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ABSTRACT: The paper summarizes the principles of various reflectors for microstrip antennas with a particular focus on volumetric
reflectors (cavities) that are more challenging to manufacture than flat structures made from printed circuit boards or sheet metal. It is
demonstrated in this study that volumetric reflectors can significantly enhance the directional properties of an antenna without typically
increasing the antenna’s radiating area or overall volume. To reduce the manufacturing costs associated with antenna’s volumetric parts,
the article proposes the use of 3D printing with commonly available dielectric materials, such as plastics. This technique is relatively
straightforward and cost-effective compared to the manufacture of volumetric metal parts. Moreover, the article suggests applying a
conductive layer to the parts of the antenna that contribute to radiation formation. The option of covering the reflector (cavity) on the
inside with ordinary aluminum foil and the option with conductive enamel are considered. The results of simulation in antenna designs
with different reflector conductivities and the results of experimental studies of antennas are presented. The results obtained show that
the method is feasible to be used with virtually no compromise on the antenna characteristics and substantially reduces the production

cost.

1. INTRODUCTION

oday, antenna technologies are advancing at an accelerating
Tpace. Increasingly complex antenna designs with various
characteristics are emerging. Research is ongoing to enhance
the operating bandwidth of both omnidirectional and unidirec-
tional antennas, as well as to improve their polarization proper-
ties [1-10]. Methods are being studied to improve the antenna
performance by integrating them into antenna arrays [11-15].
The need for manufacturing accuracy usually rises with the ad-
vancement of antenna designs, both for the antennas themselves
and for their component parts.

Achieving high antenna performance can be accomplished
through various methods. For example, utilizing high-Q sub-
strates, such as air substrates or suspended substrates, for mi-
crostrip antennas can significantly boost the gain when the ex-
citer is optimally placed above a flat conductive screen (reflec-
tor) [2, 8-10, 14, 15]. Expanding the operating frequency range
can be achieved through various cutouts in the antenna exciters
or by optimally arranging active and passive elements within
a single radiating structure [9, 10, 16, 17]. To enhance the an-
tenna’s matching or radiating characteristics, specific antenna
(active exciter) excitation techniques are utilized [2, 5, 18-27].

Manufacturing the entire structure or any of its individual
components, in the case of microstrip antennas, is quite sim-
ple and is recommended to a large extent. The production of
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printed elements using a dielectric substrate is typically accom-
plished through using standard etching methods, either man-
ually or with special equipment. On the contrary, without a
dielectric substrate (using air as the substrate), the antenna el-
ements are most commonly made of sheet metal by means of
laser cutting. Fastening of the antenna elements is performed
by means of metal or dielectric racks or screws.

Often, radiating antenna elements, especially when we are
talking about microstrip antennas or similar structures, are
made volumetric; sometimes this serves to expand the operat-
ing frequency bandwidth of an antenna or to improve its radia-
tion performance. The most well-known volumetric structures
in the world of antennas, if we are not limited to microstrip
(or printed) elements, are horn or parabolic reflector antennas.
While the techniques used in this article are quite suitable for
these types of antennas, we will restrict our consideration to
microstrip antennas or antennas with a structure similar to the
microstrip [18-30].

This article discusses volumetric reflectors (cavities) used
in microstrip antennas and how the authors have significantly
enhanced the performance of these antennas across wide and
ultrawide radio frequency ranges. Commonly, such reflectors
are shaped like a box, with edges intersecting at right angles (a
cuboid with a cutout for the placement of radiating elements).
However, more complex forms of cavities (resonators) also ex-
ist, marked by inclined walls or walls of various shapes, as well
as differently shaped cutouts [31-49]. Volumetric reflectors
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are significantly more challenging to manufacture than all other
parts of a microstrip antenna, regardless of the type of dielec-
tric substrate used (including air substrate). Producing these el-
ements from metal with high precision incurs significant costs.
Although technologies for 3D printing with metal materials are
available, the overall costs of production remain expensive.

In this article, we examine the possibility of manufacturing
a volumetric reflector with a complex shape using a cavity-
backed antenna from [49] as a case study. The reflector may
be constructed from plastic and then coated with conductive
materials, particularly aluminum foil and a paint containing a
silver additive.

