
Fernando J. Gordo1, Gonzalo Álvarez-Morales1, Ricardo Hervás1, Guillermo García-Hidalgo1, 
Mario García de Blas1, Luis F. Paz1, Javier Pereiro1, Manuel Caño-García2, José M. Otón1

1CEMDATIC, Universidad Politécnica de Madrid, ETSI Telecomunicación, Av. Complutense 30, 28040 Madrid, Spain
2Department of Nanophotonics, Ultrafast Bio- and Nanophotonics Group, INL-International Iberian Nanotechnology Laboratory, 

Av. Mestre José Veiga n/a, 4715-330 Braga, Portugal

 

 

Photonic integrated circuits (PICs) have contributed to manipulation and

routing of optical signals. PICs have been mainly based on silicon on

insulator (SOI) technology, due to compatibility with conventional CMOS

fabrication processes and also good performing in the near-infrared

communication windows. Nevertheless, silicon is not convenient for other

purposes that aim to exploit the visible spectrum. 

Some polymers offer good transmittance at visible wavelengths that

makes them very valuable for emerging applications even beyond

communication [1]. In adition, these materials allow large-scale

production in a simple and cost-efficient way.    

 

 

Polymer PICs
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Conclusions

Propagation and bend losses in low-contrast polymers 
for single-mode optical waveguides

Low-contrast refractive index
One of those emerging fields in which polymer PICs are really promising

is detection and sensing. Novel optical evanescent wave-based sensors

are achieving higher sensitivities [1], maximized by the similarity of core

and cladding refractive indices. Figure 1 compares how fundamental

mode is distributed inside two polymer waveguide cores of the same size

depending on the refractive index difference between core and cladding.
 

 

It is known that the closer the refractive indices are, the bigger the

evanescent wave is. Thus, small contrast is needed for enhanced

sensitivity. In the other hand, lower refractive index contrast also make

that modes are less confined. This has a crucial effect in waveguide's

bendings, which radius is limited in order to avoid high losses.

 

 

Figure 1. Fundamental mode distribution @ 543 nm in 2x4 µm waveguides  for a) Su8-SiO2 and b) Epoclad-Epocore 

 

 

Waveguide fabrication protocol
Several configurations were employed and a three-layered structure of

Epoclad and Epocore, from Michoresist Resist GmbH, was selected as

the best. The main reasons were the optimized adhesion and the

refractive index contrast, that remains stable (Δn=0.012±0.007) in all

the visible range. This polymers are negative epoxy photoresists than

can be easily patterned by UV mask photolithography over a silicon

wafer. The fabrication process is sumarized in the table below.

 

 

The designed waveguides are based on a "s" shape so two curved and

two straight parts are joint together (Figure 3.a). Once the proper

protocol is stablished and the structures are fully inspected, the

samples are characterized. He-Ne green laser (543nm) is utilized as

optical source and a DSLR camera is used as photodetector. In this

study, the output power is measured in polymer waveguides which

bending radii range from 0.5 to 3.4 mm.

 

 

 

 

a) b)
ncore = 1.5949

nclad = 1.4603

Δn=0.1346

ncore = 1.6035

nclad = 1.5895

Δn=0.014

Table 1. Fabrication protocol for three-layered polymer waveguides. Figure 3. Top view (a) and AFM 

topological measure of Epocore rectangular waveguide (b).

 

 

b)a)

Figure 2. On the left, three different bending radius representing not-guided (a), leaky (b) and guided (c) condition. On the right, 

direct and inverted image of 500µm bending radius made of Epocore embedded in Epoclad @ 543nm input light.
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Figure 4. Relation between bending radius and output optical power. CCD intensity refers to the average detection level for 

green-blue and green-red photodetectors.The capture speed was set at 1/8000 s for all measures.

 

 

The minimum measured radius is 0.5 mm, where the captured light is 

very poor. At the maximum measured radius, detected power was five 

times bigger paving the way to small radius designs for integrated 

polymer PICs.

 

 

This study proves the feasibility of low contrast polymer waveguiding structures for midscale integraton. Bending radius are not comparable with those in SOI

or other high index contrast technologies, but still is interesting enough for small sensing devices in the millimetric range. For this purpose, s-bend waveguides

were characterized in the visible range (540 nm) to compare the optical output power with the bending radius. Also a customized fabrication method was

stablished for polymer deposition in multiple layers.


