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In this paper, a high-power ultrawideband antenna is presented for the purpose of remotely neutralizing improvised explosive
devices. The developed antenna has a bandwidth between 230 MHz and 2 GHz, as well as a maximum realized gain of 18.7 dB. The
antenna structure incorporates a solid dielectric (HDPE 1000) so that it can be powered, without risk of a possible breakdown
voltage, by a Marx generator which delivers a bipolar pulse with a peak amplitude of +/-250KkV, a rise time of 170 ps, and a
duration of 1 ns. The radiated electric field obtained in simulation is, respectively, 1 MV/m peak and 126 kV/m peak at a distance

of Im and 10m.

1. Introduction

Opver the past decades, high-power electromagnetic (HPEM)
pulses have been studied for a variety of applications,
ranging from tests on biological cells [1] to military purposes
such as nonlethal neutralization of moving targets like cars
or boats [2, 3]. In this paper, the objective is to remotely
neutralize improvised explosive devices (IEDs) (see Fig-
ure 1) by heating the bridge-wire of the detonator to the self-
ignition temperature of the primary explosive [4] (350°C for
lead acid, for example). Once initiated, the primary explosive
will set off the secondary explosive, which in turn will trigger
the main charge of the IED. A direct current delivered by a
6V battery is enough to heat the bridge-wire up to several
hundred degrees, which makes it similar to the filament of a
simple bulb. The switching mechanism may be different
depending on the intended target; there are trapped triggers
(physical contact with a traction or pressure force), delayed
triggers (electronic/mechanical clock or chemical reaction),
or controlled triggers (wire link and radio waves).

In addition to the use of direct current, the detonator
can be activated by a capacitor discharge or by exposure to

an incident electromagnetic field [5, 6]. Power cables can
act like an antenna to allow radiated energy to couple
through them. The simulations carried out in [7], with
several hundred random arrangements of power cables
connected to the IED detonator, highlighted optimal
coupling frequencies between 500 MHz and 2 GHz. In [8],
experimental tests on US Army M6 detonators were
conducted and showed that the required activation energy
is between 1 and 10 m]. These M6 detonators were also
exposed to an electromagnetic field to determine the
coupling ratio between the energy absorbed by the IED,
via its power cables, and the fluence delivered by an
antenna. These experiments have shown that the coupling
ratio is between 1/500 and 1/1000, which implies that a
fluence of 1]/m? will transmit an energy of several mJ to
the detonator. This fluence level can be translated directly
into a peak radiated electric field of 600 kV/m or 600 V/m,
for a respective duration of 1 ns and 1 ms.

To meet this need, the proposed solution is a nondis-
persive ultrawideband (UWB) antenna which must be
adapted to include the coupling frequencies and which must
be powered by a +/-250kV bipolar pulse delivered by a 13-
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FiGure 1: (a) Components of an IED; (b) components of an IED detonator.

stage Marx generator. The generator output pulse duration is
I ns, its rise time is 170 ps, and its spectrum covers a fre-
quency band up to 2 GHz. The main goal is to achieve a
fluence level of 1]/m? or a peak radiated electric field of
600kV/m, at the greatest possible distance from the antenna.
The paper is developed as follows. Section 2 describes the
design of the high-power UWB antenna, Section 3 presents the
obtained simulation results, and Section 4 concludes the paper.

2. High-Power UWB Antenna

The antenna design was inspired by a Koshelev antenna [9]
which features a radiation combination from an electric dipole
and magnetic dipoles, via an active loop and a passive loop. The
active magnetic loop contributes to the antenna radiation; the
tape separating the active and passive magnetic loops has been
positioned to obtain the best adaptation on the lowest fre-
quencies (see Figure 2(c)). The antenna input matches the
dimensions of the Marx generator output connector; it is then
connected to the TEM horn with an optimized transition to
keep a reflection coefficient S;, less than —10 dB on the (0.2-2)
GHz frequency band. This transition has an angular geometry
to allow its integration as easily as possible into a dielectric
block during the manufacturing part (see Figures 2 and 3).

