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Research progress and development suggestions on aeronautical
electromagnetic metamaterial

JING Zhi"*', ZHANG Jian'

(1. School of Equipment Engineering, Shenyang Ligong University, Shenyang 110158, China; 2. National Key Laboratory of
Electromagnetic Information Control and Effects, Shenyang 110035, China)

Abstract: Electromagnetic metamaterial is an artificial composite composed of periodic subwavelength microstructure, which has a
strong conduction regulation or absorption effect on electromagnetic wave, and it has been widely studied in the field of stealth
design of aviation weapons and equipment. In this paper, the concept of electromagnetic metamaterial is introduced firstly, and the
latest research progresses of electromagnetic control metamaterial, electromagnetic absorbing metamaterial, active tunable
metamaterial and intelligent metamaterial are reviewed. Then, the stealth mechanism and the application research status of
electromagnetic deflection metamaterial, electromagnetic absorbing metamaterial and frequency selective metamaterial are
introduced. It is analyzed that the rich stealth mechanism and the strong designability are the main advantages of electromagnetic
metamaterials as distinct from the traditional absorbing materials. For the development of electromagnetic metamaterial, this paper
puts forward three suggestions from expanding the absorbing spectrum, enhancing the absorbing performance, and smart tunable of
absorbing ability, specifically including the expansion of absorbing spectrum to infrared, laser and ultraviolet band, further
improving the broadband absorbing ability, and intelligent adjusting the absorbing frequency band.

Key words: eclectromagnetic metamaterial; stealth; electromagnetic deflection; electromagnetic wave absorbing; frequency

selection

HE B #} (metamaterial ) & HAT KRR B 098y B ORI 568 1) T30 i 52 21 )92 560 .
FHEE YN TSR, WHHEA MR AR 5 B T B U AL, HAT [ E


https://doi.org/10.11868/j.issn.1005-5053.2021.000098
https://doi.org/10.11868/j.issn.1005-5053.2021.000098
https://doi.org/10.11868/j.issn.1005-5053.2021.000098

5 6 1]

Jii s R AT R ST 2 ke 45

oRTRHR M, TR R TR bR, —
3 ot 7B O R B R - SR A P R
eGSR O BR ], TR 1
ORI AT W B R R

AR P ORI B M B 5K Veselago' | B
JEdR I, Pendry 2™ VETF CUBRIR A 45,
BURSZEL T ARG . Smith 25" Sc 4 T T 0
SRR AR, B U SIIL T BB A
BORI S, TE T SR H7EAE, Parazzoli
e Y St AR R B B T TR, &
B B AR T A AT (000 O T 37 3 45 [ 2
HFFT IR . RGP R b B T Y
533, BAT UL AN B4 1 L RV 2 A o
AR I, A R L T A I BT

ASCH S R R AR AR | o R i
AR . 5 0 AT R A R R RE BB R BT R
T, SR IE A BN 5S LR B R B BT 5%
JEE, 43 AT ERL R B )6 LA % S T TR
I B0 A 5 B, BB 48 Hh 2 L R RR B 1 % T
Y,

1 FE#EBEHHRER

L R A 2 — i pl T I LA A
B O P F B D P S R T FURIA) &
KA 10 FEL SV HE A, T SR 5 91 e P L O 1
SRR AAE . LT 4 A7 £ D5 T ek T M 23 15 2
P, MR T 2R R AR

AR 67047 B 280 FT L S B e i
4R B AR TR, 7 U REIRATT | WA et 26 gy 3
%, Pendry %' 42t R B A A5 TAOLE HE G %
4% 7 160 DT S S IR , B BEASE 0 A ] 1, ol 0
T S5 A 1 st AR P AT L A 7 A SRR i
A I A8 7 16 S RS AS , SR e v 1 e 28 i
AR I AS 7 A= e 1, S2BRBA . Schurig %5
BT R AR A A M0, Liu %™ seEl T
TR A BT 5545, SCERT T bt
526 K 5 I TTAT1E . Huang 26" #3177 58205
TBBRE, 22K HRAE IR T L MM AL B R %
{45, Comley """ BT 230 i B i i T —Fli b
b, BB 2 AR o R D K T B R D A 1
I 5 1625 RO, T P e D K380
W R EFEE . Huang At S T — A R
ST BB RL, TR 5 T Py A S [ 2k 1
SE LA, P E A 1800 MBI, i )2

H R S 12 R 5 00 3 D TE SC BUAH A4 1 73
Aii, B MRHE K I BURAT KA L G T RCR o

SRR R 22 2O Ll

Fig. 1 Electromagnetic wave bypassing a ball

l6]

