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Development of concept of near-field
technology in designing effective small-aperture

microwave antennas

Subject and purpose. This article is devoted to the review of the original works of the authors on studying the effective small-
sized individual radiators of various types using near-field technology.

Methods and methodology. The research algorithm consists in carrying out numerical modeling of the proposed antenna
designs using software packages, creating the appropriate physical prototypes and comparing the results of numerical and direct
experiments of such radiator characteristics as bandwidth, radiation pattern, gain and ellipticity. At the same time, a detailed
analysis of the spatial near-field distributions gives the necessary information for further optimization of the antennas and
obtaining their optimal characteristics.

Results. The characteristics of various modifications of monopole, disk, aperture, microstrip and spiral antennas with record
characteristics are systematized and analyzed, and the possibility of their use in a compact mobile microwave direction finder
and nonlinear locator is also shown. The results of studying the diffraction coupling of individual aperture radiators with the
involvement of developed methods of measuring the spatial near-field distributions were used to create a laboratory model of
an antenna array.

Conclusions. A review of the results of studying the small-sized microwave antennas of various types over the past decade is
given. We demonstrate the efficiency of using information on the spatial near-field distributions in the inductive and wave regions
of the radiating apertures during the elaboration and subsequent optimization of the main characteristics of both individual

original radiators and antenna arrays based on them. Fig. 25. Ref.: 59 items.

Key words: antenna, antenna array, bandwidth, near-field, radiation pattern.

The growing demand of wireless services requires
the definition of new standards able to provide an
increased degree of mobility for the end-user and a
higher speed of data transmission. Among emerg-
ing standards, one of the most promising is the
IEEE 802.16 (WiMax 2 GHz < /< 60 GHz) able
to support high-speed wireless broadband applica-
tions with rather long reach, mobility, and roaming
[1,2].

A key element here is the antennas of various
types. One of the candidates for this purpose is the
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cylindrical monopole antenna. The advantage of
this class of antennas is the ability to produce the
different radiation patterns by changing the shape
and size of the constituent elements of antennas,
including multi-beam radiation patterns [3—5].
The most popular and widely used nowadays
are microstrip antennas [6—8]. One of the signif-
icant drawbacks of these antennas is their narrow
band. In contrast to the microstrip antennas, the di-
electric disk antennas (DDA) offer a number of ad-
vantages in wireless communication systems due
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to low ohmic losses, wider bandwidth etc. [9-11].
With respect to this class of antennas, a special at-
tention is paid to the small-aperture antennas be-
cause of the current trend towards the miniaturiza-
tion of modern devices [12, 13].

As an important task is designing the broadband
individual small-aperture radiators and antenna ar-
rays for wireless local area networks, non-destruc-
tive control, environmental monitoring, biology,
medicine etc. [14—18]. Different techniques rela-
ted to matching the aperture antenna to its feeding
line have been reported in literature, for example
by employment of the special air gap [19].

Among the numerous ultra wideband anten-
nas used in the wireless communication systems,
a particular attention paid to the planar spiral an-
tennas due to their broadband, high efficiency,
low-profile configuration, the stable impedance
and circular polarization [20-22]. These antennas
are widely used in such applications as direction
finding, ground penetrating radar, global position-
ing systems, in endoscope systems for WBAN in
body communications and so on [22, 23]. By tak-
ing into account that some applications require the
high-performance compact antenna systems, the
different techniques are proposed to overcome this
problem [22, 24]. The further progress in the prac-
tical use of planar spiral antennas operating at fre-
quencies f> 20 GHz will be determined by design-
ing the high-performance UWB impedance trans-
formers to match the high input impedance of the
spiral antenna with the low impedance feeding line
[25-28]. However, the disadvantages of such de-
signs include the fact that in the millimeter range
they will have the great losses due to the long feed
path. The original planar single-arm fractional
spiral antenna with the aforementioned exciting
method was reported in [29]. It is worth noting
that the variety of practical applications of these
antennas sometimes has specific requirements to
the feeding or receiving networks, in particular,
when the antenna should be loaded with the stan-
dard waveguide.

Moving to the higher frequencies, a problem of
bearing, for example, the unauthorized local mi-
crowave sources becomes a topical question and
there is a need of suitable broadband mobile direc-
tion finder [30, 31].

In the microwave technology, the aperture ra-
diators based on rectangular waveguides are also
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both as individual antennas and phased arrays with
close packing of elements and wide-angle scan-
ning when operating at high levels of microwave
power. In this respect, there is a need to reduce
the cross-section of radiators like those. The open
ended waveguide filled with a dielectric is usually
used as the different transceivers probes or anten-
nas. In this case the problem of waveguide match-
ing with the free space becomes the principle one
[32, 33].

The necessity of reducing the antenna apertures
results in the most complicated (in terms of the
electrodynamics) case when the antenna dimen-
sions become comparable with the operational
wavelength. In this respect there is a barest neces-
sity in designing the effective small-aperture mi-
crowave antennas to take correctly into account
the unavoidable diffraction effects [34]. The main
task is to preserve the basic antennas performance.
Thereby, the near-field technology becomes one
of the main tools [35-37]. This implies the further
development and appropriate modification of both
the methods for investigating the near-fields in the
microwave band and the means for their practical
implementation, on which our investigations were
focused while designing the original low-aperture
microwave antennas and a detailed study of the
formation processes of the radiation with the pre-
determined characteristics.

