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Abstract: High power microwave electromagnetic pulse radiation may easily be coupled with sensitive
electronic equipments and systems through different entrances, resulting in disturbance, break down, or
even destruction. Worse still, when the pulse is coupled with antennas, sensitive devices could be de-
stroyed while the pulse enters into RF channels. in this paper, several new protection methods for antennas
against space electromagnetic pulse radiation field as well as for sensitive devices in circuit against high
pulse voltage or current are investigated. Moreover, the field—circuit integrated with the above protection de-
sign methods are proposed. Protection surfaces and modules which lie at the front and rearward of antennas
are specially designed to restrain the space electromagnetic pulse field and voltage or current on the circuit,
thus protecting sensitive modules from damage. Meanwhile, the attenuation for the operating signal within
the circuit is controlled in an allowable range. For validation, samples tests are conducted, indicating that
the proposed methods provide descent protection for both in—band and out-band high power microwave
electromagnetic pulse.
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4000+ [ 915 V/m

1345 V/m

~ | 3445 V/m

£ 2000

-

=

g 0

E

2

£ 20004

=

-4 000 T T T 1
0 300 600 900 1200

Time/ns
P11 3G Rl e e R 3R T 935 55 K vh i Y
Fig.11 Transmission pulse field wave shape

through energy selective surface

2 HLEEkoh i Bid

H T, 55 ) SR 0800k H Rk o B B B 2 A LA
T IUASME AR s iz ok e 7 47 v 10 B5F B AN B B 47 2
A2 By 5 308 e b7 P[] 36 R AR A RD L L gD i
HL 2 K ofr A b P B[] DU ST 9 0 R0 9 D e 45
2 VK v D) FE K AZ R TR, R R 1 ) 38 A
TS T = T A0 R K ep A R 2 5 i
W o J 3 P S IR A 1 4 T 5 M B K
WM, 5 SR IO A 4 it >k 1 X e PR b -V 1 R )
RV HL R i b X SRR AR A Y 8

B XoF i A1 i 37 P [R) AN % 1) 1) R, A 2 o fi e
Trido —RUEPRIC ik, WATHIE BB L
TH R BE , B A & 0 R ST RE 2 . FEBT B
AR R T i 184 0 — 4 {1 8 0 IR 0 L
ok o v L E B BAE S AR B B AR A AL Y
Ty B G . 7 B a5 R R, X Tk %
300 MHz (K 3E 38 3 45 , 7T LK 0.1 ns b TH0 9 ik
ML AE K 2.5 ns, ¥ 0.5 ns E T UF 9 Bk vb 3B



12 T EH M

fix Bt 5%

5104

HEA 3 ns, 42 JECF B 1T ) 8 Ik PRI AH 25
F14) 308 {5 A1 BE 7 4 A e S B RE e R L 7
10 kHz ~ 400 MHz 551 5 35 il P , A5 B 1) 4 A 452 #E
ANKT 03 dB, XF b FF0F 6] K 0.3 ns. 0§ {4 R
898 'V 114 H 4 ik . B 47 R W LA 3k F 38 dB LA
L 12~ E 14 iR o

0.00
-20.00 {17
AN ali
~40.00- Mo AVt N\
i \y (WaV '\\
- I\‘I \ Vv \\\
3 -60.00-
=]
2
=
¥ -80.00-
=
— NWA1/dB(S(Port1,Port1)
—100.007 — NWA1/dB(S(Port1, Por2)
— NWA1/B(S(Port2, Port1)
= NWA1/dB(S(Port2, Port2)
-120.00
0.00 0.20 0.40 0.60 0.80 1.00
Frequency/GHz

P12 e R By P A5 R A 0 A i ol

Fig.12 The frequency transmission characteristic of

filter—limitation protection module

- IEEEEEEE

B 13 B P A bk wi (i (i K 898 V)
Fig.13

Pulse voltage at input end of protection module

(peak voltage is 898 V)

| o

0 e
..—m....-‘.h,"'-m"pm J;‘r;}'ﬁ."wu_v,«'.\-""-vf‘\{\ J""“"-"""\j“\\ o N
4

=,

P14 B P b o bk ol (E{E LR 11 V)
Fig.14  Pulse voltage at output end of protection module
(peak voltage is 11 V)

fiff R ] L R [R) AN A8 11 5 — A i 2 SR FH A
BB 4 053 . RIFE 45 il 5| AIERT 26 1 F
JURIRES R iOE i Ry R de ) QU EREFAY ivalids N 4
Je B R B 3K A7 T 4E B 2R S A 4 O 6 A S
TE 145 ik o 38 T 06 Z R 8RR TT C T
PRATT 5 J7 I USSR T B —E
FERTDIAE , 2 Rk vl 2R I L I 6 A shk R L {5
SIEE R R o BRI AR — R B
FAF S I 5 A ZERT 2R 2 5 305 5 A iR A
PAFERE K, BRI, R kN JE B R 1 KR, TR
FHRG O B2 119 2B ) R 865 00 S 3

fiff P T K Z e I ANE 1 T A 2 — 2
FE B A7 HL 6 g 0 — A R A B R A L
2 L 7 i [0 2558 08 B X P - ] £ R R Sk e B
PRl R A 2 5 R SR P e IO B () PR | 1) A A AR T
BE/NE A AR OERE S 38 e B A A By 5K, 2
B PR Dy R AR L SR B R W Y
T ol ipd A S I8 42 WA T PN ) L A o e B R
W5 s,

