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Abstract – The paper considers the protection of radio-
electronic equipment by means of devices operating on modal 
filtration technology. The possibility of modal decomposition 
of an ultrashort pulse in the reflection symmetric meander 
line (ML) is analyzed for the first time. It consists of two 
individual turns, in which the conductors are connected 
pairwise at one end. The work presents the results of 
quasistatic simulation of the time response of three schematic 
diagrams of an ML with the length of 1 m. The results showed 
the improvement of characteristics in comparison to the 
reflection symmetric modal filter, namely an increased value 
of the time intervals between decomposition pulses in the 
absence of resistors at one end of the line. 
 
Index Terms – Protection devices, reflection symmetric 
meander line, multiconductor transmission line, ultrashort 
pulse, modal filtration. 

I. INTRODUCTION 

HE INCREASING PACE of the use of radio-electronic 
equipment (REE) and the ever increasing complexity of 

its creation lead to stiffening the requirements for ensuring 
electromagnetic compatibility (EMC). An important task of 
the EMC is to comply with the REE susceptibility 
requirements. This is associated with high sensitivity of 
modern equipment to electromagnetic interference. A 
malfunction of normal operation due to interference effects 
may cause irreparable damage. It especially relates to 
equipment whose operation is critical in terms of safety, 
life support, etc [1]. 

II. PROBLEM STATEMENT 

Electromagnetic interference can be radiated and 
conducted. Conducted interference is dangerous because it 
penetrates into the REE directly through the conductors, for 
example, through signal conductors or through the supply 
circuit [2]. One of the dangerous types of conducted 
interference is ultrashort pulses (USPs) [3]. Due to the 
short duration of the USP, the main energy of the generator 
is spent on increasing its amplitude [4, 5]. The high 
amplitude of the interfering pulse leads to the breakdown of 
semiconductor devices [6] and capacitors in traditional 
noise-suppressing LC- and RC-filters. Moreover, the 
operating speed of varistors and gas discharge tubes can 
significantly exceed the duration of a USP [7]. In addition, 
when a USP impacts equipment, energy has no time to be 

distributed among the structural elements. Since the energy 
is localized at one point, the probability of malfunctions in 
sensitive areas increases significantly [8]. 

Due to the fact that the application of modern protection 
devices is difficult because of a number of factors (parasitic 
parameters of LC- and RC-filter elements, low radiation 
resistance of semiconductor components, breakdown at 
high voltages, insufficient operating speed in gas discharge 
tubes, high cost, etc), the development of new devices for 
protection against USP is relevant. Therefore, a modal 
filtration technology has been proposed, which involves 
decomposing a USP into a sequence of pulses of lower 
amplitude in structures with inhomogeneous dielectric 
filling caused by the difference in mode delays [9]. Devices 
operating in accordance with this technology are 
implemented as modal filters (MFs) or meander lines 
(MLs). Their advantages are simple manufacturing 
technology (e.g in the form of microstrip lines, where the 
printed conductors are located on a layer of metal-clad 
glass textolite), low cost, the absence of semiconductor 
components and lumped circuit elements (which means 
high service life), radiation resistance and high voltage 
operation. 

A new approach to increase characteristics of such 
protection devices through the use of reflection symmetry 
in the cross section of structures has been considered in 
[10]. A representative example of such structures is a 
reflection symmetric MF (Fig. 1). 

 a 

 b 
Fig. 1. Cross section (a) and schematic diagram (b) of the reflection 
symmetric MF. 

MF parameters are w (width of the conductors), s 
(separation between them), t (thickness of the conductors), 
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h (thickness of the dielectric), d (distance from the edge to 
the conductor), �r (relative permittivity of the dielectric). 

A distinctive feature of the reflection symmetric MF is 
that it is capable of decomposing a USP into 4 pulses with 
pairwise equalized voltage and regular intervals between 
them for certain parameters of the cross section (Fig. 2). 

 
Fig. 2. Voltage waveforms at the output of the reflection symmetric MF. 

Meanwhile, when the conductors at one end of the 
reflection symmetric MF are interconnected with bridges, a 
reflection symmetric ML is possible to be created. There 
could be various variants of schematic diagrams. Recently, 
the diagrams of 2, 3 and 4 cascaded half-turns with 
resistors at the ends of the remaining conductors have been 
considered. In such MLs, the signal from the generator to 
the load passed the path of a length of 2l, 3l, and 4l, 
respectively [11]. Simulation of the time response of these 
structures showed the presence of additional pulses in the 
output signal with delays non-multiple to per-unit-length 
mode delays, which was not previously observed in the 
reflection symmetric MF and protective MLs. However, 
the possibility of decomposing a USP in the reflection 
symmetric ML of two individual turns, in which the 
conductors are connected pairwise at one end, has not been 
previously considered, although this is relevant. The 
purpose of this work is to carry out such a study. 

III. STRUCTURE AND SCHEMATIC DIAGRAM 
OF REFLECTION SIMMETRIC ML 

UNDER CONSIDERATION 

At the initial stage of the research into new structures of 
multiconductor transmission lines (MCTL), a simulation 
applying a quasi-static approach is preferable to be used. 
With this type of simulation, only the transverse (T-wave) 
propagation is assumed. An arbitrary structure diagram is 
represented as a generalized diagram model, the voltages 
and currents at any point of which are determined by 
telegraph equations, to which Maxwell's equations are 
reduced, for each segment of an MCTL taking into account 
the boundary conditions at the ends of the segments [12]. 
The solution of telegraph equations is much simpler and 
less computational costly, but the accuracy that is ensured 
with this approach is acceptable, even for solving complex 
problems [13]. This approach is implemented in the 
TALGAT software package [14], which will be used to 
calculate the matrices of per-unit-length coefficients of 
electrostatic (C) and electromagnetic (L) induction for 
segments of the MCTL and to simulate time responses. The 

matrices of per-unit-length resistances R (for losses in 
conductors) and conductivities G (for losses in dielectrics) 
are taken equal to zero and were not taken into account at 
this stage of the research. 

