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Design of a band enhanced absorber based on plasma metamaterial
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Abstract: In order to achieve the absorption curve with broadening (within 11GHz ~ 14GHz band) and tunable bandwidth
under TE wave, a new metamaterial absorber was proposed whose periodic structural unit adopted honeycomb-shaped hexagonal
structure. The parametric analysis chart of the absorber was calculated. The effects of variables g and d on absorbing band and
absorbing bandwidth were studied. The cause of bandwidth broadening of the etched cross-shaped absorber was also explained.
The results show that, absorption rate of the absorber in the low frequency domain at 9. 17GHz ~ 9. 5GHz is over 90% . When
different plasma resonance regions are excited, the time-frequency domain absorption of the absorber can be realized. And the
absorptive capacity of the absorber can be improved. By changing the variables g and d, the dynamic control of the absorption
band can be realized. The absorption bandwidth in the high frequency domain can be widened by etching cross-shaped structure
in a square structure. Its absorption rate in the frequency domain of 12. 08 GHz ~ 13. 91GHz is higher than 90% . By changing the
variable s, the absorption band can be obviously widened. The absorber is insensitive to the angle of incident electromagnetic
wave. The design idea provides an effective way to broaden the absorption bandwidth of absorbers.
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Fig. 1 Schematic of the proposed absorber
a—the designed plasma resonators ( top layer) b—the side view c—peri-

odic arrangement of the proposed absorber
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Table 1  The variables of the proposed absorber

variable X B C d E F g H

L M N 0 P Q R '4

45 0.8 14.96 7 1.38° 8.54 0.8 3.6

value/mm

36 6.42 6.4 0.79 25.98 7.98 8.5 0.0138
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Fig.2 Absorption curves of designed absorber
a—absorption curve excited by ()-shaped and square shaped resonators bh—
absorption curve excited by two U-shaped resonator ~c—absorption curve ex-

cited by all resonators
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Fig.3 a—the distributions of electric field at 9.24GHz b—the distribu-
tions of surface current at 9.24GHz  ¢—the distributions of electric
field at 9.45GHz  d—the distributions of surface current at
9.45GHz  e—absorption curve of different dielectric substrates
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Fig.4 a—absorption curves for g =0. 5mm,0. 6mm,0. 7mm,0.8mm b—

the diagram of g vs. A c—absorption curves for d =6. 8mm,7mm,

7.2mm,7.4mm  d—the diagram of d vs. A
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Fig.5 Schematic and absorption curve of the proposed band enhanced ab-
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a—schematic of plasma resonators (top layer) b—the side view

c¢—the simulated absorption curve

xw TLTO S

b xR g 1& Bk 7 2
s N 1 8 L H L 4T7347
L L e

L oo AT
b TS
. ;’ ,,,;n’, Kx *“'t ?‘n 56.147§ S
gl T s el S
ol - teasaa
s L wAR S e AR
Fig. 6 a—the distributions of electric field at 12. 32GHz b—the surface
current of bottom metallic plate at 12. 32GHz

WO A e, (8] Ta WG I T AR R s A9{E R 1. 3mm,
1.5mm,1.7mm, 1. 9mm [AIZILHIZ (HESBAE)
s = 1. 3mm B, 3% %A O A S 12, 49GHz ~
13. 61GHz (A A & T 90% ), W W #h £ f 17 T
12. 69GHz F113. 39GHz 4bH ™ A {HE B A2 5 A
B9 3 A 97. 33% F1 99. 97% , fii F Wi K 55 F, =
12.98GHz &b, A {H 4 92.51% B35 s B K, J & 5
Fy Jb g A (AR, 1203 8 A {HAE s = 1. Tmm K]
FEARE 90% , Y s = 1. Toam B, R % 4 Fg W8 A 12k i



BBE B ok R S R S B TSR A B 261
100 100
< 80 ° 80
S <
‘g 60 g 60
g= a
£ 404 g 403
2 4 ‘
% 204 ® 207 ¢
0 T T ; T 0 ( ’ 4
8 9 10 11 12 13 14 8 10 12 14 16
N e
N o jan) =
5 z\t Q <
Q = 5 8
Y =] 2 =]
s z 2 g
= o []
= g S z
= 2 & <
E=] <
8.8 1.2 _
s/mm incident angle ¢@/(°)
Fig.7 a—absorption curves for s =1.3mm,1.5mm,l. 7mm,1.9mm b— Fig. 8 a—absorption curves for ¢ =0°,10°,20°,and 30° b—the dia-

