%43 % % 3H1/2023 &£ 2 B/ SR

KPR

I T -5 5 5 AT B ML 58 2 1 0 30 4
0 i 2 VE L
-k BRE FER

CRURHE R A A A S A S S T EOR R R AR b, 1k BRI 4300815
“ICDUBRB R 2 4 B AL A DR R 506 G R R S E, #IE B 430081

WE 8 TR IR R IR BE R B AU A A (] R, BT T — A SR BT B AR T O B S8 OOT A YA TE R R
R WA L S SR A AU AR B A, R T R 2% S0 IR B R T CSTT 8 O 0T T W b ) vl B S 4
5 A Z Y OE A o T AR R 0T e BT B TR I e ) SO G S S AR RO o 8 S O A A T U5 PR AE ST
S5 K 14 BT R SE R R I S R, BT A W I R AE 11, 0~18. 0 GHzJ8 338 Bl 4 RS 3N T — 10 dB L JEEE S 1.6 mm, i J5i 14
F (FOM ) 5 T R 20 BOSCHR I 8 19 W 9 A o IR 5 e BRAZ IR 102 2o 1) 450G ML 1 A IR 450 F8 A IICAR 451G , 28 5 41 24 3ok 9% ¢ i

(FSS) Ay LUK i L E ARG o S 25 2R 15 07 B 5 A5 5008, 1208 B Rk W0 0t 24 A T b 9 IR A ) A 12 o

ES a0

FESES TNI2S XHEARER A

1 5l =

R AR T bR B A R SR BRI A ) R iR
Yy EREPE WA L R R A R R
i BT E T R 25 A8 HEAR 7 2Rt BE % S B0 H R U Y
AR M Ak IR BE R SRR R R R0 R B
Veselago fe Je 4 1 [A] B 472 78 7 A L 8 B0ORN fRE 3 3
WIS, I %A B 24 WA F Mo X —45ie 51 T
— R 5 R LRI . Pendry S T b i
I S ARAT T B0 U B b 4 T R S B R A 2L AR R
L R I Gl N | s S | R 2 S N3
J&' . Smith 7E Pendry (4 0F 5% 2 fitlh [ 38 55 4% 4 8 22
SR A 9 AT & BRI HESI AL A, A5 8 T A o 4k
FIVE T 23[R B A 67 (R A RE IS T — JRE T 5 P 6 R A
BHAHGEH Y Landy %R T — AN W
WA RE I 0 25 R A ARk R e 25 LU A% G5 104 R 8 4 B A AR 3
AR TR JEEEE R BT R 6 4

H AT, 2 T 4 5 A Rk I i 25 e i 0 e 1) 5 N
5 3 DA S At o8 0 e AV R B, R HH 4 B 0 R e R 3R 1T
(FSS) BT H AR I 4% , 40 S5 S Bt 7 7
P B0 R RO T B 5. Chen 457 5% RUHT
Sk 25 H4 00 8 AR W I R HEAT T, AR XA 9E R
49.1% , 5 H 2 mm, & iR (FOM) b 6.8, Jia

JerEREE s AT IR O0 s BRI EER T SR B LRI

DOI: 10.3788/A0S221446

SRR T — Bl BT IE 5 T N TR AN B2 A A5 A B
EORE W A%, HOAH XA B 97.9%, R BE O 6 mm,
FOM K 7.99, Fang %" T — B B A 43 24 [0 3
25 K6 1 6B B RE WU A L LA XA 9E R 69. 206, JREE
3mm,FOM 4 8.05, Qius "4 T —Ff HA HE
5 G BRI U s AR XA 8 R 57. 6%, )&
R 1.2 mm,FOM J 6.68, [R#F5 NIETHE
FSS BT 5 4 W % wR d it T4

AR AL A FSS A BT 1 58 45 4 B4 R 0% 7%
Wk T T 3R s otss i . R A S f R AL
BB 2 5 IR R FSS EURLFIA B2 . X LG T AR
J7 ¥R A XU TT 45 ¥4 FAE 58 7 38 S0 45 RE) B W O R
A A T 7 2858 ST 45 A 4G 5 T KR 46 AR CH IR
PERCR TG o RSSO o e S A 3 T A5 R
SRR ST . (H A R R A e, AR ST BT 1 B i
MR W R 0 R G T H AT i E 0K 2 B
W s o
2 HheHR 5 R
2.1 BHEHEEE

