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RESONANCE PROPERTIES
OF AN X-BAND RECTANGULAR WAVEGUIDE SECTION
WITH AN INHOMOGENEOUS DIELECTRIC INSET

Subject and Purpose. In modern dielectrometry, the problem of detecting foreign inclusions in a radio-transparent material, which
are significantly smaller than the operational wavelength, remains very important. The problem becomes even more complicated if it
is required to determine complex permittivityof these inclusions. This work analyzes the conditions for the correct use of the original
resonance method proposed by the authors earlier for determining permittivity of a local inclusion when its dimensions and dielectric
constant change.

Methods and Methodology. The measured module consists of a rectangular X-band waveguide, which is partially filled with a dielectric
in the form of a rectangular Teflon matrix with a local cubic inclusion inside. The dimensions of the matrix are fixed and are 23 mm x
x 10 mm x 30 mm. Numerical modeling is performed using the Ansys HFSS software package. The dependences of the resonance frequen-
cies of the module upon changing the dielectric constant of the cube are analyzed. The cube permittivity was changed between 3.8 and 100
in 5-unit steps. Permittivity of the material of the cube is determined by comparing arrays of calculated data with experimental results.

Results. Numerical modeling of the module was performed and its electrodynamic properties were determined in the frequency band
of 8...10 GHz at different sizes and permittivity of the inclusion. For a cube with a facet size of 2 mm, the resonance frequency decreases
with an permittivity increase of the material. For a cube with a facet size of 3 mm and permittivity above 50, additional resonances appear
in the structure due to the excitation of resonant modes of the cube itself.

Conclusion. It has been shown that by varying the dielectric permittivity of the cubic inset between 3.8 and 100 it proves possible to
provide for resonant mode excitation over the frequency range specified. This allows estimating the dielectric permittivity of the cubic
inset’s material by way of comparing the calculated versus measured data arrays concerning resonant frequency dependences upon
material parameters.

Keywords: rectangular waveguide section, teflon matrix, local inclusion, resonance, permittivity.

Introduction can be found in numerous scientific publications.
The results of theoretical and experimental studies  Restricting ourselves by the problems of dielectro-
of the properties of a standard X-band rectangu- metry, we should emphasize the importance of both
lar waveguide with various inhomogeneities inside = non-resonance and resonance methods of investi-
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Fig. 1. Geometry of the structure

gation. As far as non-resonance methods are con-
cerned, the task of determining the complex per-
mittivity of various materials largely depends on
availability of efficient solution techniques for in-
verse scattering problems [1, 2]. Of particular interest
is the problem of detecting various foreign inclusions
in dielectric insets of a significantly smaller size than
the operating wavelength. The problem appears even
more complicated if it is required not only to detect
such an inclusion, but also to determine its complex
dielectric permittivity [3, 4]. A description of our
proposed method for determining the complex per-
mittivity of a local inclusion within a teflon sample
placed in a standard rectangular X-band waveguide
is given in paper [5].

Among the resonance methods suitable for di-
electric permittivity measurements, the cavity pertur-
bation technique is particularly well known [6—11].
With the use of this method, the permittivity and the
loss tangent of the sample under test can be deter-
mined from variations in the resonance frequency
and Q-factor of the resonant cavity [12, 13]. In con-
trast to the case of dielectric resonator [14], the cavi-
ty perturbation technique does not impose strict re-
quirements as to the shape and size of the sample
under study. Still, the sample size should be selec-
ted so as to meet the recommendation of paper [15],
namely that “the resonance frequency shift [shall]
not exceed 5%.”

A novel resonance method for determining the
complex dielectric permittivity of a local inclusion
inside a teflon matrix of rectangular geometry was
proposed in our paper [16]. A distinctive feature of
the method is that the local inclusion under study
also serves as a lumped element for exciting resonant
modes in the “waveguide—matrix—inclusion” mic-
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rowave module. It should be emphasized that “the
method allows determining the permittivity and the
loss angle tangent with errors within 0.1% and 5.0%,
respectively” [16]. Further studies relating to nume-
rical simulations of the structure showed that “the
resonance appears at a certain frequency belonging
to the band 8...11 GHz” [17].

