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Contemporary radio-electronic equipment has a wide range of func-
tional capabilities but, at the same time, is susceptible to electromagnetic
interference. Conducted interference is considered to be the most harmful
one, as it can penetrate into devices directly through conductors [1]. Mod-
ern generators of ultrashort pulses have very high capabilities [2]. Such
ultrashort pulses are able to penetrate and disturb the electronics due to the
high power output and short duration. Therefore, it is necessary to improve
the protection of electronics against ultrashort pulses.

A technique of modal filtration [3] has been proposed to protect radio-
electronic devices against ultrashort pulses. This technique is based on the
modal decomposition of a pulse signal which occurs due to the difference
between modal delays in multiconductor transmission lines. There already
exists a method of ultrashort pulse protection based on the use of modal
signal distortions in multiconductor modal filters (MFs) based on micro-
strip lines (MSL) [4]. Meanwhile, the stability of a MF to external influ-
ences has remained without attention. Thus, it is advisable to consider and
simulate a multiconductor MF with a coating layer to increase the resis-
tance of the MF to external influences. The aim of this paper is to perform
such research.

As the object of investigation, we took a four-conductor MF. As a
coating layer, we used the lacquer D11-9114. The cross-section of the four-
conductor MF is shown in Fig. 1, a; the schematic diagram is shown in
Fig. 1, b; the waveforms of the exciting pulses are shown in Fig. 1, c.

For clarity, the optimization of the MF by heuristic search was carried
out by the criterion of minimization of the maximum amplitude at the out-
put of the line. The values of the width of the conductors w and spacing
between them s; were optimized in the range of 1-1000 um; the thickness
of the conductors ¢ and the thickness of the dielectric 4 were optimized in
the ranges of 10—-175 pm and 100-2000 pum, respectively. The thickness of
the coating layer /1, was assumed to be equal to 2 pm, the relative permit-
tivity of the substrate was ¢, = 5 (glass-textolite) and its cover layer was
g0 = 4; the line length is / = 60 cm, and R = 50 Q. As a result of MF
optimization, the values of the following parameters were obtained:
w=1000 um, s1 =8, 52 =23 and 53 =390 um, ¢=35 um, 2 =501 um.
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Signal parameters and waveforms were calculated in TALGAT soft-
ware [5]. We assumed that a T-wave is propagating along the considered
lines, and we took into consideration the losses in conductors (cooper) and
dielectrics (loss-angle tangent of the substrate is tgd = 0.017 and the cover-
ing layer is tgdp = 0.03). A digitized signal of the oscilloscope C9-11 was
used as an exciting pulse; it was measured at 50 Q load, with an amplitude
of 0.644 V. The durations of rise was 56 ps, fall was 48 ps and the flat top
was 4 ps so that the overall duration was 108 ps (durations were measured

at levels of 0.1-0.9).
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Fig. 1. The cross-section (with enlarged fragment of the covering layer) (a);
schematic diagram () and the EMF (———) with the voltage

(—) at the input (c) of the four-conductor MF with waterproof coating
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Fig. 2. The signal waveform at the output of a four-conductor MF
with a waterproof coating (——) and without a waterproof coating (— ——)
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It is seen from Fig. 2 that the maximum amplitude of the signal at the
output of the line was 0.023 V, which is 28 times less than the EMF of the
source. The minimization of the amplitude is achieved by relative equaliza-
tion of the second and fourth pulses. Meanwhile, the covering layer entails
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a decrease in the difference in the pulse delays, which leads to partial pulse
overlapping, and, as a result, to an increase in the maximum amplitude.
Thus, we modeled and optimized a four-conductor MF with a cover layer,
with an attenuation factor of 28 times when exposed to a pulse duration of
up to about 180 ps. It should be noted that the MF has a coating which pro-
tects it from different factors, including corrosion, interaction with chemi-
cals and temperature effects from —60 to +125 °C, and is moisture-proof,
which allows it to be used in appropriate applications.
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The growing demand for energy sources stimulates the use of un-
manned underwater vehicles (UUVs). UUVs are also used for rescue op-
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