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Abstract

The optical window area is the weak part of the electromagnetic shielding in the condition of light
transmittance requirement, the area should not only has high transmission characteristics, but
also need to have the function of radar wave absorbing, but due to the limited optical transparent
absorbing materials, over the years, electromagnetic wave loss absorption is realized by adopting

XESIH: T, U, TKE, RMm, VIR, BE, B, J6iE IR AR AT 7T R R R SR R R T IR ]
FRIR, 2022, 12(10): 1019-1030. DOI: 10.12677/ms.2022.1210114


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2022.1210114
https://doi.org/10.12677/ms.2022.1210114
http://www.hanspub.org

T &%

reflective structure electromagnetic protection transparent material. With the development of
new materials and technologies, due to the extensive research of absorbing transparent materials
for electromagnetic protection, the electromagnetic protective transparent material in the field of
transparent wave-absorbing technology has also been accelerated. In this paper, the development
of absorbing transparent materials for electromagnetic protection is analyzed from the perspec-
tives of multilayer gradient medium absorption, resonant absorption, loss absorption and compo-
site absorption, and the future development direction of optical transparent absorbing materials
is proposed.
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FERRRMBA A, FIE RIS i B A Wi (PRI T B BEE TR IE IR PR A, B
ARFEIE RG] RN H ARSI S A o, ORI gS 7 A a e s A Ar . RETRE), T EHES
TR LI B HLTL S W RN 7 37 2575 T PR I P 75 2, 3 PO ) B S BORAT JLRp AR e, BEORAE T DB BT R
UFRIES R, AEH RIS BEBCRA RIEFHMEIThRE, BT IR BARE, AR e A 0] S8 S
FERIT 3 B WA R 75 SRR E )

e b S PERE R BT — AR R & bR S VEAFAE, SOV T E I % R i Ay, KR mihRE
WA R E E AR FR Sy . RS B e, R TR A BRI E L. N T B
Wi AE CHUREAR[L]. MUAGZSBEAR[2]. T AME I3t RSU(ETC) [3]. HHHRBI R LE[4]. LLEIN[5]. =
ST R AXARR A S VCEE DB RO B AR E I R SR BT A A W B A AR B
Ry B AMRBARIER T 5 A m R LGB RS, G EEAT AR A

FURT, - ATUALAG 35 5 R AU S 25 A 38 8 2 Aok PR ARy BEL RS ) P B ot ek AT IR LA P 0 25
BN Y AR LA B SN FT R[] SRT, AT BELER R AR R SRS R AT (V) PRI, X80 1 F b
(R AU I (RCS), T HATER B i — AR BEE T — RS LS MR R B BRI R R, Xt
BB R SR E A RHR M R R, WudeR ., SR Rk T mER AR ARSI R
HI TR B AT LA AR s AR B AR, — BB R, VR BRI ER . BUA I KL
SRR AREWIN, JCEN I L st

B T IA RN R SRR IA BRI AR, TR IAER I ok @ vE, T E TAEMBLH 2 GHz~18 GHz
J& % 0.5 GHz~40 GHz, XU i IR R 1 58 v R o I H K FH AN S5 A R B0 T AT S T i
AT RS A R VT L TE i AL BE TR MSCRICR, s 23R FH S et BT TG P S8 N B9 5 A IR 38 it N Wi 4544
[F] P 45 32\ 1) L BT A A R P A1 I s 1) T AR RS AT (K 74, A RE -5 AR I WD A A3 UG P S B RE AR B B 2
Ro MEEERK, KM Salisbury 57 Jaumann B “ 957 FEEALRL, AR A RENR D A5 IR K . C60
LA eI AR R, DURCRERRE(PAN) S5 15 7> T IR AW RGUKRAT LS A R S M = & 80t
A AR 5T BAR MR A B2 w1 K57 RS IR, ST 73 BB R
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TE RS LG RBR S LAl b, ARPE 1940 4 DLUJE Bl MR I T Salisbury Bf . Jaumann Bt il
Dallen-bach WL K615 3, N 1 #Em RAM [TERE, JFR T —2pbel, Jf 2R AL B st
(CAD)HE AR I ALAL TV N T 22 RSO A 72 [ 7] [8] [9] [10] [11]. RAM MR Hafid i FI ) BEATL A 9 «
RAM Ftiil AR, BLAST RAM 44 P I BB B AL R Byl #E 8, BRI e 8T 2 F R4 ik
B AT ZE AR AR & 1 B 1A BUR 8T (RCS)

