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A reconfigurable mesh of silicon Mach-Zehnder Interferometers 
(MZIs) is employed to manipulate optical beams in order to 
establish free-space optical communication channels. Automated 
feedback-control strategies enable the mesh to self-calibrate and 
maintain the transmission quality in presence of perturbations of 
the beam front.  

silicon photonics, reconfigurable photonic integrated circuits, 
free space optics  

I. INTRODUCTION 
Reconfigurable and programmable photonic integrated circuits 
(PICs) have been recently proposed in different application 
fields, including microwave photonics, manipulation of guided 
modes, quantum information processing and artificial neural 
networks [1]. Silicon photonics (SiP) is a promising photonic 
platform for the realization of large scale integration of photonic 
processors, because of the high degree of device miniaturization 
and the possibility to integrate fast and power-efficient tuning 
elements and on-chip monitor photodetectors, which are 
necessary for robust reconfiguration and control of the photonic 
architecture. Recently, we demonstrated that a SiP mesh of 
Mach-Zehnder Interferometers (MZIs) can be effectively used 
to manipulate free-space optical beams and implement a number 
of optical functions, including beam steering, beam 
identification and identification and coupling of a free space 
beam coming from an arbitrary direction [2].  

 In this work, we show that a mesh of SiP MZIs can 
automatically self-configure to establish the optimum free-space 
optical channels [3] and maintain the quality of transmission  in 
presence of perturbations of the beam front via feedback 
controlled stabilization procedures. 

II. SILICON PHOTONIC MESH 
The photonic integrated circuit (PIC) consists of a 9×1 diagonal 
mesh of 8 Mach-Zehnder Interferometers (MZIs) arranged as in 
the scheme of Fig. 1a. The sample (Fig. 1b) was fabricated on a 
standard 220 nm SiP platform (AMF foundry) by using 500 nm 
wide channel waveguides. A 3×3 square array of grating 
couplers (Fig. 1c1), which are labelled as radiation ports (RPs), 
is used to either couple a free-space optical beam into the 
photonic chip or to radiate a guided-wave signal out to free 
space. The balanced MZIs of the mesh integrate 3 dB directional 
couplers, with a gap of 300 nm and a length of 40 μm, and two 

thermal tuners made of TiN metal strips (2 μm x 80 μm) to 
implement amplitude- and phase-tuneable couplers. At the 
output port of each MZI, transparent CLIPP photodetectors [4] 
are used to locally monitor the switching state of each MZI and 
implement automatic tuning and stabilization procedures (Fig. 
1c2). The vertically radiated beams emitted by the grating 
couplers are steered to horizontal propagation through a mirror 
placed above the sample (Fig. 1d1).  The sample was assembled 
on an PCB integrating an electronic ASIC and the required 
electronic front-end for the read out of the CLIPP detectors and 

Figure 1: (a) Schematic of the 9×1 diagonal mesh of MZIs. (b) 
Microscopic picture of the fabricated silicon chip. (c1) Detail of the 3×3  
array of grating couplers used as radiation ports and (c2) of the self-aligning 
beam coupler made of a thermally tuneable integrated MZI followed by 
transparent detectors (CLIPP). (d1) Photograph of the experimental setup 
showing the fiber coupling toWG1port and the top mirror used to steer the 
free-space optical beam emitted by the RPs. (d2) Detail of the assembled 
PCB integrating the photonic PIC and the electronic ASIC for the control 
of the mesh. 
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for providing the control signals to the thermal phase shifters 
(Fig. 1d2). 

III. FREE SPACE CHANNEL 
The 9×1 mesh of Fig.1 was employed to establish and 
manipulate free space optical channels. Figure 2a shows the 
schematic of the setup employed to transmit an optical beam 
from a fiber collimator (optical receiver) to the mesh (and vice 
versa).  A bi-convex lens with the focal length of 75mm is used 
in Fourier transforming condition to create the collimated far 
field of the mesh in the plane P1, at the distance of 15 cm from 
the mesh, where the fiber collimator is placed. Figure 2b shows 
the path from the mesh to fiber collimator alongside the rotated 
mirror. Shining the light from the collimator towards the mesh, 
the mesh can be automatically tuned to couple the maximum 
amount of power at the output port WG1. This can be done 
through independent tuning of MZI stages by minimization of 
the mode power at their detectors (CLIPP in Fig.1.c2) 

In order to understand the working point of the mesh in the tuned 
configuration, we reversed the direction of light propagation 
(launching into WG1 port) while looking at the far field pattern 
of the mesh (transmitter mode) by a NIR camera focused on the 
plane P1. Since the radiating elements in the array are placed 
numbers of wavelengths apart (~32𝜆 ), the far field pattern 
includes number of diffraction orders which are spread closely 
(1.7 degrees apart) as recorded in Fig.2.c1. The black circle 
indicates the position of the collimator, aligned to the main lobe 
of the radiation diagram (the lobe with the highest directivity). 

A transmission experiment was performed by using a 10 Gbit/s 
NRZ OOK modulated signal.  An open and clear eye is recorded 
for the received channel in Fig.2.c2 with the optimum tuning of 
the mesh. To emulate the effects of an obstacle that disturbs the 
free space channel, we intentionally introduced perturbing 
signals in the voltages driving the heaters. These perturbations 
were in the form of DC shift in the working point of the heaters 
(imitating misalignments) or a continuous perturbation like a 
sinusoidal signal to determine the time response of the control 
loop in fast changing scenarios like atmospheric turbulences. 
Figure 2d1 shows the captured far field pattern for a possible 
misalignment scenario between receiver and transmitter and in 
presence of 220 Hz atmospheric turbulences. These undesirable 
perturbations manifest themselves as penalties in the quality of 
the received channel and are recorded by closure of the eye 
diagram and broadening of the high levels. In all the perturbed 
cases mentioned above, upon enabling the control-loop to 
automatically reconfigure the mesh status, the ideal beam form 
is restored and eye diagrams similar to Fig.2.c2 are recorded for 
the transmitted channel.   

4. CONCLUSION 
We establish an optimum free space channel for a 10 Gbit/s 
signal using a 9x1 self-configuring SiP mesh and demonstrated 
that channel performance can be maintained in the presence of 
perturbing obstacles in the transmission channel. Applications 
are envisioned to more advanced free-space optical processing, 
including phase front reconstruction, beaming through 
scattering media and chip-to-chip free space communications.   
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Figure 2: (a) Schematic of the setup to establish free space channel with 
10Gbit/s OOK modulation. Fiber collimator is placed at plane P1 in the 
Fourier plane of Lens, it can be replaced with a NIR camera to monitor the 
shape of the beam. (b) picture of the setup with the fiber collimator at the 
P1. (c1) far field beam (normalized to max) of the mesh when tuning is ON 
in presence of oscillating perturbation. (c2) eye diagram of the received 
10Gbit/s channel at this condition. (d1) far field beam of the perturbed 
mesh when tuning is OFF alongside the eye diagram of the received 
channel in (d2). 
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