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Abstract—This paper investigates an algorithm for
estimating the radiated emission from transmission lines using
quasi-static analysis. The algorithm was tested on a meander
line turn of two coupled wires above the ground plane in the
air dielectric filling. The dependences of the cross-section
parameters and the characteristics of the turn on the
temperature at the frequency of 10 GHz were obtained.
Examples of the radiation patterns at different frequencies, as
well as the current distributions are given. Frequency
dependences of the maximum values of the electric field
strength obtained by two approaches: quasi-static and
electrodynamic are compared. The results were obtained and
compared for the meander line with optimal parameters and
for the unmatched meander line and compared with the results
of a single matched transmission line of one wire over the
ground plane and an unmatched one. It is noted that the
results of quasi-static and electrodynamic analyses are close at
low frequencies but the difference increases at high ones. It was
revealed that the meander line structures are able to minimize
the radiated emission in the most frequency range except at the
resonance frequencies. The tested algorithm gave acceptable
results comparing to electrodynamic analysis.

Keywords— meander line, radiated emission, quasi-static,
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I. INTRODUCTION

The application field of meander lines (ML) in radio-
electronic devices (RED) is quite wide, for example the
superconductive microwave meander lines as in [1], or using
the antenna meander line for maximum efficiency and
minimal environmental impact as in [2] and to suppress
spurious emissions as in [3]. Previously, their properties have
been studied, for example in [4]. The use of MLs for signal
filtering in the frequency band [5, 6] and for protection
against an ultrashort pulse [7] has been investigated.
However, MLs have been poorly inquired in terms of
radiated emissions which can affect the operation of REDs,
but the interest exists like in the important work of [8]. In
particular, MLs have not been examined in the temperature
range. This may be due to the computational cost of
electrodynamic analysis. Meanwhile, in [9], an algorithm
based on quasi-static analysis which requires less
computational costs is proposed to estimate the radiated
emissions. The purpose of this work is to perform a
comparative evaluation of the radiated emission from a
protective ML turn of two coupled wires above the ground
plane in an air dielectric filling, and to investigate the effect
of temperature on the characteristics of the ML.

Il. INITIAL DATA

A simple structure of the ML turn based on two coupled
wires above the ground plane in an air dielectric filling was
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modeled. The simulation was carried out without taking into
account losses in the wires. The geometric model of the ML
cross-section constructed in the TALGAT system is shown
in Fig. 1, where the distance between the wires S=14.71 um,
the distance from the ground layer to the signal wire
H=5.05 mm, and the wire radius R=50 um. The circuit model
is shown in Fig. 2. The ML consists of two parallel wires
with a length of 1=30 mm connected to each other at the far
end. One of the wires at the near end is connected to a source
of pulse signal represented in the circuit by an ideal EMF
source (firstly to calculate the frequency response in the form
of a trapezoid of 1 V and the rise and fall times of 50 ps, and
a flat top of 100 ps, and then, to calculate currents and
electric field strength in the far zone, in the form of a
sinusoid with an EMF amplitude of 1V) and internal
resistance R1. The other wire is connected to the receiving
device represented in the circuit by the resistance R2. The
number of segments on each wire (n) is 640. The matrix of
per-unit-length coefficients of electrostatic induction is taken
to be equal to

54.791 —49.007
C= pF/m. (1)
—49.007 54.791

The matrix was calculated at the length of 0.5 um for the
subintervals at the wires cross-section boundaries.
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Fig. 1. The geometric model of the ML cross-section.
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Fig. 2. The ML circuit model.

To minimize the reflection at the ends of the wires, the
values of R1 and R2 are chosen to be equal to the geometric
mean of the wave resistances of the even (Z,) and odd (Z,)
modes of the line.
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I1l. SIMULATION RESULTS FOR THE ML WITH
OPTIMAL PARAMETERS

The values of the ML parameters are assumed to be
optimal if they satisfy the criterion of equality of the
amplitudes of the first two pulses at the ML output in the
time response to the trapezoidal pulse excitation (Fig. 3). As
can be seen from Fig. 3, the amplitudes of the first two
pulses are equal. Using the algorithm from [9] (quasi-static
analysis), we calculated the current distributions and
obtained the radiation pattern (RP). Current distributions in
the ML at the frequencies of 0.5, 5 and 10 GHz are shown in
Fig. 4. Moreover, Fig. 5 shows an example of an RP at the
frequency of 0.5 GHz and a distance of 1 m, with a change of
¢ and 6 from 0° to 180° with a step of 1°.
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Fig. 3. The voltage waveforms at the beginning ( - - ) and end of the ML
)

4351 . mA
44
is \\».\. r \_\ /".'ff \‘-_\\ Y \\ /_,f/
3 ) g i, / o ! ' !
LN I \ / 4 W v
25 \ W . / 'y L Vo .-"f
Y W Y ! \ i \./ ;
2 y ' B ! Vo) :
vy ol ] Lo N !
- Voo SN o SN
1 v A Y, e R
0.5 1 n
0 . s
1 641 1281
Fig. 4. The current distributions in the ML at frequencies

of 0.5(—)and 5 (---)and 10 GHz (—-).
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Fig. 5. Anexample of an RP for the ML built in TALGAT.