B W 3 R SR P VR (T CR) R SO 2 i S DR ol s W R AR, B FE N 5 2243 FH 6 e
JERPRL, AL BB (1 TO)MEL, TCF W bRk fe LA e AN B LA SR T- 36 B o e ) 10 B A 4 A mT DL
FEIZNT T0%. AF A AR A B A, IO 36 B S AT A AR TCF (B 1TO ), Hods K R A
MARE RS FRETEL . 5 RR RIS TR TS RE L R DA BA R TR R RN 41 A
1EREAI[12] . Kim [13]38 5l B0 Bt 7 5 BN 3779/ 1TO s, SR S A2 A4 i FL i B
IR R H B2, S T WEAE A F-20 dB R A RO S k. H AT, fEIAR A F-15. F-16. F-18.
F117 A1 B-2 S84 bL B4R 3] 1) 2 R, (HREBEARZIRE W . HLAMNEHUA TR b2 HO R85 S ok
M7 1TO 1Ak S ARl [14].

N T B bR G5 E B ARG A 5 [15] [16], HR4E Salisbury BRSOl JEEE[17], FIH
TCF &4 Salisbury 5154l Salisbury Bf+ Jaumann 5 Al Dallen-bach WIS “ 81" 6% B
WA R H R A0 A 0 WO A R T T 3 R R T e R . 37 B 5 L AR AL ) (transparent
conductiveoxides, TCO) X H B &k RukB I8k R, Lk 1TO K 5iE WA R AR (RERR Sh ot 5. RlgHE
JE . AR R R E G a0, Il A a5 M L 0 T AT IR IS B B Y, &SRR
PRSP AR . A R[5 1TO M. 2 1 SR BRI (JE B2 0.1 mm). A LB (JEAE 1.68 mm)#
BYRE 180 mm x 180 mm [ IET7 7%, #4M8 ITO K JZ - BN TUZ-1TO KN Z IR 246 2 A 4584, W
1, B 2845 BRI B8 774550 135 B IR AR iR AR TE Ku 7 (12 GHZz~18 GHz)3t [l % B Ik ik 1-—10 dB,
g 1 20 dB, HAER] WIGIXIE R IAF] 68%.
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Figure 1. Typical structure of ITO transparent wave absorber [1]
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JE BRI E T R 454 U 2 56 OG5 BRI AT RE, 5B T TR IR 4 % <10 dB (8 GHz~12 GHz) 1))
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Figure 2. Samples of ITO transparent absorbing materials and test results
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3. “BHMR” XEFBEATKMRERR

B TR IR IS SRAT BT 7 B 95 (BN 0.5 GHZz~40 GHz). W@ 2 2N, 74
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TE AR 55 i W v T WOGIZE i 2R (R A 25 U T R AS SRR DA, iR R B AT B MR R R e, TR
W AR o — TR K AR 3 o B SEBR AR SR R 00, BF 76 N D3 AR A P A ok B T 016 2328 BH IR B 1

MR — B RRM BT A L& I RE N TR A ARE,  Ir R AR 53 S 4T 5 2R A
B B E W EEAMEL BRI RRIE PR TS EMRE. SB— AR R R BT IR i 4
P2 Landry, {1 2008 A4 H I R I IRIA @ 2 A R S AROAE) F 1) 56 55 B A RL IR I 25440 [ 23] {H
SE LM BRI G5 A R AN B M T, T W2 KB AR AR . B LR TSE — Le ik 37 & ST R B
MR, WA GRG0 A USRN354, — R 2 e 3 B AR AN A 25 A P (Indium - Tin
Oxdide, ITO)# /5, JFf& 1 BRI O 27 W WORARE . S0 0 £ 32 T 0 2 0% WS R . STARRE A4
I 2 325 WA ) 5 THD P BV R 28 RN S 56 B IR 7

