also 
be modular, lightweight and readily available. With 
this in mind, we at Fraunhofer ISE utilize our exten-
sive practical experience and pilot-line manufactu-
ring capabilities in silicon photovoltaics to develop, 
optimize and manufacture space-ready solar cells and 
modules to meet our clients’ needs Europe-wide.  

Silicon Solar Cells for Space

Silicon wafer-based technology dominates the terrestrial market 
with a share of 95 %. Given their high productivity and low 
costs, silicon solar cells show great potential for space applica-
tions, like LEO satellites, for example, where balancing costs and 
efficiency play a major role. At Fraunhofer ISE we specialize in 
silicon technology, holding in-house expertise for all relevant 
cell concepts from as-cut wafer to full cells. According to your 
downstream demand, we adjust the materials, the cell design 
and the manufacturing processes along the value chain. Cells can 
be provided in any size up to M10 with the option of preferred  
substrate thicknesses and electrode designs (MWT) or edge 
interconnections. We have a European supply chain for all mate-
rials, and all processes are developed on European platforms.

Lightweight PV Module Technologies

Our goal is to develop lightweight PV modules for various 
satellite payloads (LEO, MEO, GEO and Deep Space) selecting 
material combinations to achieve the highest power density at 
the lowest cost. Because these modules are constructed from 
different materials, it is important to coordinate the materials  
in terms of adhesive forces, efficiency, durability and produc- 
tion technology. To this end, we use industrial machinery to  
produce large-series prototypes and test them for long-term 
stability. At the institute our encapsulation experts are transfer-
ring their extensive knowledge in terrestrial PV to space appli- 
cations to secure a technological advantage at lower costs.

Our Offer

We offer R&D services for module and satellite 
manufacturers from the cell level through the inter-
connection technology up to module prototypes in 
pilot series, for example:

Selection of solar cell baseline technology (SHJ, 
TOPCon, PERC)
Prototyping of customized space-ready cell 
designs, up to kW capacities
Development and customization of lightweight 
module designs and interconnections
Process development, prototyping and small-
batch production of cell strings and modules with 
emphasis on scalable designs
Quality assurance and long-term stability tests
Independent and reliable European supply chain 
and production

Space-grade silicon solar cells made at Fraunhofer ISE.  

Customized electrode design for shingled (left) or wire (right) 

interconnection.

Interconnection Technologies

The quality of the interconnection joint has a crucial impact 
on the operating performance and long-term stability. Our 
manifold characterization methods enable us to gain a 
profound understanding of the joint properties undergoing 
temperature cycles and vibrations. 

On our industrial stringer systems, we offer the intercon-
nection of all cell types using a wide variety of interconnect 
materials. We carry out process development and prototyp-
ing up to pilot production, including interconnection with 
wires, linear and matrix shingling, and foil wire assemblies. 
We utilize soldering methods as well as electrically conductive 
adhesives. For space applications, the linear shingle and our 
in-house developed matrix shingle technology with conduc-
tive adhesives particularly show promise.

Top image: Lightweight module construction showing diffe-

rent layers © AI-generated. Bottom image: Testing flexibility 

of a shingled string after ECA interconnection



Efficient Design Optimization and Failure Analysis 

We use the finite element method (FEM) to examine a wide 
range of physical effects on the module and its components 
as well as its interaction with the supporting structure. For 
example, we simulate the thermomechanical stresses during 
production and throughout thermal cycles. With FEM, space 
PV modules can be developed and optimized using comput-
er-based tools to save costs and time. Our services include: 

Tests of interconnection and lamination with digital twins
Digital optimization of module design and BOM
Digital testing (thermal cycling, mechanical load,  
vibration, …)
Fast technology benchmarking
Defect diagnostics

Our Services for Module, Material, and Equipment 
Manufacturers

Module Design and Prototype Production
Conceptualization, design, and development of PV modules
Prototype manufacturing and small-batch production
In-house trial days for string production and lamination

Equipment
Modular production facility with over 1,000 m² of floor 
space
Interconnection:
	– Wire bonding for M6/M10/G12
	– Lead-free soldering
	– Shingle technology (string and matrix)
	– Conductive bonding with round wire
	– Interconnection of back-contact solar cells

Assembly design:
	– Various lamination technologies
	– Pick and Place with H-Portal
	– Autoclave
	– Lightweight modular technologies
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Module TEC

https://www.ise.fraunhofer.de/de/fue-infrastruktur/tecs/module-tec.html

