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Abstract

Laser material processing is becoming an increasingly vital component of the value chain in battery
manufacturing and development. We differentiate between passive processes, which replace existing
technologies without substantially affecting battery properties, and active processes, which specifically
modify the architecture of electrodes and batteries, thereby altering and ideally significantly enhancing
their electrochemical properties. Passive processes encompass laser cutting, slitting, notching for
electrode processing, and busbar laser welding in module manufacturing, mainly utilized to optimize
production economics [1]. Active laser processes involve directly structuring electrodes to enhance the
active surface area or modifying current collectors, which serve as additional steps to improve diffusion
kinetics or electrode layer adhesion [2]. A common characteristic of all laser processes is that their speeds
must be substantially increased for successful integration into manufacturing to achieve throughput that
aligns with battery production. We have made significant progress with the innovative approach of 3D
electrode structuring and implemented roll-to-roll structuring for on-the-fly high-power laser ablation.
This enables the prototype production of lithium-ion batteries (LIBs) with 3D electrodes, cylindrical cells,
and pouch cells, preparing them for industrial modules [3]. This significant development step makes it
possible, for the first time, to transfer the 3D battery concept from the laboratory to industrial production.
Simultaneously, designs of laser-structured electrodes were optimized to significantly enhance battery
properties concerning lifetime, high-rate capability, energy and power density, and cell safety by
suppressing Li plating during fast charging [4].

A variety of electrochemical analysis techniques were employed to assess the electrochemical properties.
These were complemented by laser-induced breakdown spectroscopy (LIBS) [5]. LIBS is a relatively new
metrology approach for understanding and improving the chemistry of electrodes and electrolytes in LIBs
[6,7]. LIBS for LIBs is a compelling value proposition. This all-optical technology (utilizing light for excitation
and measuring spectra) measures the complete electrode chemistry (active material, binder, additives)
and determines the quality (homogeneity/heterogeneity, purity) of the electrodes, thus implicitly
indicating the reliability and accuracy of the various, and sometimes quite complex, production steps in
electrode manufacturing. During LIBS, laser ablation of a small portion of the electrode material converts
it into a transient high-temperature vapor plasma. The generated plasma spectroscopically encodes the
battery chemistry. LIBS is performed at atmospheric pressure and provides micron spatial resolution,
enabling 2D/3D elemental mapping; Figure 1 shows an example of 3D lithium distribution from one
pristine and one degraded graphite anode. LIBS for LIBs allows standoff chemical analysis for laboratory
or advanced manufacturing, enabling real-time monitoring of the battery chemistry (in-line metrology). A
high-throughput technical approach is presented that is capable of elemental mapping of large footprint
electrodes at high processing speeds. A suitable selection of laser beam wavelengths enables the
investigation of binder distribution (after coating) and degradation processes (post-mortem), both



essential characteristics for electrode development through coating and subsequent laser structuring (3D
battery concept). Preliminary studies of inline LIBS demonstrate its significant potential for controlling
binder migration during coating and as a function of drying conditions.
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Figure 1: 3D elemental (Li) distribution in lithiated graphite anodes at different state of health (SOH), achieved from Laser-
Induced Breakdown Spectroscopy ((a): SOH 100%, (b): SOH 0%, sample area: 9 mm?)
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