In this paper the resonance method of paper [16]
is extended further. The conditions for exciting a re-
sonance in the “waveguide—matrix—inclusion” struc-
ture through varying the size and permittivity of the
inset of cubic geometry are analyzed.

1. Model of the structure

The structure under tests (see Fig. 1) consisted of
a standard rectangular X-band waveguide 1 (of
length L = 100 mm) containing a teflon matrix 2 in
the form of a parallelepiped, and a localized inset 3
in the form of a cube.
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Fig. 2. The frequency dependence of the Sy, ratio in the case of
a cube with facet size 2 mm x 2 mm
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Fig. 3. Resonance frequency versus dielectric permittivity of the
cube’s material (2 mm x 2 mm cube’s facet size)
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Fig. 4. The frequency dependence of the S;, parameter in the
case of a cube with facet size of 3 mm x 3 mm
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Fig. 5. Resonance frequency versus dielectric permittivity of the
cubic inset (facet size 3 mm x 3 mm)
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Numerical simulations of this structure, fed via
“wave ports” wpl and wp2, were performed with
the use of the Ansys HESS software package. The
dependences shown by the resonance frequencies
of the wave modes identified were analyzed for a
variety of sizes and dielectric permittivities of the
cubic inset. The matrix dimensions were fixed as
23 mm x 10 mm x 30 mm. In this paper, we pre-
sent the results concerning the “waveguide — ma-
trix — cubic inset” structure with facet sizes of the
cube equal to 2 mm x 2 mm and 3 mm x 3 mm. The
dielectric permittivity of the inset material was var-
ied from 3.8 to 100 in 5-unit steps.

2. Results and analysis

We will analyze, before all, the frequency depen-
dences shown by the transmission ratio S;, of sig-
nals traveling between the ports wpl and wp2
(see Fig. 1), with a variety of the cube’s permitti-
vity values. The position of the cube (with facets
of size 2 mm x 2 mm) within the matrix is defined
by coordinates of its geometric center, specifically
dx =18.75 mm, dy = 6 mm, and dz=15 mm (Fig. 1).
In what follows, we will focus on analyzing the fun-
damental mode of the rectangular metal waveguide.

We have made a search for resonance frequen-
cies over the range 8 GHz < f < 10 GHz for a variety
of dielectric permittivities ¢’ of the cube’s material
ranging from 10 to 100. The resonances have been
found to concentrate in the narrower range, like
9.22 GHz < f<9.53 GHz (Fig. 2). Next, the resonance
frequency of a mode that has been excited decreases
almost exponentially as the cube’s permittivity is in-
creased, up to ¢’ = 50 (Fig. 3). With a further increase
in the dielectric permittivity of the inset material, the
resonance frequency varies in a non-monotonic way.

As the size of the cube is increased to 3 mm x
x 3 mm X 3 mm, the frequency dependence of S;,
becomes more complicated. One can observe a set
of additional resonances through the operational fre-
quency range (Fig. 4).

As the dielectric permittivity of the cube’s mate-
rial is increased, the resonance frequency of the ex-
cited mode decreases monotonically up to the point
&' =35 (see Fig. 5). Further on, the frequency demon-
strates a non-monotonic run versus &', up to &' =85.
With ¢ > 85 the resonance frequency demonstrates
again a nearly exponential decay with a growth in
permittivity.
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Fig. 6. Spatial field distributions of the total E-field at the
frequency f=9.205GHz (a) and at f=9.945GHz (b) (the
dielectric permittivity is ¢' = 70)

To understand the reasons for the appearance of
these additional resonances, we have analyzed spa-
tial field distributions of the modes excited. When
the permittivity of the cubic inset grows up, rea-
ching values in the vicinity &’ <50, the electric
field remains concentrated inside the teflon ma-
trix, showing two amplitude variations along the
Ox axis and one along the Oz axis (Fig. 6a). These
field distributions can be interpreted as signatures of
some resonance mode excited in the “waveguide—
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PE3OHAHCHI BTACTVBOCTI CEKIIIT
MMPAMOKYTHOI'O XBMJIEBOLY X-AIAITA3OHY
3 HEOOHOPIIHMM AIEJIEKTPVMKOM BCEPEJIMHI

