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Introduction

Helical structures and meander systems are applied as
the wide-band slow-wave structures for retardation of
electromagnetic waves in traveling-wave tubes, traveling-
wave cathode-ray tubes, delay lines and other electronic
devices. Methods, models and properties of various types
of helical and meander systems are described in [1-4] and
other monographs and papers.

Modern technologies can be used for manufacturing of
planar meander electrodes. Unfortunately, relatively low
characteristic impedance and dispersion of phase velocity
of electromagnetic wave are characteristic features of the
meander systems. In order to increase characteristic
impedance, meander electrodes with bended peripheral
parts are developed for cathode-ray traveling-wave tubes
[2].

A new type of the meander traveling-wave deflecting
system (Fig. 1) with high characteristic impedance is
proposed in [2, 5]. According to [2], the bended parts of
the meander electrodes are formed and have the shape of
the turns connecting the central parts of conductors of the
meander electrodes. As a result, the system contains the
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Fig. 1. (a) The cross-section and (b) the top view of the hybrid
HMH line (1 - central part; 2-formed peripheral parts; 3 -
dielectric holder; 4 — electron beam
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peripheral elements similar to the helical turns and the
central part with conductors like in a meander system.
Thus, the proposed system can be specified as a hybrid
Helical-Meander-Helical (HMH) system consisting of two
helical elements and the central meander part.

Experimental investigation confirmed high
characteristic impedance of the hybrid system [2]. At the
same time, the lack of information about properties of the
hybrid system inhibits its application in electronic devices.

In this paper, we propose models and present results of
simulation of the hybrid HMH system.

Simulation using the method of multiconductor lines

In order to reveal general properties of the hybrid
HMH system (Fig. 1), we can use the multiconductor line
method [2, 6-8].

At opposite potentials of deflecting electrodes, analysis
of the symmetrical HMH system can be simplified.
Distribution of electromagnetic field does not change at
inserting of electrical wall in the symmetry plane. Thus, we
can consider an asymmetrical system consisting of one
slow-wave electrode and a shield instead of symmetrical
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Fig. 2. The model of the asymmetrical hybrid HMH system: 1 -
central conductor of the multiconductor line; 2 - turn of
conductor in the peripheral part; 3 — shield
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system.

The model of the asymmetrical HMH system is
presented in Fig. 2. It consists of the parallel conductors
modeling the central meander-like part of the system and
inductive elements modeling turns connecting conductors
of the central part in the way similar to that in meander
systems.

Assuming that conductors of the system are in the
vacuumed space, using the quasi-TEM  wave
approximation and taking into account that the
multiconductor line modeling meander must contain two
conductors in a period, we can write the following
expressions [2] for voltages and currents of the conductors
in the multiconductor line:

U, () = (A, sinkx+ A, coskx)e "+ .
+(Agsinkx+ A, coskx)e "W+ 1)

1,(x)=jY(9) (Al coskx — A, sin kx)e’j“9+
+iWP+ cffy  kxsid, e kx) IO

where A, are coefficients, n is the number of the

conductor of the line, k =@/ cq is the wave number, cg is
the light velocity in the free space, ® is the angular
frequency, @ is the phase angle between the voltages on
the adjacent conductors of the multiconductor line, Y (9)

and Y (@  are characteristic admittances of the line [9].

In the case of the slow-wave propagating in z
direction, voltages and currents in the model must satisfy
boundary conditions:

()

U,(0)=U,(0)e, 3)
1,(0)=-1,(0)e7’. (4)
Uo(@)=U,(a)+jolul,(a), (5)
@) =-L(@), (6)

where L, is the inductance of the helical turn.

Substituting (1) and (2) into (3)—(6), we obtain a set of
algebraic equations. Considering the set at zero
determinant, we can find values of the retardation factor
kg and frequency f [2]:

)
f=keo b2 (8)

where, vy, is the phase velocity of the traveling wave and
L is the step of the conductors of the multiconductor line.

