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Two-wire modal filter with a thin passive conductor

The paper presents the results of quasi-static analysis of a two-wire modal filter with a thin passive conductor. The geo-
metrical parameters of the investigated structure were optimized using a genetic algorithm. It is revealed that with a
significant reduction in the thickness of the passive conductor it is possible to preserve or improve the electromechanical

properties of the modal filter.
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For the protection of on-board radio-electronic sys-
tems of the spacecraft from broadband conductive inter-
ferences, various circuitry and design solutions are used
[1, 2]. However, due to the presence of parasitic parame-
ters, many of them are found to be ineffective [3]. Thus,
due to its high power, short duration, and wide range, the
ultra-short pulse (USP) can penetrate deep into radio-
electronic systems and disable them. To protect vulnera-
ble circuits and elements from USP, the devices based on
modal filtering principle are successfully used [4-6].
Fig. 1, a shows the cross-section of the two-wire modal
filter (MF) in the classical configuration, and Fig. 1b
shows its equivalent switch-on circuit. When passing
through the MF, the USP is decomposed into two pulses
of smaller amplitude. It should be noted that during the
flow in the active DC conductor, the passive conductor is
practically not activated. However, in some applications,
the presence of a passive conductor identical in height to
the active one is not desirable. For example, the copper
balance of the PCB, its weight-size parameters and elec-
tromechanical characteristics may decrease. In the
known works on modal filtration, the passive conductor
was identical in height to the active one, and the influence
of its thickness on MF characteristics was not analyzed.
Thus, the purpose of this work is to fill this gap.

e — o
& h
tgd
[] !
= %
a
e
1
UJ\ ys R4
T
)
b

Fig. 1. Cross section of the two-wire MF (a)
and its equivalent switch-on circuit (b)

Approaches, methods and structures

Different approaches and methods are used to ana-
lyze noise protection devices. Thus, for the analysis of
filters on the lumped elements, the schematic approach is
successfully used [7]. For the analysis of filters on the
elements with distributed parameters, quasi-static and
electrodynamic approaches are used [8, 9]. In this work,

the quasi-static approach is used, which provides suffi-
cient accuracy at an optimal time spent on calculations.

A numerical method for solving the integral equa-
tion was used, namely, the moment method [10]. To ob-
tain reliable results of modeling, the surface of a two-wire
MF was dynamically divided into segments, inside of
which surface charges were calculated (Fig. 2). Thus, the
number of segments on the smallest interval was not less
than 8, which provides high accuracy of the results in the
whole range of accepted values of w and s.

N

- o
o

Fig. 2. Segmentation in simulation models of the two-wire MF

White ceramics AlL,O3;96% with g.=9.8,
h=0.5mm and =300 um was chosen as a dielectric
substrate material. The thickness of the passive conductor
was 10 um. In the process of the simulation, dielectric
and conductor losses were not taken into account. Initial
parameters of MF in the classical version were:
w=2350 um, s=2000 mm, /=1 m. Values of all re-
sistances R are a constant value and are accepted equal to
50 Q.

Analysis of the influence of the passive conduc-
tor thickness on the two-wire MF characteristics

The voltage forms at the input (72) and output (V4)
of the two-wire MF in the classical configuration are
shown in Fig. 3. We can see that the USP is divided into
two pulses of smaller amplitude. The maximum ampli-
tude at the active line output of the two-wire MF was
501 mV, and the difference of linear delays was 0.43 ns.

1 14

LV V2
0.8 i V4
Odd mode,
0.6 +: Even mode\\
04 i
02 4
t,ns
0 T T T T T T T T T .
0 1 2 3 4 5 6 7 8 9 10

Fig. 3. Voltage forms at the input (¥2) and output (V'4)
of a two-wire MF in a classic configuration
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To analyze the influence of the passive conductor
thickness on the two-wire MF characteristics, the time re-
sponses at the near and far ends were obtained, the geo-
metric mean value of the characteristic impedance along
the main diagonal was calculated, the maximum voltage
at the output of the active conductor was obtained, and
the line delays for even and odd modes were collected.
The obtained results are presented in Table 1. The results
show that as the thickness of the passive conductor de-
creases, the maximum voltage at the output of the active
conductor increases. This is due to the fact that the con-
nection between the active and passive conductors is
weakened by the reduction in the thickness of the passive
conductor. At the same time, it should be noted that the
difference in per-unit-delay is increasing. The character-
istic impedance of the transmission line varies in a nar-
row range, so the absolute deviation is 4.35 Q.

Table 1
Analysis of the influence of the passive conductor thickness
on the two-wire MF characteristics

t, pum Z, Unmax, T, T2, At,
(pas. cond.) Q mV ns/m ns/m ns
300 50.014 | 501 7.357 | 7.791 | 0.434
250 50478 | 567 7.392 | 7.815 | 0.423
200 51.005 | 647 7.426 | 7.848 | 0.423
150 51.614 | 730 7.458 | 7.894 | 0.437
100 52.342 | 812 7.487 | 7.960 | 0.473
50 53.265 | 881 7.513 | 8.056 | 0.543
10 54372 | 927 7.530 | 8.160 | 0.629

Optimization of two-wire MF in thin passive
conductor configuration

To obtain optimal parameters (w of passive
conductors, and s between conductors) in which the MSL
will be coordinated and the amplitude of the USP at the
output of a two-wire MF will be minimal, the
optimization is performed by a global method (genetic
algorithm).

