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Research Progress of Electromagnetic Wave Absorbing Metamaterials
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ABSTRACT: With the rapid development of materials science, various metamaterials have demonstrated immense
potential in numerous cutting-edge technological fields due to their unique physical and chemical properties. Notably,
metamaterials with electromagnetic regulation capabilities have garnered significant attention for their applications in
electromagnetic wave absorption. The work aims to discuss the latest research progress of carbon-based, magnetic,
metal-based, ceramic-based and water-based electromagnetic wave absorbing metamaterials from different material
systems, and analyze their unique design ideas and application characteristics. Firstly, the structure and properties of
carbon-based, magnetic, metal-based, ceramic-based and water-based wave absorbing metamaterials were described.
Subsequently, specific application examples of these materials in the design of electromagnetic wave absorption
metamaterials were summarized, including methods and strategies for structural design, composite approaches, and
performance optimization. By comparing, differences in preparation techniques and wave absorption properties among
metamaterials with different structures were analyzed. The main challenges and issues faced in material selection, design
principles, and practical applications of current electromagnetic wave absorption metamaterials are summarized. In

response to these challenges, key research directions for future studies are proposed, including the development of novel
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wave absorption materials, research on multi-material composites and synergistic mechanisms, and the exploration of

high-performance, low-cost preparation technologies. These research directions will provide strong support for the

continuous innovation and development of electromagnetic wave absorption metamaterials, promoting their wide

application in areas such as wireless communication, and electromagnetic protection.

KEY WORDS: electromagnetic wave absorption; metamaterial; structural design; wave absorption performance
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Fig.2 Schematic diagram of metamaterial absorbers and its preparation process
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Fig.3 Schematic of the proposed gradient metamaterial (a); fabrication process of the proposed gradient
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the single layer CIP/CF/ER composites with different
CIP and CF contents (c-f)!*"

i T R £ AR AR WS AAE , AP RS AT
WX GO A B AR EAT T F & s, el 4
N, Xu VN T — R G S IR, @A T
JE AT Z2FLE5 A, BT ZEARATE Rl A 1 e P
FERE T FIA TR RLLE w3 45050 BBl P A A e B AR R ) o S
TR, i A PR T i Aok (CNT)
MEZAL A Z KT 4 (CNF) VE AR % T —
AR CNF/CNTS R4 i LI 2 L4,
KALEAEA 30~90 um AR ZALEHIH 1.7~50 nm,
oA R, BRI RO %6 ( EAB) 183
29.7 GHz, AR kW IHEEE ( SMAP) fE>80 000
dB-ecm g, A, RAHFFEEILFF CNTs il 4
S R R K P R g B, BUAS: T A Sy BERARL ) R 1 K
B, SCELT SEMC, B, Zhou FEMNEIT T —Fh
B JE T B R T S5 A A 2 A LM R S 2 RE R g K
& (MWCNTs ) B4sim A5, @ ad i/ 45 418 h Z BE g

KAE I R DE B 2 DS R, SR HU R,
W, EALER) MWCNTs/A BB EIEE S 8.0 mm, 7F
4~40 GHz JBc N TIWIGRE F-21.6 dB(>99.3 %), A
LIk, Rizzo Ml IR AR Bk 40 K4S 1 4 SE 2
AABMEN S, DIEEESHS], S50 mA—
EAY R AT R, Huang ZEU495@ i 4 & 5 iR T2,
T 2 R R BT 2008, il T 4 Bt
B (CI), ZRERAIKE (MWCNT ) R &M R R
WX E AR (ECM ), S5 TR K /NNl
Wt SE IR EE AL EEAVE . % ECM & A kHH Ak
MEEH BT &, @ BPICEC RS, R T
YR Al ) s RN R AR T o SR PRI 3 | R ok
BAA SEAN [A] RUSH 1 T R HOR FRAR RO e et S i . 2R
JEE 23 (1] A R ML 7E 2~40 GHz A SENSE L T8 dB
IR, 7E 30 GHz 7 e N SEBE T 10 dB AR Hoe
MWHSTE R 14.8 GHz B, /N % H-55 dB.



<78 - 1 %% T % 2024 4 12 A

a Alcm 0.75 Ka 1.13 K 1.67 Ku 2.5 X 3.75 C 7.5 S 15 L30
ﬂGHZ 1 1 1 1 1 1 1 1 >
40 26.5 18 12 8 4 2 1
' L)
\ f | J
\ J

Electromagnetichesonance

Dielectric|loss ! 1
Dielectric loss

A/B/C (A/B) Porous A/B/C Periodic Porous A/B/C
Lightweight . Lightweight
. broadband

b A phase: paraffin, resin, polymer... > Air with periodic B and C phase

Freeze drying

—

Cellular foam

Nanowires Interpenetra
i
/\/\ i
]
OH Hydrogen bond E
]
i
]
o )
H
H
CNF s © CNTs  a” °
-8
0} ¢ (2.3~18 GHz) ofd (26~40 GHz) e e Cy
—LR
-10 -10 10
8 20} £ 20 g
3 %
X 30 =30 = -12
X 40} X _40
_50 _50 14 Cy: calculated from permittivity
Ly: measared by arch method
_602 4 6 8 10 12 14 16 18 _6026 28 30 32 34 36 38 40 8 9 10 11 12
#i%/GHz $%R/GHz HI%/GHz
JJ) EEEERE R TS Cllc..ll-‘.
Microwave g i bt & . "
irradiation Y
Y

