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Abstract. Surface contaminations can critically affect the performance of optical surfaces, in particular with
respect to light scattering, optical losses, and laser stability. Thus, avoiding contaminations and reducing
contamination-induced effects is of particular interest in the manufacturing of optical systems. By combining
a specific thin film design with a tailored structural design, contamination-resistant coatings with a high
optical quality can be realized. Most important is the balance of self-cleaning- and light scattering-relevant
surface roughness components.

Surface contaminations of optical components can
critically affect the performance of the entire optical
system. Typical contaminations, which are most relevant
in optical applications, can be for example dust particles
from the environment or fluids from the manufacturing
process. However, over the last years also biocontaminations have become increasingly critical.
To avoid contamination-induced effects, such as
increased optical losses or reduced laser stability, optical
coatings have to be applied, which reduce the
accumulation of contaminations as well as their optical
effects while keeping the optical quality at a high level.
Addressing this issue, a multifunctional coating was
developed, which is characterized by the following
functionalities (Fig. 1):


Self-cleaning/contamination-repellent properties
by wetting-relevant structuring



Contamination-insensitivity by tailored optical
coating design



Broadband antireflective characteristics by
structures with graded refractive index



Low scattering by shifting the function-relevant
structures to lateral scales, which are less
relevant for light scattering.

For the self-cleaning/contamination repellent behaviour,
the minimization of the adhesion forces between the
surface and the contaminating particle or fluid is of
particular importance. This is realized by tailoring the
wetting properties of the coating to hydrophobic and
oleophobic, severely water- and oil-repelling, properties.
For this, a defined structuring and chemical
functionalization [1] of the coating surface is needed.
However, although required for the functionality, the

*

increased surface roughness may have also a negative
impact on the optical performance. This is the case as
surface roughness leads to increased light scattering [2,3].
To address this problem, topographic, functional, and
light scattering characterization methods have to be
combined to individually analyse the specific properties
and to comprehensively clarify their correlations to each
other. This information is needed to selectively define the
wetting- and light scattering-relevant spatial frequency
range, which is based on power spectral density functions.
This allows appropriate surface roughness structures of
the multifunctional coating to be designed, which includes
the shifting of the wetting-relevant surface structures to
lateral scales that reduce or even prevent scatter
losses [1, 4].
Nonetheless, complete avoiding of contaminations is
inevitable over time. Thus, the multifunctional coating
can further be equipped by an additional specific optical
design. Within this design, adopting the layer thickness,
the standing electric field strength at the position of the
contaminating particle or fluid is modified [6,7]. Thus,
contamination-induced light scattering properties can
effectively be tailored.
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Fig. 1. Multifunctional contamination-resistant coating.
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The resulting multifunctional coating can significantly
enhance the wetting properties of a smooth optical
surface. Compared to a smooth surface with
functionalization, reaching only advancing and receding
contact angles of 110° and 95°, the multifunctional
coating exhibits advancing and receding water contact
angles of 155° and 145°. Thus, water drops roll off at a tilt
angle of the surface of 3°, ensuring particle
contaminations to be removed [1].
Such repellence holds also true for contaminations with
oil-containing liquids [8,9] such as human fingerprints
and can even be transferred to reduce contaminations with
molten metal debris [10]. However, with respect to biocontaminations both states, bacteria-adhesion and
bacteria-colonization, have been shown to be impacted.
The main point, however, is that the optical quality of the
components can be preserved after coating. In case of the
multifunctional coating designed for applications in the
visible spectral range the scatter losses are as low as
90 ppm in the reflectance direction and results in less than
75 ppm in the transmittance direction. Due to the
function-relevant structuring additional broadband
antireflective properties can be achieved.
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