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Introduction

Symmetrical and non-symmetrical meander delay-
deflecting systems have been widely investigated by
analytical methods. In the works on meanders systems,
frequency dependences of the phase delay time and wave
resistance have been most frequently investigated in the
low and medium frequency range until the phase angle &
between currents and voltages of adjacent conductors does
not exceed 7/2. As the multi-line method is suitable for
modeling the planar electrode structure of meander
systems [1], numerical methods up to now have been
scarcely applied to the investigation of these systems. The
investigation of properties of helical delay systems has
shown that numerical methods (application of MicroWave
Office and MicroWave Studio packages) allow revealing
many new and unknown properties of the systems.
Numerical methods evaluate the finite electrode length and
reflections which have influence on frequency
dependences of the transfer factor and input impedance,
enables observing the electromagnetic field distribution in
the system cross-section and scattering at the ends of the
system.

The original patented meander delay-deflecting
system is known [2], but its characteristics and possibilities
have not been investigated yet.

The aim of this work is to investigate and compare
characteristics of known symmetric and non-symmetric
systems as well as systems with meander electrodes shifted
by half the period as well as to evaluate the influence of
the finite electrode length on the amplitude-frequency
response and phase-frequency response (AFR and PFR).

Model and investigation methods

The meander system patented by the authors of the
work [2] was chosen for the investigation. The
construction of non-symmetric version of this system
created using the internal MicroWave Studio graphical
editor is presented in Fig. 1. The system comprises the
meander /, single side through dielectric plating 2 with
holders 3, around which plating windows are left, and the
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external shield 5. The meander width 4 = 8,5 mm, step
L=1 mm and the turn width /=0,5 mm determine the

structural retardation factor value £=10. The required wave
resistance of 50Q of the system in the low frequency range
was ensured by selecting the meander distances to the
single side through dielectric plating w,=0,2 L and the
external shield w,=0,1 L.

2
Fig. 1. Non-symmetrical meander delay system: 1 — meander; 2 —
single side through dielectric plating; 3 — holder; 4 — plating
window around the holder; 5 — external shield

The investigation scheme of the meander delay
system is very simple: the scheme of the system
construction is drawn using the system internal graphical
editor on a scale 1:1 as well as the signal source and load
switching-on ports are indicated. The methods of
measuring the frequency characteristics of the phase delay
time and wave resistance by the CST MWS program are
analogous to the scheme and methods presented in [3, 4].

Frequency characteristics of the retardation factor and
the input impedance of the non-symmetric meander delay
system are presented in Fig. 2, a and b.

First of all the statement of the authors, that in the
patented construction the dielectric practically does not
influence the system properties, was tested. The performed
investigations have shown that the phase delay time
dispersion and AFR of the systems with the ideal dielectric
(¢=1) and real diclectric (¢=4) coincide. The increase in
the phase delay time due to the dielectric in the whole
frequency range is less than 1%. When ¢ = 8, the pass-
band becomes narrower by ~ 1 GHz, and the retardation
factor increases by = 2,5 % (curves 2 in Fig. 2 and 3).
Further investigations have shown that a large phase delay
time dispersion (compared with the helical systems) is
characteristic of the meander delay system. The retardation



factor in the low frequency range is smaller than the
structural one (Fig. 2, a). It reaches the structural
retardation factor value of 10.4 at about 10 GHz. In the
frequency range from 0 to the stop-band boundaries when
the phase difference between currents and voltages of
adjacent turns reaches 7z (in this case it happens at =15
GHz), the retardation factor changes by more than 10 %.
Frequency dependence of the input impedance is presented
in Fig. 2, b.
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Fig. 2. Frequency dependences of retardation factor (a) and input
impedance (b) calculated for the meander delay system (Fig. 1)
with different dielectrics of meander holders: 1 — ¢=1; 2 —
=8
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The obtained results show that the input impedance
in the low frequency range makes up about 45Q. With the
frequency increase the input impedance of the meander
delay system increases. Non-uniformities of input
impedance are caused by reflections from the system input
and output. The distance between two input impedance
minimums or maximums Afis inversely proportional to the
meander system twofold delay time 7, =1/2-4f .

