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ANALYSIS AND OPTIMIZATION OF THE OPERATING
RANGE OF A MONOPOLE ANTENNA INVOLVING ‘MEANDER’
TYPE SLOT INHOMOGENEITIES

Subject and Purpose. The paper presents results of numerical modeling and experimental studies of a disk-shaped microstrip antenna
involving ‘meander’ type slotted inhomogeneities. The work has been aimed at optimizing the operating range of the antenna and matching
it to external circuits through the use of additional structural elements and appropriate feeding techniques.

Methods and Methodology. The design features a circular disk-shaped microstrip resonator containing within its plane groups of
slotted inhomogeneities which form a segmented meander line, with the segments oriented relative one another at an angle of 120°. The
antenna could be fed through a segment of a screened coplanar line. The location of the screening plane of the coplanar line, as well as
its dimensions, were variable. Numerical simulation was carried out within the Semi-open resonator’ technique using the finite element
method. The degree of optimization of the operating range was estimated, based on analyzing spectral characteristics of the antenna, for a
variety of its geometric parameters, and the magnitude of the return loss over a given frequency range. Measurements of the VSWR were
carried out with reflectometers.

Results. Frequency and power characteristics of a monopole, disk-shaped microstrip antenna have been analyzed and optimized over
a wide frequency range. Mechanical dimensions of the additional shielding plane and location thereof have been identified as factors
having significant influence upon the frequency-dependent, polarizational and power characteristics of the antenna.

Conclusions. The operating frequency range, spectral and power characteristics of a monopole, disk-shaped microstrip antenna have
been studied both theoretically and experimentally. Numerical simulations were carried out with the use of the finite element method.
Experimental studies of the frequency characteristics were performed using reflectometry techniques. The antenna considered can find
practical application over a wide frequency range, either as a single radiating element in a device or system, or a constituent part of an
antenna array.
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Introduction

Modern portable telecommunication devices such as
mobile phones, tablets, GPS navigators, etc. combine
a variety of wireless modules. The main trends in the
development of such devices are to reduce their size
and improve functionality [1, 2]. One of the most
important elements of any telecommunications de-
vice is its antenna system. The trend toward minia-
turization ultimately results in a stuation where bare-
ly enough space is left for placing an antenna. This,
inevitably, entails a noticeable deterioration of radia-
tion parameters, the typical manifestations being low
gain, distorted radiation pattern, decrease in efficien-
cy, and reduced operating frequency band.

The introduction of new communication stan-
dards and exploration of new frequency ranges im-
pose new requirements to such devices, namely,
ability to operate in a multifrequency mode, while
providing a sufficiently wide bandwidth of operating
frequencies.

Many of these requirements can be met by mi-
crostrip antennas. Their main advantages include
low profile; light weight; ability to work with waves
of arbitrary polarization; a fairly simple integration
into power supply circuits of antenna arrays, low cost
and ease of implementation. But, despite all the ad-
vantages, they retain the disadvantage of a narrow
relative bandwidth [3, 4].

The solution to the issue of expanding the opera-
ting frequency band is constantly at the center of at-
tention of specialists in the field of microwave tech-
nology. Among the methods most frequently used for
expanding the operating band, note the following:

The first, and practically the principal one, is to
change the geometry and layout of the radiating
aperture. As a result of increasing its length, the ope-
rating range can be shifted toward lower frequen-
cies and degeneracy of a number of natural oscilla-
tions removed. Thus, the writers paper [5] presented
data on a microstrip antenna involving a microstrip
disk of a certain diameter, plus an annular microstrip
conductor which was electrically coupled to the mi-
crostrip disk. The antenna was excited by a coaxial
line section through galvanic contact with the mi-
crostrip disk. In essence, the electrodynamic struc-
ture represented two coupled resonators. So, by
changing the degree of coupling between the reso-
nators, it was possible to control the operating fre-

quency band (expanding that up to 10 per cent of the
central frequency). At the same time, the structure
demonstrated a significant drawback, namely that
the antenna could operate only at frequencies from
a discrete set.

