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Abstract. The article explores the ways to use multiconductor strip lines (SL) for solving the
problems of generating a bipolar and unipolar pulse oscillations packet. Reflection-symmetric
and five-conductor microstrip structures, as well as their various configurations, which are
cascade-connections of these SLs are considered. The maximum conversion efficiency of a
unipolar nanosecond pulse into high-frequency oscillations is estimated to be less than 1-2%.
The results are important for further research and the possibility of using SLs for such tasks.

1. Introduction
Currently, the task of generating powerful microwave pulses is becoming especially urgent due to the
increasingly recognized need to counter robotic systems, especially unmanned aerial vehicles [1]. It
seems that over time, the threat emanating from such complexes will only increase, which makes the
research and development in the field of electromagnetic counteraction highly relevant [2].
Meanwhile, narrow-band devices based on the use of a relativistic electron beam, as well as ultra-
wide-band (UWB) generators based on semiconductor switches, can be distinguished among the
highly-sought sources of high-power microwave pulses [3—5]. These two classes of generators, despite
their advantages, also have certain disadvantages: relativistic devices are quite large-sized, and solid-
state UWB generators, though having a small size, emit relatively small amount of energy. Therefore,
the search for a new approach to creating sources of high-power microwave pulses, which would
combine the compactness of solid-state generators and high radiated energy achieved through the use
of multiple solid-state elements in one device, in contrast to UWB generators, where single sharpeners
are used, is a relevant task. The approach in which the microwave power generated in periodically
arranged sharpeners is distributed between a certain number of oscillations (>10) due to artificial
dispersion in the transmission line is of particular interest [6]. Typically, this approach considers two-
conductor transmission lines. This article analyzes the propagation of a nanosecond pulse with a short
front along multiconductor strip lines (SL), the structure of which allows you to distribute the pulse
energy along the transmission line, forming an oscillatory waveform.

2. Structures and circuits under investigation
For simulation, we chose multiconductor SLs consisting of 4-5 conductors. Their detailed research, as
well as a full-scale experiment in the time domain, is performed in [7, 8]. First, we constructed
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geometric models of the SL cross-section. Then, we calculated the matrixes of per-unit-length
coefficients of electrostatic C and electromagnetic L induction. To account the losses, we calculated
the matrixes of the per-unit-length resistances R (for the losses in the conductors) and conductivities G
(for the losses in the dielectrics). To calculate the elements of the G-matrix we used a widely known
model [9] of the relative permittivity frequency dependence and the tangent of the dielectric loss angle
of the dielectric material FR-4. The entries of the R-matrix were calculated taking into account the
skin effect, the proximity effect and losses in the ground plane using the method proposed in [10].
Next, we drew a schematic diagram for simulation, set loads and pulse excitation values, and
computed time response to the excitation in the parameter range.

The cross-sections of these lines are generally shown in Figure 1, where wis the width of
conductors, s; is separations between them, ¢ is the thickness of conductors, /4 is the thickness of the
dielectric and ¢, is the permittivity of the dielectric.
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Figure 1. Cross-sections of reflection-symmetric (a) and five-conductor microstrip (b) structures.

The schematic diagrams of these SLs are shown in Figure 2. In the simulation of single segments of
reflection-symmetric and five-conductor structures, the resistance values (Rg, R. and R) were taken
equal to 50 Q with a length (/) of 1 m.
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Figure 2. Schematic diagrams of reflection-symmetric (a) and five-conductor microstrip (b)
structures.

It was assumed that a T-wave was propagating along the considered SLs. The parameters and
waveforms of the SLs were calculated in the TALGAT software product [11, 12] that provides
acceptable accuracy, does not require high computational costs, and implements the above models and
steps.

