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Abstract— We present a two layer optical waveguiding structure that
couples light vertically in and out of waveguiding layers, which are inte-
grated on a printed circuit board, and forms a basic building block for a two
layer optical interconnect. Laser ablation is used for the definition of multi-
mode waveguiding and coupling structures into optical layers. The material
used for the optical layer, Truemode BackplaneTM Polymer, is spincoated
on an FR4 substrate. Multimode waveguides, which guide the light in the
plane of the optical layer, and out-of-plane turning mirrors, which deflect
the light beam out of the plane of the waveguides, are ablated in the optical
layer with the KrF excimer laser. The use of photolithography for the defi-
nition of multilayer multimode waveguides is also considered. The interest
in the study of multilayer structures is driven by their ability to make full
use of the functionalities of 2D opto-electronic components such as VCSEL
and photodiode arrays.
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I. I NTRODUCTION

OPTICAL interconnections have gained interest worldwide
over the last few years because they offer a possible so-

lution to the bandwidth problems associated with copper inter-
connections on a printed circuit board (PCB). Electrical inter-
connects suffer from frequency dependent loss, EMI and cross-
talk at high data rates. The clock rate of microprocessors has
steadily been increasing over the last years, making electrical
interconnects the main bottleneck on the improvement of the
performance of systems [1]. Optical interconnects transport data
faster, use less power and transfer data more accurately at high
speed. The integration of optical interconnects on a PCB can
be done in a variety of ways. One of the possible approaches is
the use of an optical layer, integrated in or on top of the PCB.
In order to be able to create a cost-effective solution, the optical
material has to be compatible with standard PCB manufacturing
meaning that it has to withstand the increased temperatures and
pressures that arise during lamination and soldering processes.
The optical layer contains waveguides and other passive optical
structures. The patterning of the optical layer can be done with
a variety of technologies such as embossing, photolithography
and laser ablation. The use of photolithography and laser abla-
tion for the micro-structuring of the optical layer will be briefly
discussed in this article.

II. L ASER ABLATION

Laser ablation is a versatile, maskless technology that is fully
compatible with PCB manufacturing and already used for the
definition of microvia’s in electrical high density boards. The
technology can be used for the definition of a complete optical
interconnection in a single layer optical structure [2]. The pat-
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terning of the optical material relies on the interaction between
the light energy emitted by the laser beam and the material. The
laser beam is projected on the sample by means of an optical
projection system and the photon energy of the laser beam is
absorbed by the material. As soon as the photon density inside
the material exceeds a certain threshold, the photon energy can
be used for material decomposition. The material gets ejected
from the surface, forming an ablation plume. This plume con-
tains both evaporated and solid particles; the solid particles will
fall back on or near the ablated area forming debris. This de-
bris deposition is highly undesirable when optical elements are
structured because it increases the surface roughness and thus
the scattering loss. It can be minimized by optimization of the
operational parameters of the laser source.

The ablation set-up available at our institute contains three
different laser sources: KrF excimer (248nm), frequency tripled
Nd YAG (355nm) and CO2 (9.6µm). A large range of mate-
rials (polymers, ceramics, metal) can be structured because of
the availability of the different laser sources. The excimer laser
beam can be tilted, which eases the definition of angled facets.
Polymer materials efficiently absorb the photon energy emitted
by the eximer laser, which makes a clean ablation, with little de-
bris deposition, possible. This makes excimer laser structuring
of these materials very interesting.

III. STRUCTURING OF THE OPTICAL LAYER

The optical material, Truemode BackplaneTM Polymer, is a
commercially available acrylate based polymer (Exxelis Ltd.).
It shows excellent optical and thermal properties and is fully
compatible with standard FR4 processing. It is spincoated on an
FR4 substrate. The material behaves like a negative photoresist,
which means that it can be structured with standard photolitho-
graphy. Laser ablation can also be used for the patterning; the
Truemode material is in this case in a fully cured phase. The
optical layer contains three layers: a lower cladding (refractive
index n2), core (refractive index n1) and upper cladding layer
(refractive index n2). In order to confine light in the core layer,
n2 must be smaller than n1. A two layer optical structure, which
contains two waveguiding layers, is studied. The interest in mul-
tilayer optical structures is driven by their ability to fully use the
functionalities of 2D opto-electronic elements such as VCSEL
and photodiode arrays.