Al CST MICROWAVE STUDIO(CST)
AT . T —4E R s 0 (TEM) B2V y 5 )
B8 OB REB 2 LB A E fExJr

Wi B 2022-07-08; EE B 2022-07-21; RAHBH: 2022-08-10; MEBHELZBH: 2022-08-20

EE£WMB: EEKAKRP¥IE4(51972242)

BIS1E#E . ‘yangxianzhao@wust. edu. cn; “lixiangcheng@wust. edu. cn

0322001-1


https://dx.doi.org/10.3788/AOS221446
mailto:E-mail:yangxianzhao@wust.edu.cn
mailto:E-mail:yangxianzhao@wust.edu.cn
mailto:E-mail:lixiangcheng@wust.edu.cn
mailto:E-mail:lixiangcheng@wust.edu.cn

HRILEX
] b 0 4y i A L, I 22 s o O AR T L
5

& 43 % 2 3H1/2023 4 2 B /KR
Krhe MAHEFEEG HFHR . FBixln RS
4y A LIS E

k. _10m,
a e dy
(1)
oM, __ 10K
a o dy
EU I (R)—EM (k) 1 H(k+1/2)— H"(h—1/2)
At € Ay (2)
Hi-” i 1)(&_’_ 1/2)_ Hl(-”)(k+ 1/2) 7& E£n+l/2)(k+ 1)_ E£17+1//2)(k)9
At 2 Ay

A S I R B A B, B RN = Arens kA
[i) B Ak A0 0, B 2 ) BE B O y=Ay- ks H(k—1/2) F
H(k+1/2) Yy ER) x5 E . XX (2) #47
I A E I 25 A K AR Ay, e S 2 (2) 1E
P 3k ) a2 AR O 2R o Rl VAR ) 3 4 R 0 AL 2R A 1 A
FESCELA PR 22 40 B SRk A AR JFUB . FSS — i e yE
A SSH, BV AR5 RZES, I A i R LS, IE ]
e ZR LS, Rt S5 R4S, CST Byl F & A ik
BWE LR,

Boundaries  Phase Shift/Scan Angles Unit Cell

Apply in all directions

Xmin: ‘unitcell vl Xmax: Iunlceﬂ v|
Ymin: lunitcell v‘ Ymax: Iunlcel v|
Zmin: lopen (add space) vl Zmax: |open (add space) v|
Cond.: 1000 S /m Floquet Boundaries... |

oK Cancel Help

Bl 1 CST M A s
Boundary condition setting for CST

Fig. 1

@

conductive paste

metal grond

aluminium oxide

2.2 WK AINE N HKEE

P2 S T BT 4R W e A 4t R R A Ak AR R
JIT 5 W 35 AR 450 RE J2 A 2 ALK, BFE FSS H 22
ET1 Rl K 5 v 91l A8 Bl 78 AL A8 A T2 (A L HOh e=
9.4,tan 6=0. 0004, Hrfr o A AL A ) LR, 7
MM B SRR 24.68S/m, NMEZEFE LR
1.6 mmo MR USCHR B G50 2 4 i ML T, v DA By 1k H R D
1A% 4% o

FE T AR ROR B IR, W U g bR AR R AR Y T
B2 g T AR T RLC SRR %, a0 141 2(b) i s o
W I 2 B S R

r= ZOlg‘

, 3
Z,+ Z, (3)

A Z, Ry s BB s B A BT 23, 55 T BT Z., A
KM Zess ZMIBIFRRELA ", Z, 71 2, i 2RIK AN

ZFSS Zsuh (4)
ZFSS + Zsub ’

Zuw=Zy+/1/e, tanh{j(2afh/c)ee) ). (5)
oo BA AR A A HLHBIG AR OER  Z RS R
FIREAT s c RO . R 8t A% 00 15 3 B B oo M i A Ak
HiB% S50, B & L=1. 2 nH, 11 &y C=0. 055 pF

Zin -

P2 AR G & B 25 R 7R B TR A R I AT o () A0 7 1R 5 (D) A A0 i ]
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Abstract

Objective

With the development of information technology, electronic devices are widely used while leading to many

electromagnetic interference problems. In addition, useless electromagnetic waves may pose a potential threat to human

health. Therefore, electromagnetic absorbing materials have been developed to eliminate electromagnetic interference and

provide information security. Conventional coated absorbing materials usually have a narrow and fixed absorbing band and
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are susceptible to external environmental influences. Compared with traditional absorbers, metamaterial absorbers have a
larger absorbing bandwidth, a stronger absorbing capacity, and a lower thickness. To solve the problem that common
absorbing materials have a high thickness and a narrow absorption band, a new dipole square ring crossed element structure
with a large bandwidth and a low thickness is designed in this paper. This new structure shows good stability and high-

frequency characteristics.