- L] -

P15 i BRI M5 B 47 B o A
Fig.15 Principle sample of waveguide limitation

array protection flake

T 6T 7 47 R A A 1 7 A AR R B
JE 58 A N AR AR AE /N T 1 dB, HL G ik v B 4
ROR KT 20 dB,
3 BB abIPRi

B X SRR R G R A T 114 5 B SR AN Rk
g — G b st R AR i 16 s . i
Se W 3R Gt R RE 0% %) F R Uk o g A B
{7 P P A0V AR 2 2 BROAH DG A B 1 25K, A SR v
ANidE 5 ARG FR G A 4 5 0 AT RE I8 2 1Y
H, 4 IOk e gl B AT ORI R AT R G B
BB T2 A Kl ER S, AT LAAR
13 R G R LR RS T A4S & Dk vl e 52
R, 5 RGP RS B 405 1B {8 (AT DL GE 3 T
Ar ), a] DL o i A SR RS ) X L R IR AR
TR G A 3 A B A R SR



AR A A5 < VLT T i 1 AR 9 S WU S g ) 4 B H O e 35— B 4 B 4 R A 13

2
( %%%Wﬁ%%ﬁﬂ%?m&ﬁi)]
[[%%%%%W%Q%ﬁ ) ( @@ﬁmﬁﬁﬁm&@ﬁ]’
( @@%ﬁ%ﬁﬁ%iﬁﬁwwaﬁi )

1
B UBERIN Al QUIE VDI E A S O i A

GBI I R AR E
NI A7 4
BIES T2

( BB R )

HURRARZ ZBiYrik
BRI, 35 5 B7 20K

( mzwporz )
El16  —Bsa G B
Fig.16  Flow chart of field—circuit integrated protection design

R i SRR R 0 S A 5 3 Y B 4P S SR LA
Jg 5 PR R e BRE IO A % T 38 J0 il A SR
NI N2 B2 G B 7 28 DL RO g — 2 B
T il (%) 8 A 23 C , AR B B — 2 7 4P 1 i ) s A\ —
iy 1 A% 3 OC FR L 43 AT RGBT A i ) B R R A
AT R B P T Y B KR SZ RE T, AN,
e BT 58 RN AR AR o3 B 5 76 T 2 A% 34 5 R Y BL Ak
b AR — 2 BAR T 52, 1T DLk R B R G
TR PR MK, G206 A2 o T R e F e ik e
F4) 5 47 5K AR LR AIE B 37 5 it 1) 27 5 A A R
TERG AV TAEJE Z N, &0, e 5 4k 224k
Z AP T F AR bR IC, DME R ZIE R SR
Y— R G Wi T %

ZEIE UL, TAE TR B 78 R4, %
WACHVL T i 4] E T 5 730 K 2 o A\ i R 7K A2 1 e K g
FHR20mW(EXTS50 QR G, HE N1 V), it
15 B A3 B FBLRLIN G, 32 2R 40 10 K 4 6 i 7 I
50 kV/m 9 Jik vl b7 (7 37 225K ) B, R AT DL JER
£ 1 000 V A9 ke e, X7 A0 B ERE ok i DA
T B FEL G UK I R F R S /N T P Bk e 3 1Y
A B, X R G ST B 3 i T B, 1 F
BEXE T N BB Bk 0P 3, B — B 256 B 3 AOCR
20T E 60 dB, ARG TAEM R AR L L5 B
PR IUE M — BB B T BB 1 9T
AR BE B IR T, B9 RCR 19 dB, 7] L R G
B RL 23 M 50 kV/m FEE 5.6 kV/m, H IR
LR RV 1 LR 2R 112 V5 55 2 9wk O 7 PR
G5 R R, AT AR O 2 I8N 1 ik i R P P

7.3V, B P30 SCR 23.7 dB; I TEAT AR B TR
M 7 TR R A B A4 L T, R P S A 3 B AP
T e, 7 AER M P 0K #48% AiT  R F — /N D) A A
2 PR A%, Kbk b e R R #I7E 0.7 VLAY, B8k
R20.4 dB. BEEF A SR — LA PP,
XoF FEL G Jok e 4 TR SE B T 63 B X IE AR
SRR ABAEL 1.5 dB, WL T R GBI B ik
THEK,

