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The interest in Photonic integrated circuits (PICs) is continuously

increasing worldwide and nowadays it can not be dismissed that it will

become one of the most revolutionary technologies of this century.

During the last decades, integrated optics sector was mainly focused on

silicon on insulator (SOI) platform, due to compatibility with preceding

CMOS industry. Nevertheless, other materials, such as silicon nitride,

indium phosphide or polymers, have shown valuable features for

emerging applications beyond communication. 

Regarding to the promising biomedical field, polymeric sensors present

enhanced sensitivity and also offer good optical properties in the visible

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

production of disposables in a simple and cost-efficient way.    

 

 

Polymeric PICs
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Conclusions

Fabrication of polymer-based optical waveguides using direct laser 
writing techniques for biosensing in the visible spectrum

Direct Laser Writing (DLW)
DLW is a maskless lithographic technique that achieves patterning of

polymer at micrometer resolution in a very versatile way, enabling fast

optimization of prototypes. The equipment consists of an UV laser beam

focused on top of a 3-axis motorized stage controlled by CNC. The figure

below shows the minimum spot size achieved with our equipment, both

for positive and negative photoresists. 
 

 

By using negative photoresists, single-mode polymeric waveguides 

designed for visible light sources can be fabricated directly over the 

substrate. This is possible because the size of these waveguides are 

typically in the range of 1-3 um [2]. However, the gaussian power 

distribution of the UV beam is transfered to the waveguide. This 

asymmetry in the transverse section could be unacceptable if the device 

is suposed to be polarization-independent. For this reason, in this work 

conventional mask fabrication using DLW is also considered.
 

 

Surface and profile AFM measurements of Epocore2 negative photoresist (a) and 1818 positive photoresist (b).

 

 

DLW Mask Fabrication
Uniform isolation of waveguides is required if rectangular shapes are

desirable. This can be obtained only by conventional mask lithography.

The main advantage of using DLW, is to use vector designs and avoid

the discretization typically shown in galvanometric systems.

 

 

DLW mask fabrication process takes a few hours to be completed so

designs can be modified several times in a week. The first step is metal

layer deposition. It is highly desirable to deposit a thin layer of

chromium for adhesion improvement. Then, the photoresist is spun

coated on top, patterned by DLW and developed. It is important to

harden the photoresist by heat before the etching step. After that, the

unprotected metal areas are atacked by dry etching.

 

 

Comparison between a comercial chromium mask (a) and a DLW spiral pattern (b).
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This work illustrates that DLW is an interesting manufacturing technique for polymer optical waveguides and devices. The resolution achieved satisfies 

single-mode operation in the visible range. Also an improved approach was examined, using DLW in photolithograpic mask fabrication. Not only 

prototyping but also replication of polymer PICs becomes cheaper and faster.  Since then, one of our research activities is looking to all-organic devices 

that could carry out multiple biochemical analysis simultaneously using simple detectors.

 

 

Once the mask fabrication process is optimized, the resolution and

shape of the resulting waveguides have to be studied. Increasing the

size of the UV laser spot to hundreds of microns, bigger areas can be

isolated. In this way, a square millimiter area is covered in few seconds.  
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Rectangular-shaped 5um width Epocore waveguide (a) and 300 um electrodes in a DLW mask (b) 
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