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Hnuana Apecmosa. YACJIIEHO U3CJIEJIBAHE HA OCHOBHUS MOJJ B XOMOI'EHHO
HAMATHUTEH ®EPUTEH OIJIEJAJIEH BHJIHOBO/]

OeputHusT omtenaneH BbiaHOBog (POB) e HeoTMeHMMa CBCTaBHa 4YacT Ha (Qeputo-
JUCIIEKTPUIHUTE OTJICAATHU CTPYKTYPU, IPEAHAZHAYCHH 3a IIPUJIOKEHUE B MUJIMMETPOBUS AHAITA30H.
Te3n CTPyKTypu ce pas3mIexIaT KaTo OCHOBAa 3a NPOEKTHPaHE Ha YIpaBiIsABAIlM YCTPOHCTBA —
U30JIaTOPH, LUPKYJIaTOPH, MPEBKIOYBATENN U JAp., NPU PA3NUYHA HAMAarHWTBaHHUs Ha (EPUTHUSA
eneMeHT. Tyk e U3cieJBaHO YHCIIEHO 1o MeToza Ha kpaiinute eneMenTH (MKE) pasnpenenenuero Ha
KOMITOHEHTUTE Ha I10JICTO Ha OCHOBHUSA MOJ IIPU TPHU Pa3JINIHU ITOCOKH HA XOMOT€HHO HAMarHuTBaHe
Ha (epuTHHs eJeMeHT: 1) HaMarHWTBaHe, NMEPHeHAMKY/SIPHO Ha IOCOKAaTa Ha pa3mpoCTpaHEeHHe
¥ yCHOpeIHO Ha OrjieAajlHara paBHHHA, 2) HaMarHUTBaHe, TEPICHIMKYISIPHO Ha IMOCOKaTa Ha
pa3NpOCTpaHEHHE M Ha OINeJajHAaTa PaBHUHA; 3) HAMAarHUTBAaHE, YCIOPEIHO HA IOCOKAaTa Ha
pasnpoctpanenue. M3cienBaHeTo moka3sa, ue BbB BTOPHS ClIydall Ha HAMAarHUTBaHe ce HaOlonaBa
ACHMETPHS Ha eJIEKTPUYHOTO I10JI€ Ha OCHOBHHS MOJI, KOETO MOJKE Jia I0BEJIE 10 HEB3aUMEH e(IeKT.

lliyana Arestova. COMPUTER AIDED INVESTIGATION OF THE DOMINANT MODE ON
THE HOMOGENEOUSLY MAGNETIZED FERRITE IMAGE GUIDE

The ferrite image guide (FIG) is an essential element of the ferrite-dielectric structures intended
for use in the millimetre wavelength range. These structures are considered a basis for designing
control devices — isolators, circulators, switches, etc. using various magnetizations of the ferrite
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element. Here the distribution of the electromagnetic field components of the dominant mode is
numerically studied by finite element method (FEM). Three different directions of homogeneous
magnetization of the ferrite element have been considered: 1) magnetization perpendicular to the
direction of propagation and parallel to the ground plane (Case 1); 2) magnetization perpendicular to
the direction of propagation and to the ground plane (Case 2); 3) magnetization parallel to the direction
of propagation (Case 3). The investigation has shown that the most promising for nonreciprocal
behaviour is Case 2 due to the asymmetry of the electric field distribution

Keywords: millimeter waves, ferrite devices, image guide, finite element method.
PACS number: 84.40.Az

1. INTRODUCTION

The ferrite image guide (FIG) together with the dielectric image guide
structures represents a possible basis for the design of control devices for millimetre
waves [1-7]. Different homogeneous magnetizations of the ferrite element have
been investigated [1-6], as well as the inhomogeneous (mixed) magnetization [7].
The mixed magnetization is produced by a disk shaped permanent magnet and it
contains two opposite longitudinal components at both ends of the ferrite element
and a transverse component perpendicular to the ground plane in the middle of
it. In order to clarify the processes taking place at this mixed magnetization, it
is reasonable to study separately all three mutually perpendicular homogeneous
magnetizations of the FIG.

