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Abstract A particle swarm optimization algorithm (PDW-PSO), of which the inertia weight is modulated by
particle position, is proposed for step-by-step optimization. The diffraction efficiency is calculated using rigorous
coupled wave analysis (RCWA), and structural parameters of gratings are optimized. The comparison among PDW-
PSO, traditional particle swarm optimization of which the inertial weight is unchanged (PSO), and particle swarm
optimization of which the inertia weight is iteration-determined (IDW-PSO) shows that PDW-PSO has a faster
convergence rate. Compared with PSO and IDW-PSO, the average number of iterations of PDW-PSO decreases
from 89.83 and 74 to 21.2, and the number of calling RCWA drops from 3144.05 and 2590 to 224. The influence
of wavelength matching number on the algorithm is analyzed. The magnification of RCWA calling numbers of PSO
and IDW-PSO is equal to that of wavelength fitting number, while the magnification of RCWA calling numbers of
PDW-PSO is less than that of wavelength fitting number. Experiments on algorithm accuracy are carried out. In
30 runs, PDW-PSO, PSO, and IDW-PSO have similar times of correct convergence to the optimal value, and the
error is less than 6.6% . With the increasing particle number, the accuracy of the three methods improves, and the
algorithm can be guaranteed to converge to the right optimal value after the particle number increasing to 27.
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Fig. 1 Subwavelength azimuthally polarized metal grating.

(a) Grating with concentric ring structure;

(b) cross section of grating
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Single peak (SAPG) ~ 3144.05  2590.00 224.00
Multi peaks 4994.50  3754.45  1122.10
Narrow-band 6230.00  5533.50 939.05
Broad-band 2436.00  1855.00 290.50
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Fig. 7 Accuracy of three PSO algorithms under different sizes of population. (a) Single peak (SAPG);

(b) multi-peak curve; (c) narrow-band curve; (d) broad-band curve
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