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The algorithms for analyzing of two-layer distributed discontinuities in the form of an inductive section in a
microstrip transmission line and an H-shaped slot resonator with a transverse arrangement of “dumbbells“
in its ground plane by the transverse resonance method are improved and developed. This method includes
the mutual coupling of components that make up the discontinuity. According to the analysis results,
the considered discontinuity is a multifunctional device and has scattering characteristics that contain
simultaneously signal transmission and rejection. At this the two-layer discontinuity provides a wideband (up
to 40 %) rejection with two-frequency characteristic of resonant reflection, and forms either two narrowband
passband filters (about 3 %), or one wideband (up to 10 %) passband.
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Introduction

The spectral approach for solution of boundary
problems in micro- and millimeter wave range devi-
ces design was developed since 80-th years of last
century [1]. The analysis of multilayer planar structures
in spectral domain allows define boundary problem in
the form of integral equation, which boils down to
solution of lower order linear equation system, and
provides calculation of structural components in passi-
ve devices being designed. The transverse resonance
technique is also based at the spectral approach, in
which eigen frequencies of virtual resonators with
boundary conditions in the form of electric or magnetic
walls are used for scattering characteristics calculation.

In [2], the resonance frequencies technique calculati-
on for multilayer planar structure consisted of mi-
crostripline resonator at coupled lines and tunable
slot resonator in second plane is described. This
technique is based on field description of shielded
structure in spectral domain in the form of hybrid
waves and boundary problem solution by Galerkin’s
method. The Green’s functions formulated for the
area being analyzed are universal and applied to
various microstripstrip-slot structures. The generali-
zed analysis and design technique for multilayer
components based on combination of spectral approach
(using immittance matrix) and standard methods
of CAD is described in [3–6]. The interest of
researchers in multi-layer planar structures, includi-
ng DGS-structures (defected ground structure), does
not weaken, on their basis, differential bandpass fi-

lters, directional coupler and vertical transitions are
designed [7–15].

In the paper [16], the scattering characteristics
of fundamental wave in microstrip line at H-shaped
slot resonators with various orientation relative to
microstrip line were considered. It was shown, that
the such discontinuities provide two-frequency, parti-
cularly, wideband attenuation, caused by the disconti-
nues interaction at relatively big distances from each
other. The scattering characteristics of multilayer di-
stributed discontinuities included step discontinuity in
microstrip line (inductive or capacitive sections) and
narrow rectangular slot resonators were considered in
works [17,18].

The aim of this work is improving the design techni-
que and investigation of the scattering characteristics
singularities at a two-layer distributed discontinuity
in three-layer planar structure consisted the inductive
microstrip section and H-shaped slot resonator with
transversal arrangement of the “dumbbells” in ground
plane. The potentially advantages of such structures
are extended device functionality and compactness
compared with conventional slot resonator [19].

1 Solution of boundary problem

for resonator with symmetrical

discontinuity

Calculation of scattering matrix elements (reflecti-
on and transmission coefficients) by transverse
resonance technique is performed by using solution
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of boundary eigenfrequencies problems for a half-wave
resonator in main transmission line, which contains the
investigated discontinuity with nodes and antinodes at
virtual boundaries. Because of this, it is of interest
to investigate the eigenfrequencies spectra of such a
resonator. The procedure of boundary problems soluti-
on for resonator with discontinuities in microstrip line
and ground plane is described in detail in [17]. The
algebraization of boundary problems is carried out usi-
ng the waveguide basis functions 𝑇ℎ(𝑒)𝑦,𝑘, 𝑘 = 1..𝑁𝑠,
by which the field at aperture of complex shape slot
resonator is decomposed, and using vector potentials
(electric and magnetic) for the current density in non-
homogenous strip line 𝐽𝑒(ℎ),𝑛 (𝑥, 𝑧) , 𝑘 = 1..𝑁𝑤 [17].
As in [17], the trigonometric basis is used to describe
currents densities in nonuniform strip resonator, on
the basis which the two-dimensional eigen functions
𝐽𝑒(ℎ),𝑛 (𝑥, 𝑧) are built, which satisfy the Helmholtz
equation and corresponding boundary conditions at
free ends of strip line and resonator:

∆⊥𝐽𝑒(ℎ),𝑛 (𝑥, 𝑧) + 𝜒2
𝑒(ℎ),𝑛 · 𝐽𝑒(ℎ),𝑛 (𝑥, 𝑧) = 0,

where 𝜒2
𝑒(ℎ),𝑛 — are eigen values of the electric and

magnetic potentials describing current density in non-
homogeneous strip line.

