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This paper describes the two stage fabrication of step index waveguides featuring
parabolic cross sections with minimum widths down to 10 ym and aspect ratios of
about 0.3. The waveguide itself is produced by aerosol jet printing on pre-
conditioned areas with different surface energies which are generated on flexible
substrates with an adapted flexographic printing mechanism.

1 Introduction

Optical data transmission is established in many
fields of industry not at least because of its low sus-
ceptibility against electromagnetic fields. More than
that it is part of recent research and development
and may become a key enabling technology in the
future [1].

The additive and three dimensional fabrication of
polymer optical waveguides and signal transmission
at junction points of photonic networks cannot be
ensured sufficiently by current techniques. These
waveguides are suitable for short distance data
transmission because of their mechanical flexibility
and optical properties and qualified for the use in
packaging technology. When it is possible to estab-
lish an efficient production process a versatile scope
of applications is possible. Furthermore passive
coupling strategies allow for development of three-
dimensional optical interconnect devices. The fol-
lowing chapter describes an approach for its imple-
mentation.

2 Fabrication of polymer optical waveguides

The fabrication process of polymer optical wave-
guides (POW) described in this paper is achieved
by a two stage process. The waveguides are printed
onto flexible polymer substrate to provide an appli-
cation in three-dimensional optical interconnect de-
vices. In the first step a relief printing mechanism is
used to adjust the surface energy of the polymer foil
by printing conditioning lines. In a subsequent pro-
cess the waveguide itself is applied in between
these lines by aerosol jet printing (Fig. 1). This ena-
bles high speed fabrication of waveguides with a
smooth surface and high aspect ratios.
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Fig. 1 Two stage fabrication process of polymer optical
waveguides.

3 Flexographic printing of conditioning lines

Compared to other research projects concerning
printing of polymer optical waveguides [2] the ap-
proach in this work is to use the flexographic printing
mechanism to adjust the surface energy of the flex-
ible substrate. By the use of functional polymer con-
taining silicone, a pair of conditioning lines with hy-
drophobic behaviour is printed onto the foil. The dis-
tance between the lines as well as its width is
adapted by the use of different printing forms. The
quality of the conditioning line directly affects the
waveguide produced afterwards. This process al-
lows for a high output of conditioned areas with a
resolution up to 10 pm width.
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Fig. 2 Flexographic printing of conditioning lines.

DGaO Proceedings 2016 - http://www.dgao-proceedings.de - ISSN: 1614-8436 - urn:nbn:de:0287-2016-A011-5
eingegangen: 08.08.2016 - published: 29.08.2016



4 Aerosol jet printing

Aerosol jet application allows for printing various lig-
uid materials on different substrate materials. There
are restrictions concerning the viscosity v of the ink
(1 <v <1000 cP). Additional to that the material
has to be shear thinning or newtonian [3]. To focus
the aerosol stream onto the substrate a sheath gas
is surrounding it and leads through a nozzle with a
diameter of 200 um. Depending on the distance be-
tween the conditioning lines the amount of aerosol
is set to fill the gap and to allow for self-assembly [4]
without exceeding the maximum contact angle pos-
sible. Current results show waveguides with para-
bolic cross sections and about 290 ym width and a
height of about 50 ym as seen in Fig. 3. Measure-
ments of the light intensity distribution show typical
multimodal behaviour. The light is guided in the core
and does not decouple into the substrate. As also
seen in Fig. 3 the highest intensity concentration is
located in the centre of the waveguide when meas-
uring with LED light source.
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Fig. 3 Results of the optical measurements of a polymer
optical waveguide fabricated with two stage process.

5 Optical Bending Coupler

To achieve signal transmission at junction points an
optical bending coupler concept is used [5] (Fig. 4).
A physical contact between two waveguides is cre-
ated by an overlap of the cores and a defined force
from above. Simulation results show that coupling
efficiency varies dependent on the over-lap length
and curvature radius. The efficiency reaches 30 %
and allows for optical short range transmission. An
important factor for successful coupling is the posi-
tioning of the cores to each other.
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Fig. 4 Concept and simulation model of optical bending
coupler.

6 Summary

This paper shows a fabrication process for polymer
optical waveguides with a parabolic cross section
that could offer an efficient production technique in
the future. To achieve signal transmission at junc-
tion points an optical bending coupler concept is
shown. With these technologies a three-dimen-
sional optical interconnect device can be realized.
Measurements show high quality optical character-
istics and typical multimodal behaviour of the wave-
guides.
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