As an excitation pulse, we used a trapezoidal pulse with rise, fall and flat top durations of 1 ns
(total duration 3 ns, to approximate a typical ultrashort pulse (USP)) with an amplitude of 100 V
(measured at a load of 50 Q). Since the article considers not only the formation of a bipolar pulse
oscillations packet but also of unipolar ones, these SLs are considered not only as a single form, but
also in various cascade connections. The following cases of cascading were considered: 3 cascaded
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segments of a reflection-symmetric structure (configuration 1); 3 cascaded segments of a five-
conductor structure with an active outer conductor (configuration 2); 3 cascaded segments of a five-
conductor structure with an active central conductor (configuration 3); 3 cascaded segments of a five-
conductor structure with 2 active outer conductors (configuration 4) and 4 cascaded segments of a
five-conductor structure (configuration 5). It is known that when SLs made of N conductors is
cascade-connected, each pulse is sequentially divided into N pulses of smaller amplitude. These pulses
will not coincide with each other in time if the difference in mode delays for each subsequent segment
is at least twice as large as for the previous one. Thus, the cascade-connected SLs of N conductors
will, under certain conditions, lead to a decomposition into 2" pulses, which is possible with sequential
doubling or shortening of the cascaded segments lengths [13]. Therefore, in cascading configurations
14, [ of each next segment is twice as large as the previous one, so /;=0.2 m, ,=0.4 m and 5=0.8 m,
so /Is=1.4 m. Due to the specificity of cascading configuration 5, the lengths of the segments are taken
equal to /1=0.4 m, /,=0.4 m, /3=0.4 m and /4=0.8 m, so 5=2 m.

3. Simulation results

This section presents the main simulation results of various SLs. To form a bipolar pulse oscillations
packet, the open-circuit mode was set at the ends of passive conductors by setting the resistance
values (R) to 10 kQ. Schematic diagrams of the investigated structures are presented in Figure 2. The
cascade connections of configurations 1-5 were also investigated.

During the formation of a unipolar pulse oscillations packet, the resistance symmetry was ensured
by setting their values (Rg, Rr and R) equal to 50 Q. Note that only the voltage from the 72 node goes
to the SL (Figure 2). The amplitude of this voltage directly depends on the SL. matching with the path,
and it is with respect to this value that the pulse attenuation by the protective devices included in the
circuit is estimated. At this stage of the study, the ideal SL matching (both single and cascaded) with
the path was not observed. Schematic diagrams of the structures under investigation are presented in
Figure 2; the schematic diagram of a five-conductor line with an active central conductor and cascade
connection of configurations 1-3 were also investigated.

3.1. The formation of a bipolar pulse oscillations packet in multiconductor SLs

The simulation was performed at the following cross-section values of the reflection-symmetric
structure: s=200 pm, w=1800 um, =18 um, A=500 um and &~4,5. In the five-conductor, only the
width of the conductors differed (w=1000 pm). Figures 3—5 show the voltage waveforms obtained by
simulating various SLs.
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Figure 3. Voltage waveforms of EMF (---), the signal at the input (—) and output (—) of the
reflection-symmetric line (a) and 3 cascaded segments of the reflection-symmetric structure (b).

Based on the obtained dependences, the maximum energy efficiency of pulse formation in the form
of pulse oscillations packet (the ratio of the energy of the output and input pulses) was calculated for
two cases: the output signal with taking into account the main pulse that arrived at the end of the SL
(which contains the largest amount of energy), and the one without it. For the reflection-symmetric
line it was 71.12% and 2.7%, configuration 1 — 87.63% and 8.38%, the five-conductor line — 87.2%
and 1.3%, configuration 2 — 92.2% and 2.89%, configuration 3 — 93.3% and 5.7%, configuration 4 —
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94.2% and 4.5%, as well as 94.23% and 4.49% (since there are 2 active outer conductors in this
configuration) and configuration 5 —47.6% and 6.8%.
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Figure 4. Voltage waveforms of EMF (---), the signal at the input (—) and output (—) of the

five-conductor line (a), 3 cascaded segments of the five-conductor structure with an active outer

conductor (b), 3 cascaded segments of the five-conductor structure with an active central conductor (c)

and 3 cascaded segments of the five-conductor structure with 2 active outer conductors (d).
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Figure 5. Voltage waveforms of EMF (--), the signal at the input (—) and output (—) of 4 cascaded
segments of the five-conductor structure.

Configuration 5

Obviously, the most apparent level of the bipolar pulse oscillations packet, as well as the highest
conversion efficiency (without the main pulse that came to the end of the SL), is achieved by
simulating the reflection-symmetric cascade-connection structure (configuration 1) and amounts to
8.38%. An acceptable result is also observed when simulating configuration 5, which consists of
4 cascaded segments of the five-conductor structure.

