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SuperPixelsProject & Applications

Fibre Endoscopy
Unscrambling Images after 
Fibre Transmission

Nano-Metrology1,2

Studying Nanoscale 
Systems

Advanced Microscopy3

Merging Polarization and 
Phase-Contrast Microscopes

Free-Space Optical 
Communications6
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Emission and Detection 
of Structured Beams4,5
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Integrated Photonics for Free-Space Optics (FSO) applications

Free-Space 

Optics (FSO)

FSO Communications Localization, 
positioning & ranging

Beammanipulation Turbulence
mitigation

Optical Phased Arrays (OPAs)

Photonic Integrated Circuits (PICs)

Many available 
building blocks

Programmable Photonic Processors Control Electronics

Ç device miniaturization and scalability

Çwide optical bandwidth

Ç efficient and fast tuning (heaters, pn junction,é)

Ç «automated» calibration, reconfiguration and stabilization

On-chip manipulation 
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Phase-Shifters

Thermal tuners

Output ports

To fiber or free space

Photonic Chip

Silicon-on-Insulator

Tuneable Beam -Splitters

Mach-Zehnder Interferometers

Optical antennas (Pixels)

Input Grating Couplers

On -chip Detectors

Tap or (semi)transparent detectors
3D image created by Johannes Bütow

Waveguides (single mode)

Silicon

Programmable photonics processors: ingredients

Courtesyof
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Silicon photonic stack

Programmable silicon photonics processors

Mach-Zehnder 

Interferometer (MZI)

Mesh of MZIs

2D Optical 

Antenna array

In/Out 

waveguide 

Ports

Thermal tuners

Thermally controlled MZI

Transparent detector
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The simplestProgrammableOptical Processor (2 input apertures)

Df

Photonic Analog Combiner

Phase shifters

Mach-Zehnder 
Interferometer (MZI)
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input output

det (H)=1
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MZI

Tuneablebeamsplitter/combiner
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MZI

Phase shifters

The simplestProgrammableOptical Processor (2 input apertures)

Tuneablebeamsplitter/combiner



Self-aligning universal beam coupler

]

F. Zanetto et al, IET Optoelectron15: 2021

Á Local feedback loop 

Á Automatic tuning and locking of MZI

Á Self-stabilizing MZI tuneable couplers
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◊ ñSelf-configuring universal beam couplerò
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WG1 ╟M antennas
Sampledfield vector

(complexvalues)

DAB Miller, "Self-aligning universal beam 
coupler," Opt. Express21, 6360-6370 (2013).

detector

Phaseshifters
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Å ASIC in standard CMOS 0.35µm technology from AMS: size 2.3 x 3.3 mm2

Å Analog controller based on the dithering technique and transparent detectors (CLIPPs) 

Å A single electronic chip handling 4 MZIs

Å Modular scheme to accommodate mesh architectures of arbitrary complexity

Å Power consumption <20 mW (+ heater) for each on-chip controller.

Test Mesh

ASIC controller

Self-stabilizing MZI cell

F. Toso et al.  Group IV Photonics2021
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Fiber Collimator Fourier Transforming Lens

Transmitter 

(fiber collimator)

f1=75mm

f1

P1

focus f1

Automatic beam coupling

The photonic processor automatically self-adjusts to maximize P1 at port WG1. 

Individual tuning of MZIs by local feedback loops

Reversing the direction of the light (from the mesh to the camera) we see the 
evolution of the radiation pattern 

Self-aligning universal beam coupler

Photonic chip

WG1

╟

Turning mirror

Beam pattern of the antenna 

array during configuration

(intentionally slowed)

Position of the transmitter
(collimator)

M. Milanizadeh et al. IEEE SUM2021
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Separating orthogonal free space modes

Ç Different directions

Ç Different  shapes (modes)

Ç Χ ƳƻŘŜ ŎƻƴǾŜǊǎƛƻƴΣ ƳƛȄƛƴƎ

Beamorthogonality: ◊◊

Mode 
mixer

Sampledfield vector
(complexvalues)
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The photonicprocessor can separate pairsof arbitraryorthogonalbeamsat the output ports WGj
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Programmablephotonicprocessor
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Mode diversity receiver

Mode 1

Mode 2

Mode 2 ĄWG1 out Mode 1 ĄWG2 out

Mode 1 ĄWG1 out Mode 2 ĄWG2 out
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Mode diversity receiver
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Mode mixed receiver
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Higherorder modes
Arbitrary
orthogonalmodes
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Scaling & electricalI/Os bottleneck

9 antennasx 
2 MZI rowsx 
2 phaseshifter/MZI =
------------------------------
ΧΦ ŀ lot of wires! 



MOSFET transistorsin a zero-changesilicon photonicplatform

ÅReconsider transistor design for 
integration in a conventional silicon 
photonic platform

ÅSide gate transistor (200 nm distance) 
with VTH~1.5V

ÅThe native silicon layer is almost 
completely depleted of free-carriers by 
oxide traps and charges

Å It can be used as substrate of both n-
and p-type MOSFETs
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Integratedmultiplexer for reductionof electricalI/Os

ÅMonolithic electronic multiplexer 
(made of 596 nMOSand 84 pMOS) for 
sequential readout of integrated 
photodiodes (PDs).

Å Reduction of connections towards 
external electronics from:

ὔ ÌÏÇὔ

Å A switching frequency of 2 MHz 
allows to multiplex up to 200 PDs 
with a readout rate of 10 kHz
using just 12 I/O pads.
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