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Abstract

Printing magnetically driven micro-helices
using two-photon polymerization
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Two-photon polymerization (TPP) allows additive manufacturing of objects with feature sizes down to 100 nanometers
or even less [1]. This makes TPP a promising method for producing micron-sized devices for medical applications such
as targeted drug delivery, hyperthermia, or interventional surgery in regions of the body that are difficult to access. In
contrast to manufacturing approaches like biological templates [2], glancing angle deposition [3] or mechanical torsion
[4], TPP can be employed to produce objects of almost any shape. For this reason, the micro devices can be optimized in
terms of their physical properties or their specific medical application.

In our work we produce helical shaped devices of a length of about 460 um utilizing TPP (Nanoscribe PPGT2). The
geometric dimensions of the model correspond to a 30-fold magnification of a design for which data from both
experimental [5] and theoretical [6] studies are available. Equipped with a magnetic moment perpendicular to their
longitudinal axis, the helices can be rotated around it by means of a homogeneous rotating magnetic field. The chiral
shape of the helices then leads to a forward translation that resembles a corkscrew. To achieve the desired magnetic
properties, we investigated both the incorporation of magnetic nanoparticles in the photo resin and a magnetic coating.

While the embedding of particles has been limited to a weight fraction below 1 % due to bubble formation during printing,
we were able to successfully apply a coating containing cobalt and nickel by a method adapted from [7]. Due to the semi-
hard magnetic properties, the coated helices can be propelled by means of a rotating homogeneous magnetic field. At
helix rotation frequencies of 15 Hz a speed of more than one body length per second was measured.

We developed a production process for micron-sized helices that we can actuate using magnetic fields. This enables us
to make further optimizations and investigate medical applications.
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