Nanophotonic NEMS modulators in
Silicon-on-insulator

During the last decades the research for high-performance optical modulators has
been of increasing intrest in both academic and industrial world. To fulfill the demand
lor increasing performance we are investigating a new promising technology. We
expect that the introduction of NEMS (nano-electromechanical systems) into the
waorld of nanophotonics will lead to optical modulators which are relatively fast,
cheap, reliable, very compact (only a few square microns) and have an ultralow power
consumption (F'W) together with a CMOS-compatible processing,

The material system of our choice 1s Silicon-on-insulator which has proven its
convenience for both nanophotonics and classical MEMS (Microelectromechanical
Swstems). An example of such a nanophotonic NEMS device is a 2x2 waveguide
switch which is shown in the picture below.
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The working principle is actually quite easy: basically we use a directional coupler
with underetched coupling section. By applying a voltage V between the two arms of
the directional coupler the gap distance g can be decreased and the coupling
coeflicient is influenced dramatically. That way we can tune the output power in both
output ports (red/green arrows) in a continuous way. Simulations show for example
that altering the gap distance g from 270nm to 183nm for a coupler of 46 pm length
will result in a complete shift of the outputl power between bath output ports.

The idea of introducing NEMS in nanophotonics is not limited to waveguide switches.
It 15 also possible to create for example a free space spatial modulator using a

dynamic zeroth order grating. Silicon wires placed close to each other define a zeroth
order (zeroth order means that no diffraction to first and higher orders occurs)
diffraction graling. By applving a vollage between the substrate and the wires we can
pull the wires to the substrate and influence the diffraction effect.

Simulations show that small vertical deflections (order of hundreds nm) of the wires
can result in a total shift from reflecting to transmitting state. Application of this
principle will lead to the fabrication of variable optical attenuators and devices for
polarization control.
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Poster Session I
Modelling and Photonic circuits

Omer Khayam: Design and optical properties of photonic crystals

Ko-Hsin Lee: Two-dimensional Photonic Crystals reduced features on InP-based
materials etched using Cl2/Ar Inductive Coupled Plasma (p61)

Harm Kicken: In ltration of two-dimensional semi-conductor photonic crystals: methods
and goals (p62)

Els Kok: Photonic crystals of InP-based rods (p63)

Jan Hendrik den Besten : 4xB0 Gbit/s wavelength conversion using integrated SOAs
and AWG (p64)

Ling XU: Modeling and design of a high-speed reflective transceiver for the access
network (pE6)

Rabah Hanfoug:. Optimized design to reduce reflection in Multimode interference
coupler (p68)

Peter Cristea ( see Y Fedoryshyn)
Aude-Reine Bellancourt: Design, characterization and fabrication of VECSELs (p69)

Deran Maas: Simulations of Thermal Lensing in a Passively Mode-Locked Surface-
Emitting Semiconductor Laser (p70)

Marco Gnan: Photonic Wire Bragg Gratings in Silicon on Insulator (p71)

Steven McMaster: Realisation of OCMDA encoding/decoding using InGaAs/InAlGaAs
monolitically integrated Mach-Zehnder Interferometer Devices (p72)

Jonathan Schrauwen: Focused ion beam (p73)
Joost Brouckaert: integrated wavelength demultiplexer. (p74)
Joris Roels: Nanophotonic NEMS modulators in Silicon-on-insulator (p75)

Katrien De Vos: Label-free optical biosensor based on active and passive resonant
cavities. (p76)

Tomas Lauerman: Modelling of Microresonator Based Waveguide Structures (p77)

Ziyang Zhang: Vertically Coupled Photonic Crystal Filters: Numerical Simulation and
Mano-Fabrication (p78)

Ameélie Tétu: Optimization of Photonic Crystal Waveguides 60° Bends in the Slow Light
Regime for Broadband Transmission (p79)

Antti Sdyndtjoki. Characterization of photonic crystals

Michael Strain: Integrated Chirped Bragg Gratings for Dispersion Compensation (p80)
Rob van Loon: Silicon Nanocrystals and Surface Plasmons (p81)

Stephen Hegarty: Quantum-dot Phase modulator operating at 1300 nm (p82)
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