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Modeling and Design of a High-Altitude Electromagnetic Pulse Generator
using Double RC Branch Circuits
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Abstract

In this study, an equivalent circuit model of a double exponential pulse generator used as a noise source in a high-altitude electro-
magnetic pulse (HEMP) conductive disturbance immunity test is proposed. Based on the proposed models, a design methodology for
a double exponential pulse generator is presented with various source pulse requirements based on the HEMP conductive disturbance
immunity test. To design the proposed equivalent circuit model, the relationship between the equivalent circuit model and source pulse
requirements is analyzed and applied to the design methodology with low-impedance conditions. The proposed equivalent circuit model
and design methodology are successfully verified experimentally with device-under-test circuits fabricated on printed circuit boards.

Key words: HEMP(High-Altitude Electromagnetic Pulse), Double Exponential Pulse Generator, Equivalent Circuit Model, Double RC
Branch Circuit
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Fig. 1. Time domain conducted noise source.
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Fig. 2. Proposed equivalent circuit model.
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Table 1. Conducted early-time HEMP (CEP) source pulse
requirements in IEC 61000-4-24.
Type CEP, CEP, CEP;
Rise time (ns) <10 <10 <10
FWHM (ns) 100£30 % | 500430 % | S500+£10 %
Peak current (kA) 410 % | 0410 % 5+10 %
Source impedance (£2) | 400+15 5045 >60
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Table 2. Relationship between source pulse requirements
and equivalent circuit model.
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Fig. 3. Design flow of equivalent circuit model.
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R ()R, (2)]C, @B)| G, (nF) [V (MV)| Ver (MV)
CEP| 800 | 20 | 029 | 3059 | 404 | —4.04
CEP,| 100 | 10 | 0496 | 75.11 | 005 | —0.05
CEP;| 140 | 15 | 0334|5038 | 081 | —081
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Fig. 5. CEP1 mode pulse current simulation waveform.

B 4 H2E XEd 32 AEdolddt a2 E2 27
ZA7ke) depvg v
Table 4. Parameter comparison of circuit simulation and
source pulse requirements by test mode.

Type Rise time | FWHM |Peak current imsp(:;r:gce
ns ns kA
o) || w |
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'EP,
,C 4 9.2 496.52 041 50.8~54.8
simulation
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Rise time | FWHM |Peak current
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