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Functional Printing at CSEM: Technologies for Inte-
grated and Sustainable Microsystems and Sensors

S. Khan, J. Heidler, X. Bulliard, A. Beard, M. Monroe, D. Mi-
gliorelli, F. Kurth, R. Pugin

The increasing demand for compact, scalable, portable, and
application-specific microsystems places high requirements
on additive manufacturing technologies. In this context, func-
tional printing and surface coating have become important
enabling manufacturing techniques for the integration of
electronic, optical, chemical, and biological functionalities in
applications such as sensing, optoelectronics, MEMS etc. At
CSEM, state-of-the-art printing and coating techniques are
combined to achieve high level device integration addressing
the various industrial demands for novel functionalities.

Versatile printing and deposition platforms

CSEM operates a broad range of printing and coating technolo-
gies, including screen printing, inkjet printing, aerosol jet print-
ing, slot-die and spray coating, precision liquid dispensing, all
enabling the deposition of functional materials as thin or thick
films on flexible foils, rigid substrates, and three-dimensional
components. These technologies are used to fabricate conductive
tracks for electronics, thin films for sensing and dielectric layers
and coatings for optoelectronic applications, among others. Print-
ing can be performed either directly on device parts or on flexible
films that can subsequently be integrated into targeted secondary
surfaces and devices. Multi-layer printing processes allow for the
realization of complex geometries at throughputs ranging from
feasibility studies to series production. High-resolution inkjet and
aerosol jet printing further allow for the localized deposition of
particle-free noble metal inks and advanced materials on both
planar and non-planar surfaces.

Sensors for Health and Environmental Monitoring

A central activity at CSEM is the functionalization of printed
electrodes for electrochemical and biochemical sensing. Elec-
trodes printed from materials such as graphite, silver/silver-chlo-
ride, platinum, iridium oxide, or polymeric conductors are tai-
lored for specific sensing principles and subsequently
functionalized with chemical, enzymatic, ionic, or bioassay-
based layers. This approach enables the fabrication of miniatur-
ized, multi-analyte sensor arrays suitable for measurements in

complex matrices, such as urine or saliva, as required in
point-of-care and decentralized diagnostic applications. Beyond
biomedical applications, CSEM extends this platform toward en-
vironmental monitoring, where we develop a broad portfolio of
electrochemical sensors for water quality assessment, with a par-
ticular focus on pesticides (e.g., glyphosate), pharmaceuticals,
antibiotics, and PFAS. Our activities include amperometric and
voltametric sensors for priority pesticides and emerging contami-
nants, capacitive sensors capable of detecting PFAS via interfa-
cial adsorption mechanisms, molecular imprinted polymers
(MIPs) & metal organic frameworks (MOFs) functionalized elec-
trodes for enhanced selectivity, and solid-state ion selective elec-
trodes that will support future real time fluoride monitoring in
PFAS mineralization processes.

Printed Functional Components for System Integration
In addition to sensing elements, CSEM develops printed func-
tional components for system integration, including self-regu-
lating microheaters, printed interconnects, antennas for dispos-
able electronics and optical coatings on complex devices such as
watch and photovoltaic components. Particular attention is given
to sustainable and eco-friendly materials, such as cellulose-based
substrates, polymeric dielectric solutions, copper-based inks, and
other low environmental foot-print inks and coating formulations.
These material systems have demonstrated performance compa-
rable to established solutions while offering advantages with re-
spect to, for instance, sustainability, cost, and recyclability, espe-
cially for single-use and other types of disposable devices.

By combining printing technologies, material development,
and surface functionalization, CSEM addresses the full develop-
ment chain of highly integrated systems and components. This
enables the translation of novel functionalities into applica-
tion-relevant microsystems and supports industrial partners in the
development of scalable and sustainable products for multipur-
pose applications.
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