The resonator with width step in microstrip
transmission line is shown in Fig. 1a. As noticed in [17],
the calculation of the eigen value 𝜒2

𝑒,𝑛 of electric and
magnetic potentials for the current density 𝐽𝑒,𝑛 (𝑥, 𝑧),
which are greater in order than the eigen numbers 𝜒2

ℎ,𝑛

for the current density 𝐽ℎ,𝑛 (𝑥, 𝑧), takes a significant
time. Let’s estimate the contribution of these functi-
ons to values of the slot resonator eigen frequencies
𝑓𝑟𝑒𝑠. In Fig. 1b it is shown the typical dependence of
the first two eigen values 𝜒ℎ,𝑛 of magnetic potential
for the current density 𝐽ℎ,𝑛 (𝑥, 𝑧) on the distance to
boundary 𝑙2 obtained by solving the two-dimensional
problems, and the results of eigen frequencies 𝑓𝑟𝑒𝑠
calculation for microstrip resonator with inductive
section taking and not taking into account the current
density components described by the electric potential
𝐽𝑒,𝑛 (𝑥, 𝑧) are shown in Fig. 1c. It follows from the
numeric calculation that contribution of the 𝐽𝑒,𝑛 (𝑥, 𝑧)
component to resonant frequency value contains about
0.05-0.07 GHz, which corresponds to 2% regarding
central frequency of bandwidth. Because of this, it is
enough to consider only magnetic vector potential to
optimize calculation time of one frequency point for
current density characterization. If more precision is
required, for example, analysis of final device topology,
one can add the 𝐽𝑒,𝑛 (𝑥, 𝑧) component to the algorithm.
The distributed two-layer symmetrical discontinuity
in three-layer planar structure is shown in Fig. 2.
According to the transverse resonance technique, the
scattering matrix elements for symmetrical disconti-
nuity are calculated by solving boundary problems for
resonator with boundary conditions in form of electric
wall (e.w.-e.w. conditions) and magnetic wall (m.w.-

m.w. conditions) for resonator regarding dimension
𝑙2,𝑖 (see Fig. 2, the discontinuity dimension 𝑙1 is not
changed considering the reference plane) by the equati-
ons [17]:

𝑆11 =
Γ2 − Γ1

2
, 𝑆12 =

Γ1 + Γ2

2
(1)

where Γ𝑖 = exp (2𝑗 · 𝛽𝑧𝑙2,𝑖), indexes 𝑖 = 1, 2
corresponds to solution of “electric” and “magnetic”
boundary problems correspondingly, 𝛽𝑧 – propagation
constant of fundamental wave in regular microstrip
transmission line.

(a)

(b)

(c)

Fig. 1. (a) Boundary conditions for microstrip
resonator with inductive section, (b) solution of
problem on magnetic potential eigenvalues for current
density, and (c) solutions of boundary problems on
resonator eigenfrequencies with electric and magnetic

walls at longitudial boundaries.
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(a) (b)

Fig. 2. The three-layer structure with symmetrical two-layer distributed discontinuity in microstrip transmission
line, consisted of inductive strip line section and H-shaped slot resonator in ground plane with transversal

arrangement of the “dumbbells”.

The terms “electric” and “magnetic” correspond
to boundary conditions at longitudinal boundaries of
resonator (along the 𝑧 axis). According to (1), the
minimum of the reflection coefficient is defined by
intersection of the spectral curves obtained by solving
the both boundary problems, i.e. at the frequencies
on which Γ1 = Γ2 the minimum of |𝑆11| = |𝑆22| is
observed.

Similarly, the scattering matrix elements of
symmetrical discontinuity are calculated also by solvi-
ng the boundary problems of the form e.w.-e.w. and
m.w.-e.w. for the resonator regarding it’s longitudinal
dimension 𝑙2,𝑖 (Fig. 2) by the equations [18]:

𝑆11 = −Γ1 + Γ2

2
, 𝑆12 =

Γ1 − Γ2

2
. (2)

The intersection points of spectral curves Γ1 =
Γ2 define resonant interaction frequencies of the
fundamental wave in microstrip line with discontinui-
ty, at which the transmission coefficient |𝑆12| = |𝑆21|
equals to zero.