Another technical solution based on changes in
the layout of the radiating aperture is presented in
paper [6]. The design included a microstrip disk
complemented by a set of radially arranged slot in-
homogeneities. The antenna was excited through a
segment of a microstrip line that had galvanic con-
tact with the microstrip disk. The design provided a
fairly high level of performance [6], but also showed
quite significant drawbacks. First, if a structural ver-
sion were used that involved an odd number of slot
inhomogeneities (else, these were located asymmet-
rically relative to one another), then energy parame-
ters of such antennas depended essentially on posi-
tion of the electromagnetic power feed. Second, the
designs with an even number of slot discontinuities
and symmetrical mode of power input ensured a rela-
tively high level of matching with external circuits,
but only through a narrow frequency band. And, fi-
nally, the excitation method suggested could only
provide for effective operation near the frequencies
of those eigenmodes whose phase centers were loca-
ted near the edge of the disk-shaped resonator.

Yet another possible way to expand the bandwidth
and create opportunities for multifrequency oper-
ation is to use radiating apertures involving perio-
dic sequences of inhomogeneities of the same type.
These could be, for example, meander type inhomo-
geneities [7], with the antenna excited by a coaxial
segment. The use of such elements made it possible,
on the one hand, to form several frequency zones
with an acceptable level of matching, while on the
other, to achieve a higher level of broadbandedness
(in some areas reaching 25 per cent). At the same
time, it is not possible to talk about a radical solution
to the issue of broadbandedness.

An alternative approach is to use additional struc-
tural elements that may directly affect the excited
eigenmode spectrum (for example, short circuiting
elements). The desired expansion of the operating
range may occur due to removal of the eigenmode
degeneracy. Thus, the authors of paper [8] described
a microstrip antenna of complex design, specifically a
composition of a microstrip disk of a certain diame-
ter and a circular sector of a larger radius. The angu-
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lar aperture of the sector was 90°. The structure was
excited via a segment of a coaxial line. The point of
input of electromagnetic power was displaced radial-
ly from the center of the smaller disk where a ‘length
shortener’ was installed on the ground plane. The
structure demonstrated expansion of the bandwidth
up to 15 or 18 per cent of the central frequency, how-
ever basic parameters of such an antenna depended
significantly on the magnitude of the sectorial an-
gle and location of the power input point. Accord-
ingly, any technical missteps in the manufacturing
procedure could lead to unpredictable results in
what concerns the operating range and the emission
bandwidth.

The present work has been aimed at both theo-
retical and experimental study of the monopole mi-
crostrip antenna involving slot-like inhomogeneities
of ‘meander’ type, with further optimization of its
performance parameters.

1. Structure under study

We will consider a monopole microstrip antenna
with a set of ‘meander’ type slot inhomogeneities,
excited by a section of a coplanar line that is partially
screened off on the back of its dielectric substrate. A
schematic representation of the geometry and layout
of the structure are shown in Fig. 1 and the dimen-
sions listed in Table. The basic microstrip disk is of
diameter d = 35 mm. The axes of the meander line
segments are at angles of 120° relative one another.
The substrate material was NELCO NY9220 dielec-
tric characterized by a relative permittivity €, = 2.2.

Searches for an optimum way to excite mono-
pole microstrip antennas with various kinds of inho-
mogeneities have been carried out rather intensely
for quite a time [9]. The approach that seems most
promising as for expanding the operating range of
such antennas is the method of excitation that em-
ploys different versions of coplanar line sections
[10]. It is necessary to mention kind of a regularity
noted in many of the previous results. By properly
selecting parameter ratios it was possible to imple-
ment a multifrequency operation mode within any
excitation technique employing a full ground plane.
Still, the width of the operating frequency band al-
ways remained small and, generally, it was not pos-
sible to achieve a sufficiently broad end-to-end fre-
quency band.
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Fig. 1. Schematic representation, a and layout, b of the micro-
strip antenna under study

The main reason for such effects is that the pres-
ence of a screening plane determines the eigenmode
spectrum in the structure, as well as the relative po-
sition of the eigenfrequencies on the frequency axis
and the laws of power distribution in different parts
of the structure (the major part concentrates in the
substrate, between the ground plane and the plane of
the disk). Ultimately, this affects all other electrody-
namic and power parameters of the antennas. At the
same time, with an optimal ratio of parameters, the
shielding elements provide additional opportunities
for controlling the antenna characteristics.