LT AR AR Xt A S L B e A R RO, T
F I AT (0 B R CRR P . Landy 25 6T
BRI B AR B A R MR T — R B <58
557 LR O R BT RL  , HCA 2T L
PRI . BURE A R 4 I falOH 2R AL, 52 00 4 S 2
TR e VAR A S0 P9 LT AT LA SN A
HLRGIE 52 A . Tao 2 i 7 i B R IF 11
TR PR A TC AL I R AR A, S04 SRR W A
1.4 THz #1 3.0 THz F W U & 43 3l o] 3% 0.85 Fll
0.94. Liu 2™ f85 17 F0 3 5 B 70 20 B AL 4
AR BB, XTI H 6.18 pm Fl 8.32 um 1)
LB D W 4 A % 0.8 1 0,935, Grant 2
BEVE T b T A e K 2% 0 B 1 5 A e
A, 3 M AR ) RS TSR BT A L A A
AR W R0, S B T WA B A R R, SR A
W AR IR AT 60% [R5 %A47 554 1.86 THz.
Zhang %" SR A0 B BRI, HET T RIS A
LRI (245 R, T 24 ok AR B 5 4
ZEPRVETT, A H Salisbury W0k 5 W 5 £
B4 2504 JE LR AL R 59%., Xiao 45 7 4%
SR T 455 BT 5 BB R AL 4, 3 3 o
RIS 4 8 1 S5 A0 S5 B A%, (A5 bR 5 A
S 1 P 8 2 AR I, 1A A AR 3 1 L
AR TS BB R . Long 2 P 2 R R
Wi AE 7 I BT B R BE D 1) B, 13 T — R
SR AR, 78 7~ 18 GHz #1345 il
P RS 3  1oF 909%., AR e HE 7 B 1 1 24 2
FH I B RS T 38%. Cen %™ it T A T
17 BB TRBL R, ST T 1R A 2% 451 B
AR, 45 3 1o B2 4 SRS BT L AT B R B
e g, AT LA S 8 B R 0 0 iR . Kim 25
0 T AR AL AN, SRR 2R A 3



46 o= M

B i o543 %

TH U8 R 11 A/ NS OO, 128 bR AR I 1 2
AR L, T D il R O R
B, PR T 1 IR B L (46 BT K A
of | B Re I R . Cheng 25 Y T —Fb
e 3 W RN M WSO () AR B L, %R b R
i X4 TE BT Y, E 8.3~ 17.4 GHz #1A 4  i
KT 90%, 7)Aot 38 3o 0 ELA v 265 3 1 H, REL 4
TEAR (ITO) WL I T B e B, 4L
W46 220 s bR 5 1 G W i e s A2 A,
T W I SR A R bR, TR B A L
T W e T AT PERE XA B 4T, 2~ 18 GHz
BSR4 N 7 dB #2553 12 dB.

B T ) 55 4 T L T R A
LB, S B LR O S (0 32 BT . Cui
e T8 B T BB SR A L 4 bR
JUE IR A | AR TS 5 MEMS 45 1] R
PEARGS AT, 38 5t 28 AT VR 2 2 1 TR A5 B T
A A B RS 7 R R, I8 BT A B G
AL 55 41 B f 42 ) e i, LA S e i vl
TSR TAVRIRAS, ST B R R RE O B 37 7T
G, Wang 2 w7 4A % Y B 2 1 % B
TERIRE, BT T AR L I FH RV e s M e AR
I, A T AL G RRARRUN AR . 2 H
FE s, ES MO a7y, #4 %Y ek
kB | AL BELRIAT VAR 25 A, S 5 ks
L S B S S 11 Sh 25 TT 981, 7E 3.7 RS0 1
A ST B £ 11 TR, 05 A BB S
KM 17180, KT HG AL G0 e b ek S5 R o8 38 Wtk
e,

R R A2 FhL R B AR T P R R
], TARIESE Y BFE T e s wE AR T R
RO RE 0 R RN R B bR 1
JEIUIR, 42 T8 REAR bR 1 e i AR ——

[ 2

Incident wave

BB 5 0 BB A MR & B R R R R T
T, Wi T AR AR OB R R TR T
FL T A | PR 52 S MR S A R R A e e
Bz RS L AR A ) R R . 9 TR
b 30 s T R S L R T 1 R R AR, S A
2R A T G TR 5 78 L Tl D s ISR 11 J 5 A 7
J SRR B A Y s b L e 2 1 T MIMO
ToLk W 415 1T, BFFT T 60 AR 3 T 11 52 5 BT 41
R A 15 BT S R 2 R S A R R I S

2 MZREEEMHN AR

5 T AR X LT D P T R T 1
TR 2 R g B A T
PERERY— 00 B AR AR . %S AR AR 4
L T 5 ML B T 4 = s HE— A T A T R b
Jek B S ] PR AR L R 0 35 B R S
B, 5 TR A 1S B R A BIAL R B B OR B 1 iz
ST [ 3 135 (0 AR ARG 5 JHE — 2 W i b e, 3 L
PR R T Sy i
TR, ST BT AR ORI s L = R ik
PEARR IR T 2 A 1 D e SR R
W AT R PR i, BRTFR A KLk
fe. ATEA BN T =2 ARG R A 2 28
M b RIS 0, I 4B v R AR L
GEM e bR A
2.1 EEERITB R

L B 41T R S A e % o, 0 4%
7 T VR P SR R AR BT 7 A O
V] 2, 3 ik R B R St W BT I R T ) BE W AE 13
T, ATl L R 5 AT A R b R BT 1 3ot e
PR R 2%, T 1 P B 1 R Ao 7 A sl 75
A", S e B TR 16 A 16 RS

Reflected wave

4
f,

FL T DB R A A D
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