the diagram of s vs. A
i, A fEHIRF) 90% LA b B WU Oy 12. 08GHz ~
13.91GHz, HA7 T 12. 31GHz,13. 26GHz 1 13. 65GHz
IhAE 3 AR R 5, A (B34 99.95% ,99. 87 % Fil
99.47% ,[Fit, Bfi s BYIG R, T A 1) W Wi Aty
Wy e kA=A, B’ Th A 5 s iR 8, NE
hoal LA W, FEAR R T VE BN (9. 17GHz ~
9.53GHz) , i s B HG A, Wz i ity £ vh %) T AR A sl e
PR E L, VIR A (DR FRAAS , 7E S A L
YEYEHE N (11GHz ~ 14GHz) , B s R, IZ W A4
) AU S 1 5 0/ (s = 1. Tmm B, IR WY 56 B
i, o0 1.83GHz) , [a] B 11GHz ~ 14GHz ¥ W Wit 45 7 b
H s R, B mmag g, AR kAR B s 1H
AT LA B2 B A B IR AT B o

HL B 1 A B AR E — L LR B I A
FIORTER— A VERE B 8 R AT o (WAL k5 y-
O-z TH IR ) AL T 2R . 6] 8a J& A4 #f M 0°
Sz 30yl th 4, WEIHH AT LU Y 7E 11.92GHz ~
13. 89GHz WE W #3 4ty ¥ [l 9, i W AR A fH (& T
80% ) TEARXFHR B ALY f1 N R FEERE (0° ~20°) , 2
NS @ =30°0F, A {8 = T 80% 1Y W W At 7
12.58GHz ~13.89GHz(11.92GHz ~ 13. 89GHz $i# il
FIN) . EI8b & @ 5 A LK (0° ~80°) , NEHh
FTLLE Y BEE A S AR R K 20 I A By W iy 9
B 0, 2N A B OK F 60° I, 3% Wi 1K TE
12.91GHz ~ 13. 93GHz A3l 4, A 3% %] 76% , ih

gram of ¢ vs. A

SRR AR Ao A S5 FEL B ) £ AN UK
3 4 i

PR T — Bl 58 ] R 9E (11GHz ~ 14GHz Sk A )
{1 PM I AR, FLA5 #5086 o B R A ) 7N T
45k X HZW AR S R i BT TR 3R T
T g A d BEA TR X PERE R IR, T3 AT A A
[7] F8) PR AR, WA rey W S BB i3 , [ st
SCBRM YA TE 2B 73 I 73 S e e . PML g 34 A
AR AL T 9. 17GHz ~ 9. SGHz, 1% M A 8 5
I BTV PR ANV JRoPF AR F) P B RE B AR T o
Berbo B ¢ B d BE(E BE RS S BUXT IR S 4k i) Bl 2
P . AR IR AL Y A (HREE AL B g Y3 R
BT K, i/ 9GHz ~ 10GHz A A W OB 32 7 ik
o BEB AL d ISR, IR B A 14 R A £ A A
WALLRS 78 9GHz ~ 10GHz IO A d 1R
JeIG RGN B LA, T RUE ik A i 5 PR3
Jih DX 38R ST TR W AL A £ 1 s A IR A, D T 9 TE IR AR
AR T g, 38 3ok A A 2 A B b %l -7 R
45k (AR AR AE 11GHz ~ 14GHz By P 9 W iy
v W T R T i 7 R A I B A B
GEABA PR TR s B A RE (G e
58 MRS (1 52 0, TR AT A5 B s 3K, X
MR AR AR I MBI  F) i A, RS S i — 28
JEETE O ELAZIE I AT A S Fi 15 14 1 AN BRURK



262

L S - S

2019 4 3 J

[10]

[11]

[12]

[13]

