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Silicon photonics can make complex circuits. We now understand that meshes of 
interferometers can perform arbitrary linear operations, beyond previous optical 
approaches. But configuring and stabilizing large meshes could be challenging. 
Fortunately, a class of architectures can both implement any linear transform and 
can also be self-configured and self-stabilized, even without any calculations. They 
can also adapt in real time to changing problems and environments. Applications 
include adaptive mode multiplexing and demultiplexing, automatic beam coupling, 
complex linear transforms for classical and quantum processing, and full 
measurement of amplitude and phase of multimode fields. Architectures, 
algorithms, and applications will be discussed.  

 

Recently, it has been understood both that there are classes of interferometer meshes that can 
perform arbitrary linear operations at a given wavelength, and that such meshes can be fabricated 
in silicon photonics. Applications include linear processing for quantum, classical and neural 
systems. Such meshes can be set up based on careful calibration and extensive calculations. But 
they may need recalibration if there are drifts with time or temperature, and in general they 
cannot adapt in real time to complex problems that may themselves be changing.  

We realized a few years ago that there were new mesh architectures that could not only 
implement arbitrary functions – including a novel “singular value decomposition” (SVD) 
architecture, the first for arbitrary matrices, and a compact “binary tree” architecture – but that 
could also be configured progressively and automatically, without calculations, based only on 
local single-parameter feedback loops between photodetector outputs and phase shifters. These 
are not only good or even optimum architectures for various problems; they are also self-
configuring optics of a new category. Automatic real-time mode-separation has been 
demonstrated, for example, with these approaches. 

Our recent work has broadened the definition of the topologies of such self-configuring 
networks, and devised methods for the progressive calibration or setup even of non-self-
configuring meshes. We also recently showed that some such networks could automatically 
directly and completely measure the relative amplitudes and phases in a multi-mode field, 
without requiring any simultaneous reference beam – a first in optics. These various topics will 
be presented in the talk.   


