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THE TECHNOLOGY
How short is “ultrashort”?

Diverse areas of application

Picoseconds and femtoseconds are time
units difficult to imagine. If one sets these
time units in relation to the speed of light,
the dimensions become clearer. While light
travels 300,000 km within one second and
thus almost the distance between earth and
moon, it can only cover a distance of 0.3
mm within a picosecond (ps), which roughly
equates to the thickness of a hair. In a femtosecond (fs), the distance covered is a factor
of a thousand smaller, which corresponds to
half the wavelength for red light.

Ultrashort pulse lasers (USP lasers) are outstanding tools with maximum precision for
use in a wide range of application areas,
such as tool technology, optical industry,
electronics, automotive industry and medical
technology.

0,35 mm

In the medical field, they open entirely new
therapeutic options, for example through
high-precision and low-damage incisions
in the eye. One of the most common surgical
procedures worldwide, cataract therapy,
enables greatly enhanced efficiency and
cost-effective procedures. New therapeutic
options for presbyopia become serious
competition for reading glasses.
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In photovoltaic manufacturing, this highprecision processing leads to more efficient
solar cells, while the production of LEDs or
computer chips increases the yield per wafer.
1 mm
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The USP laser is also an excellent tool for the
manufacture of medical products such as
hypo tubes or the smallest drill bits.

Ultrashort laser pulses
as a tool
Ultrashort laser pulses with durations from
a few femtoseconds to a few picoseconds
allow completely new machining processes,
currently impossible with conventional tools.
An essential feature of these laser flashes are
extremely high peak intensities, which can
already be achieved with very low pulse energies due to the strong temporal compression.
This enables high-precision material removal
as well as the processing of temperaturesensitive materials without thermal damage
in the proximity.
Therefore, any material such as metals,
ceramics, semiconductors, plastics and even
biomaterials can be processed with high
precision and without the use of additional
tools.
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Cover picture:
USP-processed gecko made of aluminum (Thomas Hierl ©)
Figure 1: Time scales in the ultrashort pulse range (EurA AG ©)
Figure 2: USP-drilled circuit board (TRUMPF ©)
Figure 3: USP partially stripped steel plate (TRUMPF ©)
Figure 4: Hypo tubes made of stainless steel (ADMEDES GmbH ©)
Figure 5: Tooth root drill made of nitinol wire (ADMEDES GmbH ©)
Figure 6: 150 µm polymer stent (JENOPTIK Laser GmbH ©)
Figure 7: interklicks © Fotolia.com
Figure 8: looking2thesky © Fotolia.com

PRECISE LIKE A CLOCKWORK
USP lasers are characterised by their
outstanding accuracy in various types of
processing. The spectrum ranges from
micrometre scale drilling and cutting to
the finest structuring of materials. For this
reason, USP lasers offer advantages over
other methods and tools. This applies in
particular to areas of application where
high demands are placed on material processing, such as in the watch and jewellery
industry, the optical or the automotive
industry.
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Micro-Drilling
With the help of USP lasers, the finest and
most precise bores of various shapes in
the micrometre range are possible. Due to
the low-melting drilling process, no postprocessing is necessary. The high performance of the USP laser makes it a suitable
tool for processing demanding materials
such as ceramics or sapphire.
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Micro-Cutting
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USP lasers are ideal for cutting the smallest,
fine mechanical components and highprecision structures. Regardless of the processed material, high quality results in the
form of burr-free cut edges without negative
thermal influences can be achieved. Consequently, even brittle or temperature-sensitive
materials can be processed.

Micro-Structuring

10 mm

In addition to drilling and cutting, USP lasers
also enable the processing and structuring
of surfaces. As an example, surface roughness
can be adjusted precisely or tribological
structures are applied to a workpiece.