The obtained results agree well with the theoretical
research results of known authors, specialists in this field
[5, 6]. AFR of the meander delay system are presented in
Fig. 3. The results show that reflections appear in the
higher frequency range (over 2 GHz). The cause of
reflections is the capacitance non-uniformities at the ends
of the system and the increased wave resistance of the
meander delay system at high frequencies. When the phase
angle 6 between currents and voltages of adjacent turns
approaches 772 and the integer number of half-waves of
the non-retarded wave fits along the meander conductor,
reflections in the system are minimal.

Investigation of the symmetric meander system

The scheme of the symmetric meander system
investigation is shown in Fig. 4. Two signal sources with
internal impedances Z, are switched-on at the system
input. Synchronic anti-phase signals are applied to the
arms / and 2 of the system. Outputs 1 and 2" of the system
are loaded with impedances Z;. These impedances are
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selected to be equal to the system wave resistance =50 Q

in the low frequency range.
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Fig. 3. AFR of non-symmetric meander delay system with
different dielectrics of meander holders: 1 — ¢=1; 2— &£=8
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Fig. 4. Scheme of switching-on of the symmetric meander system
(SMS) into the signal channel

The symmetric meander system chosen for the
investigation (Fig. 5) consists of two non-symmetric
systems (Fig. 1) by placing them symmetrically to the
external shield plane (at the w, distance from the
meander). The distance between meander electrodes in the
symmetric system is equal to 2 w,.

Fig. 5. Symmetric meander system

In the known works [1] for the simplification of
theoretical research the symmetric delay-deflecting
systems are changed by non-symmetric ones by dividing
them into two parts by the ideal conductor plane crossing
the system symmetry axis. During this investigation it was
intended to ascertain if such a change is correct. For this
purpose, characteristics of the non-symmetric meander
system (Fig. 1) and of the symmetric system formed from
it were compared.

The performed investigations of non-symmetric
systems and symmetric meander systems formed from
them as well as comparison of their characteristics have
shown that in case the distance between the symmetric
system meander electrodes is of the same order or larger
than the distance between the meander conductors,
characteristics of non-symmetric and symmetric systems
practically coincide. When the distance between the
symmetric system electrodes decreases, its change by a
non-symmetric system can induce errors. AFR of the non-
symmetric system (solid curve /) and of the symmetric
system formed from it (dotted curve 2), when 2 w,=0,2 L,
are shown in Fig. 6.

In this case the symmetric system retardation factor
by about 5% lower and a larger wave resistance are
obtained. This can be explained by the MicroWave Studio
automated decomposition into finite elements.



Investigation of the meander system with electrodes
shifted by half the period

The meander system, in which meander electrodes
shifted by half the period are used, is known. It is shown in
the work [1] that the system is distinguished for the larger
wave resistance and the retardation factor when distances
between meander electrodes are small, while with larger
distances between meander electrodes the system
advantages disappear.
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Fig. 6. AFR of non-symmetric (1) and symmetric (2) meander
systems

A sketch of the system with shifted meander
electrodes is presented in Fig. 7.

Fig. 7. System with meander electrodes shifted by half the
period

The investigation results are presented in Figs. 8 and
9 together with the results of the symmetric meander
system (Fig. 5).
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Fig. 8. Frequency dependences of retardation factors: 1 — of the
symmetric meander system; 2 — of the system with shifted
meander electrodes

Analysis of the obtained results and comparison with
the results of the symmetric system with a small distance
between meander electrodes have shown that the wave
resistance of the system with shifted meander electrodes in
the low frequency range increased from 47Q to 61Q, and
the retardation factor — from 9 to /2 (Fig. 8). AFR of the
systems are presented in Fig. 9.
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Fig. 9. Amplitude-frequency responses: 1 — of the symmetric
meander system; 2 — of the system with shifted meander
electrodes