This review of the original author’s works
demonstrates the effectiveness of using the near-
field technology to create various types of small-
sized microwave antennas with optimal characte-
ristics, as well as to study the mutual influence of
individual antennas in antenna modules.

1. Cylindrical monopole antennas. The an-
tennas under test consist of the vertical cylindrical
monopole as a segment of the central conductor of
the coaxial feeding line with a diameter of 2a (in
our investigations 2¢ = 1.4 mm) and the circular
metal ground plane with the radius R and thickness
d (in our case d = 0.5 mm) (Fig. 1).

We focus on the two most interesting monopole
heights d_, namely: quarter-wavelength (d , = A/4)
and three fourth-wavelength (d, = 34/4) mono-
poles for the wavelength A = 30 mm. The ground
plane radius R varies from 7.5 mm to §2.5 mm with
steps of 7.5 mm. Furthermore, the round hole in the
ground plane center for coupling with the coax has
the radius » which varies from r = 2.25 mm, corre-
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sponding to the radius of the coaxial feeding line
with the dielectric filling €= 2.04, to » = 0.8 mm.
The input reflection coefficient S, , near-field dis-
tributions, radiation patterns and antenna band-
width were selected by us for the analysis. The
simulations were performed by using a software
package for solving the scattering problems based
on the standard finite difference algorithm with the
“exact” absorbing conditions on the spherical ar-
tificial boundaries in free space and on the trans-
verse artificial boundaries in the feeding line [38].
The measurements were carried out on the experi-
mental equipment [39, 40].

It is quite clear that the most appropriate ap-
proach for studying the edge effects caused by the
diffraction of EM waves on a finite aperture is the
obtaining of information on the spatial distribution
of EM fields in the inductive and radiating regions
of antenna. There are two typical areas of the edge
wave sources, namely, the ground plane edge and
the edge of the round central hole in the latter. The
interference of these edge waves with the initial
wave beam of the monopole will result in the inter-
ference picture formation in free space. Therefore,
the study of regularities in the interference pictures
formation becomes the key aspect allowing one to
identify the relationship of the physical parameters
of antennas with their radiation pattern shape.

Based on the aforementioned concept, we ana-
lyzed the EM field distributions in the inducti-
ve region of monopole antennas with the diffe-
rent ground plane radii where the influence of the
ground plane size on the antenna beamforming is
manifested most clearly [41, 42].

As a result, it has been determined that for the
monopole antennas with d = A/4 two types of spa-
tial near-field distributions depending on the ratio
of the ground plane radius and the wavelength
is observed. The first type of the EM field distri-
bution has two field variations along the ground
plane radius with a minimum, located at a fixed
distance from the ground plane edge for antennas
with the ground plane radii divisible by 4/2, and
the second one looks like the circular interference
picture for antennas with the ground plane radii
divisible by odd number of A/4. We have called
these distributions as the “spatial wave grating”.
The differences like those explain the oscillating
dependencies of both the resonant frequency and
the elevation angle of peak directivity. In contrast
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Fig. 1. Schematic view of the antenna

to the antennas with d | = A/4 the resonant frequen-
cy and elevation angle of peak directivity for the
antennas with d = 31/4 are not changed virtually.
The thresholds of the ground plane radii of anten-
nas with d = A/4 and d | = 34/4 corresponding to
the transition from the mono-beam to multi-beam
radiation pattern have been defined. Furthermore,
and it has been shown that the number of beams
increases when increasing the ground plane radius.

We have assumed that for each antenna configu-
ration there is the optimal radius of the round hole
in the ground plane center. To confirm this hypo-
thesis, we performed the simulations of cylindrical
monopole antennas performance with the mono-
pole heights d , = A/4 and d | = 3A4/4 with different
radii of the round hole. The minimum value of the
return loss coefficient S, was chosen as the crite-
rion of the optimal radius of such a hole for each
fixed-sized ground plane.

The comparative analysis of near-field distri-
butions of antennas has showed that the field in-
tensity under the ground plane of the antenna with
the monopole height d = 34/4 is significantly less
than that of the antenna with the monopole height
d = A/4 at the same ground plane radii (Fig. 2).
The field intensity on the ground plane edge of
the antenna with the monopole height d, = A/4 is
5.7 times higher than that of the antenna with the
monopole height d = 31/4. In the latter case the
EM field distribution is concentrated mainly near
the monopole. As a result of this, the contribution
of diffraction fields to the antenna beamforming
will be much smaller.
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Fig. 2. Near-field distribution of the electric field component E of the antenna with the monopole heights d, = 34/4 (a) and

d = A/4 (b) at a fixed time (R = A =30 mm)
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Fig. 3. Antenna prototype (a); return loss coefficient S|, (b); measured (thick line) and simulated (thin line) radiation pattern (c)
of the antenna with parameters: d = 7.5 mm, R =7.5 mm, r=1.15 mm

Thus, the optimization of the round hole radius
allowed us to design the miniature broadband an-
tenna. The prototype of such the antenna has been
manufactured and tested (Fig. 3).