2. Simulation results
2.1. Structure matching

Parameters of the structures under consideration
have been simulated within the ‘semi-open resona-
tor’ model using the finite element method (FEM).
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Fig. 2. Eigenfrequency spectrum of a fully screened microstrip
structure
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Fig. 3. Frequency dependence of |S;;| (full shielding)
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Fig. 4. Frequency dependence of || in the case of full ‘suspen-
ded shielding’

Initially, some attempts were made to optimize
the structure’s parameters on the fully metallized
back side of the substrate. It is known [11] that the
so-called suspended lines of planar type, in which
a ground plane is placed at a certain distance from
the dielectric substrate, may offer some advantages
when trying to expand the operating range. The vari-
able selected as an optimization parameter was the
size of the gap between the dielectric substrate and
the ground plane. Some of the pertinent simulated
results are shown in Figs. 2 and 3. Figure 2 presents
the eigenmode spectrum of a structure in which the
ground plane is located on the back side of the sub-
strate (no air gap present). Calculations have shown
that the presence of an air gap does not affect the
number of oscillation modes excited. Moreover, it
has practically no effect on their localization on the
frequency axis (their shift toward the low-frequency
part of the range never exceeded 0.005 per cent).

Analysis of the characteristics shows the distri-
bution of the spectral lines to be extremely non-
uni-form. Two types of oscillations can be seen in a
close vicinity of eigenfrequencies, specifically near
F = 1 GHz (the separation between their frequen-
cies is about 30 MHz). In the range from 3.5 GHz
to 4.25 GHz, five eigenmodes are excited, and two
degenerate modes are seen at F = 3.87 GHz. Only
single modes are excited up to 7 GHz. At still hig-
her frequencies more excitation ranges are observed,
whithin which a significant number of oscillatory
modes, including degenerate ones, are excited.

Figure 3 shows the frequency dependence of |5},
for a structure with a fully shielded back side of the
substrate (no air gap). The dotted line shows the
level corresponding to a return loss of —-10 dB. The
curve demonstrates sharp oscillations with promi-
nent drops in the magnitude of |S;,|. Minima of |S]
are reached only at some of the frequencies (a multi-
frequency mode can be realized), however the ope-
rating bands near these frequencies are very narrow
(never exceeding fractions of one percent). Upon ap-
proaching to 19.08 GHz the band expands to a level
of 1 per cent of the central frequency. By introdu-
cing a frequency gap between the dielectric substrate
and the ground plane (setting p # 0) one can, to a
certain degree, change the matching conditions. In
Fig. 4 two dependences of |S;;| upon frequency are
shown for two values of the parameter p. Analysis of
these dependences indicates that by introducing a
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gap between the dielectric substrate and the ground
plane it is possible to noticeably cut down the level of
pulsations (especially in the high-frequency region).
Also, the operating bands can be markedly expan-
ded. In the vicinity of the spectral line F = 8.75 GHz,
the operating bandwidth is AF=1.12 GHz with
p = 1mm (12.8 per cent of the central frequency).
Near F=16.9 GHz and with p = 1 mm, the operating
bandwidth is AF = 1.63 GHz (or 9.6 per cent of the
central frequency). In the vicinity of F = 22.98 GHz
and with a different value of p (namely, p = 0.5 mm),
the bandwidth becomes AF = 2.74 GHz (which is
11.9 per cent of the central frequency).

As follows from the above set of results, by apply-
ing ‘full screening’ alone it is hardly (if at all) possible
to obtain wide end-to-end operating bands. Besides,
sharp oscillations of |S},| over the frequency range
cannot be excluded either. The physical reason is that
the energy of the excited vibrations is concentra-
ted within a very limited volume (at the same time,
p<< j’res )

Another way to expand the operating range is to
enlarge the virtual volume within which the oscilla-
ting power is concentrated [11]. That can be imple-
mented by partially shielding the dielectric substrate.
A conceptual change of the structure’s geometry, like
introduction of an air gap, certainly leads to a change
in the spectral composition of oscillations and their
location on the frequency axis. Shown in Fig. 5
are spectral characteristics of a structure with par-
tial shielding and presence of an air gap (parameter
p = 0.5 mm). The distance from the aperture of the
basic disk to lateral conductors of the coplanar line
(and the earthed part of the structure) was chosen in
the course of optimization and equaled x = 1.25 mm.
Comparison of the dependences presented in Fig. 2
and Fig. 5 shows that in the case of partial shielding,
the most noticeable changes occur at frequencies be-
low 8 GHz. Over the range from 0.5 GHz to 8 GHz,
the spectral lines are distributed rather uniformly,
which suggests a possibility of exciting a larger num-
ber of eigenmodes. Figure 6 shows the frequency de-
pendence for a partially shielded dielectric substrate
parameter and a fixed value of p = 0 mm.