A detailed study of the modes on the dielectric image guide has been done
earlier in [8]. Here the FIG is modelled at three different directions of homogeneous
magnetization. The field components of the dominant mode have been obtained
numerically by finite element method (FEM) at each magnetization. The purpose of
this research is to study the impact of each direction of magnetization on the electric
and magnetic field components of the dominant mode on the magnetized FIG. This
could improve understanding of the operating mechanism of the nonreciprocal
ferrite-dielectric structures with inhomogeneous magnetization.

2. MODEL AND MAGNETIZATION

The investigated rectangular FIG has cross-sectional dimensions axb =
1.82%0.99 mm? (Fig. 1) and is made of ferrite mark 1CU4 (Russia). The ferrite has
the following electromagnetic parameters: relative permittivity ¢ = 11.1, tangent of
the angle of dielectric losses tgd, = 0.01 and saturation magnetization 4nM_ = 0.463
T. The homogeneous magnetization in the three mutually perpendicular directions
with a field strength H =40 kA/m has been set successively.

Some of results obtained numerically by FEM, namely the dispersion
characteristic and the distribution of the electric field magnitude, have been reported
in [9]. Here we have first defined points inside the model volume, situated at those
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transverse planes, at which maxima and minima of the electric field magnitude
have been observed. After that we have calculated the values of all six electric
and magnetic field components at each defined point. The resulting distributions of
field components of the dominant mode along transverse axes x and y are shown
in Figs. 2—7. The values of the electric and magnetic field components in Figs. 2—7
correspond to the transmitted power of 1 W.

> Magnetization in Case 1

ﬁ Magnetization in Case 2

& Magnetization in Case 3

Ferrite core Ground plane

Fig. 1. The cross-sectional view of the FIG

3. RESULTS AND DISCUSSION

3.1. FIELD COMPONENTS AT MAGNETIZATION PERPENDICULAR TO THE DIRECTION
OF PROPAGATION AND PARALLEL TO THE GROUND PLANE (CASE 1)

A maximum of the electric field magnitude distribution has been observed at
z=z, = 1.66 mm, and a minimum at z = z, = 3.34 mm. The distributions of the six
components of the dominant mode at these two transverse planes are given in Fig.
2 and Fig. 3 respectively. It can be seen that the main components of the dominant
mode are £ E_and H, There is a well-defined symmetry in the distributions about
x =0 (Fig. 2a F1g 3a b)

In accordance with the boundary conditions the component £ aty=5=0.99 mm
(Fig. 3c) and the component £_at x = +a/2 =+0.91 mm (Fig. 3a) have interruptions.
The component H_ (Fig. 2b) have relatively weak extrema at x = +a/2 = £0.91 mm
and a maximum at x = 0 (Fig. 3a).

The resulting distributions show that the dominant mode on the FIG at
magnetization perpendicular to the direction of propagation and parallel to the
ground plane represents £Y, according to the Markatili’s classification [10].
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3.2. FIELD COMPONENTS AT MAGNETIZATION PERPENDICULAR TO THE
DIRECTION OF PROPAGATION AND THE GROUND PLANE (CASE 2)

At this magnetization a minimum of the electric field magnitude has been
observed atz =z, =3.28 mm, and a maximum at z = z, = 5.03 mm. The distributions
of the six components of the dominant mode at these two transverse planes are
given in Fig. 4 and Fig. 5 respectively.
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Fig. 2. Simulated distributions of the field components of the dominant mode
atz=1.66 mm: (a, b) y = 0.495 mm; (¢, d) x = 0 mm

As can be seen from Fig. 4a, there is a shift of the maximum of the compo-
nent £ from the centre of the dielectric core (x = 0) to the left side wall located at
x =—a/2 = —-0.91 mm. The same figure shows the presence of a significant com-
ponent E, which is symmetrical about x = 0. The comparison of Fig. 4¢c with
Fig. 3c shows also a greater value of the component £_in this case of magneti-
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zation. As in the previous case of magnetization, the component £_ has large val-
ues in a cross-section corresponding to a maximum of the electric field magnitude