Thus, the physical nature of oscillating depen-
dence of the optimal round hole radius on the
ground plane radius of antennas with the mono-
pole height d = A/4 is explained by different con-
ditions of the formation of spatial near-field dis-
tributions in two groups of antennas. We have
established the dependence of the optimal round
hole radius on the ground plane radius that indi-
cates a validity of the approach applied by us for
studying the radiation characteristics of this class
of antennas in terms of diffraction-coupled aper-
tures. It has been determined that the variation in
the round hole radius of the antenna with a fixed
ground plane size results in the resonant frequen-
cy shift of the antenna and the antenna efficien-
cy change. It has been established that for each
ground plane size of the antenna with the mono-
pole height d_ = A/4 one can choose the optimal
round hole size at which the antenna performance
is maximized. We have also shown that the opti-
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mization of the round hole size of the antenna with
the monopole height d = 34/4 has a meaning only
for the ground plane radii R < 31/4.

The choice of the optimal round hole radius al-
lowed us to offer the miniature cylindrical mono-
pole antenna with parametersd = A/4, R="7.5 mm,
and = 1.15 mm which produces a wide-angle mo-
no-beam radiation pattern with the maximum ra-
diation at 8= 69° in the —10 dB impedance band-
width BW = 15 %. The antenna seems to be very
attractive for using in wireless communications
and data transmission such as WiMax.

Computational modelling of the cylindrical
monopole antenna with the grounded dielectric
layer is also carried out. Notice that the near-field
distributions in the inductive region of the given
class of antennas are similar to the spatial peri-
odical lattice with different number of variations
along the ground radius and with the amplitude de-
crease to the antenna edge. The calculated antenna
characteristics are validated by measurements on
the antenna prototypes [43—45].

2. Dielectric disk antennas. The dielectric disk
antennas (DDA) are positioned as the cheapest
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class of antennas that require a little time to de-
velop and manufacture. As well-known, the coni-
cal radiation pattern is characteristic for these an-
tennas. At the same time, the functionality of the
DDA can be extended, for example, by providing
their axial radiation. The easiest way to get the ra-
diation pattern with a radiation maximum oriented
in the antenna axis is an off-axis excitation of such
a structure.

The cylindrical DDA consisting of a dielectric
disk (€ = 10) of height / and radius a, located on a
dielectric substrate (€ = 1.18) of height 7_, locat-
ed above the ground plane was selected as a mo-
del for studying (Fig. 4). The radii of the substrate
and the ground plane coincide with the disk radius
a. The excitation is realized by the monopole of
height /, displaced along the disk radius at the dis-
tance /_from the radiator axis [46].

Numerical modeling was performed by using
the software package Ansoft HFSS. During the
numerical simulations the geometric parameters
of the DDA such as 4, a, h_,, [, [ were changed.
As aresult of that the following dimensions of the
radiator, for which the return loss coefficient is
minimal, were determined, namely: # = 2.5 mm,
a=10mm, h ,=2.5mm, [ =3 mm,/ =4.5 mm.
We calculated the characteristics of the proposed
DDA such as the radiation pattern, gain, return
loss coefficient (S,,), and the amplitude distribu-
tion of the electric component in the near-field of
the radiator.

As an example, the near-field distributions for
the optimal and non-optimal height of the feeding
monopole have been shown in Fig. 5. The mono-
pole height /. = 3 mm providing the minimal va-
lue of the return loss coefficient was chosen as an
optimal. In this case the axially symmetric EM
field distribution is observed, but the center part
of the near-field distribution is shifted relative to
the DDA center away from the feeding monopole
(Fig. 5, b).

It is revealed that the maximum contribution to
radiation comes from leaky waves from the side
faces located on the monopole side. (Fig. 5, a).
At the optimum position of the feeding monopole
[, = 4.5 mm the field distribution becomes sym-
metric (Fig. 5, b). Such an antenna has an axially-
symmetric mono-beam radiation pattern with the
back-lobes level —6 dB. The beamwidth of the ra-
diation pattern in the E-plane is 75°, and in the
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Fig. 4. DDA with off-axis excitation
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Fig. 5. Near-field distribution of the DDA for two heights of
the monopole: ¢ —/ =2.5 mm; b~/ =3 mm
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Fig. 6. Simulated near-field distribution at f'= 7.5 GHz (a) and
DDA prototype (b)

H-plane is 90°, that is caused by the asymmetric
near-field distribution. The radiation pattern re-
tains the shape in the operational frequency band.
The maximum gain is 6 dBi. However, the asym-
metric near-field distribution relative to the DDA
axis leads to shifting the elevation angle of peak
directivity of 5° relative to the radiator axis. From
the point of view of designing the radiator with a
narrower radiation pattern and the radiation maxi-
mum oriented in the zenith, it was suggested to
adjust the amplitude-phase distribution at the DDA
aperture by introducing the additional passive di-
poles (Fig. 6, a) [47].
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Fig. 7. Measured near-field distributions of the DDA at the
frequency /= 7.8 GHz: (a) E_-component; (b) E -component
and the radiation pattern (c) (gray line belongs to the E-plane,
and black line belongs to the H-plane)

Fig. 8. Schematic view of the antenna
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Based on the data obtained in simulations, the
DDA prototype with the metalized dielectric disk
has been manufactured (Fig. 6, ). We measured
the return loss coefficient, near-field distribution
and radiation pattern of the prototype. The near-
field distributions for the £_and E| components are
shown in Fig. 7, a, b.

