Inverse Design Schemes for Light Propagation in Synthetic Media with Self-Induced Response
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The traditional approach to realizing a device typically relies on familiar materials and Optimize Ob]eCtlve function L(E £ K ) I‘é‘ggzl‘lf‘t"xgggggh Ei?‘filﬁiﬁf%‘iﬁiﬁﬁw
geometries, guided by some derivative notions about the underlying physical K := vector of design variables » s ar
mechanisms. Recently, the confluence of additive manufacturing, computer numerical E is solution to f(E,E*,K) = A(e,)E — b = Ay u |
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control (CNC) machining and advanced computational paradigms such as inverse design
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is poised to reveal a plethora of enhanced architectures and novel structural platforms, — :
useful in various areas of science and technology and covering every possible resolution Tweak geometry El—!_ \
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domain from nano to macro-scale. In contrast to the traditional direct approach, inverse
design starts from a target functionality and arrives at the optimal materials and
geometries by quantitatively exploiting the full physical model under consideration with
the aid of numerical tools such as heuristic search procedures like genetic algorithms or
large-scale gradient-based adjoint optimization, as well as state-of-the-art machine-
learning techniques such as artificial neural networks.
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Linear version (A) has y = 0. linear and nonlinear (B) look identical to the
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Enforcing hard-wall boundary condition  Perfectly Matched Layer (PML) exponentially 0 100 150 200 250 0 5 100 150 200 250
gives reflections at the boundary: attenuates waves near the border:
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Upconverters accept incident light of low frequency
and produce higher-frequency waves at the output
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We are developing an inverse design computational scheme that will allow us to
197 discover optical structures based on desired functional characteristics. Although
our focus is on the design of broad-band efficient optical limiters the method can
find application in a broader range of photonic devices. Its main strength is the fact
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250 . 250 199 that it opens up the possibility to exploit in a efficient manner an enlarge
parameter space of available material knowledge and physical principles aiming to
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Narrow-band limiters are common, though a broad-band limiter

has not yet been invented. 0 50 100 15 200 250
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