
 

 

 
 

 

Edinburgh Research Explorer 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tunable planar integrated optical systems

Citation for published version:
Amberg, M, Oeder, A, Sinzinger, S, Hands, PJW & Love, GD 2006, 'Tunable planar integrated optical
systems' 90th Annual Meeting of the Optical Society of America (OSA), Rochester, New York, United
States, 8/10/06 - 12/10/06, pp. -.

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Author final version (often known as postprint)

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 20. Feb. 2015

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Edinburgh Research Explorer

https://core.ac.uk/display/28969776?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.research.ed.ac.uk/portal/en/publications/tunable-planar-integrated-optical-systems(9cf0069b-3696-4cf1-bafd-84a0a08b3328).html


Tuneable planar integrated optical systems  
 

M. Amberg*, A. Oeder*, P.J.W. Hands**, G. Love** and S. Sinzinger* 
*TU Ilmenau, Dept. of Optical Engineering, P.O. Box 100565, 98684 Ilmenau, Germany, Tel. +49(3677)691806, Fax: +49(3677)691281 

**University of Durham, Dept. of Physics, South Road, Durham, DH1 3LE, UK 
martin.amberg@tu-ilmenau.de

 
Abstract: Planar optical systems are well suited for various applications, such as optical 
interconnects and security devices. We demonstrate dynamic or adaptive functionality of such 
microoptical systems through the integration of modal liquid-crystal-devices.   
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Planar integrated free space optics [1] combines the advantages of free space optics and the precise alignment 
possibilities of planar fabrication technology. Due to their robust setup these systems well suited e.g. for optical 
interconnects, relay systems and security applications [2,3]. Difffractive optical elements provide the necessary 
degrees of freedom for optimized optical performance along the folded optical axis. Refractive optical elements 
integrated into these systems provide a higher efficiency compared to purely diffractive systems [4]. 

A variety of planar systems have been demonstrated so far which almost exclusively show static optical 
functionality. Conceptualiy it is possible to use hybrid integration technologies to combine planar optics with active 
devices such as micromechanical (micromirrors) or optoelectronic devices. We demonstrate an planar optical 4f-
setup integrated with a modal liquid crystal lens [5] for image plane tuning. Modal lenses are liquid crystal devices 
that generate variable phase profiles. Depending on the shape of the electrodes these elements can either generate a 
spherical or a linear phase profile. Each profile can be varied continuously by the amplitude and frequency of the 
driving voltage. Thus it is possible to change e.g. the focus of the system (see fig. 1) and/or to tip-tilt the system’s 
channels for switching or scanning. In comparison, devices such as spatial light modulators (SLM) just allow 
stepwise shifts of the focus due to their pixelated structure.   

 
Figure 1: PIFSO with LC lens (a) LC lens switched off and (b) LC lens switched on to maximal phase depth shifting the focus for  1.5mm 

downwards to the substrate surface. 
 

Optimized ray-tracing designs with ZEMAX have been performed such that very good imaging quality is 
achieved for image planes shifted in the range from 0.5 mm to 2 mm above the substrate surface by simply tuning 
the modal lens element.   

 
Summary 
 
Planar optical systems are well suited for various applications, such as optical interconnects and security devices. 
We demonstrate dynamic or adaptive functionality of such microoptical systems through the integration of modal 
liquid-crystal-devices.   
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