The radiation patterns of the DDA measured in
the £- and H-planes are shown in Fig. 7, ¢. The
beamwidths in the H- and E-planes are 28° and
40°, respectively. Herewith, the elevation angle of
peak directivity coincides with the radiator axis.

With the aim to further extending the functiona-
lity of DDA based devices the idea of implement-
ing a two-mode operation with the possibility of
consistent forming the alternating fundamentally
different radiation patterns seems to be very attrac-
tive. We have proposed a small-aperture DDA be-
ing capable of generating two different radiation
patterns [48].

The antenna consists of two dielectric disks 7
and substrate 2 with relative permittivity 9.8 and
1.18 respectively located on the metallic ground
plane 3 (Fig. 8).

In order to provide the antenna operation in two
modes with different radiation patterns having a
maximum and a minimum of radiation in the axi-
al direction of the antenna, we have applied three
identical monopoles two of which (4 and 5) are ac-
tive and one 6 is passive. All monopoles are located
on the same line. The monopole 4 is located close
to the antenna edge and serves to form the radiation
pattern with the radiation maximum in the antenna
axis. The monopole 5 is located in the antenna cen-
ter providing the omnidirectional conical radiation
pattern with the characteristic radiation minimum
in the antenna axis. The passive monopole 6 is lo-
cated symmetrically with respect to the monopole
4. The monopole 6 serves to provide the necessary
amplitude and phase spatial distributions on the an-
tenna aperture.

In simulations the geometric parameters of
DDA were changed within the following limits:
the radius of dielectric disks 8 mm < g < 12 mm;
the height of dielectric disks 1 mm < 2 < 5 mm
and 1 mm <#4_, <4 mm, respectively; the ground
plane radius 10 < R < 25; the distance between
monopoles 4 and 5 (as well as between monopoles
6 and 5) 4 mm </ < 12 mm. By analyzing the
results of simulations, the antenna with the radi-
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Fig. 9. Near-field distributions of the antenna excited by the monopole 4 (a) and monopole 5 (b)

us a = 10 mm of both dielectric disks has been
chosen because just in this case the resonant fre-
quencies are closest, the appropriate S parameters
are less than —16 dB for both operational modes
of the antenna, and the —10 dB impedance band-
width is 20 %. By analyzing the near-field distri-
butions on the antenna aperture depending on the
relative position 2/ of monopoles 4 and 6, it was
found the matching of antenna with a feeding line
is improved when these monopoles move to the
dielectric disk edge. At the same time, the sym-
metrical near-field distribution is achieved when
the active monopole 4 is located on the distance
a/2 (for 2/ = 10 mm) (Fig. 9, a). We can also see
the symmetrical near-field distribution (Fig. 9, b)
in the case of the active monopole 5.

The antenna prototype with optimal parameters
noted above was manufactured (Fig. 10).

The antenna is able to operate in two modes cor-
responding to different radiation pattern shapes,
namely: with the angle of peak directivity in the
antenna axis and with the minimum radiation pow-
er (the level less than —21 dB) in the antenna axis.
It can be used in different wireless communication
systems, for instance, as a primary source of the
reflector antenna.

3. Direction finder. We have proposed a com-
pact broadband microwave direction finder, the
principle of which is based on using the “zero am-
plitude” method. The direction finder antenna con-
tains a main parabolic reflector with an aperture ra-
dius of 80 mm and a primary source located at the
focus of the reflector. The main feature of the an-
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Fig. 10. The antenna prototype

tenna is the use of a primary source in the form of
a cylindrical monopole antenna [49-51]. In order
to study the process of forming the radiation of a
reflector antenna and optimize the relative position
of its component elements, we have carried out a
preliminary simulation of such an antenna. As a re-
sult, the optimal dimensions of the monopole and
the ground plane were determined (the height of
the monopole and the radius of the ground plane
are 22.5 mm), in terms of the reflector blockage
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and the utilization factor of its surface. The simu-
lation results obtained were used to create a phy-
sical prototype of the direction finder, the appea-
rance of which is shown in Fig. 11, a.

Fig. 11, b shows the measured distribution
of the near-field of the antenna at a frequency
f=10 GHz. As can be seen from the figure above,
there is one main lobe and a weak side lobe at a
level of about —15 dB.
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Fig. 11. Direction finder prototype (a) and measured near-
field distribution (b)
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To implement the signal reception mode, we
have integrated a three-stage HEMT-based ampli-
fier into the circuit, which allows us to achieve a
noise-factor not worse than 0.5 dB within the ope-
rational frequency band. The fabricated and op-
timized reflector antenna forms the mono-beam
conic radiation pattern in the 6—11 GHz frequency
band with the elevation angle of the peak directi-
vity 0 = 10° (Fig. 12, a).