Figure 9: Clockwork (TRUMPF ©)
Figure 10: USP micro-holes in plastic film (Pulsar Photonics GmbH ©)
Figure 11: USP micro holes in ceramic (TRUMPF ©)
Figure 12: Drilling in corundum with fs laser (3D-Micromac AG ©)
Figure 13: Hole in tool steel (GFH GmbH ©)
Figure 14: USP-cut gears made of sapphire (Fraunhofer ILT ©)
Figure 15: Detailed view of the precise cut edges (Fraunhofer ILT ©)
Figure 16: Laser nanostructured embossing tool (Fraunhofer ILT ©)
Figure 17: Laser structuring on an impression tool (Fraunhofer ILT ©)
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SURFACES AS
SUCCESS GUARANTEE
Surfaces represent a central material
property. The most famous functional
surface is probably the lotus leaf with its
ability to self-clean.
The USP laser is the perfect tool for the
targeted production of micro-structured
surfaces with certain properties (functional surfaces) in industrial applications,
since it can be used to introduce the
finest structures into almost any
material.
In addition to changing the wettability
and adhesive properties, structuring
can be used, for example, to minimise
friction and wear, or to increase friction.

Functionalisation of the sliding
surfaces of mechanical seals
• Laser micro-structuring without post-processing
• 25 % reduction in friction without leakage
• Combination of three types of microstructures:
- targeted shifting of the state of friction
- Leakage limitation
- Limited penetration of dirt particles in the tread

10 mm

Roughening of metal and
ceramic surfaces to optimise
joining processes

24

• Increasing the quality and breaking point of adhesive
or welded connections through micro-structuring
• Roughening of the contact surface without damaging
of underlying areas
• Processing of joining materials with a low permissible
thermal load
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Figure 18: dima_pics © Fotolia.com
Figure 19: Hydrophobic coating (Fraunhofer ILT ©)
Figure 20: Hydrophilic coating (Fraunhofer ILT ©)
Figure 21: Microstructuring of the surface with
fs laser (JENOPTIK Laser GmbH ©)
Figure 22: Mechanical seals with micro-structured
Functional areas (Pulsar Photonics GmbH ©)
Figure 23: Structure adapted to the function
geometry (Pulsar Photonics GmbH ©)
Figure 24: Roughening a ceramic surface
(Pulsar Photonics GmbH ©)
Figure 25: Roughening a metal surface
(Pulsar Photonics GmbH ©)

LASER MEETS GLASS
The processing of glass has always been
subject to specific challenges. In particular,
the hardness, the brittleness and the lower
thermal conductivity compared to metal,
which can lead to uneven heating and resulting cracks, making glass a demanding
material.
Lasers, especially ultrashort pulse lasers,
master these challenges and are therefore
very well suited as a tool for glass processing.
Above all, contact-free processing and
correspondingly faster processing times
offer clear advantages over classical, mechanical material processing.

Laser cutting of
smartphone displays
• Glass cutting using laser material modification (tearing due to intrinsic tension by
USP laser)
• smooth contours, accurate to the hundredth
of a millimetre
• Creation of completely free contours possible
• high processing speed
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Glass welding by laser
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• Non-contact welding of glass by laser
• economic advantages over other
joining techniques:
- Cost savings
- Longer shelf life
- Higher reliability of the weld

Figure 26: Glass cutting using laser material modification (TRUMPF ©)
Figure 27: High-speed laser cutting of glass (TRUMPF ©)
Figure 28: Glass structuring with fs laser (JENOPTIK Laser GmbH ©)
Figure 29: Laser-cut smartphone display (Fraunhofer ILT ©)
Figure 30: Laser light cable with laser-welded glass protective
caps (TRUMPF ©)
Figure 31: Structures in glass with ps laser (3D-Micromac AG ©)
Figure 32: Processing thin glass (Fraunhofer ILT ©)
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Lasers are tried and tested tools for producing markings. With special marking laser
systems, components or products are
uniquely watermarked.
Some applications, however, require for
high structural qualities and low surface
damage or special properties such as the
chemical resistance of the marking. USP
lasers are the perfect match for these
demanding requirements.
With USP lasers, structure resolutions in
the single-digit micrometre range can be
produced in every material without burrs.
Due to the low thermal input, components
and surrounding areas remain almost
unaffected.