As is evident from the dependences desribed, the
use of partial shielding made it possible to obtain
three fairly wide operating frequency bands, speci-
fically between 4.43 GHz and 8.28 GHz (bandwidth
AF = 3.85 GHz, or 61 per cent of the central frequen-
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Fig. 5. Eigenfrequency spectrum of a partially shielded structure
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Fig. 6. Frequency dependence of |Sy;| (partial shielding, p = 0)
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Fig. 7. Frequency dependences of |S;;| with two values of the
parameter p
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Fig. 8. Radiation patterns of a fully shielded structure (two va-
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Fig. 9. Radiation patterns in the case of partial shielding (two
values of the parameter p), with k=11.87 mm

cy); between11.88 GHz and 17.95 GHz (bandwidth
AF = 6.07 GHz, or 41% of the central frequency), and
between 20.38 GHz and 24.47 GHz (an 18 per cent
bandwidth). Figure 7 shows frequency dependences
of |Sy;| for a variety of values of the parameter p. Evi-
dently, introduction of a 1 mm wide air gap leads to
disappearance of the first band, while the second one
(between 11.91 GHz and 19.53 GHz) becomes notice-
ably more compact (of width AF =7.62 GHz, or 48 per
cent of the central frequency). The third band reaches
beyond the range under discussion, hence is not very
promising from the point of impedance matching in a
single-operation mode for the coplanar exciter.

2.2. Power characteristics

The formation of a certain (specified) spatial distri-
bution of fields in the far zone, (and in some applica-
tions in the near-field zone as well), is the main task
of any antenna system. In this regard, antenna struc-
tures with complex radiating apertures provide addi-
tional opportunities.

Figure 8 one presents radiation patterns of a struc-
ture with a‘meander’ type, fully shielded aperture
(two versions). In one of these the ‘earthed’ plane is
located close to the dielectric substrate, p=0 mm
(curve I). In the case of version two, the ground
plane and the dielectric substrate are separated by an
air gap p =1 mm (curve 2).

The frequency F=8.37 GHz was selected as the
operating frequency. This choice is due to the proxi-
mity of this magnitude to one of the eigenfrequen-
cies (see Fig. 2). As can be clearly seen, the radiation
patterns consist of two lobes for both versions.

The appearence of the back radiation (full shiel-
ding) is explained by the fact that the structure is
open in the directions of the OX and OY axes, so
concentration of induced fields is possible on the re-
verse side of the metallized substrate.

Analysis of the dependences shows that in the ab-
sence of an air gap in the structure both lobes of the
radiation pattern are oriented symmetrically relative
the local normal. The directions of the lobe maxima
are +30° and width at the 3 dB level is ~39.8°. The
back lobes do not exceed -7.5 dB. With the introduc-
tion of an air gap (p = 1 mm), the pattern practical-
ly does not change, remaining two-lobed, as before.
However, the lobe maxima now lie at £29°% the width
at a 3 dB level has decreased to about ~34°, while the
level of back lobes has dropped down to -32.4 dB.

By ‘shortening’ the ground plane at the back side
of the substrate (i.e., bringing its size to match the li-
near dimension of the coplanar transmission ele-
ment, see Fig. 1, parameter k = 11.87 mm) one can
achieve a noticeable change in the radiation pattern.
Fig. 9 shows elevation-plane radiation patterns for two
operating frequencies. Curve I corresponds to a fre-
quency F =5.87 GHz, while curve 2 to F = 8.37 GHz.
These frequencies have been chosen because of their
proximity to the corresponding spectral lines and an
optimal value of |S1 1| . All the dependences presented
have been normalized to a global maximum.

The radiation patterns at both frequencies are
multi-lobed. Moreover, the level of the radiated po-
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wer at a lower frequency is about 5 times lower than
at the higher one.The pattern at F = 5.87 GHz turns
out to be four-lobed and almost symmetric about
the center of the coordinate system. The field ampli-
tudes in the directions of pattern maxima fluctuate
insignificantly (not exceeding the levels of 2 or 3 per
cent). The width of the lobes at the level of 3 dB is
~41.6°. At the frequency of F = 8.37 GHz, the pat-
tern has a more complex form: While remaining
two-lobed in the lower half-plane, it demonstrates
two additional interference lobes in the upper half-
plane. Shown in Fig. 10 are two elevation-angle de-
pendences of the ellipticity ratio. In the case of to-
tally shielded back side of the substrate only linear
polarization of the radiated fields was observed (the
polarization coefficient fluctuated in the range of 40
to 100 dB, therefore the correspondent graphs are
not shown. Following a ‘truncation; alias shortening,
of the grounding surface to k = 11.87 mm, signifi-
cant changes occur in the pattern. Localized angu-
lar zones appear within which elliptically polarized
radiation fields is ecome observable. Moreover, their
ellipticity ratio may reach values of 0.41 to 0.47.