The level of side lobes does not exceed —20 dB.
The bearing process is simulated on the front pa-
nel of the control unit (Fig. 12, b) by means of the
appropriate arrangement of the LEDs, each pair
of which corresponds to a certain level of the re-
ceived signal.

By using the developed algorithm, we have
showed that a direction on the sought-for micro-
wave source can be determined with evaluation
accuracy of 1.5°.

4. Microstrip antennas. The microstrip antennas
are first of all considered to operate at mobile com-
munication frequencies. The main requirements for
such antennas are as follows: small dimensions and
weight, low-profile, low cost, good matching and
high gain. However, the use of multi-frequency an-
tennas can be extended to studying the nonlinear
processes. In this way, the main problem will be
to study the radiation characteristics of the anten-
na at higher harmonics that can arise, for example,
as the result of interaction of the electromagnetic
radiation with a nonlinear medium under test. In
this case, the operational frequencies of the anten-
nas should differ by a factor of two and the realiza-
tion of these conditions can be ensured by the cre-
ation of an antenna module comprising at least two
antennas operating on two lower harmonics of the
microwave signal. When creating such an anten-
na module, it is necessary to ensure not only good
matching and high gain of each antenna, but also a

10.5 F,GHz

Fig. 12. Radiation pattern of the reflector antenna (@) and control unit ()
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Fig. 13. Geometry of the antenna module
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Fig. 14. Calculated and measured radiation patterns of antennas / (a) and 2 (b) in two principal planes

good isolation between them. Herewith, it should
be kept in mind that coupling between the anten-
na apertures can occur due to the influence of the
radiation from one antenna on the characteristics
of the other antenna, and also due to waves arising
in the substrate. To ensure high measurements sen-
sitivity, it must be borne in mind that the “parasi-
tic” signal magnitude on both antennas should be
less than —50 dB. To increase the sensitivity of such
an antenna module, the super heterodyne circuit of
measurements seems most appropriate. Thereby,
the additional pair of antennas operating at the ap-
propriate frequencies we proposed to use in the an-
tenna module (Fig. 13) [52].
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The radiation patterns in both principal planes
are shown in Fig. 14. Notice that the calculated
and measured elevation angles of peak directivity
are close to zenith for all antennas. Herewith, the
measured radiation patterns are narrower than the
calculated ones and their beamwidths are in the in-
terval of angles 64° < A® =< 68°. It is especially
important that the side lobes level does not exceed
—20 dB.

To analyze the effect of each of the antennas on
others, the near-field measurements were carried.
Since the results of of near-field measurements of
any two adjacent antennas are practically repea-
ted, we confine ourselves to a representation of the
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Fig. 15. Measured near-field distributions when both antennas radiate simultaneously: DX =0 mm (a), DX = 13 mm (b)

field pictures of two antennas, in particular, of an-
tennas / and 2 (see Fig. 13). The measurements
were carried out in the inductive region by a mag-
netic dipole for different widths of the gap DX.

Based on the measured frequency dependenc-
es of S, parameter we have revieled that the lat-
ter decreases when the gap increases and for
DX > 13 mm the parameter S|, becomes <50 dB
that is already an acceptable value from the point
of view of realization of the aforementioned goal.
The typical near-field distributions are shown in
Fig. 15.

So, the minimum permissible distance between
the antennas has been determined, at which the ope-
ration of each of antennas is not affected by the ope-
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ration of other antennas, i.e., they are electromag-
netically independent.

5. Spiral antennas. The most typical feature
of the spiral antennas is a high input resistance.
Therefore, a good matching of feeding 50-€2 coaxi-
al cable with the antenna in the wide frequency band
becomes a major problem. Herewith, a wideband
antenna operation is archived by using the different
designs of transformers (baluns). In our study, we
propose to apply the wideband conical transition as
an impedance transformer network in the feeding
section of the spiral antenna [53]. Schematic view
of the transformer is shown in Fig. 16.

The transformer represents a truncated hollow
metal cone filled with the dielectric. In simulations,

D =20 mm
Spiral antenna

Substrate

[H =17
D, =13 mm
22 mm
Transformer D,=26mm
| /

Coaxal feed

N
v

b
Fig. 16. Shematic views of the antenna: 3D picture (a), plot of the transformer ()

ISSN 1028-821X. Radiofiz. Electron. 2019. Vol. 24, No. 2



Development of concept of near-field technology in designing effective small-aperture...