After that we can find the input impedance of the
system. It is dependent on the coordinate x. At x=0,
according to (1) and (2)

Uog0) 1 (@1-e%)coska
1,000 jY(0) (1-ei%)sinka

kr =cCo/vph =6/kL,

Zin(0) = ©)

Characteristics of the hybrid HMH structure
(retardation factor and input impedance versus frequency),
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Fig. 3. (a) Retardation factor and (b) input impedance of the
hybrid HMH system versus frequency at L = 2 mm, thickness of
conductors 0.2 mm, gaps between them in the central part
0.5mm, shield distances 0.5 and 10 mm, characteristic
impedances Z(0) =87.7 Q, Z(rw) = 42.6 Q:
1-a=10mm,Ly=0nH; 2-a=10mm, Lj,q=5nH;
3-a=18mm,Ly=0nH

calculated using the multiconductor line method are
presented in Fig. 3. According to them, using meander
electrodes with formed lateral parts, we can considerably
increase retardation factor and input impedance of the
slow-wave system. Variations of retardation factor and
input impedance of the HMH system are relatively small in
the wide frequency range.

It is also important that characteristic impedances of
ordinary helical and meander systems reduce with
frequency [1, 2]. The input impedance of the HMH system
(Fig. 3(b), curve 2) slowly increases with frequency. This
property of the system can be used in traveling-wave
deflection systems for compensation of amplitude-
frequency distortions caused by other factors [2].

Simulation using the CST MWS software package

Simulation using  multiconductor line  method
confirmed the idea that characteristic impedance of the
HMH system can be higher than that of the meander
system. On the other hand, using the multiconductor line
method, we considered peripheral parts of the HMH
system as lamped inductances. Besides that, we did not
take into account coupling of the peripheral parts.

In order to verify the results obtained using the
multiconductor line method, we used the CST Microwave
Studio (CST MWS) software system [10].

Presenting the results of simulation, we will compare
characteristics of HMH structures with characteristics of
the non-symmetrical flat meander system presented in
Fig. 4. Main dimensions of the meander system: width of
the meander electrode 2a=15mm, step of conductors
L=2mm, gaps among the conductors |=0.5mm,
thickness of conductors t=0.2 mm, the gap between the
meander electrode and the shield w, = 0.5 mm, the length



of the system L, =29.5 mm.
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Fig. 4. Non-symmetrical flat meander system: 1 — meander
electrode; 2 — shield

Using CST MWS graphical editor, we composed the
model of the signal path, containing the system (Fig. 4), its
input and output ports, a signal source and a load and used
methodology of simulation of slow-wave systems
described in [11, 12]. According to Fig. 4, the conductors
of the meander electrode are short circuited like in the
model of the meander system based on multiconductor
line.

The structural retardation of the meander system is
given by kgo=L/2a [2]. At indicated dimensions,

Kgs = 7.5. Calculated value of input impedance of the
system Z,,=65Q. Curve 1 in Fig.5(a) characterizes

dispersion properties of the system. Its retardation factor is
less than structural retardation and increases with
frequency. The results of simulation using CST Microwave
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Fig. 5. (a) Retardation factor of meander and HMH systems and
(b) transfer characteristics of the signal paths: 1 — flat meander
system (Fig. 4); 2 — hybrid meander system (Fig. 6); 3 — hybrid
meander system (Fig. 7)
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Fig. 6. The hybrid meander system: 1 — meander electrode; 2 —
shield; 3 — turn connecting conductors

Fig. 7. The model of the system with coils connecting conductors
to form the hybrid HMH system

Studio practically coincide with results presented in
Fig. 3(a).

The transfer characteristic of the matched signal path
containing the meander system is presented by curve 1 in
Fig. 5(b).

The model of the HMH system is presented in Fig. 6.
The longitudinal section dimensions of the central part of
the system are same as dimensions of the meander system.
The length of conductors is reduced to 7 mm in order to
obtain the same retardation factor as in the ordinary
meander system (Fig. 4). The short-circuiters of conductors
used in the model of the meander electrode are replaced by
turns. Diameter of the turns is 2.5 mm. Diameter of the
conductors of the turns is the same as the thickness of the
meander electrode (0.2 mm.).

According to calculations, at indicated dimensions of
the HMH system, its input impedance is 110 Q. Other
frequency characteristics of the system are presented by
curves 2 in Fig. 5. Thus, using formed meander electrodes,
we can considerably increase the characteristic and input
impedances of the system at the same retardation and
ensure wide pass-band (more than 5 GHz).

We can further increase characteristic impedance using
coils (Fig.7) instead of single turns. According to
calculations, at application of coils consisting of two
identical turns (like in Fig. 6), characteristic impedance
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The meander slow-wave system with bended and formed lateral parts of meander electrodes is considered. The system has features
of meander and helical systems and can be considered as the hybrid helical-meander-helical (HMH) system. The multiconductor line
method and the CST Microwave Studio software system are used for simulation of the HMH system. Expressions for retardation factor
and input impedance of the systems are derived using the multiconductor line method. The CST Microwave Studio software is used for
calculation of characteristic impedance, retardation factor versus frequency and transfer function of the signal path containing meander
and HMH systems. According to results of simulation, using formed meander electrodes, we can considerably increase characteristic
impedance and ensure the wide-pass-band of the signal path. Ill. 7, bibl. 12 (in English; abstracts in English, Russian and Lithuanian).

