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Design of an Antenna High Altitude Electromagnetic Pulse (HEMP) Protection
Filter for Tactical Mobile Wireless Communication System
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Abstract

Currently, the military's tactical mobile wireless communication system (TMWCS) operates various equipment ranging from high fre-
quency (HF), very high frequency (VHF), and ultra-high frequency (UHF) bands. Military operation equipment are required to secure
protection capabilities such as performance degradation and inability to communicate even in high-altitude electromagnetic pulse (HEMP)
situations. In this study, we performed a threat level illumination (TLI) test for the level of protection according to the antenna character-
istics operating band, and designed and manufactured HEMP protection filters for each band based on the TLI test results. After applying
the manufactured HEMP protection filter to the TMWCS for each band, the TLI test was repeated to secure the HEMP protection plan.
The proposed HEMP protection filter satisfies an insertion loss of 0.5 dB or less in the operating band for each piece of equipment,
and a residual current of 1 A or less as a result of the pulse current injection (PCI) test.
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Fig. 1. 7-stage filter design circuit diagram.
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Fig. 2. HEMP protection filter design circuit diagram.
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Table 1. HEMP protection filter element parameter value.

Value Value

Parameter| [HF, [\GaHFhl? Parameter| [HF, [VaUI}II;:]
VHF] VHF]

L 15 nH 7 nH G 470 nF | 120 pF

L, 50 nH | 15 nH G 33 nF 33 pF

Ly - 120 nH G - 4 pF

Ly - 75 nH Cy - 5 pF

R 1 MQ |1 MQ s 22 uF 1 uF
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Table 3. Expected value when 50 kV/m is applied by

extrapolation.
Expected value (50 kv/m)|1 kV/m |2 kV/m|5 kV/m| 10 kV/m
HF band 163 A (159 A| 217 A| 192 A
VHF band 12A|123A|125A | %A
UHF band 68BA |63A| 64A | 62A

4. F34 9 PC AVE A7

Table 4. PCI applied current by frequency.

Class of electrical | Peak-short- | Risetime FWHM Frequency PCI applied current
POE circuit (A) (ns) (ns) HF band 2.17 kA
Power lines 2,500 <20 500~550 VHF band 1.32 kKA
Data/signal lines 2,500 <20 500~550 UHF band 0.68 kA
Antenna lines Threat-level <20 500~550
1) = Kpgl(e Pte™ot)
- Residual I I = Peak Current
Antenna sidua .
Antenna Response Current 091 t=Time (s)
Injected Current Sensor Kpg, « B = Functions of tg and FWHM
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o Device 0.1
Tuning / 1€— TR —>!
Circuit L
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Pulse = Antenna HEMP Load Late Time
Injection Protective Shicld oa
Terminals Device Time
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Fig. 7. Antenna PCI test configuration diagram*!
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Table 6. Test result with filter.
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