4 4% iE

B X BOER R G S T i 04 LR ok e i T
DA S5 450 308 3 P U MR A R i L BRI 4 TR A A
S5 RS R B 0 £ AR AR A IRURE S O, BE
B AR 5 A N TR A B 8 AN . R —
25 B4 D) AR G L R K e By 0k AT LA
SSCOR P S B0 T S 0 R R A i i 52 R D R
e R B DK b ) 8 T o REL G DK R BRI T S AT S
Fy G A, Sl U RGN E 1T, EE
4. MLAE LS R e 2R BE, 2 TR
G o A R B T R SRR L L DR Bl A K
Pl R R E T, B, S0 8URR SR
JE B Pt [ R B2

S 30k

[1] GIRID V, TESCHE F M. Classification of intentional
electromagnetic environments (IEME) [J]. IEEE Trans-
actions on Electromagnetic Compatability, 2004, 46
(3):322-328

[2] TIEC Technical Committee No. 77. TEC 61000-2-11
Electromagnetic compatibility (EMC) —Part 2-11: en-
vironment—classification of HEMP environments[S].In-
ternational Electrotechnical Commission, 1999.

[3] BENFORD J,SWEGLE J A3 [M]. 2 3F
15, AR, 3. B < FL T BHE R 7 AL, 1996.

(4] MIL-STD-464C Electromagnetic environmental ef-
fects requirements for systems[S]. Washington: US De-
partment of Defense,2010.

(5] A4, RBOG, RS M &5 b 8 ko 5

5 B 4 2R (] B 2 i, 2010, 26 (3 7 2) -
101-104.
ZHENG Shengquan, WU Xiaoguang, ZHU Yingfu.
Electromagnetic pulse treats to ship—flat and require-
ments of protection[]]. Journal of Microwaves, 2010,
26(Supp 2): 101-104.

[6] LIU Q F, ZHENG S Q, DENG F, et al. Wideband
pulse response of monopole antenna under impact of an
EMP [ C]//Proceedings of 2011 4th IEEE International

Symposium on Microwave, Antenna, Propagation and



14

A A EC NV

i 10

[10]

[12]

EMC Technologies for Wireless Communications. Bei-
jing: IEEE,2011:136-139.
A AL g ) 25 ol i A R i ik o £ B A7 TR R L) .
2R, 1995, 11(1) :1-8.
LAI Zuwu. The protection of HPM and NEMP[J]. Jour-
nal of Microwaves, 1995,11(1):1-8.
ZHENG S Q, HOUD Y, LIU Q F, et al. Electromag-
netic pulse threats to electronic information system and
corresponding protection measures [ C]//Proceedings of
2011 4th IEEE International Symposium on Micro-
wave, Antenna, Propagation and EMC Technologies
for Wireless Communications. Beijing: IEEE, 2011:
5-10.
YANG HY, GONG S X, ZHANG P F, et al. A novel
miniaturized frequency selective surface with excellent
center frequency stability [J]. Microwave and Optical
Technology Letters, 2009,51 (10): 2513-2516.
YANG G H, ZHANG T, LI W L, et al. A novel sta-
ble miniaturized frequency selective surface [J].
IEEE Antennas and Wireless Propagation Letters,
2010, 9: 1018-1021.
LIW, ZHANG T, YANG G, et al. A novel frequency
selective surface with improved miniaturization perfor-
mance [ J]. Journal of Electromagnetic Analysis and
Applications, 2012, 4(3): 108-111.
PARKER E A, SAVIA S B. Active frequency selec-

tive surfaces with ferroelectric substrates[J ]. IEE Pro-

[15]

[16]

ceedings —Microwaves, Antennas and Propagation,
2001, 148(2): 103-108.

CHANG T K, LANGLEY R J, PARKER E A. Active
frequency-selective surfaces [J]. IEE Proceedings —
Microwaves, Antennas and Propagation, 1996, 143
(1): 62-66.

DENG F. Design of a new kind active frequency selec-
tive surface (FSS) [CJ//Proceedings of 2013 IEEE
Sth International Symposium on Microwave, Anten-
na, Propagation and EMC Technologies for Wireless
Communications. Chengdu: IEEE,2013: 332-334.
W, B B, X R [ T 4 S L A 1 e ik
FE AT By 4P HLER ANy LS SR R [0 ). v [ A
5£,2012,7(3) :98-103.

YANG Cheng, HUANG Xianjun, LIU Peiguo. Protec-
tion and simulation of energy selective surface based
on voltage conductive structure [J]. Chinese Journal
of Ship Research, 2012,7(3):98-103.

DENG F, DING F, ZHENG S Q. Research on
FREMP protection module in RF channel of HF/VHF
band[CJ//Proceedings of 2011 4th IEEE Internation-
al Symposium on Microwave, Antenna, Propagation
and EMC Technologies for Wireless Communications.

Beijing: IEEE,2011: 520-523.

[REHE:-SHEE]