Methods In this paper, the relationship between the electromagnetic parameters and the reflectivity of the absorber is
calculated by the finite-difference time-domain method through simulation with CST software. The equivalent
electromagnetic parameters of the absorber are obtained by inversion according to the equivalent medium theory. The cell
size and circuit parameters of the dipole square ring crossed element structure are optimized by the equivalent circuit model
of the absorber. The influence of two main parameters on reflectivity is studied. The surface current, electric energy
density, and magnetic energy density of a unit cell at the operating frequency are simulated to analyze the working
mechanism. A high-impedance surface comprising a lossy frequency selective surface (FSS) is employed to design a
broadband microwave metamaterial absorber. The dipole square ring cross element structure is designed. Conductive
paste and alumina ceramic are selected as the FSS raw material and the dielectric layer, respectively. Firstly, the alumina
ceramic is used to make the dielectric substrate so that the limit thickness can be reduced. Secondly, the conductive paste
is applied to the dielectric layer by the screen printing method, and the surface square resistance of the conductive paste is
60 Q/sp. Finally, the reflection coefficient of the sample is measured by the free-space method in a microwave darkroom

with a double-ridged horn antenna and a network analyzer.

Results and Discussions The metamaterial absorber has a reflectivity less than — 10 dB in the frequency range of 11. 0-
18.0 GHz, a thickness of 1.6 mm, and a much higher figure of merit (FOM) than most reported absorbers. Three
different FSSs are designed for comparison, and the dipole square ring cross element structure possesses a larger
bandwidth and a stronger absorption effect. Surface current and electromagnetic power loss density are analyzed (Fig. 10).
Because the current cannot flow due to the gaps, positive and negative electrons gather on the two sides of the gaps
respectively to form dipoles which can generate a strong electric field. In the electric field enhancement region, the energy
loss of the incident electromagnetic wave increases significantly. Therefore, the dipole square ring cross element structure
is used to design an absorber with an increased bandwidth and a reduced thickness. The effects of the thickness of the
dielectric substrate and the surface resistance of the absorber on the reflectivity are investigated (Fig. 5). After the
electromagnetic wave enters the alumina coating, its consumption becomes more difficult as the thickness decreases, so
the absorption of the metamaterial absorber becomes less effective. The simulation results show that the optimal surface

resistance results in the largest absorption coefficient and the widest absorption band of the metamaterial absorber.

Conclusions In this paper, a thin wideband metamaterial absorber is designed and fabricated with a dipole square ring
cross element structure. The reflectivities of three metamaterial absorbers based on cross element structures are solved
using CST software through time-domain finite integration, and the effect of the metasurface structure on the reflectivity is
investigated. According to the analysis of the surface current distribution and electromagnetic loss density at the resonance
frequency, the absorbing loss mechanism is made clear, namely that the existence of the gaps makes the current fail to
flow, and positive and negative electrons gather on the two sides of the gaps respectively to form dipoles able to generate a
strong electric field. The energy of the incident electromagnetic wave is rapidly lost in the electric field enhancement
region. The equivalent dielectric constant, equivalent permeability, and equivalent impedance of the absorber are obtained
by inversion in light of the equivalent medium theory, and it is found that the loss mechanism of the metamaterial absorber
is the excitation of magnetic resonance. The simulation and experimental results are in good agreement. The experimental
results have a small deviation from the simulation results because the simulation model is an infinite one and has ideal
boundary conditions. The metamaterial absorber has a reflectivity less than — 10 dB in the 11. 0-18.0 GHz band with a
thickness of 1. 6 mm, and the microwave absorption peaks at 12. 7 GHz. The simplicity of the raw materials produced in
this study and the feasibility of the metamaterial absorber fabrication make the large-scale application of the designed

absorber possible.

Key words optical design; dipole square ring crossed element; frequency selective surface; equivalent medium;

electromagnetic loss
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