Printed and Additively Manufactured Electronics for Wearable, Implantable, and Fiber-Based
Biointerfaces

Abstract:

Printed electronics is becoming a key enabling approach for wearable, implantable, and
biointegrated devices, as it allows functional materials to be deposited via additive, digitally
controlled processes onto flexible, biocompatible, and geometrically complex substrates. In
this work, printed and additively manufactured electronics are presented across different
dimensional scales to integrate sensing, electrical interconnection, wireless communication,
and local sighal transduction into customised biomedical platforms.

At the device and packaging scales, multimaterial inkjet additive manufacturing using the
Nano Dimension DragonFly platform was employed to deposit silver nanoparticle-based
conductive inks and dielectric materials. This approach enabled customised
interconnections and self-aligned packaging for highly non-planar, tapered optical-fibre
interfaces and piezoelectric micromachined ultrasonic transducers, thereby reducing
dependence on conventional wire bonding. The same printing platform was used to fabricate
multilayer flexible antennas operating in the sub-6 GHz 5G range and silver electrodes for
flexible chitosan-based piezoelectric transducers intended for mechanical and physiological
signal detection.

At the microscale, printed electronics was extended to the integration of active organic
devices on the curved surface of tapered optical fibers. A hybrid fabrication strategy
combined two-photon lithography, used to define the source and drain microelectrodes, with
Hummink’s High Precision Capillary Printing technology for the localised deposition of
PEDOT. The resulting organic electrochemical transistor exploits mixed ionic—electronic

transport in the conducting-polymer channel. This architecture is intended to transform
passive optical-fibre electrodes into active optoelectronic interfaces capable of combining
spatially controlled light delivery with local electrochemical transduction and, potentially, in
situ signal amplification.

These results demonstrate how complementary printing technologies can address different
requirements of bioelectronic systems, from multilayer device packaging and wireless
communication to micrometric patterning of organic active materials. Printed electronics,
therefore, represent not only an alternative fabrication route but a versatile integration
framework for multifunctional wearable, implantable, and neural-interfacing technologies.



