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Surface structuring aimed at improving surface properties has become a widely adopted 
method, targeting surface improvements in aero- and hydrodynamics as well as heat transfer. 
As the need for highly efficient manufacturing manifested, patterns took inspiration from 
nature [1]. Femtosecond laser processing is a mature technology but remains limited in 
throughput and scalability due to high precision required and relatively low efficiency. 
Here we present a novel concept for 2.5D surface structuring that simultaneously improves 
processing throughput and precision compared to traditional laser surface structuring 
approaches [2]. We define a 2.5D surface as any surface that can be described by a matrix of 
heights. Processing of such patterns is enabled by leveraging the pulse-on-demand capabilities 
of the latest femtosecond laser sources [3]. Our concept employs a grayscale image input to 
define the desired depth distribution on the material. It utilizes the PoD mode at 30 MHz to 
modulate the laser repetition rate with high resolution, in turn enabling precise fabrication of 
the target structure both in the scanning direction and depth definition. Our goal is to improve 
thermal transfer properties of surfaces and their interaction with coolants and lubricants. 
 

 
Figure: a) Input image for a 2D periodic shark-skin inspired pattern. b) Topography measurement 
of the pattern in copper substrate. c) Input image for a high-fidelity fish-scale pattern. d) 
Topography measurement of pattern in copper demonstrating high precision of processing. 
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