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We discuss the utilization of reconfigurable photonic integrated circuits for the measurement
of spatial phase, polarization, and intensity distributions of light beams. The fundamental
principle as well as the main building blocks of this novel detector platform will be discussed.
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INTRODUCTION

Conventional detectors like cameras or photodiodes are usually ‘blind’ for parameters different than intensity or
power. Additional optical elements, more complicated architectures, or completely different approaches are
necessary to make them ‘see’, for instance, the phase and polarization of a light field or beam. All-integrated
photonic circuits are also well suited for the aforementioned task of measuring (and shaping) light fields. They hold
great potential as actively controllable on-chip detectors, inherently sensitive to intensity, phase and polarization,
if constructed and calibrated appropriately.

DISCUSSION AND RESULTS

The structure of electromagnetic fields in general and light in particular plays a crucial role in many fields of research
and applications, ranging from light steering and management at the nanoscale [1-3], (nano-)metrology [4-6],
advanced spectroscopy [7,8], endoscopy [9] all the way to free-space (quantum) communications [10]. However,
although very important, the direct and simultaneous measurement of light’s spatial degrees of freedom (intensity,
phase, and polarization) is far from trivial. We now propose, implement and apply a novel route towards the
spatially resolved measurement of said parameters. The corresponding novel detector consists of a reconfigurable
photonic integrated circuit (PIC; see figure). Grating couplers, meshes of waveguides and Mach-Zehnder
interferometers serve as an all-integrated platform — also referred to as Super-Pixels — for on-chip light processing
[11-14]. After calibration of the system based on a known input field, the relative intensity and phase information
between all pixels can be measured for arbitrary input beams [13]. The chosen architecture and layout of the input
grating couplers (free-space interface) also provide for additional information about the polarization of input light
fields. In addition, the PIC can also be ran in reverse to not only detect but also emit sculpted beams of light [14],
with potential applications in beam steering, shaping, and optical communications.
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Fig. 1. Artistic impression of a photonic integrated circuit (PIC) consisting of silicon waveguides, on-chip interferometers, etc.
Grating couplers arranged in a desired manner act as an input interface sampling a light beam in a spatially resolved manner
(not shown). If combined with electronic phase-shifters (heaters), the waveguide modes can be manipulated selectively,
eventually allowing for the retrieval of intensity, phase, and polarization information of the light field impinging on the PIC.
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CONCLUSION

Novel integrated detectors capable of simultaneously measuring lights spatial intensity, phase and polarization
distributions constitute a powerful addition to the existing detector toolbox. They pave the way towards intriguing
applications in nano-optics, imaging, endoscopy, and optical communication. With their unique ability to also re-
emit and shape the light field they are extremely versatile and flexible. In this presentation, we plan to introduce
the corresponding photonic integrated architecture of superpixels, their building-blocks, and discuss selected
applications.
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