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Abstract: We present a silicon photonics technology extended with low-power MEMS
scalable to large circuits. This enables us to make photonic waveguide meshes that can be
reconfigured using electronics and software. © 2021 The Author(s)

1. Introduction

The popularity of Silicon can be attributed to two key features: Compatibility with large-volume CMOS manufac-
turing processes, and the high index contrast, enabling submicrometer waveguides. This makes it possible to scale
up circuit complexity, and as a result we are seeing the emergence of programmable photonic circuits [1, 2].

These new photonic circuits consist of waveguide meshes interconnected with electronically tunable couplers
and phase shifters. That way, the paths of light can be effectively controlled through a software layer. This provides
a path for fast development of new photonic applications [3], but there are still many challenges to address.

A key challenge is the need for hundreds or thousands of electro-optic actuators, (tunable couplers and phase
shifters). The traditional implementation using integrated heaters is easy but requires a constant power consump-
tion. In the European project H2020-MORPHIC we develop actuators based on Micro-electromechanical systems
(MEMS) [4, 5]: by embedding movable waveguide elements in a silicon photonics platform we can electrostati-
cally control the coupling or phase shift, which does not require static power consumption. To enable large-scale
programmable photonic circuits, the photonic chip needs multi-channel driver electronics and software layers. In
this paper, we give an overview of the MORPHIC technology under development.

Fig. 1. MORPHIC silicon Photonic MEMS technology. Left: 1x2 switch [6], Right: Phase shifter.
Bottom: cross section of the sealed silicon photonic MEMS platform [7].



2. Silicon Photonic MEMS Technology Stack for Programmable Photonics

For programmable photonic circuits, it is not enough to make an efficient electro-optic phase shifter and/or tunable
coupler. These essential functions should be combined with all other functionality of a photonic chip platform,
such as high-speed modulators and photodetectors. That is why we started from the existing iSiPP50G silicon
photonics technology of IMEC [8]. The freestanding movable waveguides are post-processed by locally opening
the back-end-of-line (BEOL) dielectric stack and selectively underetching the buried oxide using vapor-phase
hydrofluoric acid (HF).

The result is a silicon photonics circuit with local ’cavities’ with free-standing movable waveguides. These
MEMS devices are both optically and electrically connected to the standard silicon photonic waveguides and
metallization of the iSiPP50G platform. With this technology we implemented efficient phase shifters [9] and
tunable coupling and switching structures [6].

Because the MEMS areas are exposed to air, they need to be protected to avoid damage or drift due to external
conditions. This is accomplished through a wafer-scale capping process where a silicon lid is bonded on top of
every MEMS cavity, hermetically sealing it in a vacuum or a controlled atmosphere [7].

When many actuators are integrated on s circuit, a new bottleneck emerges: interfacing the photonic chip to
the driver electronics. We have devised a prototyping workflow using electrical interposers to wire up to 3300
electrical connections, while still allowing for high-frequency connections and optical fiber array attachment.
Through this interposer, the many MEMS devices can be connected to the 50V driver electronics.

The programmable circuits themselves consist of a recirculating waveguide mesh with a hexagonal unit cell
[10]. These need to be configured for by adjusting the individual phase shifters and couplers. For this, we have
developed a software framework and configuration algorithms have been developed. These include routing algo-
rithms [11], but also configuration of interferometric wavelength filters.

3. Demonstrations

To demonstrate the capabilities of the technology, we have designed different programmable photonic circuits and
also application-specific circuits for switching, beamforming and microwave filtering. These circuits are currently
being assembled for testing.

4. Summary

In the MORPHIC project we are developing the essential technology stack to enable large-scale programmable
silicon photonic circuits enhanced with MEMS functionality. This not only requires the MEMS technology, but
also the packaging, driver electronics and software layers.
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