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The Impact of Diode Selection on the Performance of Energy Selective Surface Radome
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Abstract Energy Selective Surface (ESS) is an effective technology in blocking high-power microwave to
damage electronic equipment systems through front-door coupling. Such a technology can adaptively re-
spond to incident high-power waves by loading nonlinear components such as diodes in a “low-pass high-re-
sistance”way through periodic structures. In this study, the impact of diode selection on the performance
of ESS radome is investigated. Firstly, the damage threshold of the diodes is evaluated through injection
experiments under high-power signal input and conducted corresponding damage testing and analysis. The
experimental results show that the current being overloaded, BAP65 diode is out of use when the input
power reaches 47 dBm. And then, four kinds of diodes are selected to assess their effects on the insertion
loss and shielding effectiveness of the ESS radome. The experimental results show that the energy selec-
tive surface loaded with MMP4401 diodes exhibits a shielding effectiveness with insertion loss being below
0.5 dB and shielding effectiveness exceeding 15 dB within the frequency range of 0. 75 to 0. 9 GHz. Addi-
tionally, the dual-diode configuration shows a superior shielding effectiveness, whereas the single-diode

configuration exhibits a good insertion loss.
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TR E RS Ls/nH  Rg/Q Cy/pF
BAP55 0.4 0.50 0. 180
BAP65 0.6 0.35 0.375
MMP4401 0. 80 0. 350
MADP—007433 0.6 1.50 0. 100

2.2 ZHRESRGUK

R AR RE A i R SO R T
B ESS fER — TR T 1) TAERA, #E ik
AR I ) 2R T AR S 4 R A B 4015 0, T DL i
W ESS (175 A M AR IR LG O . BRItk , AR SCR A I
A 255 1 77 AW 5T A AR AN 6] B R R B s
MWL S 3 fras., ¥ A5 BAP6S il & 47
FEAE MR I H b AF 5 I AR 5 5 Ty R R A
VAT A A I A )R B S S AN SR

UESGNE ™ HERE enn

Y P

3 A R AR O S

Pl 4 Sy il — A VA i i A ) SR R G B A
BB EE R HhaADRBAR R TJZR R
BT B R D AR XN TR e TR A Ak
FRUAPRA . BEE M ADIRIINE 0 dBm, fiy A {5
] DL AL 68 ) R 3R s SOR B SE T2, L 3K
T IR B — PR L B L E E R R, A T
Tl YA DRI ME] 47 dBm B, TR AR
FL WAL L R A TR 0 X Al T e TR AR
JELI (] A I T R A T B2 R R B P R A
AT RE e A= S5 PR B I K AE B G R B A
PGB 3T

W 5 % /dB

(30,1.34)

(46,1.24)

=20 -10 O 10 20 30 40 50
i AR /dBm

B4 BAP65 WA 85407 B (1 0 45 S B e LS50tk s

3 ZiREXT ESS M AR

J T PG R X ESS By 1L F1 SE B2, vk
A FpOR R RS 1 AR A N8 FE ESS 42 8 W (9 22 iR
Aib L I3 AN () 5 42 oK R A8 RO i 4 OE B JF
O HEAT I
3.1 AEESZREME ESS MK 534

BT ST AN IR B S O A X ESS 52 bR M RE Y
Wi X BETF B SE R HEAT TN T, I T/ ESS Il #f
RS 260 mm X 220 mm, W& 5Ca) iR, %
FHARTE 9 505 & ESS B 5 2R 1L F SE, ik 3
SN 5Ch) BT7R . B il 5 me 1 3R A 2k 5 i
R, FEE W TR AR i AR
R, TR AL T 58 4 SRS X R SE R 3 5 A
HNFAE S B RE R KT ESS B 3 B (5, X L 7
ESS FE 5 L m# T fm B 2R, il i it fin T 3m e R,
X ESS 75 W8 8 & Rl AR B O

() ESS TR i Cb) 47 A H5 48 T 57 Wiz 238 il I 3k 37 55
B 5 ESS MK RE ik 37 5

TR [F] B 5 A4 1 ESS I Je {7 B 45 2R
WME 6 frw, Frikitay ESS m# 4 FoAR R 4
£ 0.8~0.9 GHz B N ¥ & IL /NT 0.5 dB,
SE KF 15 dB. HH TAFRZZUEA SR 1T XEEA
], 34 B AN R FEAR ST ESS 4544, L
FES PO AR AR R M L AR TR
I T PR LR U ) FRL O 1), AE ESS YRR A 2R T
T hnTE 5 Ca) s Skt 1 I B 2R, DLORIIE ESS 75 i B
HL S P4 38 T R S R I A BRI AR . g 4
T A 1 SE, & 3 A 53l T )2 SR A0 s B



s

[
=

2

A e R X B ik o 43 2 THD K 4 B Y P E Y T 15

R, BN R FRRCSOR B, TR E R E T
FEL I A Y B AR R B AR B L AR T )2 i
AL ) H, 0 AR /0 v L L D) S 3 %) 5 A58 P, BELAE B
N, Gt L AE 0. 75~ 0. 95 GHz S Bt N, Jin 2%
MMP4401 5 —# 4 ESS #9 IL /hMF 0.5 dB H
SE KT 15 dB, PEREAL T I 48 i HoAth A5 — AR 4