B. JamkeBuuroc, 0. Ckyayruc, A.Katkesuuioc, C.Illtapac. MogennpoBanue M CBOHCTBAa IMIMPOKOIIOJIOCHOH rudpuaHoii
3aMeIsIoNIeii cucTeMbl // JieKTpOHUKA M dieKTpoTexHuka. — Kaynac: Texnosorus, 2010. — Ne 8(104). — C. 43-46.

PaccmarpuBaroTcs cBOWCTBAa MEaHIPOBOH CHCTEMBI, COAEPIXKAIICH MEaHAPOBBIE JIEKTPOIBI C OTOTHYTHIMU M (DOPMUPOBAHHBIMA
nepudepuitnpiME  ydacTkamu. CHCTeMa WMeeT XapaKTepHble MEaHIPOBBIM M CHHPANBHBIM CHCTEMaM IIPH3HAKH M MOXET
paccMaTpuBaThCcs Kak THOpuAHAs chupaibHas-meaHnpoBas-cnupansHas (CMC) cucrema. s aHanmm3a CHCTEMbl M BBIBICHHUS €€
CBOWCTB MPUMEHEH METOJ] MHOTOIPOBOJAHBIX JMHUNA u makerT mporpamm CST Microwave Studio. Meros MHOTOMPOBOAHBIX JTHHHI
IPUMEHEH TS BEIBOJA BBIPOKEHMUH JUCIIEPCHOHHOTO YPaBHEHHS U BXOAHOTO compoTusienus. [Taker nporpamm CST Microwave Studio
UCIOJIb30BaH IS pacyeTa BOJHOBOTO CONPOTHUBIICHNUS, YaCTOTHOH 3aBUCHMOCTH KO3(duineHTa 3aMeIeHNs U aMIUTUTYAHO-4aCTOTHOM
XapaKTePUCTHKU CHUTHAIBEHOTO TPaKTa, COAEPIKAIIETro MPOCTYI0 MEaHPOBYIO CHCTEMY M CHCTEMY C ()OPMHPOBAHHBEIMU MEaHIPOBBIMU
anextpopamu. Iloka3aHO, YTO NpPHUMEHsSsI OTOTHYTHIE MEAHJPOBHIE 3JIEKTPOIBI MOXKHO OOECIIEUUTH IIOBHIIIEHHOE BOJHOBOE
conporusieHre CMC cucTeMsl B MUPOKYIo nosocy nporyckanus. M. 7, 6u6ma. 12 (Ha aHrmmiickoM s3bIke; pedepaTsl Ha aHTIIHHCKOM,
PYCCKOM H JINTOBCKOM 513.).

V. Daskevitius, J. Skudutis, A. Katkevitius, S. Staras. Pladiajuostés hibridinés létinimo sistemos modeliavimas ir savybés //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 8(104). — P. 43-46.

Nagrinéjama létinimo sistema, kurioje panaudoti meandriniai elektrodai su nukreiptomis ir suformuotomis periferinémis dalimis.
Sistema turi meandrinéms ir spiralinéms sistemoms buidingy bruozy ir gali bati laikoma spiraline-meandrine-spiraline (SMS) sistema.
Sistemai modeliuoti ir jos charakteristikoms apskai¢iuoti naudotas daugialaidziy linijy metodas ir kompanijos CST programy paketas
Microwave Studio. Taikant daugialaidziy linijy metoda i$vesta sistemos dispersiné lygtis ir j¢jimo varzos iSraiSka. Paketas Microwave
Studio panaudotas sistemos banginei varzai, létinimo koeficiento dazninei charakteristikai ir signalinio trakto, kuriame panaudota
meandriné sistema ir SMS sistema, amplitudés dazninéms charakteristikoms apskaiciuoti. Parodyta, kad, naudojant SMS sistemas su
nukreiptais ir suformuotais meandriniais elektrodais, galima gauti didelg sistemos banging varZg ir placia praleidziamyjy dazniy juosta.
Il. 7, bibl. 12 (angly kalba; santraukos angly, rusy ir lietuviy k.).

46



DOI: 10.5755/j02.eie.9224



