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MODAL DECOMPOSITION OF AN ULTRASHORT PULSE
IN THE REFLECTION SYMMETRIC MEANDER LINE
WITH CONDUCTORS CONNECTED AT ONE END

E.B. Chernikova, postgraduate student,

Department of Television and Control

Scientific adviser A.M. Zabolotsky, DScTech, professor
Tomsk, Tomsk State University of Control Systems and Radioelectronics,
chiernikova96@mail.ru

The article considers the possibility of ultrashort pulse decomposition in
a reflection symmetric meander line in which all 4 conductors are con-
nected at one end. The results of the time response simulation at the out-
put of the line are presented, which are useful for improving ultrashort
pulse protection devices.

Keywords: electromagnetic compatibility, protection device, ultrashort
pulse, modal filtering, reflection symmetric meander line.

Ensuring electromagnetic compatibility (EMC) of radio-electronic
equipment (REE) for various purposes is increasingly relevant. This is pri-
marily due to a significant expansion of different REE and the growing
complexity of its implementation. One of the most important tasks of EMC
is to increase noise immunity during the process of developing such sys-
tems [1]. It is known that powerful electromagnetic interferences of short
duration, also called ultrashort pulses (USP), can disrupt the performance
of the equipment or even disable it [2, 3]. In vital areas (military, nuclear,
space, medical area, etc.) this is completely unacceptable. To protect REE
against USPs, a modal filtration technology has been proposed. This tech-
nology is based on the modal decomposition of an interfering pulse into a
sequence of pulses of lower amplitude [4]. Devices operating in accordance
with this technology are called modal filters (MF) and protective meander
lines (ML). They have a number of advantages compared to traditional
protection devices (radiation resistance, long service life, low cost, etc.).

Various configurations of such structures were investigated, including
structures with reflection symmetry [5]. Meanwhile, the possibility of de-
composing a USP in a reflection symmetric ML (Fig. 1) in which all 4
conductors are connected at one end has not been previously considered,
although this is relevant. The purpose of this work is to carry out such a
research.

At the initial stage of the research of such configuration of a reflection
symmetric ML with a length of 1 m, it is advisable to perform quasistatic
simulation without taking into account the losses. To simulate the time
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response, we used a source of pulse signals represented by an ideal EMF
source with amplitude — 5 V and with durations of rise, fall and flat top of
50 ps each, so that == 150 ps (Fig. 2, @). The connection diagram of a half-
turn is shown in Fig. 2, b. The MF was simulated with the optimized cross-
section parameters from [5], which ensured that the time intervals between
the per-unit-length delays of modes were equal and the output signal volt-
age amplitudes were paired.
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Fig. 1. Cross section of the reflection symmetric structure
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Fig. 2. EMF waveform (@) and schematic diagram (b)
of reflection symmetric ML under study

The simulation results (values of the maximum pulse voltage at the
end of the active conductor U; and time intervals between the decomposi-
tion pulses At;) of the reflection symmetric ML are summarized in the ta-
ble. The voltage waveforms at the ML outputs (V3, V4 and V5) are shown in
Fig. 3.

Characteristics of the reflection symmetric ML
Node| Uo, V U,V U, V Us, V Us, V | Ati,ns |Ah, ns|At3, ns
V3 10.239560.63018 | 0.595582 | —0.61775 | 0.57269 | 0.9777 |1.0301| 0.981
V4 10.40658 |-0.63020| 0.595601 | 0.617778 | 0.57209 | 0.9777 |1.0301|0.981
Vs 10.11395]0.63016 | —0.59556 | 0.617744 | 0.57267 | 0.9777 |1.0301| 0.981

Fig. 3 shows that the structure under study is capable of decomposing
the USP into 5 pulses of lower amplitude: the first pulse with a delay of 1o
is crosstalk at the near end of the line, and the second and fifth pulses with
delays of 211 — 214 are a sequence of four main pulses, one of which has a
negative polarity. The maximum value of the output voltage is determined
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by the amplitude of the first pulse (0.63 V), which is 8 times less than the
EMF and slightly higher than the maximum output voltage obtained by
simulating the reflection symmetric MF (0.625 V) [5]. In addition, in con-
trast to the reflection symmetric MF, the time intervals between the de-
composition pulses are doubled. This allows decomposing a USP which is
twice as long, with the complete absence of resistors at all ends of the line.
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Fig. 3. Waveforms of output voltages of the reflection symmetric ML under study
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Thus, in the structure of a reflection symmetric ML, in which all the
conductors are connected at one end, it is possible to decompose the excita-
tion USP into a sequence of pulses with a maximum amplitude less than
the EMF amplitude. In addition, such a connection will dispense with the
resistors at the far end of the line, which increases reliability and reduces
costs.

The reported study was funded by Russian Science Foundation (pro-
ject Ne19-19-00424).
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UDC 537.86/87
THE EFFECT OF THE DIMENSION DOMAINS
ON THE CURRENT DISTRIBUTION ALONG TWO COUPLED
WIRES OVER A GROUND PLANE
Alhaj Hasan Adnan, PhD student dep. TC
Scientific supervisor T.R. Gazizov, Prof., Doctor of Science in Engineering
Tomsk, TUSUR, alhaj.hasan.adnan@yandex.ru

An algorithm for estimating the radiated emission from modal-
reservation circuits was proposed, which shows an acceptable match in
the current distribution and the radiation pattern of the two-wire test
structure. This paper is aimed at testing this algorithm in two different
dimensions. The results proved the possibility of using this algorithm in
different dimensional domains, as long as they satisfy the limits of quasi-
static analysis.

Keywords: modal-reservation, radiation pattern, quasi-static.
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