2 Analysis result of two-layer di-

scontinuity

The calculations were fulfilled reducing the number
of basis functions to 300 terms of series, trigonometric
basis for current density to 10-12 terms of series, 3-4
eigenfunctions of magnetic type for current density in
microstrip line 𝑁𝑤, and 2-3 H- and E-type wavegui-
de functions in field description at the slot resonator
aperture. Here and below the substrate thickness is
ℎ = 0.365 mm, dielectric permittivity is 𝜀𝑟1 = 10.2,
three-layer shield dimensions (in mm) are: 𝐴 = 15 .0,
𝐵 = 7.365, 𝑏2 = 5.0 (Fig. 2). The investigation of the
calculation algorithm showed that the solution is most
sensitive to number of considered eigen waves in mi-
crostrip line (Fig. 3). The difference in the values of the
resonant frequencies is most noticeable on the sections
of the curves, which are not used for calculation of the
scattering matrix elements.

The eigen frequencies spectrum of the resonator
with two-layer distributed discontinuity obtained solvi-
ng the three boundary problems and correspondi-
ng scattering characteristics are shown in Fig. 4.
The structure dimensions for calculation the eigen
frequencies spectrum are: 𝑤1 = 0.3 mm, 𝑤2 = 1.2 mm,
length of inductive section 𝑙 = 2𝑙1 = 1.8 mm (𝑙1 =
0.9 mm). The parameters of slot resonator (in mm) are:
𝑎𝑠 = 8.7, 𝑏𝑠 = 5.2, 𝑠1 = 0.3, 𝑠2 = 0.6.

It can be seen from the figure that the eigen
frequencies spectrum of resonator with distributed di-
scontinuity consists of a minimum of two branches. The
lower branch (for all boundary problems) corresponds
to strip mode of resonator, and all upper — waveguide
modes. Their interception corresponds to frequencies of
resonant interaction of feeding transmission line with
discontinuities in it. At that, the spectrum of eigen
frequencies of resonator with electric walls has the same
form as the spectrum of electromagnetically coupled
discontinuities [16].

Fig. 3. Eigen frequencies spectra for microstrip
resonator with distributed discontinuity obtained by
solution of the “electric” boundary problem depending
on the number of considered eigenfunctions for current

density in non-homogeneous strip line.
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(a) (b)

Fig. 4. Eigen frequencies spectrum of microstrip resonator with distributed discontinuity obtained solving the
three boundary problems: “electric”, “magnetic”, and “magneto-electric” and corresponding scattering characteri-
stics. The structure dimensions are: 𝑤1 = 0.3mm, 𝑤2 = 1.2mm, length of inductive section 𝑙 = 2𝑙1 = 1.8 mm

(𝑙1 = 0.9 mm). The parameters of slot resonator are: 𝑎𝑠 = 8.7mm, 𝑏𝑠 = 5.2mm, 𝑠1 = 0.3mm, 𝑠2 = 0.6

Likewise [17], the type of spectral curves allows
approximate them by rational functions in the form
𝑓 (𝑥) = 1/𝑄𝑚 (𝑥), where 𝑄𝑚 (𝑥) = 𝑎0 + 𝑎1𝑥 +
𝑎2𝑥

2 + ... + 𝑎𝑚𝑥𝑚 — is a polynomial of order m,
and only the corresponded to waveguide solution curve
branch is used to approximate the solution of “electric”
boundary problem. The approximation of spectral
functions allows significantly decrease calculation time
of the scattering matrix elements for one frequency
point. For example, the calculation time of both
spectrum branches in the wavelength range 5-35 mm
(approximately frequency band 1.5-7.0 GHz) takes
about 60 min at the average, whereas the solution
of inverse problem (calculation of resonator length
at given frequency) takes about 8 hours (at the PC
Intel® Core� i3-330M @2.13 GHz). The scattering
characteristics of discontinuity calculated using the
spectral curves approximation of the form 𝑓 (𝑥) =
1/𝑄𝑚 (𝑥) and calculated using commercial microwave
simulation software are shown in Fig. 4b. The di-
fference in analysis results is caused by considering
the boundary conditions at ideal metal walls in ports
plane in commercial software and using there the net
methods for electromagnetic fields calculation. It is
seen that the considered discontinuity provides passi-
ng with bandwidth about 12% with central frequency
2.35 GHz and wideband attenuation in the bandwi-
dth 4-6 GHz. For comparison, a single discontinui-
ty in the form of inductive section does not have
resonant frequencies of reflection coefficient at the
considered frequency band, but in combination with a
complex shape slot resonator makes a structure, which
characteristics have frequencies of resonant reflection
and passing simultaneously in the band 1-6 GHz.

