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Coupling analysis and reinforcement method of high electromagnetic
pulse in typical optoelectronic systems
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Abstract:  With the increasing complexity of the electromagnetic environment, the threats posed of
electromagnetic weapons to electronic equipment are becoming increasingly serious. As a sensitive integrated
electronic device, the optoelectronic system is coupled with high-power electromagnetic pulse energy. This can disrupt
the normal operation of the optoelectronic system, especially when it lacks sufficient electromagnetic protection. To
clarify the high-power microwave coupling process of typical optoelectronic systems including barrel type, side
window type, multi-window type under different irradiation conditions, simulations and analyses are conducted. The
characteristics of high-power microwave coupling in optoelectronic systems and their constraints are extracted. The
necessity and urgency of protecting reinforcing optoelectronic systems with high-power microwave are verified. For
addressing the issue of weak high-power microwave protection ability in optoelectronic systems, the simulation
analysis verifies the effectiveness of reinforcing transparent electromagnetic protection windows for high-power
microwave. The study focuses in the method of electromagnetic gap protection and reinforcement, which is based on
the support step and the conductive side wall. The key parameters of the installation structure for the gap coupling
leakage of transparent electromagnetic protection windows are analyzed, and a method of non-electric contact
assembly gap high-power microwave protection and reinforcement method is proposed. When the length of the gap
protection structure is 6 mm, the average high-power microwave protection efficiency of the 0.2—4 GHz optoelectronic
system increases by 4.51 dB. The study provides theoretical guidance and specific solutions for enhancing the high-
power microwave protection capability of optoelectronic systems.
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Fig. 1 Structure size diagram and irradiation angle diagram of tube optoelectronic system
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Fig.2 High-power electromagnetic coupling characteristics of straight tube optoelectronic system
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Fig. 4 Electric field detection values of side window structure at different incident angles
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Fig. 7 High-power electromagnetic coupling characteristics of multi-window optoelectronic system
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Table 1 High-power microwave coupling characteristics of three typical optoelectronic systems

type of optoelectronic frequency/GHz  resonance rn.axirr?ur.n coupling irra.d.iat.ion angle p.o.la%‘izationA maximum C(z?pling
system irradiation angle sensitivity ranking  sensitivity ranking E/(V-m)
tube 2~10 v 90° high low 70000
side window 0.8~10 \/ 90° middle high 58556
multi window 0.9~10 \/ 60° low low 33601

2 RBEMEZZERFEO

JG3E TEAE 0t R AR G L R B R B, H AT S 2R AR E W 4 0 R J7 AT A i R
11 20 o 4 2 O L R 2 ) 7 i 5k OB M Bl P v b, G A B 4 B 1 50 R GRS AT B I
G, T R Bt WA e, 35 B S F R B A RBOR o A, 3 RIS S A G TE P R R AR X L R G A R A X
B 9 A 7 AT B AP o 2 GRS B P RCRR R, Dt it R G WA B 4 7 10 9 J7 o v i s 4P CR B fH
TESEBR T AR BT A, a0 55 68 128 B By 97 1 1155 R G 7 R (B A7 A 1425 T 4 B 5 B30 SE ORI 5 2E AT I ), DAPRAIEDE L R
Gt HL R BT I AR EOR

FT UL B, AT HEAT T AR L7 WA AR — Rk 1 3% W B 576 7 68 't it 28 98 5 i 14 DIy 7 O 280 —
JEWESE T AR SRR v TC S B A 1) 4% RO 5 X R Al 47 AR B 1) S R 5 = J ) 2 TR 48 R 5 410 1 D 12 FRE TS
21 EB#RE O EERIE

75 W B 3 O 77 i o A v 3 D S b b B T e e W, LA BB O 5 R R BRI O RO . SR, B o <
i A A 4325 W 75 4 6 1 BEAE BB B BEIA 21 20 dB DAL A9 B RE B 4P PR RERY . IR, e R g feis iyl # 4
FREREE A R R IR B L m AR AR N R, 2 S EGEWIREPT I 1S5 RGUSE R AR R Ty, R R B AE R . 1E
5 FEL O 90 7 MR AR, B AR T e e PO 4 B HE A RGP, IR R G R P R o e T A B R AR £ B A
e 8(a) R

HPM

1.

|
|
' 70
light | —— electrical connection status
| 60 [ —— non electrical connection status
| 50 F
| L
optical glass | % :g | (] ‘
= 30 I
fal mesh l 3 \ }i \ » L B
: metal mes| | Gl “ W[ },.'\\W ‘ M i v\"h U ‘ ﬁ
casin | :
g h |< coupling path-+ 10 - '\ " | .
support support 0r |
late late —-10 . L . .
— ! n—" 0 6 8 10
| b | frequency/GHz
(a) schematic dlagram of assembly gap structure and coupling path (b) straight tube type
70 - - 70 - -
—— electrical connection status “ —— electrical connection status
60 | —— non electrical connection status 60 - ——non electrical connection status
50 + 50 F
o 40 + o 40 -
230 B30F
d20} Qo0
10 | 10
0r 0F
7] 0 1 1 1 1 71 0 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10
frequency/GHz frequency/GHz
(c) side window type (d) multi window type
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Fig. 9 Influence of three main parameters between the transparent protection window and the equipment shell on the

high-power electromagnetic protection efficiency of the system
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Fig. 10  Structural schematic diagram and protection efficiency improvement after setting the gap protection reinforcement structure
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