1) FEEASTAY Y o 2% 0% B R A

HL 0 B0 R Y 27 B W A R i 2 A T B 2R 1 B BT AR 35 B T B A ) 1
iR, HUARAE “Salisbury” 8% “Jaumann” WM R HEIR T, R4S R —IFO05 A 3 RAMS,
BT EEL AR 2 32 BRI A BHCA-RAMS) o I F T SATL I T 7 b 4 1 445 440 1 375 B 5 ol v 7 R 8 34
AP GIEIS S, B AR, PR Bk RN AR B g, AT AR, e T Y TCF
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(2 H F-117 $WHL, JHBACE MR T CA-RAMS. S 77 95t Je ¥ HAT — 52 [T 25 W f 325 ) T i
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Y RIGERG AR T 3 i, FA R ALY LGSR B £ 1) e BRI AR ) 2 B A R 6.7
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Figure 3. Circuit simulation transparent absorbing materials

3. ERRRARIDIBY S SIE AR K A 1 ]

SR B R A ADUIR A fA sik A PSS B 8 Sallisbury BT A, I SR H T FRLE FSS (3= 3h/4E UR) TR I A
AT A2 R NS PR AR AR, 3 S s TR ) DR, R A (R LR B T K i A
BIHATEA 240, 84 2 B AR O 18 I RE B i 5 S A0y B LR o 3 VR SO A 7T A e
Rozanov #& H 11 BEAR PR 205K o 33— 5 10 R JE B Tt i — S8 R Sh e ik R a  FIE R RCS 44 55 %% .

2) S PR AR TH HE N 2B W IR A R
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177 fRIBARIRIE, T4k, FSS CUATEM: . ZLANE & nl WG BAR B2 N M RN 7T, H s
/INFK[2415552 FH B S Galerkin y26] 2738 W A5 AT AR 1 PR TH (FSS)REAT T /Mt 8, WA 7 iE W 5 i
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Figure 4. Construction unit of selected surface optical transparent absorbing materials [24] [25]

4. SEREFRE S FIERROR A H 54 B ST El[24] [25]

HAE, H AT AT S DI W15 i R R OR A 0t 208 W R e # R i 1) JBAE, 35 T I
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D275 WA R 1 R R I ) LR VAR 0 T R o S P38 Y R R R 2 328 O R A M P 3 2 e AR i
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Figure 5. Supersurface structure of optical transparent absorbing materials [26] [27] [28] [29] [30]
5. “BBRME” SNFIERATCK M RILEHIE26] [27] [28] [29] [30]

Table 1. Comparison of wave absorbing property of the supersurface structure of optical transparent absorbing materials re-
ported in recent papers

= 1 IEERRENBI RS FIE AR IR R M REXTEE

Bandwidth (GH) /2 ] Iy

ZIEPRE AERRL

Time Reference

TrRAGERY
HIT

MR 0.9 GHz~1 GHz

RO mkE K 5 mm (RL <10 dB)

KF 75% 20124 [26]

SR R
WAL RERURZ EE 5mm 5.8 GHz~12 GHz KT 62% 20144  [27]

MR R (RL<~10dB)
TR 2 7.9~9.7 GHz
e BT I3 ITO 2.1 mm (RL <10 dB) 89% 2015 4F [28]
P SRR 5.6~19 GHz #1 22~26.6
(CRRs)#i$h M BB ITO - GHz BB N EEE R KT 71% 2017 4F [29]
) UEIRIE 2 KT 85%
GRS BXEC 8.0~32.0 GHz 4 N W
BEGE HiRL ITO 33mm  EET 0% AR KT 68% 2021 4F [30]
TLE A R g b5

F 1 R 5205 B R AU A B AR R B . AN VR ZH AR 1X — A 5T LB
TR RHIE T — R TR R 203 RO BRI A, IR AR SE A SR IT R 1TO s Mk
THEiR . THOCFEBEE X 1TO AR, WIE 6, ERERN 2 mm WA EHE 85 GHz~11 GHz Al 145
GHz~16.5 GHz #5158 XU B ey WA FRURE I . L N S 3 28 /T =10 dB e HLAE AT LG IX A 2141 X3 D 28 ik
B 70% 0L, HAZEAR S SRR AR E GO T, T ST BERO D Re— AR A 1t H
AR [31] -

XTI BB R, FESEBRETH RN o, A S B 0 B AR RS B, IS B R
IR R BRI B, AR EATR A K[32]. &S)2[33] [34]8 PMMA [35] [36]4% %5 th a] f1 41 FL B B0 i (1 3%
HEAY T BRI — ]
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Figure 6. Based on metamaterials of optical transparent and dual-band wave absorber [31]