2. CAVITY-BACKED ANTENNAS FEATURES

Cavity-backed antennas have been known for over 50 years,
and the fundamentals of their operation were previously sug-
gested and discussed during that time, using slot antennas as
an example [50-52]. The essence of the operation of these
antennas arises from the fact that the field distribution at the
exciter (in this case, the radiating slot) depends on the exci-
tation of higher modes of the cavity, as well as the principal
mode (TEjo). The example of a common equivalent circuit for
a cavity-backed antenna is illustrated in Figure 1. In the cir-
cuit, the shunt conductance acts as the radiation conductance
of the exciter (either a slot or patch), while covering radiation,
conductor, and dielectric losses. The parallel susceptance is the
sum of the shunt susceptance of the exciter (L.C.) and the cav-
ity susceptance in the TE mode (L.tgC;). The series resonant
circuit (Letm) here is the result of the energy stored in the TM
modes within the cavity, where the cavity resonances are de-
fined as follows:

Jr (M
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where i, is the relative permeability, and €, is the relative per-
mittivity of the cavity-filling material (for air, p, = 1 and
e, = 1); m and n are the numbers of half-cycle field varia-
tions along the dimensions a and b of the cavity, respectively; ¢
is the velocity of electromagnetic wave propagation in vacuum.
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FIGURE 1. The equivalent circuit of a cavity-backed exciter.

An increased radiation conductance of the slot is achieved
due to a cavity with sufficiently large dimensions, as the energy
stored in the cavity near the slot predominantly is in the TEg
mode. However, according to [49], small cavities also enhance
the field distribution of an exciter.
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There are more complex designs of cavity-backed slot an-
tennas, as shown in [31-32], which propose waveguide-fed an-
tenna arrays. Microstrip antennas function similarly, with the
exciter being a patch of a specific shape rather than a slot, while
the cavity provides improved field distribution over its surface.
In the simplest case, patches of a rectangular shape or, with mi-
nor modifications, cuboid cavities similar to those of slot anten-
nas are used [33-36]. More complex forms of exciters are also
utilized, allowing the authors to improve the impedance match-
ing bandwidth of the antenna or to enable the antenna to operate
in several polarizations or circular polarizations [37—40]. In all
these designs, cuboid cavities are used.

The cavity-backed antennas under consideration present con-
siderable manufacturing challenges. The cavity is made from
metal and has a volumetric shape, which requires specialized
metal processing equipment. In addition, high accuracy is often
required in the fabrication of such designs, which significantly
increases the cost of the antenna, whether produced as a single
unit or in mass production. Moreover, the inclusion of metal
parts considerably increases the weight of the antenna, which
sometimes can be a crucial factor. To avoid the use of metal
parts, some researchers have proposed designs for multilayer
printed circuit board (PCB) antennas that use a cavity structure
based on metallized vias placed at close intervals [41-43].

There are also options for cylindrical-shaped cavities in
microstrip antennas. Usually, these cavities are used for
printed spiral or log-periodic wideband (WB) and ultra-
wideband (UWB) designs [44—45]. However, other antenna
designs featuring cylindrical cavities have also been proposed;
examples of such designs can be found in [46—47]. In the case
of a cuboid cavity, multilayer PCBs with metallized holes
are used to form a cylindrical cavity. An example of such
an antenna is provided in [48]. A cylindrical cavity similarly
enhances the radiation characteristics by improving the field
distribution on the antenna’s radiating elements; however, it is
more commonly used for circularly polarized antennas.

Let us consider examples of designs from [49], where the
pyramidal shapes of cavities significantly improved the effi-
ciencies of wideband [9] and UWB [10] antennas. This im-
provement in the radiation characteristics was reached with-
out increasing the total volume of the antennas. First, let us
focus on an example of the wideband antenna from [9]. The
transformation of its design from a flat reflector to an inverted
pyramidal cavity resulted in an improvement in an antenna ef-
ficiency of up to approximately 10%, with the gain increasing
by up to 1 dB over a wide frequency range — more than 35%
fractional bandwidth (4600-6200 MHz). It is noteworthy that
the radiation performance of the antenna was not significantly
enhanced by the cuboid cavity, as results from the simulation
shown in [49]; for example, the aperture efficiency was merely
increased by only 2-4%, and the gain was only boosted from
0.1 to 1dB in the operating frequency band of the antenna. In
addition, when using a cuboid reflector (cavity), the gain im-
provement occurs unevenly over the entire operating frequency
range, with a more noticeable effect towards the edges rather
than in the center in comparison with a pyramidal cavity.
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FIGURE 2. The studied UWB antenna: (a) an original antenna from [10]; (b) an antenna with the large-sized pyramidal cavity; (c) an antenna with

the ridged small-sized pyramidal cavity.
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FIGURE 3. The equivalent circuits of the studied UWB antenna: (a) an original antenna from [10]; (b) an antenna with a large-sized pyramidal cavity;

(c) an antenna with a small-sized ridged pyramidal cavity.

