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Abstract: A genetic algorithm (GA) is an optimization technique based on natural evolution theory to find the global
optimal solution. Unlike the gradient-based method, it can design nanoscale structures in the electric field because it
does not require sensitivity calculation. This research intends to design a nanoaperture with an unprecedented shape by
the topology optimization scheme based on the GA and ON/OFF method in the visible frequency range. This research
mainly aims to maximize the transmission rate at a measuring area located 10nm under the exit plane and to minimize
the electric distribution at other locations. The finite element analysis (FEA) and optimization process are performed by
using the commercial package COMSOL combined with the Matlab programming. The final results of the optimized
model are analyzed by a comparison of the electric field intensity and the spot size of near field with those of the initial
model.
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Fig. 1 2-D Regional separation process of crossover
method; (a) numbering of regions, (b) odd
number regions and (c) even number regions
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Fig. 2 Concept of the ON/OFF method
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Table 1 Reflective index values of materials used

Material Refractive index
Air 1
Al 0.37762+4.0651i
Si02 1.56864
Incident light Incident light
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Fig. 3 Schematic of the initial model of a nano-aperture
system
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Fig. 4 Measuring domain definition at a distance 10nm
beneath the exit plane
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Fig. 5 Analysis result of the initial model; (a) schematics
of square aperture with 60nm side length and (b)
its electric field intensity distribution in the x-y
plane
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Fig. 6 Analysis of the populations; (a) schematics of the
initial population and (b) electric field intensity
distribution in the x-y plane
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Fig. 7 Results of the GA method; (a) shape of optimal Al
layer, (b) its electric field intensity distribution x-y
plane and (c) convergence records according to
generations
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Table 2 Comparison of the analysis results using initial
model, models of population and GA result

Initial modes, Average of the
Number of populations FWHM (nm) normalized electric
and GA result field intensity
Initial model ?ZWOXS;:J 1
@ o soc) 1763
@ o spot) 1261
©) (no spot) 1935
@ (no spot) 2473
® (no spot) 584
® o
@ T 1915
o
©® (no spot) 1027
e 1341
GA result ‘(‘gnexs;;g 2587
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Fig. 8 Concept of the first ON/OFF method where all
elements are changed from material to air and
vice versa
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Fig. 9 Concept of the second ON/OFF method where
sensitivities are calculated only for elements on

the boundary regions
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Fig. 10 Results of the first ON/OFF method; (a) shape of
optimal Al layer, (b) its electric field intensity
distribution on the x-y plane and (c) shape
variation at each iteration and its convergence
record
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Fig. 11 Results of the second ON/OFF method; (a) shape
of optimal Al layer, (b) its electric field contour
on x-y plane and (c) shape variation at each
iteration and its convergence record
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