(Fig. 5a,c). It has a distribution which is symmetrical about x = 0 (Fig. 5a).
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Fig. 3. Simulated distributions of the field components of the dominant mode
atz=3.34 mm: (a, b) y = 0.495 mm; (c, d) x =0 mm

From Fig. 4b,d and Fig. 5b,d it can be seen that among the magnetic
components the largest and similar in value are the components //_and /. Thus,
we can conclude that the main components of the dominant mode are E,E,H, and
H_. The presence of an asymmetry in the transverse plane about the dielectric core
centre x = 0, the occurrence of an additional main magnetic component /, as well
as significant levels of component E_ require differentiation from the dominant
mode in the dielectric image guide E»V/I’I. The dominant mode at this magnetization
could be called a modified mode £”, , characterized by asymmetry and increased
components /_and E .

11°
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Fig. 4. Simulated distributions of the field components of the dominant mode
atz=3.28 mm: (a, b) y = 0.495 mm; (¢, d) x =0 mm

3.3. FIELD COMPONENTS AT MAGNETIZATION PARALLEL TO THE DIRECTION
OF PROPAGATION (CASE 3)

The distributions of the six components of the dominant mode in the case
of longitudinal magnetization at two transverse planes, where a maximum and
a minimum of the electric field magnitude occur, are given in Fig. 6 and Fig. 7
respectively. As can be seen from Fig. 6a and Fig. 7a, the largest electrical
components are respectively £_and E, which both have symmetry about x = 0.
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Fig. 5. Simulated distributions of the field components of the dominant mode
atz=5.03 mm: (a, b) y = 0.495 mm; (c, d) x = 0 mm

The three magnetic components shown in Fig. 6b,d and Fig. 7b,d are
comparable to each other. This gives grounds to conclude that the dominant mode
on the longitudinally magnetized FIG represents a modified £¥,, mode, in which all
three magnetic components / , H and H_should be taken into account.

3.4. DISCUSSION

The transverse distributions of field components of the dominant mode
corresponding to a maximum of the electric field magnitude are shown in Figs. 2, 5
and 6 for Case 1, Case 2 and Case 3, respectively. These figures show that the E,
component is the largest among the electric field components and reveal that the
maxima of the electric field magnitude coincide with the maxima of the £ component.
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Fig. 6. Simulated distributions of the field components of the dominant mode
atz=1.74 mm: (a, b) y = 0.495 mm; (c, d) x = 0 mm

The obtained distributions of field components of the dominant mode
corresponding to a minimum of the electric field magnitude are shown in Figs. 3, 4
and 7 for Case 1, Case 2 and Case 3, respectively. It is evident that the minima of
the electric field magnitude coincide with the maxima of the E component.

In Case 2 an electric field asymmetry has been obtained. This asymmetry can
produce a nonreciprocal field distribution in coupled ferrite-dielectric image guide
structures at transverse magnetization perpendicular to the ground plane. It gives
reason to suppose that it is possible to expect a nonreciprocal behaviour in the
coupled ferrite-dielectric image guide structures at this type of magnetization.
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Fig. 7. Simulated distributions of the field components of the dominant mode
atz=3.91 mm: (a, b) y = 0.495 mm; (c, d) x =0 mm

4. CONCLUSION

The transverse distributions of all six components of the dominant mode on the
magnetized FIG have been obtained numerically. The results showed that only at
magnetization perpendicular to the direction of propagation and parallel to the ground
plane the dominant mode is pure £’ | with main components EE. and H , according
to the Markatili’s classification An asymmetry about the middle of the ferrite core
appears at transverse magnetization perpendicular to the ground plane, as well as a
growth of the components H u E . All three components of the magnetic field prove
to be significant at longitudinal magnetization. The next step of the investigation
could be the simulation of the coupled ferrite-dielectric IG structures.
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