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Surface and coating technology

Hard-magnetic coatings for high-precision microscopy

Microscopy is at the forefront of the fight against the coronavirus. Special
microscopes, which enable scientists to view minute cell structures, are an
indispensable tool in the development of vaccines and new therapies. Such
equipment comprises not only a microscope with high optical resolution but
also a high-precision microscope stage. Hard-magnetic coatings from the
Fraunhofer Institute for Surface Engineering and Thin Films IST also play a key
role here. They help enable the examination of minuscule cell structures in
precise detail and at great speed.

Microscopes and related lab equipment are a vital weapon in the fight against viruses
and bacteria. They help scientists in their search for vaccines and therapies to combat,
for example, SARS-CoV-2. At Fraunhofer IST in Braunschweig, researchers are de-
veloping hard-magnetic cobalt-samarium (CoSm) coatings for magnetic linear scales.
These are used in the microscope stages produced by the company ITK Dr. Kassen
GmbH. In combination with sensors and an evaluation algorithm, these linear scales
enhance the positioning accuracy of the microscope stage, upon which the sample is
placed in preparation for viewing. “Biological material such as cells can move,” explains
Dr. Ralf Bandorf, research associate at Fraunhofer IST. “But | still need to be able to
steer to the right position with a precision on the micrometer scale.” Microscope stages
that use a magnetic positioning system generally have a very compact design. They are
used in microscopes from renowned manufacturers such as Leica or Zeiss. The CoSm
coatings have been developed in close cooperation with industry partner ITK Dr. Kassen
GmbH.

A position resolution on the nanometer scale

Dr. Bandorf and his team apply a CoSm coating to nonmagnetic metal strips. This en-
dows the strips with a defined magnetic structure that can be encoded with a signal
pattern. In turn, this functional coating can be read by a sensor so as to determine the
precise position of a strip. “In combination with the integrated sensors, which read the
signals, our coatings enable a position resolution of 5 nanometers,” explains Bandorf,
an engineer by training. With their integrated measurement system, the microscope
stages are able to determine the precise position of a sample without the need for
referencing. A repeatability of plus/minus 100 nanometers can be achieved. This is
especially important for the examination of living objects, where the time available for
viewing is often limited, and rapid positioning is therefore vital.
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CoSm coatings are used in place of galvanized cobalt coatings, production of which re-
guires the use of environmentally harmful chemicals. Robust and durable, they also
have very good magnetic properties, which ensures a more powerful magnetic signal
than can be realized with cobalt coatings. This signal is strong enough to be measured
using a contactless system, which makes such coatings suitable for use in sealed com-
ponents such as hydraulic cylinders, where optical systems are not an option.

At the same time, CoSm coatings are much less easily demagnetized than pure cobalt
coatings and they are unaffected by interference fields. Similarly, very fine layer thick-
nesses can be achieved. Furthermore, they can be used for measurements in dirty
environments. And they are also suitable for measuring angular positions and radial
movements, which is of relevance for robotic applications in, for example, the automo-
tive industry. “If a fine CoSm coating is applied to a component such as a roller bear-
ing, it is then possible to obtain additional information about that component,”
Bandorf explains. Demand for high-precision magnetic measurement systems is also
growing in the field of electromobility.

Environmentally friendly coating process
The CoSm coatings are created with a process known as hollow-cathode gas flow

sputtering, a vacuum deposition method developed at Fraunhofer IST. Unlike
galvanization processes, this method does not involve the use of toxic substances.
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on developing key
technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunhofer plays a central
role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence, Fraunhofer helps shape society
now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 74 institutes and research institutions throughout
Germany. The majority of the organization’s 28,000 employees are qualified scientists and engineers, who work with an annual research budget of
2.8 billion euros. Of this sum, 2.3 billion euros is generated through contract research.



