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Fraunhofer Institute for Laser Technology ILT

The Fraunhofer Institute for Laser Technology ILT is one of the
most important development and contract research institutes
in laser development and application worldwide. Its activities
encompass a wide range of areas such as developing new
laser beam sources and components, laser-based metrology,
testing technology and industrial laser processes. This includes
laser cutting, ablation, drilling, welding and soldering as

well as surface treatment, micro processing and additive
manufacturing. Furthermore, Fraunhofer ILT develops
photonic components and beam sources for quantum
technology.

Overall, Fraunhofer ILT is active in the fields of laser plant
technology, digitalization, process monitoring and control,
simulation and modeling, Al in laser technology and in the
entire system technology. We offer feasibility studies, process
qualification and laser integration in customized
manufacturing lines. The institute focuses on research and
development for industrial and societal challenges in the areas
of health, safety, communication, production, mobility,

energy and environment. Fraunhofer ILT is integrated into the

Fraunhofer-Gesellschaft.
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LASER PROCESSES FOR THE EFFICIENT
PRODUCTION OF ENERGY STORAGE SYSTEMS

As automobiles are increasingly being powered by electrical motors, the demand is growing for high-perfor-

mance energy storage systems. In these applications, cells of various types are used for the construction

of battery modules or packs, e. g. 18650 round cells, prismatic cells or pouch cells. As an innovation partner

in the field of photonics, the Fraunhofer Institute for Laser Technology ILT develops and implements highly

efficient laser processes for the production of energy storage systems — from cell production to packing

contact — for the entire process chain.

Laser Structuring

Contact areas for the cathode and the anode layer are
required so that the front side of thin-film battery cells can

be contacted to a partner. For full-surface coating, a closed
electrode layer forms the contact of the layer stack. Therefore,
the lowest electrode is either contacted via the substrate

side, or surfaces contacted to the lower current collectors
must already be kept free during the deposition. By means of
ultrashort pulsed laser radiation, the individual battery layers
can be removed in a manner selective to location and depth so
that contact regions can be introduced even after the coating.

Thin Film Processing (Drying, Sintering)

Before competitive electric energy storage systems can be
launched onto the mass market, the production costs for
battery cells must be reduced significantly. A promising approach
to reach this is the substitution of conventional furnace pro-
cesses by innovative laser processes. When battery electrode
layers are dried and sintered, a laser process can open up

a great potential for energy savings as it applies energy more
efficiently than conventional drying in a continuous furnace.
Furthermore, the compact design of the laser significantly
reduces the necessary construction space. Additionally, this
process can be used for the sintering of solid electrolytes.

Laser Cutting and Separating

In the large-area deposition of layer stacks for thin-film batteries,
individual battery cells can be separated from the coated
substrate. As a result, no masking is necessary and only the
cut regions remain in which the applied active material cannot
be used for later cells. In addition, the full-area coating allows
thin film battery manufacturing to be transferred to roll-to-roll
production processes. Since laser cutting processes separate
the coated battery films without causing short-circuits, the
process yields a maximum of battery cells from a coated carrier
material. Raw materials are thus used more efficiently, and the
flexibility in the separation of battery cells increases.

Encapsulating Battery Cells and Modules

In lithium solid state batteries, when the active material comes
in contact with water or oxygen, the lithium degrades, thus
gradually destroying the battery. In order to prevent this
interaction with the environment, metal housings (round cells,
prismatic cells) or high-barrier multilayer films (pouch cells)
are commonly used. Thanks to special barrier coatings, these
multilayers prevent water and oxygen from permeating into
the battery, even when very thin films are used. The base sub-
strate of the film is usually a polymer, which results in a high
degree of flexibility. The Laser beam micro welding process
can be employed to spatially limit the melting of the films or
of the metal housing so that the internal active material is not
damaged. This way, the encapsulated battery cell is protected
against external influences.

Interconnecting Cells to Battery Systems

Laser micro welding with local power modulation is used to
firmly bond battery cells together. In the process, the feed move-
ment is superimposed with a circular oscillation movement,
thus enabling an operator to adjust the attachment geometry
and the mixing ratio. For example, different joining partner
materials, from aluminum-copper to copper-steel compounds,
can be contacted for different cell types. The welding process
is designed so that it reduces the welding depth while keeping
the bonding width constant, thereby preventing damage to
the active material in the battery cell. In addition, the metallurgy
of the joining compound can be specifically controlled by this
approach. The process is suitable both for the production of
electrically and mechanically safe connections from cell to cell
as well as for the production of modules from cell networks
and large battery packs from modules.

Laser Bonding for Flexible Connections

Fraunhofer ILT has developed a laser bonding process

that combines a modified wire bonder with a fiber laser, a
galvanometric scanner and a beam guiding and focussing unit;
it is advantageous when particularly flexible connection tech-
nology is needed. The system technology allows the automatic
feeding of a flexible connector to the component surface.
Thanks to its local power modulation, the system can be used
to weld aluminum or copper ribbons with a cross-section

of up to 300 x 2000 um?2 to the battery pole.
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1 Contacted battery pack from 18650 cells.
2 Laser-dried graphite-based anodic slip.
3 Contacted 18650 battery cells.
4 Contacting the positive pole
of a round cell by laser bonding.
5 Beam guiding and focusing unit

of the laser bonder.