& £ X W
HATAKEEYYAMA K, INUIT. Electromagnetic wave absorber using
ferrite absorbing material dispersed with short metal fibers[ J]. IEEE
Transactions on Magnetics, 1984, 20(5) :1261-1263.
LIMA U R, NASAR M C, NASAR R S, et al. Ni-Zn nanoferrite for
radar-absorbing material[ J]. Journal of Magnetism & Magnetic Mate-
rials, 2008, 320(10) :1666-1670.
MARIN P, CORTINAD, HERNANDO A. Electromagnetic wave ab-
sorbing material based on magnetic microwires[ J]. IEEE Transactions
on Magnetics, 2008, 44(11) :3934-3937.
HODGKINSON I, WU Q H. Inorganic chiral optical materials[ ] ].
Advanced Materials, 2001, 13(12/13) :889-897.
SIONCKE S, VERBIEST T, PERSOOONS A. Second-order nonlin-
ear optical properties of chiral materials[ J]. Materials Science and
Engineering, 2003, R42(5/6) :115-155.
SHIM J M, SHAN S C, KOSMRLJ A, et al. Harnessing instabilities
for design of soft reconfigurable auxetic/chiral materials[ J]. Soft Mat-
ter, 2013, 9(34) :8198-8202.
WANG J F, QU Sh B, MA H, et al. Tunable planar left-handed
metamaterials based on split-ring resonator pairs[ C]//IEEE MTT-S
International Microwave Workshop Series on Advanced Materials and
Processes for RF and THz Applications. New York, USA: IEEE,
2015.1-3.
ZHOU H, WANG C, PENG H. A novel double-incidence and multi-
band left-handed metamaterials composed of double Z-shaped structure
[J]. Journal of Materials Science Materials in Electronics, 2016, 27
(3) :2534-2544.
LIU S H, GUO L X, LI J Ch. Left-handed metamaterials based on
only modified circular electric resonators[ J]. Journal of Modern Op-
tics, 2016, 63(21) :2220-2225.
RYBIN O, SHULGA S. Profile miniaturization and performance im-
provement of a rectangular patch antenna using magnetic metamateri-
al substrates[ J]. International Journal of RF and Microwave Com-
puter-Aided Engineering, 2016, 26(3) :254-261.
ZHANG Y, TANG H, YAO Ch, et al. Experiments on adjustable
magnetic metamaterials applied in megahertz wireless power transmis-
sion[ J]. AIP Advances, 2015, 5(1) :2075-2084.
KIRIUSHECHKINA S V, KOTEI’ NIKOVA O A, RADKOVSKAYA
A A. Peculiarities of propagation of electroinductive waves in mag-
netic metamaterials [ J ]. Physics of Wave Phenomena, 2017, 25
(2):101-106.
TARKHANAYAN R H. Effective permittivity and permeability of

magnetic metamaterials with periodic array of 2-D electronic layers in

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

quantum hall effect conditions[ J]. Journal of Electromagnetic Waves
& Applications, 2008, 22(7) :1005-1012.

WANG R L, WANG JF, LI Y F, et al. Dual-band suspended strip-
line filter based on electric metamaterials[ J]. Microwave & Optical
Technology Letters, 2017, 59(9) :2297-2302.

WEI'Y Sh, SU AN, XU J Y, et al. Characteristics of dual-channel
optical filter in quaternary heterostructure photonic crystal [ J]. La-
ser Technology, 2018, 42(2) : 212212 (in Chinese).

ZHANG X D, CHEN N, NIE F K, et al. Dispersion characteristics
analysis of photonic crystal fibers based on structure parameters and
filling modes [ J]. Laser Technology, 2018, 42(1) ;48-52 (in Chi-
nese) .

LANDY NI, SAIUYIGBE S, MOCK J J, et al. Perfect metamaterial
absorber[ J]. Physical Review Letters, 2008, 100(20) ; 207402.
ZHANG H, ZHANG H F, YANG ], et al. Design of an absorber
based on plasma metamaterial [ J]. Laser Technology, 2018, 42
(5): 704-708 (in Chinese) .

WU D, LIUY, LIR, et al. Infrared perfect ultra-narrow band ab-
sorber as plasmonic sensor [ J]. Nanoscale Research Letters, 2016,
11(1).483491.

WANG B X, WANG L L, WANG G Z, et al. Theoretical investiga-
tion of broadband and wide-angle terahertz metamaterial absorber
[J]. IEEE Photonics Technology Letters, 2014, 26(2) . 111-114.
LI L, WANG J, DU H, et al. A band enhanced metamaterial ab-
sorber based on E-shaped all-dielectric resonators [ J ]. AIP Ad-
vances, 2015, 5(1): 017147.

DING F, CUL'Y, GE X, et al. Ultra-broadband microwave metama-
terial absorber [ J ]. Applied Physics Letters, 2012, 100 (10) .
103506.

CHENG Y Zh, WANG Y, NIE Y, et al. Design, fabrication and
measurement of a broadband polarization-insensitive metamaterial ab-
sorber based on lumped elements[ J]. Journal of Applied Physics,
2012, 111(4) : 044902.

KONG X K, LI HM, BIAN B R, et al. Microwave tunneling in het-
erostructures  with electromagnetically induced transparency-like
metamaterials based on solid state plasma[ J]. The European Physi-
cal Journal Applied Physics, 2016, 74(3) . 30801.

KONG X K, MO J J, YU Zh Y, et al. Reconfigurable designs for
electromagnetically induced transparency in solid state plasma meta-
materials with multiple transmission windows[ J]. International Jour-
nal of Modern Physics, 2016, B30(14) . 1650070.

BALANIS C A. Antenna theory: analysis and design[ M ]. Hoboken,
New Jersey, USA ;: John Wiley & Sons, 1982 :989-990.



