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Structure design of two-dimensional multilayer subwavelength
grating based on ant colony algorithm
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(1. School of Automation, Northwestern Polytechnical University, Xi’an 710129, China;
2. Research & Development Institute of Northwestern Polytechnical University, Shenzhen 518057, China)

Abstract: A two-dimensional polarization-independent subwavelength grating structure suitable for long wave infrared
band have been proposed. Symmetric two-dimensional structure is used to eliminate polarization dependence of one-di-
mensional grating and increase luminous flux. The evaluation function of grating optimization was proposed, and then
the optimization of grating structure parameters was transformed into a path optimization problem. Finally, the ant colo-
ny algorithm was used to solve the optimal grating structure parameters. Simulation results show that the proposed two-
dimensional multilayer structure has the advantages of polarization independence, narrow grating period, narrow spec-
tral bandwidth and low side band in 10~13 pm band. The convergence speed of the proposed optimization design meth-
od is fast. The transmittance of the polarization direction of transverse electric (TE) and transverse magnetic (TM)
reaches 70%, and the spectral bandwidth is 260 nm.
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Fig. 1 Schematic diagram of polarization independent two-dimensional multilayer subwavelength grating
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Fig. 2 Path diagram corresponding to the grating structure

parameters in XOY coordinate system
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(b) the spectral curves of TE and TM incident respectively

(a) Influence of polarization angle on spectral curve,

Table 1 Structure optimization design algorithm of two—dimensional multilayer subwavelength grating based on

ant colony algorithm

Algorithm: Structure optimization design of two—dimensional multilayer subwavelength grating based on ACO

1 :Initialization : maximum number of ant colonies Num_max, number of iterations maxlts, number of parameters to be optimized j, a random inte-

gery,(0<y,<9),9=1,p=0.3

:for Its=1 to maxIts

:for Num=1 to Num_max

:fori=1toj

: Calculate transition probability Pg- (¢) by Formula (1)

:end for

: Draw the path diagram of grating structure parameters f, d and P
: Calculate the values of f, d and P by Formula (4)

: Built the grating model by the values of f, d,P in FDTD solutions
:Calculate R,

O 00 N N W R W

—_ =
- O

: Calculate the evaluation function value F by Formula (5)

—_
S}

: Update pheromone concentration matrix by Formula (2)&(3)

13:end for

14: Output F,  of this iteration and its corresponding values of f, d and P

15: end for

16: Output: the global minimum evaluation function value G,  and its corresponding values of f, d and P
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