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The article considers two connection diagrams for a reflection symmetric
meander line with the length l=1 m, in which three conductors are connected at one end. Quasi-static simulation of the diagrams under consideration with optimal parameter values was performed. The results of the
work could be used to improve the devices protecting against ultra-short
pulses.
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In the modern world there is a tendency to tighten the requirements for
ensuring electromagnetic compatibility (EMC) of radio-electronic equipment (REE). A separate task of EMC is the protection of REE from electromagnetic interference [1]. Ultrashort pulses (USP) [2] that have short
duration and wide spectrum and penetrate into REE through signal conductors or through power circuits represent a particular danger. A modal filtration technique has been proposed [3], which consists in the decomposition
of a USP into a sequence of lower amplitude pulses in structures with inhomogeneous dielectric filling caused by the difference in mode delays.
Various configurations of such structures have been investigated, including structures with reflection symmetry [4]. Meanwhile, the possibility
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of decomposing a USP in a reflection symmetric meander line (ML)
(Fig. 1) with three conductors connected at one end has not been previously
considered, although this is relevant. The purpose of this work is to carry
out such research.
The simulation of the studied ML with a length (l) of 1 m was performed using the quasi-static approach in the TALGAT software [5]. To
simulate the time response, we used a source of pulsed signals represented
by an ideal source of EMF with an amplitude of 5 V with rise time, fall and
flat top durations of 50 ps each, so t is 150 ps. The half-turn connection
diagrams are shown in Fig. 2. The simulation of the ML was carried out
with the optimized parameters of the cross-section from [6], which ensure
the equality of the time intervals between the per-unit-length delays of the
modes and the pairwise equalized amplitudes of the output signal voltages.
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Fig. 1. Cross-section of the reflection symmetric structure
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Fig. 2. Connection diagrams of the MLs under study: 1 (a) and 2 (b)

The voltage waveforms at the ML outputs (nodes V3, V4 in Fig. 2, a
and nodes V4, V5 in Fig. 2, b) are shown in Fig. 3 and 4, respectively. The
table below summarizes the values of the modes 1–4 per-unit-length delays
multiplied by 1 and 2.

a

b
Fig. 3. Voltage waveforms at the diagram 1 output: node V3 (a) and node V4 (b)
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In Figs. 3 and 4 we can see the appearance of additional pulses, whose
delays are equal to a mode delay multiplied by l, among the main pulses,
whose delays are different. This can be seen explicitly only for diagram 1
at node V3. To detect additional pulses for diagram 2 at node V5, as well as
for diagram 1 (node V4) and 2 (node V4), we calculated the time response
with increasing h to 1000 µm (Fig. 5).

a

b
Fig. 4. Voltage waveforms at the diagram 2 output: node V4 (a) and node V5 (b)

a

b

c
Fig. 5. Voltage waveforms at the output of the diagrams: 1, node V4 (a)
and 2, nodes V4 (b) and V5 (c) at h=1000 μm
Values of per-unit-length pulse delays (ns/m) for modes 1–4 multiplied by 1 and 2
Multiplier
1
2
3
4
1 (h = 500 μm)
5.47587
5.96472
6.47973
6.97027
2 (h = 500 μm)
10.9517
11.9294
12.9595
13.9405
1 (h = 1000 μm)
5.33958
5.68527
6.29027
7.02351
2 (h = 1000 μm)
10.6792
11.3705
12.5805
14.047
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Thus, from the analysis of the table and Figs. 3–5 it follows that the
delays of additional pulses are equal to the arithmetic mean value of doubled per-unit-length delays of the two modes (or simply the sum of perunit-length delays) in different versions, multiplied by l. For diagram 1
(nodes V3 and V4), these delays are equal to l(τ1 + τ3) = 11.955 ns/m;
l(τ3 + τ4) = 13.45 ns/m and l(τ2 + τ3) = 11.975 ns/m; l(τ1 + τ4) = 12.363 ns/m,
respectively. For diagram 2 (nodes V4 and V5) l(τ2 + τ3) = 11.975 ns/m;
l(τ1 + τ4) = 12.36 ns/m and l(τ1 + τ3) = 11.625 ns/m; l(τ2 + τ4) = 12.708 ns/m,
respectively. But due to the symmetry, the delays of additional pulses can
coincide with each other (as in diagrams 1 and 2, nodes V4) or with the
main ones (as in diagram 2, node V5).
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