IIpepmert i MeTa po6oTH. Y CyyacHill fieleKTpOMeTpii 3aMIIAEThCA BAX/IMBO NPO6/IeMa BYUABICHHA B PaJlioNpo30poMy MarTe-
piajti CTOPOHHIX BKITIOYEHB, 110 32 PO3MIPOM € 3HAYHO MEHIIVIMM 3a po60dy JJOBXMHY XBIIi. 3ajjada CTA€ Ie CKIaHIII00, AKIIO
HOTPiOHO BU3HAYNTY KOMIUIEKCHY Jlie/leKTPUYHY IPOHMKHICTD IMX BK/IIOYeHb. Y 11ill po6OTi aHa/Ii3yI0ThCA YMOBY KOPEKTHOTO BU-
KOPJCTaHHA 3alIPOIIOHOBAHOTO aBTOPaMM PaHillle OPUTiHATbHOTO PE30HAHCHOTO METO/lY BUSHAYEHHA KOMIIIEKCHOI JlieleKTPIYHO1
IIPOHMKHOCTI JIOKa/IbHOTO BK/IIOYEHH [PV 3MiHi /I0r0 po3MipiB i fiefIeKTpMYHOI IPOHMKHOCTI.

Meropu Ta MeTOmONMOTiA. BrMiproBanbHMITI MOIY/Ib CK/IAJJAETHCA 3 IPAMOKYTHOTO XBUIEBORY X-/lialla3oHy, KU 9aCTKOBO 3a-
[IOBHEHMII J1ie/leKTPUKOM y BUIJIAZL MPAMOKYTHOI Te(pIOHOBOI MaTpuIii 3 TOKaJIbHUM BKIIIOYEHHAM KyOidHOI popMu BcepenyHi.
Posmipy marpuni ¢ikcoBaHi Ta cTaHOBIATH 23 MM X 10 MM X 30 MM. Unc1oBe MOZIeTIOBaHHS BUKOHYETBCSA 3@ JIOIIOMOTOI0 IIPOrpaM-
Horo makeTy Ansys HFSS. AHasti3yloTbcst 3a7I€)KHOCTI pe3OHAHCHVX 9acTOT MOZY/IA HPY 3MiHi Aie/leKTPUYHOI IIPOHMKHOCTI Ky6a.
JlieneKTpy4Ha IPOHUKHICTD KyOa 3MiHIOBamacs Bift 3.8 o 100 3 kpokoM 5 onmHMIb. [lie/leKTpiyHa IIPOHMKHICTh MaTepiany Kyba
BI3HAYAETHCSA IIJIAXOM MOPiBHAHHA MAaCUBiB PO3PaXyHKOBMX JAHNX i3 pe3y/NbTaTaMy €KCIIEPYMEHTY.

Pesyabrarn. BukoHaHO 41C/TIOBE MOJE/MIOBAHHA MOJAY/SA Ta BU3HAYEHO JOr0O €MeKTPOAMHAMIYHI BIACTMBOCTI Yy CMY3i 4acTOT
8...10 I'Ty ipy pisHUX pO3Mipax i [lie/leKTpUYHMX IPOHNKHOCTSAX BKIIOYeHH:. I/ Ky6a 3 po3MipoM rpaHi 2 MM pe30HaHCHA YacTOTa
3MEHIIYETHCH 31 301IbIIEHHAM Jiie/IeKTPUYHOI TPOHMKHOCTI Matepiaiy. [Ijist Ky6a 3 po3MipoM rpaHi 3 MM i Aie/leKTpUYHOIO TPOHMKHI-
crio Bue 50 B CTPYKTYPi 3’ AB/IAIOTHCA JONATKOBI Pe30HAHCH, 1[0 06yMOBIIeH] 36y/PKEHHAM Pe30HaHCHNUX MOJ CaMOro Ky6a.

Bucnoskmn. [TokasaHo, 110 BUKOPUCTaHHA 3alIPOIIOHOBAHOTO METO/ly J03BO/ISIE BUSHAYATH JIieIEKTPUYHY IPOHMKHICTD JIOKa/Ib-
HOTO BK/IIOYeHH: Ky6iuHoi popmu Bif 3.8 o 100.

Kntouosi cnosa: npamokymuuil nepepis xéuneso0y, megnoHoea Mampuys, 10KanvHe BKII04eHHS, Pe3oHaHC, dielekmpuuna npo-
HUKHICMb.
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