The same structure was modeled in the EMPro system
(electrodynamic analysis). When constructing the three-
dimensional model of the structure under study, each
element was divided into cells with the minimum size of
20 um. An example of an RP with the same parameters is
shown in Fig. 6. It can be seen that the shapes of the RP
match and the maximums are close (0.0117 and
0.0068 V/m).

Fig. 6. An example of the RP for the ML in EMPro.

Using the temperature model from [10], we obtained the
temperature dependences of the cross-section parameters and
ML characteristics at the frequency of 10 GHz. The results
are shown in Table 1. It can be seen that with the increase of
T, the values of the parameters R and | increase, and S and
(Z.Zo)"° decrease. It is worth noting that the change in the
temperature has almost no effect on the maximum value of
|EI.

TABLE I. DEPENDENCES OF CROSS-SECTION PARAMETERS AND ML
CHARACTERISTICSON T
T,°Cl Ropm | Lmm | S um | (Z:Zo)°°, Ohm | |E|max, V/IM
-50 | 49. 9363 | 29. 9617 | 14. 8375 136.478 0.319
—25 | 49. 9575 | 29. 9745 | 14. 7950 136.365 0.319
0 |49.9787 | 29.9873 | 14. 7525 136.251 0.319
25 50 30 14.71 136.137 0.319
50 | 50.0212 | 30.0127 | 14.6675 136.023 0.319
75 | 50.0425 | 30.0255 | 14.6250 135.908 0.319
100 | 50.0637 | 30.0382 | 14.5825 135.794 0.320
125 | 50.0850 | 30.0510 | 14.5400 135.679 0.320
150 | 50.1063 | 30.0637 | 14.4975 135.564 0.320

The frequency dependences of the maximum value of |E]
(when ¢ and 6 were changed from 0° to 180° in 1°
increments) in the two systems are compared in Fig. 7.
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Fig. 7. The maximum frequency-dependent values of |E| for the ML
structure when ¢ and 6 were chnaged from 0 to 180° in increments of 1°
obtained in EMPro (- -) and in TALGAT (—) for the optimal ML
parameters.

The results show that the maximum values of |E| at low
frequencies are close. At high frequencies, the difference
between the results of quasi-static and electrodynamic
analysis increases.

IV. SIMULATION RESULTS FOR UNMATCHED ML

In this section, the same structure was modeled as in
Fig. 1. But, the values of R1 and R2 are assumed to be
50 Ohm. Using the models created in the previous section,
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we calculated the time responses to the trapezoidal pulse
(Fig. 8). It can be seen that the amplitudes of the first two
pulses are uneven. The current distributions in the ML at
frequencies of 0.5, 5 and 10 GHz are shown in Fig. 9. Fig. 10
illustrates an example of an RP at a frequency of 0.5 GHz
and a distance of 1 m when ¢ and 6 were changed from 0° to
180° in increments of 1° obtained in TALGAT. The
maximum values of |E| when ¢ and 6 were changed from 0
to 180° in increments of 1°, depending on the frequency, are
shown in Fig. 11. Moreover, similar to Fig. 7, we can notice
that at high frequencies the difference between the maximum
|E|] results of quasi-static and electrodynamic analyses
increases. Fig. 12 exemplifies the comparison of the obtained
results for the optimal structure and the unmatched one. As
can be seen from Fig. 12, the emission from the unmatched
ML is bigger due to the reflection on the ends of the ML. Itis
worth noting that the first occurred resonance (when the ML
length 2l is the half of the wavelength A=0.12 m) has the
same value in the two systems but at the second one (2l equal
to 2/0.66 m) we can clearly notice a shift in the resonance
value equal to the chosen step.
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Fig. 8. The voltage waveforms at the beginning ( - - ) and end of the
unmatched ML (—).
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Fig. 9. The current distributions in the unmatched ML at frequencies
of 0.5(-)and5(----)and 10 GHz (——-).
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Fig. 10. An example of the RP for the unmatched ML built in TALGAT.
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Fig. 11. The maximum frequency-dependent values of |E| for the ML
structure when ¢ and 6 were changed from 0 to 180° in increments of 1°
obtained in EMPro (- -) and in TALGAT (—) for the unmatched ML.
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Fig. 12. The maximum frequency-dependent values of |E| for a structure
with an ML obtained in EMPro (——) and TALGAT (—+—) for the optimal
ML parameters, and in EMPro (- -e- -) and TALGAT (- -+- -) for the non-
unmatched ML.