The introduction of an additional gap between the
dielectric substrate and the shortened ground base
changes fundamentally both the power and polari-
zational characteristics of the structure. In Fig. 11
one can find elevation-plane radiation patterns of a
structure with a ‘suspended’ substrate. Curve I cor-
responds to the frequency F = 5.87 GHz, and curve 2
to F = 8.37 GHz. Both curves are normalized to the
global maximum magnitude. Obviously, a signifi-
cant redistribution of the radiated fields has occured.
Now the amplitude at F = 5.87 GHz is about 0.4 of
the correspondent amplitudes at F = 8.37 GHz. At
the frequency of F=5.87 GHz, the pattern remains
four-lobed, however, it becomes markedly asym-
metric with respect to the plane which contains the
emitting aperture. The radiation pattern for the fre-
quency F = 8.37 GHz has undergone a noticeable de-
formation becoming three-lobed in the lower half-
plane. Two of the lobes are located symmetrically
about the center, at the angles of 228° and 132°, with
roughly equal lobe widths, about 32.4°, at the 3 dB
level. The third lobe which is oriented orthogonally
to the plane of the emitting aperture, turns out to be
of a shorter width, not exceeding 24° at the 3 dB le-
vel. In addition, there are three low-amplitude inter-
ference lobes in the upper half-plane of the aperture.

n
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Fig. 10. Ellipticity ratio 1 versus elevation angle 6 (deg)
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Fig. 11. Radiation patterns in the case of partial shielding (two
values of p), with k= 11.87 mm and in presence of air gap
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Fig. 14. Elevation-plane radiation patterns of a ‘shortened’ struc-
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Fig. 15. Elevation-plane radiation patterns of a ‘shortened’ struc-
ture without an air gap

In Fig. 12 one can find the respective elevation-an-
gle dependences for the ellipticity ratio. Both charac-
teristics are fundamentally different from such of the
fully shielded structure, also differing from the struc-
ture with partial shielding. Thus, at the frequency
F=5.87 GHz, one local angular strip, of width about
30°, is observed near the angle of 58.9°, within which
the ellipticity ratio reaches a value like 0.57. Mean-
while, at F=8.37 GHz the ellipticity ratio observable
over a 60° interval near the angle 148°, turns out to be
higher than 0.65, even reaching a maximum of 0.78.

3. Experimental results

Proceeding from the preliminary numerical results,
a breadboard structure was prepared for measuring
some spectral and power characteristics of an emit-
ting module that would not involve an air gap be-
tween the dielectric substrate and the ground plane.
Figure 13 presents the experimentally obtained fre-
quency dependence of the VSWR in the radiating
structure. In the experiment, an upgraded coaxial
junction was used to excite the coplanar line.

Quite evidently, the measured VSWR is in excess
of the ‘threshold’ value VSWR = 2, practically through
the entire frequency range. An exception is the sub-
range from 8.26 to 8.68 GHz, within which the VSWR
turns out to be lower than the ‘threshold’ value.

If we focus on the theoretically obtained values
(see Fig. 6), then we can talk about coincidence of
frequency ranges with low VSWR values. Thus, in
calculations for F = 8.28 GHz, the value of |§},|=
=0.31 corresponds to a VSWR = 1.61. In the experi-
ment, the minimum value of VSWR = 1.61 was ob-
served at a frequency of F = 8.32 GHz. The frequen-
cy offset is equal to 40 MHz, which is approximately
0.48 per cent of the central frequency. This frequen-
cy shift itself and the lower VSWR value can be ex-
plained by the fact that the complexity of the radi-
ating structure’s exciter (a coplanar segment, plus
a coaxial junction) that was intended for ensuring
sub-matching with external circuits, has not been
taken into account in the numerical modeling.

To measure the power characteristics, the same fre-
quencies were chosen at which the numerical simu-
lation was carried out (namely, F = 5.87 GHz and
F=8.37 GHz).

