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Manipulating light means controlling its phase, intensity andor beam shape. For 
macroscopic optical systems each property is adjusted by specific elements such as 

phase retarders, density filters or apertures, respectively. Since optical systems are 
continuously becoming miniaturised and integrated there is a need for small, cost-
effective and customizable optical elements in micrometre dimensions that are able to 

adopt these capabilities. Previously, we demonstrated a thermally tunable virtually 
imaged phased array [1] and a tunable optical aperture based on a thin-film resonator 
with a polydimethylsiloxane (PDMS) cavity. Here, we demonstrate that by local etching 

of the PDMS layer a wide range of micro-optic components may be realized suitable for 
chip-level integration and featuring low-cost scalable fabrication, easy customisation 
and adaption to the desired application. 

An optical cavity formed by a PDMS thin film sandwiched between semi-transparent 

mirrors is investigated. Transmission through the cavity depends on matching the 
interference condition and can be tuned by varying the cavity's thickness. We applied 
reactive ion etching to structure the PDMS layer into single pixels (Fig. 1) that can be 

tuned separately. Tuning of a pixel is achieved by Joule heating. Using current flow 
directly through the metallic semi-transparent mirror as well as Joule heating from an 
underlying ITO layer are considered. In the latter case the ITO coating is structured and 

provides a heating spot below each PDMS pixel as well as conductive paths to 
connection sites outside the optical area. Section shaping and amount of electric 
current determine shape and intensity of the light beam, respectively. 

This setup is suitable for multiple applications, depending on desired functionality and 
given prerequisites. In monochromatic applications one can tune transmission as well 

as reflection and build variable optical attenuators (Fig. 2) or reflectors, respectively. 
For polychromatic light the optical array provides a matrix of filter elements which can 
be tuned to different wavelengths. Therefore, it allows optical filtering in each pixel. 

The setup also allows for pixel-wise phase control by omitting the semitransparent 
metal layers. One can adjust the phase of the transmitted light by heating a pixel and 
thus lengthen the optical path. 
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Fig. 1. Surface scan and cross cut profile of two adjacent pixels. The PDMS layer is etched 
5 µm deep with steep sidewalls between the pixels. 

 

Fig. 2. Schematic of monochromatic operation with three pixels. The center pixel is tuned 
to destructive interference in transmission. 

Thermal and mechanical behaviour of our array have been simulated with the finite 

element method; the optical properties have been investigated by transfer matrix 
method calculations. Simulation results are confirmed for monochromatic operation by 

experimental measurements of spatially resolved profiles of spectral and intensity 
transmission. 

Acknowledgements 
The authors gratefully acknowledge financial support within project E 16368-1 of 

the erman Research Foundation (DF). The authors also thank Henning Winterfeld 
who implemented the PDMS etching process in his M.Sc. thesis. 

References 

[1] P. Metz, H. Block, C. Behnke, M. Krantz, M. erken, Tunable elastomer-based virtually phased 

array, Optics Express, vol. 21, no. 3, pp. 3324-3335, 2013. 
[2] H. Block, P. Metz, J. Adam, M. erken, Thermally tunable optical aperture based on a 

segmented thin-film resonator, in Proceedings of the Conference Photonics Europe 2014, 
Micro Optics 2014, 913002, 2014. 

  

ECIO|p-31 