the height H, of the cone, diameter D, of the big-
ger cone base, and relative dielectric permittivity
of transformer filling e, varied within the following
limits: 5 mm < H, <45 mm; 5 mm < D, < 15 mm;
2.04 < e, < 3.8. Cross-section of the smaller cone
base has the diameter D, and corresponds to
the cross-section of the feeding coaxial cable.
Following the simulations, the input reflection co-
efficient is S|, < 10 dB through the frequency band
from 7.5 GHz to 45 GHz. The antenna demonstrates
a mono-beam radiation pattern within the opera-
tional frequency band. We note that the beamwidth
decreases when moving toward higher frequencies
because of increasing the relation of the antenna
diameter and wavelength. As an example, we give
the near-field distributions in the inductive region
of the antenna (Fig. 17, a). The field pictures point
out a maximum of the field intensity in the area
of antenna center with the gradual decrease in the
field intensity to the antenna edges. As one sees
from these pictures the EM field distribution looks
like to be a sufficiently homogeneous one close to
the antenna center at all frequencies. If the ope-
rational frequency increases the space area with a
high intensity of the EM field slightly moves on
the antenna surface.

In according to the simulated results, the an-
tenna prototype has been manufactured and tested
(Fig. 17, b). The measurement results are in good
agreement with simulations.

In contrast to the conventional excitation of the
spiral antenna by means of microstrip line, we
have offered for the first time the compact planar
spiral antenna with a feeding network as the stan-
dard rectangular waveguide for the wireless appli-
cations in the long-wave region of the millimeter
range. Schematic view of the antenna is shown in
the Fig. 18, a. Following the results of simulations,
the optimal physical and geometric parameters of
this complicated structure have been determined.
The prototype of such antenna module was elabo-
rated and tested (Fig. 18, b) [54].

As an example, the measured near-field distribu-
tions for the Ey—polarization are shown in Fig. 19.

The return loss coefficient of the antenna points
out the —10 dB impedance bandwidth from 32 GHz
to 38 GHz. The measured axial ration does not ex-
ceed —3 dB in the frequency band 32-36.5 GHz.
The differences in the radiation pattern shapes for
two orthogonal polarizations and the axial ration
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b

Fig. 17. Near-field distributions of the spiral antenna (a),
antenna prototype (b)

changing, and the nature of their changing in the
limits of antenna bandwidth become apparent fol-
lowing the analysis of measured near-field distri-
butions. The proposed antenna can be used for dif-
ferent practical applications in the long-wave re-
gion of millimeter range.

Moving towards the higher frequencies the dis-
advantages of such designs include the fact that in
the millimeter range they have the great losses due
to the long feed path. In this regard, we proposed
two original planar single-arm fractional spiral an-
tennas with circular polarization and different radi-
ation patterns (Fig. 20) [55].
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a

Fig. 18. Schematic view of the antenna module (a): / — spiral antenna; 2 — substrate; 3 — spherical metal mirror; 4 — feeding line;
5 — shorting piston; 6 — metal diaphragms; general view of the antenna prototype (b)
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Fig. 19. Near-field distributions: f'=32.08 GHz (a); f=37.76 GHz (b)

d

Fig. 20. Geometry of the antennas: single planar spiral (a), double planar spiral (b), antenna loaded with the waveguide (c). Two
antenna prototypes: single planar spiral (d), double planar spiral (e)

The influence of edge effects as well as imped-
ance matching of the antenna input with the feed-
ing line on the antenna performance can be studied
by applying near-field technology. As an illustra-

26

tion, the near-field distributions for the double pla-
nar spiral antenna is shown in Fig. 21. Near-field
distributions were measured in the XOY-plane,
when the vector E of the probe was oriented along
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f=35.65 GHz

2 4 6 8 10 12 14 16 18 20

a

f=35.65 GHz

N A O

2 4 6 8 10 12 14 16 18 X,mm

b

Fig. 21. Measured near-field distributions of the double planar spiral antenna in the XOY-plane when the vector £
of the probe was oriented along OX-axis (Fig. 11, a) and OY-axis (Fig. 11, b)

b

Fig. 22. General view of the open ended waveguide (a), the configuration of dielectric insertion (b), and photo of the

antenna elements (c)

OX-axis (Fig. 11, a) and OY-axis (Fig. 11, b), re-
spectively. The field pictures obtained are charac-
teristic for this antenna with a circular polarization.

As the result, the measured return loss coeffi-
cients point out the —10 dB impedance bandwidth
of 6.12 GHz and 5.93 GHz for the single and dou-
ble planar spiral antennas respectively. The radia-
tion pattern of the single spiral antenna is charac-
terized by the wide lobe with the elevation angle
of peak directivity near the antenna axis. For the
double spiral antenna, we obtained the omnidirec-
tional radiation pattern in the azimuth plane with
the elevation angle of peak directivity oriented
at O = *20° and with the minimum intensity in
the antenna axis. The axial ration does not exceed
-3 dB in the frequency band /= 32-38.8 GHz for
the single spiral antenna and /' = 32.4-37.1 GHz
for the double spiral antenna.

6. Aperture antennas. The open ended wave-
guide filled with a dielectric is usually used as the
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different transceivers probes or antennas. It is quite
clear that the problem of waveguide matching with
the free space becomes the principle one. We have
proposed the antenna as the open-ended wave-
guide filled with the metamaterial analogue that
allows for forming the various near-field distribu-
tions on the radiator aperture by means of definite
combinations of the local inhomogeneities inside
the Teflon matrix [56].