Figure 14 presents radiation patterns at F=
=5.87 GHz (curve I) and at a close frequency of
F=6.19 GHz (curve 2). The latter frequency was se-
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lected owing to its proximity to the frequency of a
natural spectral line (see Fig. 2).

Both charts are normalized to the global maxi-
mum. Apparently, the pattern is two-lobed both in
the upper and lower half-planes. Each of the lobes
(except one) demonstrate more or less noticeable
amplitude fluctuations.

Comparison of the measured and the numerical-
ly simulated dependences (cf. Fig. 9, curve 1 versus
Fig. 14) reveals coincidence of both the radiation pat-
tern forms and of the lobe orientations. The minimum
difference in the corresponding angles is 2°, and the
maximum is close to 8°. The highest degree of asym-
metry in the shape of the lobes is noticeable from the
side of power supply to the structure. Here, the coup-
ling of the basic microstrip disk and the coplanar seg-
ment is most pronounced. Despite the relative proxi-
mity of the frequencies in the experiment (curve I
and curve 2), the level of power radiated at 6.19 GHz
is nearly by half lower (Fig. 14). Still, the shape of the
pattern lobes is preserved almost completely.

In order to trace the dynamics of changes in the
shape of the radiation pattern and the level of the ra-
diated power, consider the radiation patterns shown
in Fig. 15 for the frequency F = 8.37 GHz and seve-
ral frequencies nearby. All three charts are norma-
lized by the global maximum. Curve I corresponds
to the frequency F=8.178 GHz, curve 2 corresponds
to F=8.37 GHz, and curve 3 to F = 8.93 GHz.

Comparing the measured patterns of Fig. 15 with
those obtained through numerical modeling we can
note both a fairly good coincidence of parameters
and the existence of certain differences. In the case
of the simulated patterns the lobe maxima in the lo-
wer half-plane were oriented toward 153 and 208°.
In the experiment, the pattern maxima were obser-
ved at the angular coordinates of 156 and 198°,
showing amplitudes comparable to their respective
values from the lower half-plane. The radiated field
amplitude at F=8.93 GHz demonstrated a signifi-
cant increase, while the ratio of the radiated field am-
plitudes in the upper and lower half-planes practical-
ly did not change.

The physical interpretation of the results ob-
tained can be as follows. In the first case (frequen-
cy F = 5.87 GHz), the value of |S”| does not exceed
0.17 (a VSWR=1.4), i.e. the frequency belongs to a
frequency range with a good level of matching. In the
second case (frequency F = 8.37 GHz), the magni-
tude of |S;;| reaches 0.31 (the correspondent value
of VSWR = 1.91). This means that the frequency be-
longs to a particular subrange characterized by a sa-
tisfactory level of conformance. Moreover, it is near
these frequencies that resonances can be observed,
owing to specific values of the wavelength and pa-
rameter ratios. The presence of possible resonances
increases the rigority of requirements as for geomet-
ric dimension tolerances in the radiating structure
elements, and hence for compliance with technical
and manufacturing requirements.

Conclusions

The paper presents results of theoretical and expe-
rimental studies of a monopole microstrip antenna
with slotted inhomogeneities of the ‘meander’ type.
The antenna could be excited using a segment of a
modernized coplanar line. In the course of research,
it was found that one of the key elements of the an-
tenna, specifically the earthed base plays a key role in
optimizing the antenna parameters. A change in the
structure and layout of the earthed base (e.g., ‘shorte-
ning’ to a pre-selected value) can lead not only to a
change in the possible spectral composition of eigen-
modes in the structure, but also to a significantly
altered level of matching, formation of sufficiently
wide frequency regions with low VSWR values, and
possibility of control over certain power characteris-
tics. The use of so-called ‘suspended’ structural ele-
ments provides additional opportunities for optimi-
zing antenna parameters.
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! Papioactponomiunmit inctutytr HAH Ykpainn
4, Byn. Mucrenrs, Xapkis, 61002, Ykpaina

2 XapKiBCbKuit HaIliOHAMBHMIT yuiBepcutet imeni B.H. Kapasina
4, martgan CBo6opu, Xapkis, 61022, Ykpaina

JOCHIIDKEHHA TA OIITUMI3ALIIA POBOYOTO
JNIATIA30HY MOHOITIO/IBHOI AHTEHU, 1IIO MICTUTDb
MUIMHHI HEOOHOPIZHOCTI TUITY «MEAH]JIP»