We will consider the UWB antenna from [10] in light of the
simulation results given in [49]. The use of a pyramidal cavity
with slots cut into the side walls against a flat reflector made
it possible to increase an antenna’s efficiency up to about 20%
(the gain increased from 1 to 3 dB in the operating band) over an
ultrawide frequency range — more than 100% bandwidth (3.9—
11 GHz). However, the cuboid cavity provided a substantially
greater improvement in the antenna’s radiation performance:
the gain upgraded from 0.3 to 1 dB in the operating frequency
range, and the aperture efficiency increased by 5—-10%.

We will then examine the options of the only UWB antenna,
as this allows us to investigate a fairly wide frequency range,
about between 3.5 and 11 GHz. In this case, we will think about
designing the cavity in a pyramidal shape. According to the
previous studies [49], it is obvious that this design allows us to
achieve greater efficiency, although the complexity of such a
cavity still makes it difficult to create. Figure 2 shows the pos-
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sible design options for the UWB antenna that is being stud-
ied, which contains a full metal reflector (cavity): (a) an orig-
inal antenna from [10] presented for comparison with cavity-
backed designs; (b) an antenna with a large-sized cavity with
inverted-pyramidal form; (c) an antenna with a ridged small-
sized inverted-pyramidal cavity.

Figure 3 illustrates the common equivalent circuits of the
antennas under study. The circuit corresponding to the orig-
inal design [10] consists of several serial L,C, circuits cor-
responding to a multi-resonant active exciter. Similarly, the
passive elements are represented as parallel blocks of serial
multi-resonance L,C,, circuits. The connections between the
active and passive exciters are carried out through electromag-
netic coupling and metallic vias, as shown in circuit (a) in Fig-
ure 3. By adding an inverted pyramidal cavity, we see a sig-
nificant improvement in the E-field distribution on the radi-
ating elements (Figure 4(b)) compared to the original antenna
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FIGURE 4. The E-filed distribution on the surfaces of the studied UWB antenna elements at frequencies ranging from 4000 to 8500 MHz: (a) an
original antenna from [10]; (b) an antenna with a large-sized pyramidal cavity; (c) an antenna with a small-sized ridged pyramidal cavity.

design (Figure 4(a)). In the equivalent circuit, we can show
this in the form of an L pvm LireCh circuit connected in paral-
lel to the multi-resonant structure of the antenna (Figure 3(b)).
Such a cavity is essentially an expanding rectangular waveg-
uide (waveguide-based cavity), where, unlike a rectangular
cross-section, a much larger number of modes can fit, the fre-
quencies of which can be conditionally limited to the following
values:

f’f‘min = 2\/+—,Ufr . \/(m/amin)2 + (n/bmin)2
. ()
Fro = WE;_N A 01 ) + (1B

Variant (b) in Figure 2 is larger than the original design pre-
sented in [10], which increases the antenna gain but reduces
radiation efficiency. To further increase the gain, this design
can be transformed into a horn antenna, as illustrated, for ex-
ample, in [53]. However, to improve the aperture efficiency,
the antenna size should not increase, which was studied in de-
tail in [49]. In this study, we use a cavity with an area equal to
that of the reflector in the original design (Figure 2(a)), while
maintaining the tendency of expanding the walls from the bot-
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tom to the top. According to condition (2), such a cavity will
not provide an effective improvement in antenna performance
across the entire frequency range. Therefore, resonant length
slots (either half or a quarter of the wavelength at the required
frequency) are introduced into the design, cut into the side walls
of the cavity (Figure 2(c)). In Figure 4(c), we observe that the
cavity, similar to variant (b), amplifies the radiation of the an-
tenna, improving the distribution of the E-field on the radiating
elements. However, it is also evident that the radiation is gen-
erated in the slots. In the equivalent circuit, we designate this
as an additional circuit LyC; (Figure 3(c)).