The comparative spectrum curves and their
approximation by rational functions are shown in
Fig. 5. As it is shown in Fig. 5a, only the high-frequency
branch of second curve (from 4 to 6 GHz) is used

to approximate eigenfrequencies spectrum obtained
by solving of the “electric” problem, excepting lower
branch.

(a)

(b)

Fig. 5. Approximation of eigen frequencies
spectra for slot resonator with discontinuity
using rational functions of the form 𝑓 (𝑥) =

1/𝑎0 + 𝑎1𝑥 + 𝑎2𝑥
2 + ... + 𝑎𝑚𝑥𝑚.
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To approximate solution of the “magnetic”
boundary problem the both whole branches are used,
Fig. 5b. Here and below high order polynomials (𝑚 =
8..10) were used for the scattering matrix calculation
depending on type of the spectral characteristic. All the
above described algorithms were realized using Delphi
7.0 software.

The similar characteristics were obtained for the di-
stributed discontinuity with greater length of inductive
section and H-shaped slot resonator, Fig. 6. The S-
shaped parts in eigen frequencies spectral curves for
resonator with discontinuity are typical for lengthy
discontinuities (when longitudinal dimension 2𝑏𝑠 is of
the order of 𝜆/4). The scattering characteristics of
the discontinuity with such a topology contain two
frequencies of resonant reflection and one frequency of
resonant passing. The pass band by the level −15dB
contains 10%, and the stop band about 35%.

Fig. 6. Spectra of eigen frequencies for resonator with
distributed two-layer discontinuity obtained by solving
the three boundary problems: “electric”, “magnetic”,
and “magneto-electric” and corresponding scattering
characteristics. The parameters of discontinuity are
𝑤1 = 0.3mm, 𝑤2 = 1.2mm, length of inductive secti-
on 𝑙 = 2.4mm (𝑙1 = 1.2mm), the parameters of slot
resonator (in mm) are 𝑎𝑠 = 9.6, 𝑏𝑠 = 6.0, 𝑠1 = 0.9,

𝑠2 = 0.6.

To demonstrate interaction of the discontinuities
in two layers the curves of eigen frequencies spectra
for each taken separately discontinuity are shown
below. The corresponding curves obtained by solvi-
ng the boundary problems for inductive section in
strip line and H-shaped slot resonator are shown in
Fig. 7a,b. It is seen that each taken discontinuity has
different eigen frequencies curves, and correspondingly,
scattering characteristics. And at that, the transmi-
ssion characteristic does not have points of resonant
signal reflection at all (only a certain minimum), and
the reflection characteristic has one resonance at the
frequency 4.35 GHz.

(a)

(b)

Fig. 7. Spectra of eigen frequencies with separated
distributed discontinuities in the form of inductive
section in microstrip line and H-shaped slot resonator

(parameters of the structure are given in Fig. 6).

The spectra of the eigen frequencies and the
characteristics of the two-layer distributed disconti-
nuity with passband (9.6%) and wide stopband are
shown in Fig. 8. It is seen that such characteristi-
cs can be obtained, if spectral curves obtained by
solving the “electric” and the “magnetic” boundary
problems have only one intersection point (intersection
of two branches of strip modes), and curves of higher
waveguide modes obtained by solving the “electric” and
“magneto-electric” problems intersect at least in two
points (Fig. 8).

In the two-frequency version of discontinuity
topology the stop band is placed between two
frequencies of resonant passing, Fig. 9a,b. The stop
band contains 16% by the level -20 dB and has larger
slope. Besides, this structure passes signal in two
narrow (about 3%) bands with resonant minimums at
the frequencies 2.45 GHz and 4.25 GHz. In the spectral
curves graphs, it is expressed in the form of interception
points of either of the two (strip and waveguide) curves
obtained by solving electric and magnetic boundary
problems, as well as in the form of narrow intercepti-
on region of the first (strip) branch corresponded to
electric problem solution and the second (wavegui-
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de) branch corresponded to magneto-electric problem
solution.

Fig. 8. Spectra of eigen frequencies for resonator with
distributed two-layer discontinuity obtained by solvi-
ng the three boundary problems and corresponding
scattering characteristics. The parameters of disconti-
nuity are 𝑤1 = 0.3mm, 𝑤2 = 1.0mm, length of inducti-
ve section 𝑙 = 2.4mm (𝑙1 = 1.2mm), the parameters of
slot resonator (in mm) are 𝑎𝑠 = 7.6, 𝑏𝑠 = 4.6, 𝑠1 = 0.6,

𝑠2 = 0.4.

