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ABSTRACT 

Photonic integrated circuits have seen a dramatic increase in complexity over the past decades, a development 
which has been accelerated by recent applications in datacenter communications and enabled by the availability 
of standardized mature technology offerings. Among the approaches currently being pursued to further enhance 
functionality and to reduce power consumption in photonic integrated circuits, mechanical movement of wave-
guiding structures at the micro- and nanoscale provides unique opportunities, by virtue of access to a strong 
modulation of the effective index and the possibility to include mechanical latching and thus non-volatile states. 
In particular, movable wave-guiding structures can be exploited to perform basic operations in photonic integrated 
circuits on-chip, such as phase shifting, attenuation or photonic switching. Due to their small footprint and low 
insertion loss, such MEMS-based components can be integrated to form large arrays containing several thousand 
unit cells with outstanding system performance, paving the way for efficient implementation of large-scale 
reconfigurable photonic integrated circuits.  
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1. INTRODUCTION 

The field of Silicon Photonics has been evolving rapidly over the past decades, and today’s advanced 
standardized technology platforms include a wealth of library components. Passives include low loss waveguides, 
grating and edge couplers, splitters and combiners, etc., and heaters, high-speed modulators, and detectors, are 
representative of the high-performance active device selection (e.g. IMEC’s iSiPP50G [1]). Experimental 
demonstrations of an inspiring novel concept of programmable photonic circuits [2, 3] have recently been 
implemented [4] using such standard components, whereby a single physical photonic network on-chip can be 
dynamically re-configured to address multiple functions. However, scaling to large networks poses significant 
challenges, due to the associated increase in power consumption, footprint and insertion loss, as current 
implementations of programmable photonics make use of inefficient solutions such as the thermo-optic effect or 
free carrier dispersion. MEMS-enabled photonic devices provide a promising avenue to address these challenges 
with compact, low-loss and low-power consumption actuation mechanisms and the possibility to implement non-
volatile states by including mechanical latching.  

2. MEMS IN SILICON PHOTONICS 

Enabling MEMS movable structures in Silicon Photonics requires integration of actuation mechanisms and 
capability to manufacture freestanding structures, to allow for mechanical degrees of freedom. Among the well-
studied MEMS actuation mechanisms, electrostatic actuation has been shown to be compatible with Silicon 
Photonics technology with the minimal required modification: mechanically movable structures have been 
fabricated by dedicated surface micromachining technology [5] or by augmenting Silicon Photonics wave-guiding 
structures with adequate sacrificial layer removal processes [6, 7, 8] (Fig. 1a). The former gives access to additional 
degrees of freedom in three dimensions: such an approach offers advantages in photonic design optimization and 
the potential to include complex three-dimensional routing patterns. The latter however is fully compatible with 
standard Silicon Photonics platform technologies [9]. This compatibility is of particular interest, as it maintains 
access to the most advanced and optimized silicon photonic foundry components, including passive and active 
components, such as grating couplers, modulators, photodetectors, etc. on full 200 mm wafer processes (Fig. 1b).  

3. SILICON PHOTONIC MEMS DEVICES AND CIRCUITS 

The basic building blocks for reconfigurable photonic circuits include phase shifters, variable couplers (or 
switches) and attenuators. Surface micromachined technology allows implementation of such devices using 
vertical mechanical movement (Fig. 1a) [5]. This approach also permits the use of buckling-beam based 
bistability [10] to achieve non-volatile states. Combining individual building blocks has been demonstrated for 



large arrays of up to 240 × 240 switching matrices [11], and is facilitated by the 3D architecture that allows for 
using a minimum of coupling elements, and efficient electrical interfacing by row-column addressing [12].  

 

Figure 1: a) Cross section schematic of Silicon Photonics platforms, visualizing actuation concepts for MEMS in Silicon Photonics by vertically 
moving Surface Micromachined multi-layer waveguide structures (top), out-of-plane (middle) or in-plane (bottom) displacements in single-
layer photonic platforms. b) MEMS can be included on full 200mm silicon photonic wafers, by selective window opening and sacrificial layer 
etch to form c) freestanding waveguides.  

In single-layer silicon photonic structures (Fig 1a), on the other hand, mechanical movement can be realized 
both in-plane [13] and out-of-plane [8]. The advantage of this approach is its compatibility with standard silicon 
photonic platforms. The European H2020 Project ‘MORPHIC’ [14] is currently implementing such an approach 
that uses post-processing on IMEC’s iSiPP50G platform. A selective access window opening is created, and a 
sacrificial layer etch of the buried oxide layer provides access to freestanding wave-guiding structures, as shown 
in the scanning electrode microscope recording of a freestanding directional coupler in Fig. 1c.  

4. CONCLUSIONS 

MEMS movable structures in photonic integrated circuits allow for the implementation of low-power and non-
volatile photonic building blocks such as phase shifters, couplers and switches, and attenuators. Introducing 
MEMS in a standard Silicon Photonics platform provides a promising path to enable highly efficient large-scale 
programmable photonic integrated circuits.  
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