3. CAVITY-BACKED ANTENNAS LOSSES

In all circuits depicted in Figure 3, resistor symbols are used to
show the presence of various types of losses, including resis-
tive (conductive) losses in metal parts, dielectric losses (losses
in air), and radiation losses. This study emphasizes the impor-
tance of conductive losses, which can be quantified (in dB) for
a microstrip transmission line (MTL) segment of length [ and
width w, with the distance between a stripline and a ground
plane h, and can be defined as the sum of the losses occurring
directly in the line (strip) and the losses in the ground plane [54—
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R; and R, are the effective series resistance per unit length of
the stripline conductor and ground plane, respectively:

1
= — 5
R A opw’ ©)
1
- - 6
Ry ANg-og-w’ ©)

where A; and A, are the skin depths, and o; and o, are the
conductivities of the stripline and ground plane, respectively.

The effective substrate permittivity €, can be determined
according to the approximation [54-56]:

e 41 g —1 10-h\ Y2
Ere =~ + ~(1+w> NG

and for the air substrate (cavity filling) with relative permittivity
e, = 1, effective permittivity €,.. = 1.

As is known, the depth of current penetration (m) depends
on the frequency of wave oscillations f and the conductivity of
the conductor (skin depth) [54-56]:

1
4/7T',LL0'/~‘LT"f'O-,

where 1 is the magnetic constant (o = 47 - 1077); u, is the
relative magnetic permeability of the conductor.

In the structures under study, the radiating elements are as-
sumed to be made of sheet metal. When each radiating element
is examined, it consists of series-connected MTL segments of
different widths wg and lengths /5. Consequently, the losses at
the exciter can be defined as the sum of the losses in the seg-
ments of the individual lines that comprise the exciter structure:

R
Legciter = Z Ly =4.343 - le . 73

Let us consider the structure of the cavity (Figure 5). The
frame itself is supposed to be manufactured using 3D printing
technology from a dielectric material (for example, the ABS
plastic). One side (the inner side facing the exciters) of the
cavity is covered with a layer of conductive materials: the foil
with ¢ ~ 40 x 10° Siemens/m and the special mixture with

A=
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FIGURE 5. The appearance of the cavity construction.

o ~ 5 x 10° Siemens/m. In this study, the mixture consisting
of epoxy resin and silver powder in a ratio of 10/1 is used.

The electromagnetic wave from the exciters falls towards the
cavity surface (Figure 5), and, penetrating to the depth of the
skin layer, is reflected towards the exciters, thereby improving
the distribution of the F-field on their surfaces (which we saw
in Figure 4). It is obvious that when the skin depth A exceeds
the thickness of the conducting layer ¢, part of the power will
pass through the cavity wall and will be radiated from the side
opposite to the direction of the main radiation. We will consider
this radiation as losses. It is understood that at ¢ > A these
losses can be avoided; however, in some papers [56-57] it is
shown that such losses of different levels exist practically at
any conductor thickness, while an optimal minimum ratio is
proposed, after which the re-radiation losses stop rising:

t ™
<z (10)
Thus, understanding the skin depth is important when de-
signing antennas with elements made from a thin conductive
layer. Figure 6 shows the frequency dependence of skin depth
for various conductivity values, where ¢ ~ 60 x 10° cor-
responds to the parameters of copper. The provided graphs
demonstrate that using either foil or the copper layer, the skin
depth is practically the same, between 0.5 and 1.5 um in the
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FIGURE 6. The frequency dependence of the skin depth at various con-
ductivity values.
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studied frequency range from 3 to 12 GHz. In contrast, using
the proposed conductive mixture (enamel), the skin depth in-
creases between 2 and 4 um in the studied frequency range. It
is assumed that 0.2 mm will be the foil thickness and that the
enamel is applied in a layer thickness of 0.2 to 0.5 mm, which,
in accordance with Figure 6, satisfies condition (10).

An essential problem remains the losses in the conductor,
specifically within the depth of the skin layer. These losses
are calculated in accordance with (3) and shown in Figure 7,
where the solid line indicates a section of 10 x 10 mm? at a
height of 5 mm, and the dotted line corresponds to a section of
100 x 100 mm? at a height of 5 mm. It is reccommended to es-
timate the ohmic losses in the reflector (cavity) at the places
where the F-field is most concentrated (for example, as shown
in Figure 4). Therefore, it can be concluded that the use of con-
ductive enamel will have a minimal impact on losses, which
will amount to no more than 2—-3% compared to copper.
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FIGURE 7. The frequency dependence of the ohmic losses for different
conductivity values (solid line: w = 10mm, [ = 10 mm, h = 5 mm;
dotted line: w = 100 mm, [ = 100 mm, h = 5 mm).