Fig. 9. Spectra of eigen frequencies for resonator with
distributed two-layer discontinuity obtained by solvi-
ng the three boundary problems and corresponding
scattering characteristics. The parameters of disconti-
nuity are 𝑤1 = 0.3mm, 𝑤2 = 0.9, length of inductive
section 𝑙 = 1.8mm(𝑙1 = 0.9mm), the parameters of slot
resonator (in mm) are 𝑎𝑠 = 12.0, 𝑏𝑠 = 4.0, 𝑠1 = 0.6,

𝑠2 = 0.4.

To compare spectra and demonstrate interaction of
the elements, which contains two-layer discontinuity,
the spectra of eigen frequencies for resonators contai-
ned inductive strip line section and H-shaped slot
resonator are shown in Fig. 10a,b. In this case the
inductive microstrip line section does not have resonant
passing frequencies at all in the considered frequency
band 1-6 GHz, and slot resonator rejects signal in wide

frequency band with the resonant reflection frequencies
about 3.0 GHz and 4.5 GHz.

Note that the developed algorithms allow analyze
more complex structures and design wideband juncti-
ons and filters, for example, considered in [19]. Unli-
ke [19], the above considered structures perform at
least the two functions: passing and stopping in di-
fferent microwave sub-bands.

(a)

(b)

Fig. 10. Spectra of eigen frequencies with separated
distributed discontinuities in the form of inductive strip
line section and H-shaped slot resonator (parameters of

the structure are the same as in Fig. 9).

Conclusion

The technique of boundary problems solution
for resonators based on a three-dimensional planar
structure with discontinuity, which components are
placed in two planes simultaneously and contain the
width step in microstrip line and slot resonator of
complex shape in ground plane, was improved. It
has been demonstrated that current density in non-
homogeneous strip line is well described (2% error
for eigen frequencies spectrum calculation) by the
magnetic vector potential function, which is expressed
as decomposition on a trigonometric basis. The
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transverse resonance technique used to calculate the
scattering characteristics from the data of calculation
of the eigen frequencies spectra was realized by means
of spectral curves approximation using the functions
in form 𝑓 (𝑥) = 1

⧸︀(︀
𝑎0 + 𝑎1𝑥 + 𝑎2𝑥

2 + ... + 𝑎𝑚𝑥𝑚
)︀
.

Because of this algorithm optimization, the calculation
time of discontinuity analysis is significantly reduced.

The algorithms of boundary problems for
resonators with discontinuity in the form of mi-
crostrip inductive section and H-shaped slot resonator
in ground plane with transverse placement of the
“dumbbells” were developed. The analysis revealed that
the considered discontinuity possesses the scattering
characteristics having both pass bands and stop bands
simultaneously, i.e. it serves a multifunctional device.
Their width and mutual placement relative to each
other are selected by varying of the multilayer disconti-
nuity dimensions considering it’s composing elements
interaction. At this the two-layer discontinuity provides
a wideband (up to 40%) rejection with two-frequency
characteristic of resonant reflection, and forms either
two narrowband passband filters (about 3%), or one
wideband (up to 10%) passband.
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Аналiз розподiлених двошарових ком-
понентiв у тришаровiй планарнiй стру-
ктурi

Рассохiна Ю. В., Крижановський В. Г.