rel

K4 SEa s I MAMs 7&K (a) 5 JEIITE CNF/CNT MR HI &< ZI& (b) 5 CNF/
CNTs-IRTEA ARG N Y L fhZk, HERJEEHR 20 mm (e~d) ; 7E X PEB Cr Ml Ly fE
ZIRM B (e) ; CNTS/CNF 3 PR R S ML B R B () (4
Fig.4 Schematic illustration of MAMs for broad-band microwave absorption (a); schematic illustration for preparation
of periodic CNF/CNT foam (b); Ly curves of CNF/CNTs-foam measured with arch method in different frequency
range with sample thickness of 20 mm (c-d); comparison between Cy and Ly values in the X band (e);
schematic of microwave absorption mechanism of CNTs/CNF foam (f)*!)
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Fig.5 Procedures of fabricating MWCNT/Cl/epoxy resin ECM (a); SEM image of MWCNT/Cl/epoxy resin
composite (The white circles mark out the MWCNT coated with epoxy resin) (b); detail of epoxy
resin-coated MWCNT in the center of (b) (¢); uniform distribution of CI particles in the
epoxy resin (d); detail of CI coated by epoxy resin (¢); comparison of experimental and
simulated reflectivity of ECM, simulated single-layered coating
reflectivity with thickness of 2 mm and 3 mm (f)[**!
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S HLA T TR AL AR, B2 3 A ar R JE
PEGr A, JEREARAE, MITAHC B A A Bh B AR A, 45 R 3R
W1, HEICAS KA 22.5 mm, ARIJEEEH 1.5 mm,
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2 AN [RLC 43 8 A B4R (] 2 A A1 880 R 2 HEVE S T
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—&— Simulation result
5t —#— Experimental result
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=35+ \ —
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_40 1 1 1 1 L L L
2 4 6 8 10 12 14 16 18
R /GHz
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s Metal plate .-~
Internal multiple-reflection and seattered wave

Ko Brfsgstaidl s e (a), Brihalahi b kil i ZmpLE (b);
B2 A 1 22 ROBEBUR LI (¢ ) 1Y)

Fig.6 Preparation process of stepped structure (a); transmission mechanism of EMWs the

stepped structure (b); multi-scale loss mechanism of the stepped structure (¢)
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M R oy E W T A M . R, BFSE T
B POnES M R REE , SCEL T ZEAK . = E L
AR RIS o SR, 3 g o R A A 4 FE R A R =
HEFTED, il & T HA M B BRI e A 2
Gk, fEICIERE B, B TR 0.5 g/em’
W e HE A, IEAE 2.5~40 GHz JuFE N SEBL T sk
W BRICZ AN, —F 504 Ja SE 0k i A e B R A7
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W5 ARG R R U R, BEAT R WS R A Ak
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\ Regulate EM impendence s J'

Spary plasma
processing
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Fig.7 Design schematic of MRACP"
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Fig.8 Structural schematic of unit cell of hierarchical wave-absorbing metastructure
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Fig.9 Structural schematic of proposed composite

MWA (a), equivalent L-C resonance circuit
mode (b), fabricated sample (c)>*
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W) Y5 B P A ) R e P B AT AR AT Ak o
Liu Z PR T %, 345 T G485
REM R G AP & A L, BF5E T 4 41 SiBCN B
BACTEYES ST 1 100~1 400 °CHH, R TR 25
FER = E W e /N ( TPMS ) S5 R38 N T 22 W 5. %5
WE PR (EMW) RZEREHRFE, 74k
TR CBYBRRLN ) 250 Sl ik, o8 T ik
WECREE . Hor, ZERVIRIRBE R 1200 °CF, JREEE A
2.31 mm ) DLP-SiBCN Fij & ) EAB & 3.09 GHz, %
i B X BB 74% , Ly min H-70.6 dB (10.55 GHz),
R A B EMW B IRCRE /7 . Zhou 53R A 3D 47
ENF AR 4 T HA Gl B /Y PyC/ALO; P %, @it ik
T LA A [ il 3 7 045 R ok S il B 5 i L R ER
SEIR T A BB WO . PyC/ALO; B % A W I
WA R T AR R, 1E 6~18 GHz M1 [l P 5%
LT 90% ) HL LI M, R A RO T R 12 GHz,
WE 10 fizs, Liu BAYZE A RE WAL WG R
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il e, ST 35 GHz MU#BE EAB. Zhao 2%
BTt T — B 5 A W P RN R R R Y i A R
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1 ZEA R SR Z AL R RLZ FH i S T
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RERTORIR, FFEFEAb T (DLP) 3D #TER G T
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WL P ZE AR, e B BR-TET - 3 A 4
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i Dispersion '

/ Wetting
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3D printing
. Thermolysis‘ *
CNFs/SiBCN Green body l_g-

10 T CNFs/SiBCN Hy4 kil T2 B A
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Fig.10 Schematic illustration for fabrication procedure of
CNFs/SiBCN based matematerials (a), optical images of
meta-structures before and after pyrolysis (b, ¢)*?

I N wfy
& $ Sintering
B . . 3D printing Bezallze
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Fig.11 Schematic fabrication process of MoS,/PyC-Al,O; metamaterials and

structure of proposed metamaterials

[63]



g4 T

2024 4E 12 A

Pieparation
technology

1 High-temperature
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El 12 MRAC Akt~ EE (a); MRAC. MR EMERRIT =4
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Fig.12 Design schematic of proposed MRAC (a); far field three-dimensional scattering patterns of MRAC,
single coating and metal plate (b-d); their RCS in planes of Phi=0°(e-g)**
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Z IR KEEMBETT T —Fp i PR RE S A R B KL (5 ELAS
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Fig.13 Schematic diagram for structure of water-based metamaterial absorber unit[®®
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Fig.14 Unit of water microchannel structure (a), side view of the unit (b),

schematic of metamaterial absorber (¢)
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