V. COMPARISON WITH SINGLE TL

The signal in a transmission line (TL), even in a matched
one where the reflection at the ends of the line is minimal,
loses some of its energy emitted out from the line. Therefore,
to understand the ML behavior related to radiated emission
and to try to explain the signal losing its energy, we will
compare the earlier results with those for one single TL
imitating the expanded ML. To achieve this goal, a simple
structure of a TL based on one wire above the ground plane
in an air dielectric filling was modeled. The simulation was
carried out without taking into account losses in the wire.
The geometric model of the TL cross-section constructed in
the TALGAT system is shown in Fig. 13. It has the same
parameters as the ML but the length is equal to 2I. At the
near end, the line is connected to the source with the same
parameters as in the ML case, and to the receiving device at
the far end. Fig. 14 demonstrates the TL circuit model. The
per-unit-length capacitance is taken to be equal to
10.48 pF/m calculated at the same length of subintervals.
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Fig. 13. The geometric model of the TL cross-section.
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Fig. 14. The TL circuit model.
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At first we consider the case of a matched TL and then an
unmatched one. For the matched TL, the values of R1 and R2
are chosen to be equal to 318 Ohm, while for unmatched one
equal to 50 Ohm. The voltage waveforms at the beginning
and the end of the matched TL and the unmatched one are
shown in Fig. 15. The amplitude of the waveform in the
unmatched TL decreases, and a bigger amount of the signal
energy is reflected and emitted. The current distributions
were calculated and shown in Fig. 16 for the unmatched TL
at the frequencies of 2.5 and 7.5 GHz. The maximum
amplitude of the current in the unmatched TL increases to
reach 10 mA comparing to 1.6 mA for the matched one. That
will lead in general at the most frequency range to increase
the maximum values of |E| of the unmatched TL as seen in
Fig.17. From Figs. 16 and 17 we can also notice that the
signal waveforms in the unmatched TL start to take a
sinusoid form because of the reflection at the ends of the TL.
The RP waveforms obtained by the two systems differ a little
for the unmatched TL at some frequencies, but in general we
can say that the results are still acceptable. At the frequency
of 2.5 GHz, an example of the RP built in TALGAT and
EMPro are demonstrated in Figs. 18 and 19, respectively.
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Fig. 15. The voltage waveforms at the beginning (-+) and the end of the
matched TL (- -) and the unmatched one (-).
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Fig. 16. The current distributions in the unmatched TL at frequencies
of 2.5 (-+)and 7.5 GHz (-).

Fig. 17. The maximum frequency-dependent values of |E| for the matched
TL obtained in EMPro (——) and TALGAT (—+-), and for the unmatched
TL in EMPro (- -e- -) and TALGAT (- -»- -).
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Fig. 18. An example of the RP for the TL built in TALGAT.
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Fig. 19. An example of the RP for the TL built in EMPro.

For the matched case and the unmatched one, Figs. 20
and 21 represent comparison of the ML maximum values of
|E| results with TL ones, respectively. With increasing the
frequency the resonance peaks become more pronounced in
the matched case of ML comparing to TL. But the opposite
thing is found in the unmatched case where more resonances
arise at frequencies corresponding to A=21, I, 0.6l, I/2 m. At
last we can say that the ML was able to decrease the radiated
emission in the most frequency range except at the resonance
frequencies.
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Fig. 20. The maximum frequency-dependent values of |E| for the matched
ML obtained in EMPro (——) and TALGAT (—+-), and for the matched TL
-in EMPro (- -.- -) and TALGAT (- -¢- -).
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Fig. 21. The maximum frequency-dependent values of |E| for the
unmatched ML obtained in EMPro (—-—) and TALGAT (—+-), and for the
unmatched TL - in EMPro (- -o- -) and TALGAT (- -¢- -).

It is worth noting that the proposed algorithm not only
gives acceptable results comparing to electrodynamic
analysis but it also remarkably decreases the computational
costs. For example, simulating the unmatched single TL in
the TALGAT system only took 1.48 minutes, while in
EMPro system it took 30.57 minutes. This will be even
bigger advantage when it comes to simulating such structures
considering the losses, and this is one of the studies we are
planning to do in the future.

V1. CONCLUSION

In this paper, the proposed algorithm is tested on the ML
structure based on two coupled wires above the ground plane
in the air. The change in temperature has almost no effect on
the radiated emissions from the ML structure. The estimates
of radiated emissions from the ML were obtained using two
approaches. And, in contrast to the TL, the ML was able to
minimize the radiated emission in the most frequency range
except at the resonance frequencies. Testing the algorithm
gave acceptable results at low frequencies. The results are
convergent and the difference might result from using
different methods; the electrodynamic analysis is based on
the finite element method while the quasi-static analysis is
based on the combination of the method of nodal potentials
and the method of moments with thin-wire approximation
(the proposed algorithm). However, obtaining closer results
also depends on the chosen segmentation and getting fine-
enough meshing which will be proportional to the
computational cost. It is also noteworthy that the obtained
results correspond to a wide frequency range but with a big
step, so obviously the sampling frequency rate affects the

convergence of the results. Furthermore, the results of the
maximum values of |E|, as known, differ depending on the
direction. Future work will aimed at investigating the
radiated emission from this ML structure and from more
complex ones taking into account the losses. In addition, a
more detailed analysis should be done to achieve more close
results by increasing the sampling frequency rate and
running the simulation with more accurate meshing and
segmentation.
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