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Abstract— Ensuring the stable operation of radio -
electronic equipment under the influence of electromagnetic
interference is relevant due to the fact that radio systems are
becoming more complex, the scope of radio- electronic
equipment is expanding, and the density of circuit boards is
increasing. There is a large selection of protection devices, but
they have complex design features that lead to inadequate
performance and spurious parameters, making it difficult to
protect against a powerful ultrashort pulse. The development of
modern protection devices requires simplification and
cheapening of their implementation, therefore, their
improvement is relevant. The article considers the improvement
of protection against an ultrashort pulse using a modal filter with
the passive conductor implemented in the reference plane cutout
and investigates the influence of boundary conditions of the
passive conductor of the modal filter. The simulation showed the
possibility to minimize and align the pulse amplitudes and to
increase ultrashort pulse attenuation up to 10 times for a given
dielectric.
electronic
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I. INTRODUCTION

Due to the accelerated pace of development of electronic
equipment, and as a result, the transition of modern radio -
electronic equipment (REE) to an increasingly high-frequency
range, the issue of ensuring electromagnetic compatibility
(EMC) of radio engineering systems is becoming increasingly
relevant.

The active process of miniaturizing of the modern element
base leads to a decrease in the thickness of the insulating
dielectric layers and increases the risk of breakdown under the
influence of powerful electromagnetic interference. One of
these threats is a powerful ultrashort pulse (USP), which leads
to equipment failure, accidents and malfunctions [1].

To increase the protection of the REE from the USP, such
protection devices such as jammers, filters, etc. are offered.
The main disadvantages of such devices are: design
complexity, small life time, not always acceptable de-
energization of the device, complicated circuitry [2 —5]. For
example, in the onboard REE of spacecraft, it is desirable to
minimize the mass and have an almost unlimited life time.
Therefore, the search for new protection devices is relevant.

This study was funded by Russian Science Foundation (project Ne19-19-
00424) in TUSUR University.

978-1-7281-4401-6/19/$31.00 ©2019 IEEE

A new means for protecting equipment against USPs is a
modal filter (MF) [6 —10]. The main idea of the MF is to
decompose the USP into pulses of lower amplitude due to
different per-unit-length delays of the modes in a coupled line
with a nonhomogeneous dielectric filling. Simple design and
circuitry allow the introduction of an MF at different structural
levels. In the previous studies, MFs have been realized with a
passive conductor, which takes up additional space and
complicates the implementation of modal filtering in printed
circuit boards. Therefore, it is important to explore new
approaches to MF morphology.

Thus, it was proposed to place the passive conductor in the
cutout of a reference plane. The paper [11] shows the input
pulse attenuation of 5 times and it is believed that additional
attenuation can be achieved by changing the boundary
conditions at the ends of the passive conductor. The purpose
of the work is to carry out such study.

II. DESCRIPTION OF MF

The MF structure is based on a microstrip line. In the
reference plane of the line there are two cutouts that form a
passive conductor. Fig. 1 shows the MF cross section, where &,
is the relative permittivity of the substrate, wi, w2, ws are the
widths of the conductors, ¢ is the thickness of the conductors, /
is the substrate thickness, s is the separation of the conductors.
Foil-clad fiberglass (g.=4.5) was chosen as the substrate
material because of its low cost, availability and widespread
use.
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Fig. 1. MF cross section where the conductors: R — reference, A — active,
P — passive

The MF connection diagram is shown in Fig. 2a. The
active conductor is connected to a pulse signal source,
represented in the circuit as an ideal EMF source E and
internal resistance R1. The other end of the active conductor is
connected to load R4. The resistance values R1, R2, R4, RS are
assumed to be the same and equal to 50Q, and
R3=R6=0.001 Q for connecting the side conductors. The input
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excitation is a trapezoidal pulse, shown in Fig. 2b, with the
following parameters: an EMF amplitude is 2 V, rise time is
150 ps, flat peak time is 200 ps, fall time is 150 ps. The
calculation of parameters and waveforms has been performed
using the quasistatic approach in the TALGAT system [12].
Losses in conductors and dielectrics were not taken into
account.
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Fig. 2. MF connection diagram (@) and exciting EMF waveform ()

III. SIMULATION RESULTS

The simulation was performed with typical parameters of
foil-clad fiberglass: =35 um, #=0.18 mm with an MF length
(/) of 30 cm. Since the material parameters are fixed, to
increase the coupling we simultaneously increased only the
width of the active (w;) and passive (w2) conductors (wi=w»)
from 1 to 3.5 mm and gaps (s) from 0.5 to 3.5 mm in 0.2 mm
increments. The width of the side conductors did not change
(w3=0.5 mm). The optimization was performed according to
the criteria of minimizing the output voltage amplitude. The
obtained voltage waveforms for wi=w>=2.1 mm and s=3.3 mm
are presented in Fig. 3. The alignment of the amplitudes of the
decomposition pulses (0.21 V) has been achieved.
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Fig. 3. Voltage waveforms at the MF input (-) and output (-)

The influence of the “beginning—end” boundary conditions
of the passive conductor was simulated: “short circuit (SC) —
open circuit (OC)”, “SC-SC”, “OC-SC”, “OC-0OC”. An SC
was modeled as 1073 Q, and an OC — 10° Q.

Fig. 4 shows the simulation results at the input and output
of the MF for wi=3.3 mm and s=3.3 mm, where the strongest
coupling was achieved. The amplitudes of the decomposition
pulses for “OC-SC” and “SC-OC” the same and equal to
0.1 V. For “OC-0OC” U,=0.69 V and U5=0.01 V, and for “SC—
SC” U,=0.01 V and Us=0.51 V.

For all values of wi and s, the voltage waveforms were
calculated (Fig.5). The simulation showed that the main
attenuation occurs in the “SC-OC” mode; therefore, to save
space, the graphs are presented only for this mode. In Fig. 5,
U, represents the amplitudes of the first two fast modes, which
arrive approximately simultaneously, i.e. with a difference of
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about 0.01 ns [11], and Us is the amplitude of the third mode.
The analysis of Fig. 5 shows a monotonic decrease in U, and
Us; with an increase in w;. However, for some values, this
decrease is nonmonotonic. Fig. 5a shows that when w;
increases, U, decreases from 0.24V to 0.12V and U;
decreases from 0.21 to 0.12V. When s increases, the
amplitude also becomes smaller: U, — from 0.24 V (Fig. 5a) to
0.18 V (Fig. 5h), and Us;— from 0.21 V (Fig. 5a) to 0.15V
(Fig. 5h). The minimum amplitude of 0.10 V was achieved at
wi=3.3 mm and s =3.3 mm.
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Fig. 4. Voltage waveforms at the MF input (-) and output (-) for different
boundary conditions of the passive conductor: OC-SC (a), SC-OC (b), OC—
OC (¢), SC-SC (d)
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Fig. 5. Dependences of U, (=) and Us (- -) on wy, for s=0.5 (a), 0.9 (b), 1.3 (¢), 1.7 (d), 2.1 (e), 2.5 (f), 2.9 (g), 3.3 (h)
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IV. CONCLUSION

Thus, it is shown that for typical parameters of the
substrate material and an increase in the coupling between the
active and passive conductors under the “OC-SC” boundary
conditions, it is possible to achieve a greater attenuation of
the USP (about 10 times with respect to half the EMF). In this
case, several parameter values may exist for which the
amplitudes of the main pulses are equal In the future, it is
supposed to investigate the effect of the symmetry of an MF.
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