The two-wire MF parameters optimized by the
genetic algorithm are summarized in Table 2. After all it-
erations, optimization of two-wire MF parameters by the
genetic algorithm was stopped. Optimal parameters for
execution with thin passive conductor were: w =670 um
(active), w = 250 pm (passive), s = 600 pm.

Table 2
Two-wire MF parameters optimized
by the genetic algorithm

Ne Parameters Value
1 | Number of individuals 50
2 | Number of generations 50
3 | Mutation Ratio 0.1
4 | Crossover coefficient 0.5
5| Range of acceptance

values for w (active conductor) from 350 t0 700 pm

6 | Range of acceptance

values for w (passive conduc-
tor)

7 | Range of acceptance

values for s

8 | Weighting ratios for two
functions

from 300 to 4000 um

from 300 to 4000 um

0.5

Fig. 4 presents voltage forms of the investigated
structure of the two-wire MF in the version with a thin

passive conductor.
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Fig. 4. Input (72) and output (V4) voltage forms
of two-wire MF with the thin passive conductor

The results show that the maximum amplitude of the
MF in the version with a thin passive conductor was
498 mV, and the difference of per-unit-delay was 0.97 ns.
The following are matrices C and L for the two-wire MF
in a classic configuration, and for a MF with a thin pas-
sive conductor.

7.11028-107'0  —5.34505-10710

C= , F/m;
-5.34505-10710  7.18458.10710
. 1.10911-1077  2.82698-1078 w
= , H/m;
2.82698-107° 1.10998-10~7
o 7.02154-10710  —4.31788.107!! .
= , B/m;
—4.31788-107'1  6.13583-10710
. 1.16739-1077  2.47027-1078 w
= , H/m.
2.47027-10°% 1.34937.1077
Conclusion

The paper presents the results of quasi-static analy-
sis of a two-wire modal filter with a thin passive conduc-
tor. The geometrical parameters of the investigated struc-
ture were optimized using a genetic algorithm. It is re-
vealed that with a significant reduction in the thickness
of the passive conductor it is possible to preserve or im-
prove the electromechanical properties of the modal filter.

References

1. Kechiev L.N. Design of the printed circuit boards for
the digital high-speed equipment (in Russian. — M.: Group IDT
b, 2007.

2. Gazizov T.P. Electromagnetic compatibility and safety
of radio electronic equipment: a training posobii. — TML-Press,
2007.

3. Gizatullin Z.M., Gizatullin R.M. Investigation of the
immunity of computer equipment to the power-line electromag-
netic interference // Journal of Communications Technology
and Electronics. — 2016. — Vol. 61, No. 5. — P. 546-550.

4. Gazizov A.T., Zabolotsky A.M., Gazizov T.R. UWB
pulse decomposition in simple printed structures // IEEE Trans-
actions on Electromagnetic Compatibility. — 2016. — Vol. 58,
No. 4. —P. 1136-1142.

5. Zhechev Y.S., Chernikova E.B., Belousov A.O., Gaz-
izov T.R. Experimental research of a reflection symmetric
modal filter in the time and frequency domains // Systems of

XVI Mesicoynapoonas nayuno-npaxmuyeckas kougepenyus, 18—20 nosopsa 2020 .



238

OJIEKTPOHHBIE CPEJ[CTBA U CUCTEMBI YIIPABJIEHUA

Control, Communication and Security. — 2019. — No. 2. —
P. 162-179. DOI: 10.24411/2410-9916-2019-10208

6. Zhechev Y.S, Kosteletskii V.P. A modal filter with a par-
allel oscillatory circuit in a passive conductor / TUSUR scien-
tific session: collection of selected papers. — 2020. — No. 1-2. —
P. 323-326.

7. Zhechev Y.S., Kosteletskii V.P., Zabolotsky A.M., Ga-
zizov T.R. Electromagnetic interference filter for spacecraft
power bus // IOP Conference Series: Materials Science and En-
gineering. — IOP Publishing, 2019. — No. 1. — P. 012133.

8. Gazizov R.R., Ryabov R.S., Gazizov T.T. Influence of
crossover and mutation coefficients on GA optimization of ul-
trashort pulse duration by criteria of peak voltage maximization
in PCB bus // 2017 International Multi-Conference on Engi-
neering, Computer and Information Sciences (SIBIRCON). —
IEEE, 2017. — P. 415-420.

9. Belousov A.O. et al. Quasi-static and electrodynamic
simulation of reflection symmetric modal filter time response
on ultra-short pulse excitation / Journal of Physics: Conference
Series. —2018. — No. 3. —P. 1-5.

10. Kuksenko S., Gazizov T., Zabolotsky A., Ahunov R.,
Surovtsev R., Salov V., Lezhnin E. New developments for im-

proved simulation of interconnects based on method of mo-
ments // 2015 International Conference on Modeling, Simula-
tion and Applied Mathematics. — Atlantis Press, 2015.

Yevgeniy S. Zhechev

Postgraduate student Department of Television and Control,
Tomsk State University of Control Systems

and Radioelectronics (TUSUR)

40, Lenin pr., Tomsk, Russia, 634050

ORCID: https://orcid.org/0000-0003-4469-7033

Email: zhechev75@gmail.com

Talgat R. Gazizov

Doctor of Sciences in Engineering, Associate Professor
Department of Television and Control, TUSUR

40, Lenin pr., Tomsk, Russia, 634050

ORCID: https://orcid.org/0000-0002-1192-4853

Email: talgat@tu.tusur.ru

XVI Mesicoynapoonas nayuno-npaxmuyeckas kougepenyus, 18-20 nosopsa 2020 .


https://orcid.org/0000-0003-4469-7033
https://orcid.org/0000-0002-1192-4853