4. CAVITY-BACKED ANTENNA SIMULATION

The 3D simulation of the studied cavity-backed antennas is per-
formed using ANSYS EM Suite (HFSS Design) in order to
perform a preliminary assessment of their characteristics. In
the model, all radiating elements and mounting racks are repre-
sented as solid parts, which are assigned properties correspond-
ing to metal. The cavity model consists of two layers: the outer
layer, measuring 2 mm in thickness and having the properties
of ABS-plastic (dielectric), and the inner layer, with a thickness
of 0.2 mm, is assigned the parameters of the conductor.

4.1. UWB Antenna with Large-Sized Cavity

The model of the studied UWB antenna with a large-sized two-
layer cavity is illustrated in Figure 8. Figures 9 and 10 show
the results of simulations for the antenna. From the plots pre-
sented in Figure 9, it can be concluded that antenna gains for
a solid metal and a dielectric cavity with various conductive
layers on its surface have the same nature—the curves are al-
most indistinguishable. More significant differences between
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FIGURE 8. The studied UWB antenna model with a large-sized two-
layer cavity.
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FIGURE 9. The simulated gain plots of the studied UWB antenna with
a large-sized cavity.

the curves can be seen in Figure 10 on the aperture efficiency
plots. However, even there, differences do not surpass 1%. The
latter could be a result of calculation errors. Although the per-
formance of all curves is typically similar, gain curves of cross-
polarized variations surpass those of the main polarization; in
certain places, the difference in values exceeds 10 dB. Given the
relatively thin conductor layer, we presume that there is likely
a calculation error.

Thus, based on the analysis of the obtained simulation re-
sults, it can be concluded that the proposed technique for man-
ufacturing cavities using metal foil or conductive enamel can
be applied while maintaining the antenna characteristic values
in the entire operating frequency range.

4.2. UWB Antenna with Small-Sized Ridged Cavity

The model of the studied UWB antenna with a small-sized two-
layer ridged cavity is shown in Figure 11. Figures 12 and 13
show the simulated frequency dependencies of the antenna’s
gain and efficiency, considering various conductive parameters
of the cavity. As observed in the previous case, the gains of the
antenna with a solid metal cavity and a dielectric cavity cov-
ered with various conductive layers show identical characteris-
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FIGURE 10. Simulated aperture efficiency plots for the studied UWB
antenna with a large-sized cavity.
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FIGURE 11. The studied UWB antenna model with a small-sized two-
layer cavity.

tics; the curves are practically indistinguishable. More notice-
able differences can be found in Figure 13, which shows the
aperture efficiency plots. These differences are slightly greater
than those in Figure 10 but do not exceed 3%, which may be
associated with calculation errors of the thin layer. The cross-
polarized gain curves show a character similar to the previous
type of antenna; the shapes of all curves for the two-layered cav-
ity antenna are generally alike. It should be pointed out that the
curves are different in the range of high gain above 10 dBi (4—
9 GHz), with variations of up to 10 dB compared to the solid-
metal cavities. This difference is attributed to the presence of
slots, which, unlike the previous design, are covered with a con-
ductive layer only on the interior side.

Thus, both antenna variants demonstrate the possibility of
using a dielectric frame coated with a conductive layer based
on foil or enamel.

5. CAVITY-BACKED ANTENNA MEASUREMENTS

To evaluate the characteristics of antennas with different con-
ductive coatings, prototypes were developed, and correspond-
ing measurements were performed. In this section, we will dis-
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FIGURE 12. The simulated gain plots of the studied UWB antenna with
a small-sized ridged cavity.
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FIGURE 13. Simulated aperture efficiency plots for the studied UWB
antenna with a small-sized ridged cavity.

cuss the results obtained and the manufacturing features of the
structures studied.