A. Multimode waveguides

Multimode waveguides, which guide the light in the plane
of the optical layer, are defined by the patterning of the core
layer. The use of photolithography and laser ablation for the
structuring of the core layer are briefly discussed.
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Fig. 1. The left picture shows a cross-section of an array of multimode
waveguides (50µm×50µm) defined in a two layer optical structure with
photolithography; in the right picture, a cross-section (50µm×50µm) is
given of waveguides ablated with excimer laser.

In the case photolithography is used, the core layer is UV-
exposed in a nitrogen environment through a mask in proximity
mode. A post-bake step follows to fully cure the UV-exposed
part. The unexposed part is then washed off in a suitable de-
veloper, leaving only the waveguide core features. The upper
cladding layer is then applied and cured. In the case laser abla-
tion is used, material is removed on both sides of the waveguide
core. The sample is during the processing placed on a computer-
controlled translation stage, which has an accuracy of 1µm. The
sample is moved in the desired way with respect to the laser
beam. The pitch between the waveguide cores can be chosen ac-
cording to the application, contrary to photolithography where a
new mask has to be designed and produced every time changes
are made. Fig. 1 shows an array of multimode waveguides de-
fined in a two layer optical structure with both technologies.
In the case the waveguides are defined with photolithography,
the picture clearly shows that the cross-section of the waveguide
cores in top and bottom optical layer is different. This is a con-
sequence of the fact that the UV-exposure is done with a mask
in proximity mode. The mask holder that is currently available
doesn’t allow us to control the thickness of the air gap between
the mask and the sample; the difference in the air gap causes the
difference in cross-section between top and bottom layer. The
use of a more advanced maskholder would improve this prob-
lem considerably [3]. In the case excimer laser ablation is used
for the fabrication of the waveguides, the cross-section of the
waveguide cores in top and bottom layer shows a good corre-
spondence. The alignment between the waveguides in top and
bottom optical layer is achieved by the use of alignment features
which are ablated in the substrate. An observation that is valid
for both pictures, is the fact that the thickness of the core layer
differs in top and bottom optical layer. This is a consequence of
the low spin speed needed for the application of the layer (True-
mode BackplaneTM polymer has a very low viscosity).

B. Out-of-plane turning mirrors

The waveguides guide the light in the plane of the optical
layer. In order to be able to couple the light vertically out of the
plane of the waveguides, 45◦ micro-mirrors are defined in the
optical layer. In this way, light coming from an optical transmit-
ter such as a VCSEL can be coupled into the waveguides or light
can be coupled from a waveguide towards an optical receiver
such as a photodiode array. Two configurations are studied for
out-of-plane coupling: one that is based on the total internal re-
flection (TIR) that occurs at the polymer-air interface and one
that makes use of a metallized 45◦ facet. The principle of both
configurations is shown in Fig. 2. The use of the metallized 45◦

requires three processing steps: the ablation of the 45◦ facet,
metallization of the facet, filling of the air gap with cladding
material. The experimental results are shown in Fig. 3. The
dark area in the right picture is the metal film that is coated on
the 45◦ facet. In case a TIR mirror is used, the pitch between the
outcoupled spots is determined by the thickness of the cladding
layers between the two core layers. In case the metallized facet
is used, the pitch can be chosen since the mirrors are defined in
each optical layer seperately.

Fig. 2. The principles used to couple the light vertically out of the plane of the
the waveguides: the left picture demonstrates the use of a TIR mirror, the
right one a metallized 45◦ facet.

Fig. 3. Experimental results in a two layer optical structure: the left picture
shows a cross-section of a TIR mirror; the right picture shows a cross-section
of a metallized 45◦ facet, the filling of the ablated area with cladding mate-
rial is very good as can be seen in the picture.

IV. CONCLUSIONS

Laser ablation is presented as a usefull technology that can be
used for the definition of micro-optical elements in multilayer
structures. Future work consists of loss measurements on both
the waveguides and the mirrors. Alternative optical materials
will also be considered.
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