The dielectric used is HDPE 1000, and its physical properties
are a relative permittivity ¢, of 2.25, a loss tangent of 1.10~*, and
a high dielectric strength of 90 kV/m, necessary for the voltage
levels involved. The realization of an antenna incorporating a
solid dielectric to protect against breakdown problems has, to
date, been little considered due to the assembly complexity. The
other publications which deal with this problem most often use
a pressurized gas such as sulfur hexafluoride (SFy) [10, 11];
however, this gas is prohibited in Europe.

The HDPE integration whether in the power supply, the
transition, or between the start of the two plates of the TEM
horn is essential in order to avoid any risk of breakdown
voltage because it is at these places that the electric field level
will be the highest (see Figure 4(b)). A distance of 33.75 mm

separates the center core and the outer mass of the power
connector; this spacing being filled with HDPE makes it
possible to withstand a maximum voltage of 3MV
(33.75 mm x 90 kV/m), which confers a high safety coefficient:
s=12 (3MV/250kV). The HDPE located at the top of the
transition avoids the risk of breakdown voltage between it and
the vertical plate of the antenna, which acts as a mechanical
mass. The cylindrical part of the dielectric increases clearance
and creepage distances between the end of the transition,
which is no longer protected, and the vertical plate (see
Figure 3(b)). The underside of the transition and the hori-
zontal plate are spaced by a distance of 46 mm, which is largely
sufficient since this leads to a higher safety coeflicient than
previously (s =16.5). The HDPE between its two elements has
the particularity to protrude on either side of the horizontal
plate to also increase clearance and creepage distances (see
Figure 3(a)). The HDPE is then extended from the end of the
transition until the aperture of the antenna to protect against
possible electrical risks, while respecting an impedance evo-
lution ranging from 50 Q to (175/4/€,) Q. The dielectric has
been widened to provide additional security by lengthening
the possible electrical paths between the upper and lower
plates of the TEM horn (see Figure 4(a)).

The height, length, and width of the antenna are in A/2 or
about 60 cm for a minimum frequency of 200 MHz (see
Figure 2(a)). The antenna has a half dielectric cylinder on its
front face (see Figure 2(c)), equivalent to a cylindrical convex
lens, which improves the realized gain and the directivity, as
well as the beam steering problems inherent in this antenna
geometry (the transition is never perfectly centered). The
estimated total mass is 220 kg: 75 kg for 304 L stainless steel
and 145 kg for HDPE 1000.

3. Simulation Results

Full-wave simulations of the high-power UWB antenna have
been carried out with CST Studio Suite which is an industrial
standard simulator that provides accurate results. The
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FiGure 2: High-power UWB antenna: (a) perspective view; (b) front view; (c) right view; (d) rear view.
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electric field level traversing the structure was noted to
ensure that its maximum value does not exceed the HDPE
dielectric strength. The antenna was powered by the signal
delivered by the Marx generator (see Figure 5(a)). The
maximum electric field is located, as expected, at the power
supply and at the transition of the antenna (see Figure 5(b));
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FIGURE 3: Antenna transition: (a) transition only; (b) transition within the antenna.

the measured level is well below the dielectric breakdown
value: 27 kV/m < 90 kV/m. The antenna should therefore, in
theory, be able to withstand a +/-250kV bipolar pulse.
According to the reflection coefficient S,;, the antenna is
adapted for the 0.23-2 GHz frequency band (see Figure 6(a))
and the optimal coupling frequencies between 500 MHz and
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FIGURE 4: Location of the HDPE in the antenna: (a) perspective view; (b) cut perspective view.
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FIGURE 5: (a) Excitation signal; (b) maximum electric field level in the antenna.