5.1. UWB Antenna with a Large-Sized Cavity

When an antenna is manufactured, the cavity frame is initially
constructed of plastic materials, such ABS or PETG. In the
experiment, frames were manufactured using fused deposition
modeling (FDM) technology (Figures 14(a) and (b)) and stere-
olithography (SLA) technology (Figure 14(c)). A thin layer of
foil is then applied over the frame with a specialized glue (any
glue ensures sticking of foil onto plastic proper), as shown in
Figure 14(b); or a thin layer of conductive enamel is applied,
as shown in Figure 14(c). Before further installation, it is nec-
essary to allow sufficient time for the enamel and glue to cure
in accordance with the technical manual. SLA technology al-
lows for obtaining higher wall accuracy with minimal uneven-
ness compared to FDM, making it the preferred technique for
enamel application. In the case of FDM, smooth surfaces of
cavities can be achieved using foil. Once the glue (or enamel)
has cured, the active and passive exciters are mounted on the
conductive surface using metal (brass) and dielectric (nylon)
mounting racks, as implemented in the original design in [10],
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FIGURE 14. The manufactured large-sized cavity of the studied UWB antenna: (a) a plastic frame for the cavity; (b) a plastic frame with a foil

coating; (c) a plastic frame with an enamel coating.

(a)

FIGURE 15. The studied UWB antenna prototypes with a large-sized cavity: (a) an antenna with a plastic cavity coated with foil; (b) an antenna with

a plastic cavity coated with enamel; (c) the antenna measurements in an anechoic chamber.
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FIGURE 16. Results obtained from the study of the UWB antenna with a large two-layer cavity: (a) plots of the measured and the simulated reflection

coefficient; (b) the measured and simulated gain plots.

and a connector (SMA) is installed at the antenna input (Fig-
ure 15).

For the manufactured prototypes with foil (Figure 15(a)) and
enamel (Figure 15(b)) coatings, we measured the frequency de-
pendence of the reflection coefficient modules (Figure 16(a)) at
the antenna inputs (|S11]), the gain values (Figure 16(b)) in the
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studied frequency range, and the radiation patterns (Figure 17)
at frequencies of 4.0, 5.5, 7.0, and 8.5 GHz using an anechoic
chamber (Figure 15(c)). The curves in Figure 16(b) make it
evident that the antenna gain almost corresponds to the val-
ues obtained during simulation, with a difference not exceeding
0.5 dB. The antenna matching (Figure 16(a)) also corresponds
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FIGURE 17. Radiation patterns of the proposed ultrawideband large-sized two-layer cavity antenna with enamel coating.

FIGURE 18. The studied UWB antenna prototype with a small-sized ridged cavity: (a) a plastic frame produced using SLA technology; (b) a plastic
frame with an enamel coating; (c) an antenna with a plastic cavity that has an enamel coating.

well to the plots obtained during simulation; the deviations are
insignificant and may be caused by inaccuracy in the manu-
facture of the prototype or inaccuracy in the calculations. The
shapes of the measured radiation patterns (Figure 17) closely
resemble those obtained in the simulation. Thus, the measure-
ments validate all the simulation results.

5.2. UWB Antenna with Small-Sized Ridged Cavity

It is impossible to manufacture a small-sized cavity antenna
frame with slots cut in the side walls using fused deposition
modeling (FDM technology), as it does not have the precision
and requires manual completion of the frame after printing the
main part. Therefore, the frame is produced using SLA tech-
nology (Figure 18(a)). Foil application to this model is also not
easy since high accuracy in replica copying of the prototype to
the model is necessary, particularly at the area where the slots
in the cavity walls are. Thus, the coating of the plastic frame
is made with conductive enamel (Figure 18(b)). In all antenna
configurations, enamel was hand-brushed painted with the re-
sulting layer thickness not being even, and a conductive layer
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about 0.2 to 0.5 mm. To achieve a thinner and more uniform
layer, enamel spraying can be used. After the enamel has been
applied and cured, the active and passive exciters are placed
on dielectric (nylon) and metal (brass) mounting racks, respec-
tively. An SMA connector is mounted on the frame (cavity)
using a nut, and the central conductor is soldered to the edge of
the active exciter (Figure 18(c)).

For the manufactured prototype, the absolute reflection coef-
ficient (Figure 19(a)) at the antenna input, gain (Figure 19(b)),
and radiation patterns (Figure 20) were measured. The plots
in Figure 19(b) show that the antenna gain almost corresponds
to that obtained during simulation with the difference not ex-
ceeding 0.5 dB in the frequency band of 4-9 GHz. The antenna
matching also corresponds to the plots obtained during simula-
tion: there are some differences (frequency shift) in the curves
shown in Figure 19(a), but they do not exceed 5%. This error is
low and may be associated with both inaccuracy in the manu-
facture of the antenna elements or the entire assembly and inac-
curacy in the full-wave simulation. The shapes of the measured
radiation patterns (Figure 20) are close to the ones obtained in
the simulation.
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TABLE 1. Comparative characteristics of the proposed designs.

