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Scattering Model of TM Polarized Electromagnetic Wave by Finite
I-Shaped Metamaterial Array Based on Surface Current Model
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Abstract

Generally, the properties of metamaterials are analyzed based on the infinite array of the unit cells. In real application of the me-
tamaterial, however, the array has to be finite. Hence, it is important that a method can analyze the effect of the finite array of the
metamaterial. In this paper, a model is proposed which can calculate the scattering by a large-size finite array of an I-shaped meta-
material without a full-wave simulation. The proposed model is based on the surface current estimation of each unit cells. The ratio
of the current distribution on a finite array of the metamaterial to that of the infinite array of the same metamaterial for a TM polarized
incident wave is approximated as a quartic polynomial. The coefficients of the polynomial are a function of the physical dimension
of the metallic patch. Hence, the current distribution of the finite metamaterial can be estimated based on the proposed polynomial and
the current of the infinite array. The scattered field is calculated by using the surface current model. The proposed model is numerically
and experimentally verified by comparing calculated and measured RCS(Radar Cross Section) data.
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Fig. 2. Example of I-shaped metamaterial unit cell.
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Fig. 3. Finite metamaterial array in waveguide.
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Table 2. Coefﬁments of current distribution.
Qm,? le Qm()
p —102.7 04321 —7.378¢—04
4 +/38.09 —0.2432 +1.05¢—05
P —1.935¢+03 8.736 —0.0115
3 +6.765¢+02 —j3.571 —j0.0002
P 9.850e+03 47.11 —0.054
2 —3.848¢+03 —12.95 —0.0036
P —7.624¢—03 37.02 —0.06
! —j6.477e+03 —j11.24 —j0.0009
P —1.962¢+04 —80.46 1.047
0 —8.995¢+03 —6.899 —j0.01338
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