2 GHz are therefore well covered. This good adaptation is
related to the following:

(i) The correct sizing of the transition which ensures
the conservation of a 50 Q) impedance between the
power supply and the start of the TEM horn

(ii) The TEM horn evolution impedance from 50 Q to
(175/+/%;) Q, allowing progressive radiation fol-
lowing the propagation in the dielectric material

(iii) The choice of the active magnetic loop perimeter via
the tape location

The realized gain has a maximum value of 18.7 dB for a
frequency of 2 GHz (see Figure 6(b)). The different antenna
radiation patterns (E-plane and H-plane) are reported in
Figure 7 for different frequencies (500 MHz, 1 GHz, 1.5 GHz,
and 2 GHz). The antenna directivity is increased at the high
end of the adaptation band. The radiated electric fields were
estimated at different distances from the antenna: 1 m, 2.5 m,
5m, and 10 m (see Figure 8(a)). The pulse duration is close to
1 ns, and the peak amplitude value varies from 1 MV/m to
126 kV/m, from the shortest to the longest distance (see
Figure 8(b)). The fluence was estimated using simulation
faces with an area of 1 m?; these were placed in front of the

antenna and centered, at distances of 1 m, 2.5m, and 5m.
The use of the power flow monitor allows to calculate the
power carried by the electromagnetic wave through a sur-
face. The modulus of this quantity makes it possible to
obtain a surface power density which is expressed in W/m?.
The monitor has been configured to calculate this surface
power density at several equidistant time samples: here
from 0 to 30 ns, with a step of 0.05ns, in order to cover a
distance up to 5m from the antenna (a simulation up to a
distance of 10 m would require a very long computation
time). With the simulation faces, it is then possible to plot,
in postprocessing, the maximum surface power density that
each of them receives as a function of time (see
Figures 9(a)-9(c)). From these plots, the fluence can be
deduced by performing an integration (see Figure 9(d)).
The peak radiated electric field level of 600kV/m with a
duration of 1ns, taken from the specifications, is only
observed at a distance of 1.8 m from the antenna; regarding
the fluence, the level of 1]/m? is only achieved at a distance
of 1.2 m from the antenna. For safety reasons, it is essential
to reach these levels at a much greater distance; a distance
of 10 m is at least required if tests with a detonator were to
be carried out. Several perspectives can be explored to
improve performance as follows:
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FIGURE 6: (a) Reflection coefficient S;,; (b) realized gain.
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Figure 7: Continued.
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FIGURE 7: Radiation patterns: E-plane and H-plane (a) at 0.5 GHz; (b) at 1 GHz; (c) at 1.5 GHz; (d) at 2 GHz.
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FiGure 8: (a) Radiated electric fields for several distances; (b) radiated electric fields characteristics.
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TasLE 1: Comparison of antenna simulation results with other research work.
[12] [10] [11] [13] This paper

Year 2008 2013 2013 2014 2021
Type Valentine Horn K Horn K
Dimensions L=100 L=60 L=32 L=100 L=100
LxHxI (cm) H=100 H=60 H=30 H=75 H=60

I=30 I=60 I=30 I=40 I=60
Bandwidth (GHz) 0.3-3 0.15-0.55 0.25-1.45 0.15-1 0.23-2
Peak radiated 233kV/m at 1m 32.7kV/m at 20m — 9kV/m at 10m 126 kV/m at 10m
electric field
R.E (kV) 233 654 310 90 1260

(i) Design a larger antenna or combine it with a par-
abolic reflector to increase the realized gain and thus
obtain a higher electric field level

(ii) Use a radar source at the input of the antenna, which
delivers a lower peak power, but over a much longer
time, therefore improving the fluence level

4. Conclusion

The design of a high-power UWB antenna, as well as the
associated simulation results, has been presented with the
aim of analyzing the ability to remotely neutralize IED. The
radiated electric field obtained up to a distance of 1.8 m from
the antenna (607 kV/m peak) makes it possible to meet the
specifications and ensures, in theory, the firing of the det-
onator. This antenna can be positioned at the state of the art
in terms of performance (R.E=1260kV) if we compare it
with other high-power UWB antennas on the same fre-
quency band (see Table 1). This will be confirmed in further
work once the antenna is manufactured and tested.
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