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Table 1 Iterations and optimal solution of Y splitter by three genetic algorithms

Algorithm SGA1 SGA2 VPGA
Iterations ~300 ~50 ~120
Optimal solution 0.452 780 0.385 375 0.448 445
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(a) Optimal solution of beam splitter by VPGA (b) Optimal design of wavelength splitter
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Fig. 1 Application examples of genetic algorithm
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Table 2 Transmittance and reflectance of wavelength division multiplexer

Wavelength/nm T, T, R
1310 0.651 238 0.023 261 2 0.083 513 6
1550 0.062 573 0.710 746 0.027 4225
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Fig. 2 Boundary changes in shape optimization
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Fig. 3 Dielectric metastructure based on topology optimization inverse design
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(c) Lorentz oscillator is introduced into neural network to calculate the optical response of grating
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Fig. 9 Application examples of inverse design in solar cells and lithography
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Abstract: Artificially designed photonics devices have promising applications in various fields of modern optics.
The design of conventional photonics devices is usually based on a known physical model, and then the structure
is optimized by numerical simulation methods. Since the device structure relies heavily on the a priori model, the
degree of freedom of the conventional optimized design is limited. In recent years, with the increasing demand for
high—performance photonic devices, verse design methods with higher design degrees of freedom have been
rapidly developed. Currently, the most widely used inverse design method is the gradient descent algorithm ,
which can achieve fast iterative approximation of the target by using the gradient information of the objective
function on the variables. For problems where the gradient is difficult to solve or uncertain, genetic algorithms or
particle swarm algorithms can generally be used, which find the global optimal solution by simulating the
evolutionary process of organisms and foraging of populations, respectively, and thus do not require gradient
information. In recent years, with the rapid development of artificial intelligence, neural network—based machine
learning algorithms have attracted widespread attention in various scientific fields. Neural network algorithms are
flexible in regulation and can be combined with a variety of algorithms, but the models lack universality and
require corresponding data sets for different physical models. It can be seen that different inverse design methods
have different advantages and limitations, so for different design problems, the physical model needs to be
evaluated and a suitable inverse design method needs to be selected. Compared with traditional parametric design
methods, inverse design methods can yield more complex and diverse device structures with superior performance.
In addition to using a single inverse design method, the combination of multiple methods is also beneficial to
improve the computational efficiency. For example, combining deep learning with genetic algorithms not only
improves the computational speed of genetic algorithms, but also makes use of the gradient—free feature of genetic
algorithms to find the global optimal solution. The inverse design method breaks the design limitations of
traditional methods and can achieve efficient parameter optimization in the full parameter space, thus making it
easier to obtain device structures with extremely high performance. This paper summarizes the common methods
for inverse design of optoelectronic devices and gives specific applications of inverse design in various
optoelectronic fields. With the continuous development of computer science, the inverse design of photonic devices
has shown unparalleled potential. Compared with traditional design methods, intelligent inverse design methods
are more efficient and offer greater freedom, providing new solutions for achieving high—performance photonic
devices. In various fields of photonics, the inverse design approach allows a higher degree of freedom in optical
field modulation and enables the design of various high—performance photonic devices from a demand perspective.
Key words: Genetic algorithm; Gradient descent algorithm; Topology optimization; Neural network;
Nanophotonics
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