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The large growth of devices in nanophotonics has historically relied on intuition-based principles that 
have over decades led to a rich library of photonic designs, from Fabry–Perot resonators to photonic 
crystals. Through a combination of index guiding, band gap confinement, and material resonances, this 
collection of designs has been exploited to manipulate light over bands of frequencies spanning from the 
ultra violet to the mid-infrared domains. Yet, as the scope of devices and functionalities broadens to 
include more complicated broad-bandwidth, near-field and nonlinear phenomena, there is significant 
opportunity for computer-driven design methodologies to push the known (and sometimes unknown) 
limits of these effects.  In this talk, I will describe a number of results showcasing the potential and utility 
of computational large-scale optimization approaches for designing photonic devices in instances where 
traditional, intuition-based design principles offer limited aid, including: 

(1) Nonlinear frequency conversion (NFC) plays a crucial role in many photonic applications, 
including ultra-short pulse shaping, spectroscopy, and quantum information processing. Although studied 
exhaustively in bulky optical systems, including large ring-resonators and etalon cavities, NFC remains 
largely unstudied in micron and nanoscale structures, where light can be confined to length scales on the 
order or even smaller than its wavelength. To date, conventional designs have fallen somewhat short of 
simultaneously meeting the many design challenges associated with resonant NFC, chief among them 
being the need to support multiple modes with highly concentrated fields, exactly matched resonant 
frequencies, and exhibiting strong nonlinear mode overlaps. We will describe a recent optimization 
framework that enables discovery of novel nonlinear resonators and surfaces [1,2]. 

(2) Exceptional points are spectral degeneracies or singularities arising in non-Hermitian systems 
that occur as two or more of the complex frequencies of a resonator coalesce. A little-explored 
consequence of these singularities is that the process of spontaneous emission—radiative relaxation of 
excited matter (e.g. atoms and qubits) induced by noise or quantum fluctuations of charges and 
electromagnetic fields—can be enhanced in resonators supporting exceptional points. We will show how 
inverse design can be exploited to create Dirac surfaces exhibiting high-order exceptional points [3]. 

(3) Near-field radiative heat transfer from a hot to a cold body separated by a vacuum gap is 
limited by Stefan–Boltzmann’s law in the far-field (separations >> thermal wavelength), but can be orders 
of magnitude greater in the near field due to increased contributions from evanescent waves, bounded 
only by material dissipation and geometric constraints. While transfer between uniform plates supporting 
surface–guided waves can exceed the familiar blackbody limits at nanometric gaps, recent works have 
shed light on the potential of more complex geometries, including multilayer films and gratings, to realize 
even larger flux rates. We show that adjoint inverse design can be harnessed to selectively tailor and 
enhance near-field transport at desirable wavelengths [4]. 
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