Удосконалено та побудовано алгоритми для аналi-
зу двошарових розподiлених неоднорiдностей у виглядi
iндуктивного вiдрiзка мiкросмужкової лiнiї передачi та
Н-подiбного щiлинного резонатору iз поперечним розта-
шуванням гантелей у її заземлюючiй площинi методом
поперечного резонансу. Згiдно з методом, елементи ма-
трицi розсiювання на симетричнiй неоднорiдностi розра-
ховуються з рiшень двох крайових задач для резонатора
з граничними умовами у виглядi електричної i магнiтної
стiнки на поздовжнiх границях резонатора щодо його
розмiру або резонансної частоти. Даний метод враховує
взаємодiю компонентiв, що складають неоднорiднiсть,
оскiльки базується на розв’язаннi крайових задач для
мiкросмужкового резонатору, що мiстить в собi розпо-
дiлену двошаророву неоднорiднiсть цiлком. Алгебраiза-
цiя крайових задач виконується за допомогою базисних
функцiй хвилевiдного типу, за якими розкладається по-
ле на апертурi щiлинного резонатора складної форми, i
векторних потенцiалiв (електричного i магнiтного) для
щiльностi струму в неоднорiднiй смужковiй лiнiї. Для
опису щiльностi струмiв в смужковому резонаторi вико-
ристовується тригонометричний базис, на основi якого
будуються двовимiрнi власнi функцiї векторних потен-
цiалiв для щiльностi струму. Результати чисельних роз-
рахункiв показали, що внесок електричного векторного
потенцiалу для щiльностi струму в значення резонан-
сної частоти в числовому виразi складає близько 2%
щодо середньої частоти дiапазону. Тому для оптимiзацiї
часу, що витрачається на розрахунок однiєї частотної
точки, для опису щiльностi струму в смужковiй лiнiї
достатньо використовувати тiльки магнiтний векторний
потенцiал. Крiм того, для iстотного скорочення часу,
що витрачається на розрахунок елементiв матрицi роз-
сiювання для однiєї частотної точки, використовується
апроксимацiя кривих спектра власних частот резонато-
ра рацiональної функцiї у виглядi зворотного полiнома
порядку m. За результатами аналiзу розглянута неодно-
рiднiсть є багатофункцiональним приладом, що має ха-
рактеристики розсiювання, що мiстять одночасно смуги
пропускання та запирання сигналу. При цьому неоднорi-
днiсть забезпечує широкосмугове (до 40 %) запирання iз
двочастотною характеристикою резонансного вiдбиття
сигналу, а також формує або один широкосмуговий (до
10 %) смуго-пропускний фiльтр, або два вузькосмугових
(близько 3%) смуго-пропускних фiльтри.

Ключовi слова: мiкросмужкова лiнiя; iндуктивний
вiдрiзок; Н-подiбний щiлинний резонатор; спектр вла-
сних частот; характеристики розсiювання

Анализ распределенных двухслойных
компонентов в трехслойной планарной
структуре

Рассохина Ю. В., Крыжановский В. Г.

Усовершенствованы и построены алгоритмы для
анализа двухслойных распределенных неоднородностей
в виде индуктивного отрезка в микрополосковой линии
передачи и Н-образного щелевого резонатора с попе-
речным расположением “гантелей” в ее заземляющей
плоскости методом поперечного резонанса. Согласно ме-
тоду, элементы матрицы рассеяния на симметричной
неоднородности рассчитываются из решений двух кра-
евых задач для резонатора с граничными условиями
в виде электрической и магнитной стенки на продоль-
ных границах резонатора относительно его размера или
резонансной частоты. Данный метод учитывает взаимо-
действие компонентов, составляющих неоднородность,
поскольку базируется на решении краевых задач для
микрополоскового резонатора, включающего в себя ра-
спределенную двухслойную неоднородность целиком.
Алгебраизация краевых задач выполняется с помощью
базисных функций волноводного типа, по которым ра-
складывается поле на апертуре щелевого резонатора
сложной формы, и векторных потенциалов (электриче-
ского и магнитного) для плотности тока в неоднородной
полосковой линии. Для описания плотности токов в по-
лосковом резонаторе используется тригонометрический
базис, на основе которого строятся двумерные собствен-
ные функции векторных потенциалов для плотности то-
ка. Результаты численных расчетов показали, что вклад
электрического векторного потенциала для плотности
тока в значение резонансной частоты в числовом выра-
жении составляет около 2% относительно средней часто-
ты диапазона. Поэтому для оптимизации времени, за-
трачиваемого на расчет одной частотной точки, для опи-
сания плотности тока в полосковой линии достаточно
использовать только магнитный векторный потенциал.
Кроме того, для существенного сокращения времени,
затрачиваемого на расчет элементов матрицы рассеяния
на одной частоте, используется аппроксимация кри-
вых спектра собственных частот резонатора рациональ-
ной функцией в виде обратного полинома порядка m.
По результатам анализа, рассмотренная неоднородность
является многофункциональным устройством и имеет
характеристики рассеяния, которые содержат одновре-
менно полосы пропускания и запирания сигнала. При
этом неоднородность обеспечивает широкополосное (до
40 %) запирание с двухчастотной характеристикой резо-
нансного отражения, а также формирует либо один ши-
рокополосный (до 10%) полосно-пропускающий фильтр,
либо два узкополосных полосно-пропускающих фильтра
(порядка 3%).

Ключевые слова: микрополосковая линия; индуктив-
ный отрезок; Н-образный щелевой резонатор; спектр
собственных частот; характеристики рассеяния
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