Antenna under test is an open-ended waveguide
1 with the hybrid dielectric insert 2 inside, which
is a lattice of dielectric cylinders 3 in the dielec-
tric matrix 4 (Fig. 22, a). The cross-section of the
dielectric matrix corresponds to the cross-section
of the waveguide. Dielectric cylinders of diame-
ter d form the double-row lattice with the period /
(Fig. 22, b). Herewith, the permittivity of the cy-
linders and the matrix differ from each other.

A number of antenna designs with different lat-
tice topology were analyzed. Some of them have
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Fig. 24. Design of the individual radiator (a) and linear array prototype (b)
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Fig. 25. Near-field distributions of the center element of the array at 8.45 GHz; a — co-polarization, b — cross-polarization
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been manufactured and tested in the frequency
band 8-12 GHz. We have showed the possibility
to control the near-field distributions and hence the
antenna performance by means of definite combi-
nations of the dielectric cylinders with different
permittivity (air and quartz) which are oriented
parallel to the vector £ of the operational wave-
guide mode (Fig. 23).

It was shown that when using cylinders with the
same dielectric constant (Fig. 23, a), the elevation
angle of peak directivity of such an antenna in both
principal planes is oriented in zenith. At the same
time, by using the cylinders with different permit-
tivity and by combining them differently in the lat-
tice (Fig. 23, b), the elevation angle of peak direc-
tivity can change in the H-plane (Fig. 23, d).

7. Antenna array. A set of original probe de-
signs as the open-ended waveguide filled with a
dielectric was proposed which were used for near-
field measurements in the radiating region of radi-
ated apertures [57-59]. Some of them have been
applied as the individual radiator in antenna arrays
to provide the space between the elements in the
X-band antenna array less than half a wavelength.
One of the novelties of the individual radiator is a
transition from SMA connector to waveguide us-
ing an original excitation pin (Fig. 24, a) [58].
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OJMHOYHBIX M3TydaTelel pa3InIHbIX THIIOB C IPIMEHEHHEM TEXHOIOTHH ONIKHUX HOeH.

MeToasl u MeTO0/10THsI Pa0OThI. AITOPUTM HMCCIIEIO0BAHHS COCTOHUT B MPOBEICHHU C MOMOIBIO POrPaMMHBIX NAKETOB
YHCJICHHOTO MOJICITMPOBAHMS NpeUlaraéMbIX aHTEHHBIX TH3aiHOB, CO3IaHUHM COOTBETCTBYIOIIMX (DU3MUYECKUX IPOTOTHIIOB, &
TaK)Ke CPaBHCHUU PE3yNbTaTOB YHUCICHHBIX U HATYPHBIX SKCIEPUMEHTOB 10 U3yYEHHIO TAKUX XapaKTEPUCTUK U3IydaTess, Kak
MI0JI0Ca MPOIYCKAHKA, AUarpaMMa HalpaBICHHOCTH, KO3(M(UIMEHTs! YCHICHHS U IUIMOTUYHOCTH. JleTanpHbIH aHanmu3 Ipo-
CTPAHCTBEHHBIX paclpenesICHHI OIIKHUX MOoJeH AaeT HeoOXoauMyo HHGOPMALHUIO IS JalbHEHIIeH ONTUMHU3aLUN XapaKTe-
PHUCTUK aHTCHH.

Pe3yabrarsl pa6oTel. CrcTeMaTH3UPOBaHbI M NPOAHATN3UPOBAHBI XapPAaKTEPUCTUKH PA3TMYHBIX MOIU(UKAIUI MOHOIIOIb-
HBIX, IUCKOBBIX, allEPTYPHBIX, MUKPOIIOJIOCKOBBIX M CIHPATIBHBIX AHTEHH C PEKOPJHBIMH XapaKTePHCTHKAMH, a TAKKe TIOKa3aHa
BO3MOXKHOCTh MX NMPUMEHEHHUs B KOMIIAaKTHOM MoOmibHOM CBY-nenenratope u HelMHEtHOM Jokatope. Pe3ysnbrarsl uccieno-
BaHMS AU(PPAKIMOHHON CBSI3M CIMHUYHBIX allepTyPHBIX M3JIydaTelied ¢ MPUBJICYCHHEM Pa3BUTBHIX METOAOB PErMCTPALUH IIpO-
CTPAHCTBEHHBIX pacHpefeleHHH OMMKHUX 3JIEKTPOMAarHUTHBIX MOJICH HCIIOIb30BaHBI IIPH CO3IAHHHU J1a00pPaTOPHOTO MakeTa
AQHTEHHOM peIIeTKHU.