The best conversion efficiency level (configuration 1) was probably obtained due to the symmetry
of the SL cross-section. In addition, an acceptable level of conversion efficiency (configuration 5) was
obviously obtained due to the decomposition of the input pulse (node V>) into two pulses at the end of
the structure (in the other structures and configurations the decomposition was not observed), which
were subsequently induced on passive conductors due to the strong coupling, and underwent
reflections from resistances, thereby forming a bipolar pulse oscillations packet. Meanwhile, in the
remaining configurations of five-conductor structures, the conversion efficiency does not exceed 5.7%
(configuration 3).

It should be noted that the oscillations are non-harmonic and in some cases non-periodic in nature,
and also contain a fraction of the near zero frequency energy. Thus, from the point of view of
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generating radiated emissions, the efficiency of converting a nanosecond pulse into radiated emissions
will be no more than 1-2%, which is associated, among others, with large losses in the SL.

3.2. The formation of a unipolar pulse oscillations packet in multiconductor SLs

The simulation was performed at the following cross-section values of the reflection-symmetric
structure: s=450 pm, w=2000 um, =18 pm, A=500 pm and &,=20; the five-conductor structure with an
active outer conductor: s1=10 um, s5,=50 um, 53=200 pm, s4=850 um, w=1000 um, =35 pum,
h=500 pm, &=20; and the five-conductor structure with an active central conductor: 5;=200 um,
52=100 um, 53=10 pm, 54=100 pm, w=1000 pm, =35 pum, #=500 um and &~=20. When simulating the
time response of single segments of the reflection-symmetric structure, the five-conductor structure
with an active outer conductor, and the five-conductor structure with an active central conductor, the
trapezoidal pulse with rise, fall and flat top durations of 50 ps (total duration 150 ps) with an
amplitude of 100 V was used as an excitation. Figures 6 and 7 show the voltage waveforms obtained
by simulating the following structures: the reflection-symmetric structure, the five-conductor structure
with an active outer conductor and the five-conductor structure with an active central conductor, as
well as configurations 1-3.
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Figure 6. Voltage waveforms of EMF (---), the signal at the input (—) and output (—) of the
reflection-symmetric line (a) and 3 cascaded segments of the reflection-symmetric structure (b).
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Figure 7. Voltage waveforms of EMF (-:-), the signal at the input (—) and output (—) of the five-

conductor structure with an active outer conductor (a), 3 cascaded segments of the five-conductor

structure with an active outer conductor (b), the five-conductor structure with an active central

conductor (¢) and 3 cascaded segments of the five-conductor structure with an active central

conductor (d).
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Based on the obtained dependences, we also calculated the maximum conversion efficiency of the
pulse oscillations packet for the voltage waveforms obtained with the cascade connection of the SL.
For configuration 1, it was 16.6%, configuration 2 — 12.1%, configuration 3 — 11.9%.

The formation of a unipolar pulse oscillations packet in the SL was achieved using the modal
filtering effect [2]. However, there are some differences: modal filtering assumes a complete
decomposition of the excitation into the pulse sequence in which the total pulse duration is less than
the modulus of the propagating mode delay difference in the SL, whereas this condition was not
completely satisfied when the unipolar pulse oscillations packet was formed. In addition, the shape of
the output voltage is influenced by dispersion and losses in the conductors and dielectric, which leads
to the front and drop «roll-off» of each output pulse, i.e. partial overlap occurs, which forms the
unipolar pulse oscillations packet.

We note that configuration 1 is the most optimal (Figure 6 b), since it provides not only the
maximum energy conversion efficiency (16.6%), but also a periodic nature of the oscillations.
However, from the point of view of generating radiation, high-pass filtering is required, after which
the efficiency of converting a nanosecond pulse into radiation will be about 1-2%.

4. Conclusion

Thus, the paper presents the results of research into the use of multiconductor SLs for the problems of
forming bipolar and unipolar pulse oscillations packet. The influence of line losses during simulation
leads to a decrease in the amplitude of the decomposition pulses and an increase in their duration due
to dispersion. In this case, the energy at the output of the multiconductor lines is 8—16% of the input
pulse energy, and the efficiency of conversion into a useful oscillating signal, which can be emitted by
an antenna with a sufficiently wide band, does not exceed 1-2%. It should be noted here that there are
no nonlinear elements in the lines that enrich the spectrum of the pulse with a high-frequency
component. However, the presence of significant losses in the line suggests that the addition of
nonlinear sharpening elements to the line will not significantly increase the efficiency in the proposed
configurations of multiconductor SLs.
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