Their comparison shows that in the low frequency
range until the phase angle between adjacent conductor
currents and voltages 6 < 7/2 in the system with shifted

meander electrodes the suppression is much larger and
there are no reflections. The reason for this can be not
uniform distribution of surface currents in meander
conductors. The relation between central parts of meander
conductors is strong because they are very close, currents
in them flow in one direction and magnetic fields induced
by them are summed. This cannot be said about peripheral
parts of meanders where conductor loops are shifted. In
spite of that, the pass-band of systems with shifted
meander electrodes at the 3 dB level is not narrower, and
an odd wave also propagates when 6= . This can be
explained by the fact that interaction between meander
conductors being over each other is much stronger than the
interaction between adjacent conductors of the same
electrode when the distance between shifted meander
electrodes is small (smaller than the gap between meander
conductors). Therefore, the field is concentrated between
meanders and a significant part of energy is transferred in
this region.
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Fig. 10. Cross-section of meander systems (Fig. 5 and 7)
obtained after increasing the distance between meander
electrodes to 0.7 mm: 1 — meanders, 2 — single side through
wafers with meander holders, 3 — external shield
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Fig. 11. Frequency dependences of retardation factors of

meander systems (Fig. 5 and 7) obtained after increasing the

distance between meander electrodes: 1 — of the symmetric
system, 2 — of the system with shifted meander electrodes
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In order to know how the system properties change
by increasing the distance between meander electrodes by
2 w,, two systems (analogous to those presented in Fig. 5
and 7) were investigated. The cross-section of these
systems is shown in Fig. 10, and the investigation results

in Fig. 11 and 12.
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Fig. 12. AFR of meander systems (Fig. 5 and 7) obtained after
increasing the distance between meander electrodes: 1 — of the
symmetric system, 2 — of the system with shifted meander
electrodes

The analysis of the obtained results and their
comparison with the results presented in Fig. 8 and 9 show
that properties of the system with shifted meander
electrodes (curves 2 in Fig. 11 and 12) approach the
properties of the symmetric meander system (curves / in
Fig. 11 and 12) when the distance between the system
meander electrodes becomes larger than the gap between
meander conductors. When 6= 7, a narrow pass-band also
appears in the system with shifted meander electrodes.

Conclusions

1. Non-symmetric and symmetric systems as well as
systems with meander electrodes shifted by half the period
of earlier unknown construction have been investigated.
The investigation results confirmed the advantage of this
system indicated in the patent — little influence of dielectric
on the system properties

2. The obtained results of investigations agree well
with the theoretical research results of known authors,
specialists in this field [1]. Moreover, it should be
mentioned that the application of the MicroWave Studio
package to the investigation of meander systems revealed

adjacent conductor currents or voltages is 8 =7/2 and
when the integer number of half-waves of the non-
retarded wave fits along the meander conductor;

o the delay system with meander electrodes shifted by half
the period has no AFR break at & = z, and in the
frequency range where the phase angle 6 changes from 0
to 772 the suppression is increased and reflections are
smaller.
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some new properties of investigated systems.

3. Properties of the delay system with meander
electrodes shifted by half the period strongly depend on
the distance between electrodes. If this distance is small
(smaller than the gap between meander conductors), the
system acquires properties which are not characteristic of
symmetric meander systems:

o the influence of reflections on AFR of the meander delay
system is not revealed when the phase angle between
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J. Skudutis, V. Daskevi€ius. Investigation of Meander Delay System Properties using the ,,MicroWave Studio®“ Software
Package // Electronics and Electrical Engineering. — Kaunas: Technologija, 2006. — No. 8(72). — P. 11-14.

Possibilities of applying the MicroWave Studio package to the investigation of properties of meander delay systems were analyzed.
It is shown that properties of the delay system with meander electrodes shifted by half the period strongly depend on the distance
between electrodes. If this distance is smaller than the gap between meander conductors, the system acquires properties which are not
characteristic of symmetric meander systems. When the phase angle between adjacent conductor currents or voltages is d =72 and
when an integer number of half-waves of the non-retarded wave fits along the meander conductor, the influence of reflections on the
meander delay system AFR is not revealed. The delay system with meander electrodes shifted by half the period has no pass-band (AFR
break) at d = 7, and in the frequency range where the phase angle & changes from 0 to 772 the suppression is increased and the
reflections are smaller. I11. 12, bibl. 6 (in English, summaries in English, Russian and Lithuanian).