3akiouenue. [IpuBeneH 0030p pe3ynsTaToB MccienOBaHUi ManopasMepHbix CBU-aHTEHH pa3iuyHBIX TUIIOB 33 IOCIE-
Hee pecstwietne. [IponeMoHcTprpoBaHa 3P HEKTHBHOCTH UCIOJIL30BAHMUS HH(GOPMAIIMH O IIPOCTPAHCTBEHHOM PaCIIpe/ielICHUH

ISSN 1028-821X. Paodioghis. ma enexmpon. 2019. T. 24, Ne 2 31



R. Chernobrovkin, I. Ivanchenko, M. Khruslov, V. Pishchikov, N. Popenko, S. Radionov

IoJei B HHHyKTHBHOﬁ M BOJTHOBOM 30HaX H3JIyHaromux anepTyp npu pa3pa60TKe nu HOCJICI[yIOIIIeﬁ OIITUMHU3AIINH OCHOBHBIX
XapaKTECPUCTUK KaK OAMHOYHBIX OPUTUHAJIIBHBIX I/I3J'[y‘1IaTCJ'[eI71, TaK U aHTCHHBIX PEIIETOK HAa UX OCHOBE.

Knroueevie cnoesa: AHMEeRHA, AHMEHHAs pewemKa, noaoca nponyCcKanusl, onusicnee nomne, duazpwmwa HanpaejleHHocmu.
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PO3BUTOK KOHIIEMIIT BJIMKHIX ITOJIIB
ITPH PO3POBJIEHHI EOEKTUBHUX MAJIOAIIEPTYPHNX HBY-AHTEH

IIpexmer i meTa po6oTn. CTaTTIO NPUCBIUCHO OISy ITyONiKamiii aBTOPIB 3 AOCIIUKEHHS €(EKTHBHUX MAJIOPO3MiPHUX OZIU-
HOYHHX BUIIPOMIHIOBAYiB Pi3HUX THIIIB i3 3aCTOCYBAaHHSIM TEXHOJOTI OJIMKHIX IOJIB.

Mertoau i MeTomoJiorisi pOGOTH. AJNTOPUTM JOCIIPKEHHS TI0JISATae B IMIPOBEICHHI 3a JJOIIOMOTOO NPOTPAMHUX MaKeTiB YH-
CEeNTbHOTO MOJICNIOBAHHS MPONOHOBAHMX aHTEHHUX JM3aiHiB, CTBOPEHHI BiJIOBIIHUX (i3MYHUX MPOTOTHIIIB, a TAKOX IOPIB-
HSHHI pe3yJbTaTiB YHCENbHUX | HATYpHUX EKCIIEPHUMEHTIB 3 JOCHTI/PKEHHS TaKMX XapaKTepPUCTHUK BHIIPOMIHIOBAYa, SIK CMyTra
MPOITYCKaHHS, liarpaMa HarpaBJiIeHOCTI, KOeiI[iEHTH MOCUICHHS Ta eNINTHYHOCTI. JleTanbHuUi aHai3 IPOCTOPOBUX PO3IOILITIB
OIDKHIX TOJIB Aae HeoOXiMHy 1H(pOpPMALIIO IS OJAIBIIOT ONTHMI3allii XapaKTepHCTHK aHTEH.

Pe3yabraTn po6orn. CucTeMaTH30BaHO Ta MIPOAHAJI30BaHO XapaKTEPUCTHKU Pi3HUX MOAM(iKaniii MOHOIOIBHUX, AUCKO-
BUX, allepTYPHHUX, MIKPOCMY)KKOBUX 1 CIIpaJIbHUX aHTEH 3 PEKOPIHUMH XapaKTePUCTHKAMH, 8 TAKOXK ITOKa3aHO MOXIIMBICTb iX
3aCTOCYBaHHSI B KOMIAKTHOMY MoOinsHOMy HBY-nenenraropi i HenmiHiltHOMY J10KaTopi. Pe3ynbrati qociimKkeHHs AnppaKiii-
HOTO 3B’53Ky OMHWYHUX AIlepTYpHHUX BHIIPOMIHIOBAYIB i3 3aJIy4eHHSIM PO3BHHEHUX METO/IIB pEECTpPALil HPOCTOPOBUX PO3HOLIi-
B OMKHIX €JIeKTPOMArHITHUX IIOJIiB BUKOPHCTAHO IIPH CTBOPEHHI JIJA00OPAaTOPHOTO MaKeTa aHTEHHOT PEIIiTKH.

BucnoBok. HaBeneHo ormisi pe3ynsrariB J0OCHiKeHb Majgopo3mipHux HBU-aHTeH pi3HHUX THIIIB 32 OCTAHHE JECATHIITTS.
ITponeMoHCTPOBaHO e(EeKTHBHICTH BUKOPHCTAHHS iH(OpMAIii PO MPOCTOPOBHI PO3MOILT MONIB Y IHAYKTUBHIN 1 XBHUILOBIH
30HaX BUIPOMIHIOIOYHX allepTyp MPH po3poOLi Ta HOJAIbIIIH ONTHMi3allii OCHOBHUX XapaKTEPUCTHK SIK OMUHOYHUX OPHUTiHAIIb-
HHX BUIIPOMIHIOBaUiB, TaK | aHTEHHUX PELIITOK Ha X OCHOBI.

Knirouogi cnosa: anmena, anmenna pewiimka, cmyea nponyckanis, OnudicHe none, diazpama HanpasieHoCmi.
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