6. ETHBAR AN B AR AN B RR A [31]

4. “BRER” RFBERATOR RIS

TGN K 23 R AR FE R 9K . A SR . C60 SR e Al A S MR AT PR ' 27325 1 e R AR

BRGIAKE (CNT) & — Fh A RERR 8 (12 ) RS R AR E L, il i) RST R TICK B 90) 10— 4E 9K A4 Kl
TE TR PR B A B R, BRgoK A 2 B R g B0 R B AR T REN . AR RS HLER
AR WETEEE IS o BRI XS AT IR USORT 2T B85 (BRI s 1T %o £ IR USURT 2T P R B 455 )
WOz DURM RO R, PR RN, FUEN, BTN, R R R R ERUR, X2
WK BA R F B R R W E TR IE N AP R YOK S TR T R 2, 2R RegL R
R TE L A T PO RE BV P, XN BRAK A B3 TR BB TE o IR E AME B SR S R IR Y)
1, AREEA 5L LT AR A B TR AR A S R WA LR, T LI B BRI RERFE IE V) A KSR MR FE,
Wy B LR A S5 AP RE S A A S VR A LR 8 o AL L R T 00 IR A R ST A R T e i —
I T o A BT ST BN, SR CVD 7258 1) A K BB 9N K A5 7 22 BRI 46 PRV RIR 40 K A 328 W R 38k o e
B T B LR R, B2 CNT RS 5 nm~8 nm, il 55 1) = 2 BR AN W 1A 35 T8 D I i % >—10 dB
(8 GHz~12 GHz), wmI W tiEidt 2 71.9%, WK 7.

VEE: -y SV SRy WERIORC N o Y (bvp ot AT % A R o O 5 e bt e S SR 2 R S R DI OET % l
—. 2014 4, B. Wu 55 N1 IREE H IE T4 S5 05 IRE BRI 25 [37] - K% 5 )2 CVD s f& A1 1.1 mm & 1A
GEPLFGIR )2 NARK, SCHL T 125 GHz~165 GHz #ii%e 90% LA EiwWle, RAR SR WeE S 2, BT
S A TR 1R Y R AR S RERR I, LT IRIRAE T — R S I v K O A, AR
18 GHz~40 GHz, W3Rk 90%, ENHR KT 60%, JEEEA 1.5 mm, A] N T35 B 5 E I f g Re & S5 B
#'. M. GRANDE %5 \[38]4E T Salisbury 5 (1 J5 B F P4 J22 AN [R] BEAR 1) A7 35206 e 45 328 B JCH LB A i 2
SRAFIE AR, 7E 3.6 mm (KR NS T A/E 8.5~9.5 GHz SEX N 80% A LWk, AT G iE S KT
80%.

5. “SHEREAY” AFERATRMRIMR

75 5 H e SRR AR (R 70 B e SR 2 AR AT A o A 1 R AR, B T Ak,
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IEPB A . BT RS HE BB RAEYIN, 8 TREIN WOCEY], Z0obe s, X A BRI
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I TR TV R, A B BRI I AR ST ) H 1.

7 1977 £ H AN H. Shirakawa fE5R ZHe 45 1, KL T R GRS, Mty TCF 1Bk AT
FE T W 50 [l — E AR SR W TE L FEdh R B ML SR HRikiE, RECENK Co LR TR
e AL B B BCEA B AR R T e SRR B R IE 5 PAN TR A BB E R A MRS LB R S+, f#E
Wl ke & hee 5 T EAN TCRIRE, A v BeRCR Se kiR LR AR ZE B Bo 48 F i RAMSs [39].

FERMRUR ST 5 H 2k (RAM)
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Figure 7. Based on carbon nanotube of optical transparent wave absorber

7. BT HRAKERFIBRATOR &
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5 TCO T H AR R 5205 2 111 FE S R M BN A AR, 45 G Rl B4 JEORN A0 i BB FL B O 90
SR, W FC R AR T R e 25 53 W W A R 7

2017 4, Da Yi %5 \[401K FH A S ik 22 7 T (0 R AR A1) A B A k), DLIEL 8, g r A S 70 3
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1 GHz YK T 90% IR I8 35 A

Figure 8. Based on graphene of narrow band
transparent wave absorber [40]
8. ET AZKHEFERRIKER40]
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R A HTR TR RA AT WOGEY . IRIETT I A A BURRIN I A BEANBUR IR, AR it
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