0 0
-2
-4

_6

-8

IL/dB
SE/dB

-] T T e e——. ()
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
Hi%/GHz
(a) BAP65

m
g 5
S &
-10 -20
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
Ji#%/GHz
(b)BAP55
0 0
-2 -
=J
—4 “
aa] -10 3
) =
= -6 2
-15
-8
-10 R —— ()
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
#i7/GHz
(c)MMP4401
0
-5
% -10 3\3
= %

—10 .. = = = - = " ___Eyll]
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
1% /GHz

(d) MAD-007433
6 ANFEBS THE TL A SE 47 2R IS 2R

3.2 WZ#HEXT ESS MRS

e PR H 2 b, 5 B R A L B
RIS 0T P, % AT S R XL ) B 7 R R Y L 1% )
W7 iR, R O A8 TIE SOF BRI 30 7E ESS
Fr 4 B AL Y 2L B R R TR Y 2 Rl AT
[N Vi

WU

(a) BAE

(b) W %

&7 ESS MR RE i

WA ESS M Z5 R & 8 ., 5
HAEM AU RS TL B B3N, X EE SRR T R
A LR I A5 80 AR P S O IS K O B R AR
ZLR% LA B XU W A8 R P A B 1S An . 3 e % L B
XUE 1Y) SE 25 F 0] LA & B, WU 1E 2 I Bk B A BT
e

(o) 4 B A — i 5 ol

SE/dB

e _ ____ __________ _ [
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
Hi%/GHz
(a) MMP4401

-10

SE/dB

=20 =20
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15
Hi#%/GHz

(b)BAP65
B8 XA IL K SE Wit 45 5
DR BT A0 9 B s L f Hop— 3 ESS
KRG S 5 38 2 ) AR R T A
Ui, ik 10 froR, 2w A% 0~53 dBm 742
FBEF  MMPA401 B 5 B 4% 8 7 I 114 J8% 0 FL e 388



16 NETRER M

2024 4

e R, HAR e A Tl I ESS AR T 58 4 B OIR
Ao BEA AN R AL 64 B ik e 5 b U T 2K
i B FL s 00 45 % i 20 RE &5 2R AR XoF R, B A R T Ak
ESS HABUF 4 57 % BE «

9 R R

7/dB

i
B
=

30 40 50
i A% /dBm

e Ty A& 5

20 -10 0 10 20

Bl 10
4 HiE

TS A A S v Y R A B AC B
T RAFAL R B T AR A L 45 0 3 0 o 3R % e 4%
R 8 005 2 ) R Al LR M A L M A T R e —
(BB (47 dBm) B AR R ) 58047 . LR, TR
] 205 A X ESS R Y 52 L 2% B A 1 AR
A A 25 A L B Y BEAR 23 B ESS 1Y IL T SE,
MW R T2 TR R X R A R 1k A A K
A1 3 L BELORE /N 5 DR R P A A L T AL T )2
JE B X ESS BB 8 b5 19 5 ma, JF AR 4 N 7 oK
priskc

ZEE PR A SCHIFSE T A ok R X RE R ok %
TPk BE (0 5% 0 , I 1 85 105 0 3R PE AL T T A2 B
T AR AL ] 1 355 45 2% 1P B LA R 42 =5 B B 1
(B H A 2 S R — 2D O B TSR A PR R
TR ARG L2,

2% Uk

(1]

[2]

(3]

(4]

7]

(8]

[9]

(10]

[11]

[12]

[13]

HONG T, WANG M D, PENG K, et al. Compact
Ultra-Wide Band Frequency Selective Surface with
High Selectivity [J]. IEEE Transactions on Antennas
and Propagation, 2020, 68(7): 5724-5729.
MONNI S, BEKERS D J, VAN WANUM M, et al.
Limiting Frequency Selective Surfaces [C]//2009 Eu-
ropean Microwave Conference (EuMC). Rome, Ita-
ly: IEEE, 2009: 606-609.
YANG C, LIU P G, HUANG X ]J. A Novel Method
of Energy Selective Surface for Adaptive HPM/EMP
Protection [J]. IEEE Antennas and Wireless Propa-
gation Letters, 2013, 12: 112-115.
HU N, ZHAO Y T, ZHANG ] H, et al. High-Per-
formance Energy Selective Surface Based on Equiva-
lent Circuit Design Approach [J]. IEEE Transactions
on Antennas and Propagation, 2022, 70 (6):
4526-4538.
ZHOU L, SHEN Z X. Diffusive Energy-Selective
Surface with Low Backscattering [J]. IEEE Transac-
tions on Antennas and Propagation, 2022, 70 (1):
430-439.
R, A, RREE, . —FOSUS AR R BEBE R T
Bt [V, 4. 2022, 38(6): 1-5.
. ZEINEE . MREEEL. AR A L £ R W 1SR
2R L R B BT [T, AR L 0T, 2022,
45(6) : 95-99.
FH. eSS S AR BT [D].
Kb ERRHE R, 2017,
XUB A, H G e 2 By 4 2R TR Bt 5 0 BESE LD
Vo2 . PU i FRHE R, 2019.
. SETREE N SRR P RET RS
Beit [D]. KRJE: Ihpg k2%, 2021,
L PIN AR S 1Y i D) R i B i LA 5 [ D,
P2 L TR R, 2014,
B RE. PIN BRI AR A GO 9 R8T B EE B Y
(D] W#: W7 RHE R, 2016.
EAA, AW, MA4, . PIN R RIE S b
W Bk ok e g [T P EME RS . 2015, 10
(2): 65-69.

(% 5 AR Hb A8)



