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Fig. 1. Element configuration and its equivalent circuit

model of the proposed resistive film-based metamaterial ab-
sorber.
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Fig. 2. Flowchart of the element’s configuration optimiza-

tion design based on the genetic algorithm.
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Fig. 3. Reflectance response of the metamaterial absorber
with same dimension and resistance parameters under “unit

cell” and “open” boundaries.

1mm < A <7 mm, (2)
7mm < w < 14.5 mm, (3)
50 Q/square < R < 1000 Q/square, (4)

Horh PMI R AR RIRIRE R 0.1 mmy; o BH 58
AR AR IETBE A 0.5 mm; FEL BEL S BEL(E A5 £ [ B 52 Ay
5 Q. X FE—k, BITRT R B BTG A S B2 58
LA BRI L S, AT A I — 4 90 bits fY
TR GRS A, Hoh 5 )2 PMI R SR Y
30 7, 5 J2 BB AR 58 B S 800 5 20 7, e 54
HLBH S50 7 40 7. Akt B2 v, K (R B0E X
Sh R B BATTTE 1—20 GHz A4 3 [ P 1%
SRR 0.9 UL, FECE S RER 2T

20
Fitness = / 0 (Ab—0.9)df, (5)
1

K, AbFIR AR R IT R IR, B AT LA
1 — [ Sy [P HAAE 2 23, 3P0 6 sREUYE S
0, Ab<0.9,

5(Ab—0.9) = {1 00 (6)

Akt i, R AR T, A NE T
DL RO A AT AL FE 2R D7 290 A AR
J& , TEE G A AR, EA B P RE A
MRS HOLE 1.

® 1 BARA R R R IT SR

Table 1. Metamaterial element parameters with optimal wave absorption performance.
GRS [#]5E RF 240 /mm
h1— hs /mm 4.0 4.7 3.0 3.7 1.5 D 14.5
w1—ws /mm 11.0 12.0 13.5 13.0 14.5 t 0.8
R1—Rs5 /(Q-square 1) 500 450 345 335 250 — —
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Fig. 4. Reflection coefficient, absorption (a), normalized input

impedance and impedance matching coefficient (b) versus

frequency curves of the designed metamaterial absorber ele-

ment under normal incidence of linearly polarized waves.
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Fig. 5. Reflection coefficient and absorption curves of the proposed metamaterial absorber under the oblique incidence of electro-

magnetic waves with different polarizations: (a), (b) Reflection coefficients; (c), (d) absorptivity; (e) dependence of absorptivity on

polarization angle at normal incidence; (f) dependence of absorptivity on angle of incidence.
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Bl 6 B (a), (b) B PET B (c), (d) LAYRERSFE N Al (a), (c) 4 GHz, (b), (d) 7.6 GHz
Fig. 6. Power loss distribution on the resistive film (a), (b) and the PET film (c), (d): (a), (¢) 4 GHz, (b), (d) 7.6 GHz.
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Fig. 7. (a) Schematic diagram of three-dimensional model of
the proposed metamaterial absorbing array; (b) comparison
of the simulated results of reflection coefficients for finite

and infinite arrays.

P 8 222l 1 R BRI 20 4 27 7 L T 0 e LA
5N B R i ABHPCREAUR A2 L 2. T LA
H, A7 BRI B R S P IR e R R s AR5 iR
23 [ P FH BT 22 ] D E R4

400
300 |
o 200 — Re(Zu)
:E '.‘ ---- Im(Ziy)
= 100} !
]
—100} S

é Zl é é 1‘0 1‘2 1‘4 1‘6 1‘8 20
’fﬂ%_i/GHz
Pl 8 Rk R 3Bk R 1) 3% T A A BEL 7 BB A0 2% 1) 78 Ak i £
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izations: (b) TM polarization; (¢) TE polarization.
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measurement setup; (b) the measured and simulated res-
ults of absorption rate for the proposed metamaterial ab-

sorber under 5° oblique incidence of different polarizations.
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Fig. 11. Comparison of measured and simulated results for the designed metamaterial absorber under oblique incidence of TM- and

TE-polarized electromagnetic waves: (a) 8 = 30°% (b) 6 = 60°.
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Abstract

In recent years, electromagnetic (EM) wave absorbing devices based on metamaterials have attracted

widespread attention, due to their advantages such as broadband, easy preparation, and flexibility to tailor EM

waves. Nevertheless, a review of the existing research reveals that the inherent sub-wavelength characteristics of

metamaterials and metasurfaces impose certain constraints on their applications in low-frequency ranges. In

order to achieve low detectability that takes into account both low-frequency and broadband absorbing

performance, this work, presents a metamaterial absorber based on 5-layer gradient resistance film and

dielectric composite structure, as shown in Fig. (a). To begin with, we introduce the structural design of the

initial element, and based on this, the transmission line theory and impedance matching principle are used to
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analyze the strong wave absorption conditions of the absorber element. In terms of the element structure
optimization, the genetic algorithm is adopted to globally search for the optimal solution in the multi-variable
domain, resulting in the rapid determination of metamaterial elements’ configurations and resistance parameters
that meet the design goals. In the simulation, the wave absorption performance and mechanism of the designed
absorbing element are also investigated in an in-depth manner. Simulation results show that the designed
metamaterial absorber can achieve more than 90% EM wave absorption in a frequency range of 1.62-19.16 GHz
(with a relative bandwidth of 168.8%) under normal incidence of linearly polarized plane waves, which
effectively expands the absorption bandwidth to the L band and K band. In addition, the simulations for
oblique incidence at different polarizations provide strong evidence for the device’s insensitivity to both
polarization and angle. The radar cross section (RCS) curves obtained by the time domain (TD) simulation
illustrate that the novel structure can achieve more than 10 dB RCS reduction in a frequency range of 1.7-20 GHz.
In the device's performance verification process, a metamaterial absorber with 20 x 20 elements and dimensions
of 1.566 \; x1.566 \; x 0.113 \; is fabricated and tested by using the bow method reflectivity test system. The
absorptivity curves under 5° oblique incidence of different polarizations, show that the proposed metamaterial
absorber can realize more than 80% EM absorption in an entire frequency range from 2 to 18 GHz, the test
results of different polarizations are basically consistent. The test results at oblique incidence (6 = 30°) show
that although the measured and simulated curves exhibit discrepancies in certain frequency bands due to
human error or material dispersion characteristics, the overall experimental results are consistent with our
expectations, which fully proves that the designed metamaterial absorber has potential application value in the

field of low-frequency and broadband EM absorption.
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