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Abstract
This paper describes how design rules are

established for photolithographically manufactured
acrylate polymer optical multimode waveguide
components by optical experimental measurements
made on the manufactured waveguide component. The
loss of individual waveguide components, such as
straight sections, 90° bends, crossings, tapers and
tapered bends must be known so that the combined loss
of a cascade of such elements can be found to determine
whether the interconnection's optical power budget is
sufficient to achieve a good bit error rate. However, the
loss depends on several factors: the materials: the
polymer used for the core and for the cladding, the
fabrication technique: e.g. the photolithographic
procedure and the precise temperature baking regime
used, and the measurement technique: the optical source
lateral size and angular divergence and precise position
relative to the entrance of the waveguide, the output
detector lateral size, its angular acceptance angle (if
any) and its precise position relative to the exit of the
waveguide. The experiments reported on photo­
lithographically manufactured acrylate polymer
multimode waveguide were performed at room
temperature. A new technique for measure the
transmitted power at waveguide crossings is reported
for the first time.

t. Introduction
Optical interconnections are being investigated for

short distance, high speed, data communication
applications on printed circuit boards (PCB) to replace
copper tracks which suffer severe cross-talk as data
rates rise above 10 Gb/s, as well as increased loss and
increased cost. Optical beams can pass through one
another in free space without any cross-talk so offer an
attractive alternative provided the cost of the optical
interconnections can be minimized. The lowest cost
approach is to form polymer waveguides with a higher
refractive index polymer core surrounded by a lower
refractive index polymer cladding, [1-3] fabricated on
multi-layer optical PCBs (OPCBs) which has the
advantage that the PCB copper tracks can carry power
and low data rate control signals to line cards.

We designed test masks to measure key parameters
such as loss. The waveguide structures included straight
waveguides of various widths, novel tapered bends [4],
crossings between two waveguides at a range of angles
and bends of a range of radii. Once the optical loss has

been measured for each waveguide component,
waveguide design rules can be established for different
waveguide manufacturing techniques, e.g.
photolithography, direct laser-writing, laser ablation,
embossing, extrusion and printing and incorporated into
commercial automatic design rule checker and
constraint manager layout software for PCBs so that
PCB designers can easily include optical connection
layers without detailed knowledge of the optics
involved. The optical board layout can then be
optimised to minimise the waveguide loss and optical
cross-talk. Design rules are being embedded in future
generation of E-CAD for integrated design and layout
software for electronic and photonic interconnect....

...
,..

Fig. 1 Photolithographically manufactured OPCB,50 Jim x 50 Jim
core

Waveguides were photolithographically fabricated
from Truemode® polymer [5] on an FR4 PCB. The
refractive index of the core was 1.5560 and the cladding
was 1.5264 giving an NA=0.302. The photolithographic
process was optimised for 50 Jlrn thick waveguides.
After fabrication the thicknesses of the lower and upper
claddings were 50 Jlm respectively, the waveguide core
was 50 Jlm thick unless otherwise stated, and the pitch
between two adjacent waveguides was 250 Jlm (see Fig.
1). The Truemode® polymer has been measured to have
a propagation loss of 0.03-0.06 dBlcm [6] at 850 nm,
which is ideal for use with 10 Gb/s VCSELs. Masks are
made bye-beam lithography to give the highest
resolution so that the propagation loss is dominated by
waveguide side wall roughness caused by fabrication
rather than mask resolution error.

2. Measurement technique
The measurement results depend strongly on the

measurement technique, i.e. the choice of optical
source: VCSEL direct coupling or launched via an
optical fibre, the condition of the entrance of the
waveguide, the type of output detector and more

978-1-4244-2814-4/08/$25.00 ©2008 IEEE 1251
2nd Electronics Systemintegration Technology Conference

Greenwich, UK

Authorized licensed use limited to: University College London. Downloaded on October 6, 2009 at 10:52 from IEEE Xplore.  Restrictions apply. 