ITpepmer i MeTa po6oTn. Y po6OTi IpecTaB/IeHO Pe3y/IbTaT! YMCeTbHOTO MOJE/TIOBAHHA Ta eKCIePUMEHTaIbHUX JOCTiIKEeHb MiK-
POCMY>KOBOI aHTEHM JIYICKOBOI TeOMeTPii, 110 MiCTUTD LIIIMHHI HEOLHOPIFHOCTI TUIy «MeaHzip». MeToo po60oTH € onTuMisanisa
po6ouoro piamasoHy aHTeHU Ta i y3TO/PKEHHS i3 30BHIIIHIMM KOJTaMM 32 PaXyHOK BUKOPUCTaHHA HOJATKOBUX KOHCTPYKTMBHUX
€/IEMEHTIB i CI10co6iB 30yIKeHHA.

Mertopu Ta MmeToponorisa. OCHOBOIO KOHCTPYKIIii aHTeHM € Ki/TbIleBUI IMCKOBUI MiKpOCMY>KKOBMII P€30HATOP, Y TIOIHI AKO-
IO MiCTATbCA IPYIM LI/IMHHUX HEOJHOPIIHOCTE, [0 YTBOPIOIOTH Bi[pi3Ky MeaH[pOBO] /MiHii, OpiEeHTOBaHi OIMH BiTHOCHO OJHOTO
mig xytom 120°. 36ymKeHHs aHTeHN 3[iIICHIOBAIOCA 3a JOIIOMOTOI0 BiIpi3ka eKpaHOBaHOI KOMIUTaHapHOI /iHil. Micue posrarry-
BaHHA IIACKOT0 eKpaHa KOMIUIAHapHOI JIiHil Ta fioro po3mipu 6ymu BapiatuBHMMU. UKce/lbHe MOJIE/TIOBAaHHA BMKOHAHO B TEXHUIII
HaIiBBiIKPUTOroO pe3oHaToOpa 3a JONOMOIOI0 METORY CKiHYeHHUX efeMeHTiB. CTyniHb onTnMisalii po604oro fiamasoHy OLiHEHO
HUX BTPAT y 3aJaHOMY YacTOTHOMY fiamasoHi. EkcnepumenTanbhi BumipioBanasa BemmurHyn KCXH 3pificHeHO 3 BUKOPUCTaHHAM
pedieKTOMeTPUIHNX METO/IB.

Pesynpraru. [IpoananisoBaHo Ji ONTUMI30BaHO YACTOTHI Ta €HEPTETUYHI XaPaKTEPUCTUKI MOHOIIO/IbHOIL IMICKOBOI MiKPOCMY K-
KOBOI aHTEHM B IIMPOKOMY YaCTOTHOMY Aiala3oHi. BusasieHo ¢pakTop cyTTEBOro BIVIMBY FeOMETPUYHMX PO3MIpiB i Miciisa posTanry-
BaHHA IOJATKOBOIO IJIACKOTO €KpaHa Ha YaCTOTHI, O/APU3aLiliHi Ta eHePreTMYHi XapaKTePUCTUKY aHTEH.

Bucnosxku. TeopeTudHo it eKCIiepyMeHTaNTbHO FOCTIKEHO YaCTOTHI, CIIeKTpaibHi Ta eHepreTHYHi XapaKTepUCTUKN MOHOTIO/b-
HOI IUCKOBOI MiKpOCMY>KKOBOI aHTeHM. d1ce/ibHe MOJIe/II0OBAHHA 3/i/ICHEHO 3a JOIIOMOIOX METOAY CKiHYeHHUX elleMeHTiB. Exciie-
PMMEHTa/IbHE JOCTiIKeHHA YaCTOTHMUX XapPaKTePUCTHUK IIPOBEICHO 3 BUKOPUCTAHHAM pedieKToMeTpa. AHTEHA MOXKe 3HAITHU IpaK-
THUYHE 3aCTOCYBAHH B IIMPOKOMY [ialla30Hi YaCTOT SIK IIOOAMHOKIIT BUIPOMIHIOBAY Y IIPUCTPOLAX a60 CHCTeMaX, TaK i CKIagoBuUil
€/IeMEHT AaHTEHHMX PELIiTOK.

Kntouosi cnosa: xpyzo6uti Ouck, wiinuma, meanop, KOMNAAHApHA NiHis, 0idzpama HanpasneHoCcmi.
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