We considered 3 variants of a reflection symmetric ML 
consisting of two individual turns. Its cross section with the 
numbered conductors is shown in Fig. 1a. Conductors 
1 and 2 are located on one side of the dielectric layer, the 
third (reference) is located between them in the center, and 
conductors 1* and 2* are reflection-symmetrical on the 
reverse side of the dielectric layer, and can be paired 
together at the end in three ways: on one layer (1-2 and 1*-
2*); on different layers (1-1* and 2-2*); diagonally (1-2* 
and 2-1*). The parameter values are chosen the same as in 
the reflection symmetric MF (s=510 �m, w=1600 �m, 
t=18 �m, h=500 �m, d=1600 �m, �r=4.5). 

Fig. 3 shows the schematic diagrams of the ML under 
research. The ML consists of four (except for the reference) 
conductors of length l equal to 1 m, two on each side of the 
dielectric layer, pairwise interconnected at the far end by 
bridges with three methods of connection. The first 
conductor of the turn is connected at one end to a USP 
source, represented on the diagram by an ideal EMF source 
E with an amplitude of 5 V, durations of rise, fall and flat 
top of 50 ps each and internal resistance R1. At the other 
end, the second conductor of the same turn is connected to 
a protected circuit represented by the equivalent resistance 
R2. Resistors R are connected to reference conductor at the 
beginning and end of the passive turn. The values of all 
resistances are taken equal to 50 �. 
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Fig. 3. Schematic diagrams: 1 (a), 2 (b) and 3 (�). 
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IV. SIMULATION RESULTS 

Fig. 4 shows the waveforms of the output voltage for 
three diagrams of the reflection symmetric ML. The 
amplitudes of pulses, their delays and time intervals 
between them are summarized in Table I. 

a

b

c
Fig. 4. Voltage waveforms at the output of diagrams: 1 (a), 2 (b) 
and 3 (�). 

TABLE I 
PULSE CHARACTERISTICS FOR DIAGRAMS 1–3 

Parameter Diagram 1 Diagram 2 Diagram 3
U0, V 0.239 0.406 0.114
U1, V 0.630 0.630 0.630
U2, V 0.595 0.595 0.595
U3, V 0.617 0.617 0.617
U4, V 0.572 0.572 0.572
2l�1, ns 10.951 10.951 10.951
2l�2, ns 11.929 11.929 11.929
2l�3, ns 12.959 12.959 12.959
2l�4, ns 13.940 13.940 13.940
Δt1, ns 0.977 0.977 0.977 
Δt2, ns 1.030 1.030 1.030 
Δt3, ns 0.981 0.981 0.981 

 

The USP decomposes into 4 pulses with delays of 2l�1, 
2l�2, 2l�3, 2l�4, which twice propagates along the ML from 
its input to output (Fig.4). The pulse with a zero delay is 
crosstalk at the near end of the line. 

V. DISCUSSION OF RESULTS 

From the analysis of the simulation results of the 
reflection symmetric ML of two individual turns it follows 
that this line can decompose a USP, similarly to the 
reflection symmetric ML, into a sequence of pulses with 
pairwise equalized voltage amplitudes of the pulses (U1 and 
U3; U2 and U4). The maximum amplitude at the output of 
the line is determined by the pulse U1 and is equal to 
0.63 V, which is slightly higher than the maximum output 
voltage obtained by simulating the reflection symmetric 
MF (0.625 V) [10]. The attenuation of the USP in devices 
is comparable and equals about 4 times, in relation to half 
the EMF. 

In addition, in the reflection symmetric ML (as in the 
reflection symmetric MF), we observed close values of 
time intervals between decomposition pulses. However, 
their values are twice as large as reflection symmetric MF, 
which allows for the decomposition of a USP of 2 times 
longer. 

The parameters of the cross section and the length of the 
ML provide condition 

min|��i|2l � tr + td + tf                            (1) 
where min|��i| is the minimum absolute value of the 

difference in the per-unit-length mode delays of the ML; 
i=1, 2, 3, and tr, td, tf are the durations of the rise, flat top 
and fall, respectively. 

The fulfillment of condition (1) ensures that the initial 
pulse is decomposed into mode pulses. The value of the 
difference in the pulse delays is about 1 ns, therefore, the 
complete decomposition of an USP of duration t� in a 
segment of this transmission line of length l is possible 
when 

t� 	 l < 1 ns/m.                              (2) 
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Considering conditions (1) and (2), with the indicated 
values of the ML parameters, the maximum duration of the 
input pulse signal t� with l=1 m is about 1 ns. 

VI. CONCLUSION 

Thus, the paper shows the possibility of modal 
decomposition of a USP in three variants of the reflection 
symmetric ML of two individual turns, in which the 
conductors are interconnected pairwise at one end. It is 
important to note that such an ML requires only 2 resistors, 
while a similar MF – 6. The results showed the 
improvement of characteristics in comparison to the 
reflection symmetric MF, namely, doubled time intervals 
between decomposition pulses. It is noteworthy that such a 
structure can also be used with modal reservation [15], i.e. 
when one turn refers to the reserved circuit, and the other to 
the reserving circuit. 

In the future, a prototype is planned to design and an 
experimental research into the possibility of USP 
decomposition in such structures of reflection symmetric 
MLs will be conducted. Note that the experimental 
implementation of the reflection symmetric MF, which 
showed the comparability of measurement and simulation 
results, is presented in [16]. 
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