Antenna Type Antenna with flat reflector  Antenna with large-sized cavity = Antenna with small-sized cavity
BWg>1048i, GHz 4-8.8 3.8-9.6 4-9.2
BWg>1048i, % ~ 75 ~ 87 ~ 79
Peak gain, dBi 13.5 18 15.8
Av. gain, dBi ~ 12.5 ~ 15 ~ 13.5
Peak AE, % 68 66 84
Av. AE, % 55-60 50-55 60-65
Overall size, mm® 90 x 80 x 10 125 x 108 x 21 85 x 75 x 10

5.3. Discussions

The article examines three designs of UWB antennas. The first
is a stacked microstrip antenna from [10] with a flat reflector
(Figure 2(a)). The second type of antenna [10] is the one with
a large-sized pyramidal cavity (Figure 2(b)), which allows for

a significant increase in the antenna gain. And the third option
is the antenna from [10] with the ridged small-sized pyramidal
cavity (Figure 2(c)), where the design of the cavity allows in-
creasing the gain without increasing the volume of the antenna
(improving the aperture efficiency). Table 1 presents the com-

70 WWwWw.jpier.org



Progress In Electromagnetics Research B, Vol. 112, 61-73, 2025

rPIER B

parative characteristics of the designs. The table shows that
volumetric reflective structures significantly improve the radi-
ation performance of antennas in wide and ultrawide frequency
ranges, indicating the necessity and importance of research into
such structures, particularly in terms of finding new methods
of manufacturing antennas that are simpler and less expensive,
simplifying and reducing the cost of the process.

Some previously published works describe the potential for
manufacturing waveguides and horn antennas using 3D print-
ing with a conductive coating [58—61], including those with
complex shapes [62—63]. However, detailed studies on this
method have not been conducted or published, particularly con-
cerning the manufacture of reflectors or radiating elements of
antennas. Therefore, the studies presented in this work are of
great importance and relevance.

6. CONCLUSION

The article presents the results of calculations, simulations, and
experimental measurements of cavity-backed ultra-wideband
antennas, whose frames are made of dielectric materials (plas-
tic) using 3D printing technology. This process incorporates a
conductive layer made from either metal foil or enamel mixed
with silver particles. The simulation results indicate that the ap-
plication of thin conductive coatings does not reduce the radi-
ation characteristics of the antenna compared to antennas with
solid metal frames across the ultrawide frequency range of 3
to 12 GHz. Measurements derived from prototypes using these
conductive coatings showed a high convergence with the sim-
ulation results. This reached the conclusion that the proposed
manufacturing technique for antennas can be used in current
antenna technology.

Due to the high performance, namely a gain exceeding
10 dBi across a frequency band greater than 80% with a match-
ing level better than 10 dB and a radiation pattern oriented with
the maximum along the normal to the plane of the antenna, the
presented designs can be applied in various radio-measurement
and radio-monitoring systems. With adjustments in the fre-
quency range (and corresponding antenna sizes), these designs
can also be useful in systems for the retransmission of mobile
communications and signal amplification across both wide and
ultrawide frequency ranges. Moreover, the reduction in manu-
facturing costs for such antennas makes them end-user-friendly.

Although the results were obtained from the reflective parts
of antennas (such as cavities or volumetric reflectors), it can be
supposed that this manufacturing technology is also applicable
to the production of direct radiating elements or full-fledged
antennas (for example, horn antennas). Future studies should
be conducted to validate the effectiveness of this technology.

It is significant to note that the technology under investiga-
tion is remarkable for its potential to reduce the cost of antennas,
production time, and design complexity. Therefore, the man-
ufacturing of radiating elements using this technology seems
impractical in the designs considered in this article. On the con-
trary, laser cutting of metal has become a user-friendly and cost-
effective technology that enables the production of elements
with highly precise dimensions. Among the promising areas
for further research, we can highlight two key areas. The first
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is the production of radiating elements with complex shapes,
where printing technologies or laser cutting cannot be applied
(for example, spiral antennas of complex shapes or corrugated
horns). Secondly, it is interesting to study the application of
the exciter shapes on some dielectric objects, such as drawing
a patch antenna on the body of an aircraft or satellite, including
a flexible dielectric (RFID system).
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