F0. Ckyayruce, B. JlamkeBuuroc. HccienoBanme MeaHAPOBBIX CHCTeM ¢ IpuMeHeHueMm mnakera MicroWave Studio //
JJIeKTPOHHUKA U Yj1eKTpoTexHuka. — Kaynac: Texnosorus, 2006. — Ne 8(72). — C. 11-14.

AHaIM3UPYIOTCA BO3MOXKHOCTH NpHMEHEeHus makera MicroWave Studio ans mcciegoBaHusi CBOWCTB MEAHIPOBBIX 3aMEIIISIOLINX
cucreM. [loka3zaHo, 4TO CBOMCTBA CHCTEMBI CO CMEIICHHBIMU Ha IOJIOBHHY IEPHOAA MEAHPOBBIMHU DJIEKTPOJAMHU CHIIBHO 3aBUCIT OT
paccTosIHUS MEXIy JIeKTpoaaMu. Ecii 3To paccTosiHne MEHbIe IPOMEXYTKAa MEXIy IPOBOJHHKAMH MEaHZpa, CUCTEMa OTIMYaeTCs
CBOWCTBaMH, HE XapaKTEPHBIMH CHUMMETPUYHBIM MEaHIPOBEIM crcteMaM. Korna ¢a3oBblii yroi MeXIy TOKAMU WM HANPSHKCHUSIMU B
COCeHUX MPOBOAHHUKAX 6 =7/2 W KOrAa BIOJIb MEAHAPOBOTO MPOBOJHMKA MOMEIIASTCS LE0e YHUCIIO TTOJOBUH [UTMH HE 3aMeICHHON
BOJIHBI, BIIMsIHUE OTpakeHUH Ha AUX MeaHIpoBO# 3aMeISIONIeH CUCTEMBI HE MPOSBIISETCS. 3aMeISoNIasi CUCTEMa CO CMELEHHBIMU
Ha TIOJIOBHHY NIEPHO/Ia MEAaHPOBBIMH DIICKTPOJAMH HE UMEET MOJIOCH 3arpakaeHus (paspeiBa AUX) Ha 6= 7, a B IMana3oHe 4acToT, B
KOoTOpoM (a3oBeIii yron Mensiercst oT 0 1o 772, yBenn4eHo 3aTyXaHHe U MeHble oTpaxeHus. M. 12, 6ubin. 6 (Ha aHIIINICKOM sI3BIKE;
pedepaTsl Ha aHTTIMHCKOM, PyCCKOM H JINTOBCKOM S13.).

J. Skudutis, V. Daskevi¢ius. Meandrinés létinimo sistemos savybiy tyrimas MicroWave Studio programy paketu // Elektronika
ir elektrotechnika. — Kaunas: Technologija, 2006. — Nr. 8(72). — P. 11-14.

Analizuojamos galimybés tikyti MicroWave Studio paketa taikymo meandriniy létinimo sistemy savybéms tirti. Parodyta, kad
létinimo sistemos su perstumtais per pusg periodo meandriniais elektrodais savybés labai priklauso nuo atstumo tarp elektrody. Jeigu Sis
atstumas yra mazesnis uz tarpa tarp meandro laidininky, sistema igyja nebiidingy simetrinéms meandrinéms sistemoms savybiy. Kai
fazés kampas tarp gretimy laidininky sroviy arba jtampuy € =#/2 ir kai iSilgai meandro laidininko telpa sveikas nesulétintos bangos
pusiy skaiCius, atspindziai neturi jtakos meandrinés létinimo sistemos DACH. Létinimo sistema su perstumtais per pusg periodo
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meandriniais elektrodais neturi uztvarinés juostos (DACH triikio) ties = 7z, o dazniy ruoze, kuriame fazés kampas € kinta nuo 0 iki
2, yra didesnis slopinimas ir mazesni atspindziai. Il. 12, bibl.6 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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