MARKINGS
FOR ETERNITY
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Corrosion-free
marking for medical
technology

Product protection
through holographic
security features

• High resistance to aggressive cleaning and
sterilization methods
• Functionalisation of the surface to generate
high and broadband light absorption (black
marking)
• Corrosion-free marking due to minimal
thermal input from the USP laser

• Counterfeit-proof marking of products
using holographic security features
• Functionalisation of any surface from
metals to plastics
• Possible features: serial numbers, traceability codes, micro-labels, graphics

Figure 33: Corrosion-free annealing lettering (TRUMPF ©)
Figure 34: SEM image of a marking on metal (Pulsar Photonics GmbH ©)
Figure 35: Colour markings with ps laser (3D-Micromac AG ©)
Figure 36: High contrast marking of a surface (Pulsar Photonics GmbH ©)
Figure 37: Black marking of medical cutlery (PHOTON ENERGY GmbH ©)
Figure 38: Nameplate with security feature as copy protection (SCANLAB GmbH ©)

PROCESSING
OF PCBs
In the area of consumer electronics, the importance and
demands placed on electronic circuit boards are growing.
The circuit boards must have several layers of conductor tracks combined with a small thickness. So-called
micro-vias are required to connect the layers, fine drill
holes galvanised with copper. These can be generated in
a special way with USP lasers.
The advantage of the USP laser lies in the ability to vaporise a wide variety of materials due to the high intensity of
the laser pulses. This means that all materials used in the
production of printed circuit boards can be processed in a
single process step. In addition to drilling, USP lasers also
cover various other laser processing methods (cutting,
notching, etc.).
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REMOVAL
OF THIN
LAYERS
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The removal of thin layers plays an important role in many
different areas of industry. Examples of applications are the
removal of thin layers on thermally and/or mechanically
sensitive carrier materials or the removal of layers in the
case of copper-indium-gallium-diselenide (CIGS) thin-film
solar cells.
The outstanding advantages of USP lasers are the minimal heat affected zone and the possibility of selectively
removing individual layers with high precision without
damaging the underlying substrate. In addition, the process
speed that can be achieved by using USP lasers is of great
importance.

Figure 39: themorningglory © Fotolia.com
Figure 40: USP-drilled polyimide circuit board (TRUMPF ©)
Figure 41: Micro-drilling in the circuit board substrate ~ 70 µm (TRUMPF ©)
Figure 42: Gold conductor tracks on a PMMA substrate (medical technology) (3D-Micromac AG ©)
Figure 43: Thin film removal ITO-MAM on glass (Fraunhofer ILT ©)
Figure 44: Laser-structured trench of a CIGS thin-film module (3D-Micromac AG ©)
Figure 45: selective removal of an 80 nm SiN coating (JENOPTIK Laser GmbH ©)

43
20 µm

44

10 µm

45

Layout und Realisierung: CORBEAU werbeagentur · Stand: März 2020

w eorrkk voof n
E iAn cKoommppeetteennczen en tezt w

innovation finance technology

THE
NETWORK
„The laser is a solution in search of a problem,“ was how disappointed laser enthusiasts
expressed themselves in 1964. Every attempt to transfer an existing application to the
laser showed that the „conventional“ application remained superior if the application
was not completely redeveloped from the laser. Like the development of the laser 60
years ago, the promising potential applications of ultrashort pulse laser technology
have so far only been sporadically implemented. For the short pulse and ultrashort
pulse lasers, this process of converting the technology into a flexible and easy-to-use
manufacturing technology is far from complete. Many potentials and opportunities,
especially for use in small and medium-sized companies, have not yet been recognised and exploited. This is exactly where the “Ultrakurzpulslaser” network will start.
The „Ultrakurzpulslaser“ network, founded on the initiative of Ellwanger EurA AG,
was funded by the Federal Ministry of Economics and Technology (BMWi) from 2015
to 2017. The network has been continued without funding by EurA AG since 2018.
Through networking and the involvement of multiple actors, the network is further
expanded, and it is also open to new partners. The network partners focus on laser
material processing.
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