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Fig. 1. Schematic of design domain: (a) 6 x 6 square grid; (b) upper layer; (c) lower layer.
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Fig. 2. Changing configuration during optimization iteration.
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Fig. 3. Optimization unit simulation model: (a) 3D view; (b) front view; (c¢) side view.
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Fig. 12. Surface current at f = 28.575 GHz: (a) On the upper surface of the optimized structure; (b) on the lower surface of the op-

timized structure.
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Fig. 13. Electrical field distributions on both sides of the optimized structure when the linear 2-polarized wave is incident along the
—zand +2z directions: (a), (b) f= 20.075 GHz; (c), (d) f= 21.65 GHz; (e), (f) f= 28.575 GHz.
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Fig. 14. Effect of the thickness d of dielectric layer on the

asymmetric transmission coefficient A when linear z-po-

larized wave is incident in the —z direction.

1.0

t=0.036 mm
0.108 mm
0.180 mm

0.252 mm

e
3

— t
I —t
— t
— t

e
=

Asymmetric transmission
= =)
o IS

10 14 18 22 26 30
Frequency/GHz

K15 et o AR BT — 2 7 T A S IO P 2 4 4 I S22
JE X AR X B Al i R AL AL R

lin
Fig. 15. Effect of the thickness ¢ of the optimized structural
metal layer on the asymmetric transmission coefficient A
when the linear a-polarized wave is incident in the—z direc-

tion.
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Fig. 17. Rotation angle: (a)61; (b)62.
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Abstract

Asymmetric transmission (AT) metamaterials are extensively studied and applied in the fields of
polarization converters and photodiodes. In order to further improve the properties of polarization conversion
and unidirectional conduction in the high frequency band and to implement their tunability, the novel chiral
electromagnetic metamaterials are studied. By the topology optimization technique, a new type of double-layer
L-shaped variant metamaterial structure with excellent asymmetric transmission characteristics is designed. The
objective function is to maximize the asymmetric transmission coefficient for the linear polarization wave. The
rotationally symmetrical design domain is determined by considering polarization conversion and computation
efficiency simultaneously. The design domain of upper layer is divided into two parts which are both the 180°
rotationally symmetrical. The design domain of the upper layer and lower layer are the 90° rotationally
symmetrical around the z and z axis respectively. Therefore, the number of design variables is only 18.
Asymmetric transmission of linear polarization wave in the K band and Ka band are implemented. Numerical
simulation results and experimental results show that the optimized chiral metamaterial has excellent
asymmetric transmission characteristics, and its asymmetric transmission coefficient reaches 0.8562 at a
frequency of 21.65 GHz and 0.8175 at a frequency of 28.575 GHz. Its asymmetric transmission mechanism is
expounded by analyzing the electric field and surface current distribution at the resonance frequency. Based on
the optimized chiral metamatertials, the reasonable geometric parameters are selected and the rotation angle of
the metal layer is changed in order to further achieve the tunable AT characteristics. First, the influences of the
dielectric substrate layer, the thickness of the metal layer and the side length of the grid on resonance frequency
and asymmetric transmission coefficient are analyzed respectively, which provides the basis for the reasonable
adjustment of the structural parameters to obtain better asymmetric transmission characteristics. After the
reasonable geometric parameters are determined, the rotational angle of the upper metal layer and lower metal
layer are changed. The linearly and circularly polarized wave are simultaneously achieved in the K band. In this
article, the topology optimization technique is used to design the asymmetric transmission chiral metamaterial
structure. The design process has a clear direction. The optimized asymmetric transmission chiral metamaterial
has the simple structure type and the easy tunability of its asymmetric transmission characteristics. It can be
used widely and easily in the fields of polarization converters and photodiodes. This design method has a broad

application prospect in the chiral metamaterial field.

Keywords: asymmetric transmission, tunablity, chiral metamaterials, topology optimization
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