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ABSTRACT This paper presents a novel dielectricless floating patch antenna structure fed with an empty
substrate integratedwaveguide (ESIW). Themain premise is to eliminate the dielectric from the patch design,
which is equivalent to have an air-dielectric and leads to the necessity of a proper 3D printed plastic support
to fasten the patch in the air above the ESIW, which is used as the feeding waveguide through a slot under the
aperture-coupled approximation. A single-element antenna prototype has been studied, designed, optimized
and manufactured in order to achieve excellent bandwidth, directivity, gain and beamwidth performance at
28 GHz. The main advantages of this prototype are a low fabrication cost, low losses, a low profile, high
integration capability and removal of bulky dielectric material. On the whole, this prototype is a new suitable
solution to be used in millimeter-wave 5G applications and beyond compared to the state-of-the-art.

INDEX TERMS Dielectricless, patch, ESIW, 3D printing, 5G.

I. INTRODUCTION
The quick development of wireless communication systems
for mass public (i.e. 5G) and the enhancement of the
massive use of Internet for almost any device or gadget
(i.e. Internet-of-Things – IoT) imply the need of a proper
spectrum and bandwidth to allocate those services. A suitable
option may be the use of millimeter-wave (MMW) frequency
bands to cope with a high data throughput and a wide
coverage [1], [2].

In fact, as 5G communication in the high band
(above 24 GHz) has finally become a reality,numerous anten-
nas will be required to make these new systems and services
work according to their specific characteristics. It is necessary
to get low losses, together with high integrability of antennas.
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Antenna-in-Package (AiP) should be a proper solution to
make feasible such mm-wave communication, as integrating
the antenna into the packaging substrate reduces the overall
interconnect length between radiofrequency integrated cir-
cuits and antennas, mitigates the feed-line loss and enhances
the antenna efficiency. This solution for 28 to 39 GHz has
beenmainly used in recent researches and consumer electron-
ics; as a matter of fact, this has been recognized as one of the
packaging challenges and mainstream in mm-wave 5G pack-
age architecture. Integrated antennas are usually made with
patches, but an integrated patch requires an increase in height
substrate to improve bandwidth; nevertheless, that height
or patch size increase is compensated with performance
results [3].

It is proved that miniaturization of patch antennas on
a substrate can lower the efficiency due to the excitation
of higher-order-mode surface waves at the boundary of air
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dielectric as well as conductive and dielectric losses; on the
other hand, increasing dielectric thickness and permittivity
excite higher-order-mode surface waves in the antenna sub-
strate and may reduce antenna efficiency. Hence, a common
technique to improve antenna efficiency is the use of air cav-
ities in the substrate to lower the dielectric constant, or even
the removal of the dielectric material (equivalent to having
air as substrate) provided that a suspended patch could be
designed. These solutions would increase the efficiency of the
antenna by reducing surface waves and dielectric loss [4].

High-gain, efficiency, low loss and wide bandwidth will
be common requirements for the radiating elements, together
with a compact size, a lowweight and an easy integrationwith
electronic devices [5], [6]. Several designs and approaches
are available in the literature [7], [8], [9], [10], [11], [12],
[13], [14], [15], [16]; among all of them, the most promis-
ing are those based on substrate integration for the feeding
section, as this technology accomplishes many of the former
features [17].

An optimal selection of the dielectric material and its
thickness has little influence on the resonance frequency, but
it is of paramount importance to achieve maximum radiation
efficiency and bandwidth [18]. On the other hand, as the
dielectric constant affects the size of the patch, it could be
stated that the higher the dielectric constant, the tinier the
patch will be; but, theoretically, the smaller the dielectric con-
stant, the better the antenna performance will be [19]. In fact,
in [20], [21], [22], [23], [24], [25], [26], and [27] researchers
proved both, theoretically and experimentally, that a floating
patch with an air dielectric improves the performance of the
bandwidth and gain; however, this is at the cost of a small
increase in size. This increase can be minimized by shorting
posts and slots at the cost of increasing the manufacturing
complexity [28].

Different approaches to the solution of dielectric removal
by using air as the separation between the floating patch
and the feeding network can be found in several examples
reported in the literature. For instance, in [21] two patch
antennas for 5G applications at 28 GHz are compared under
the same restraints, one based on a dielectric filled sub-
strate integrated waveguide (DFSIW) structure and the other
based on air-filled substrate integrated waveguide (AFSIW),
where the patch is not floating, but cavity-backed; the results
show that the prototype based on AFSIW presents a bet-
ter performance in efficiency, gain and bandwidth than its
DFSIW counterpart. Furthermore, in [22] a cost-effective
high-performance antenna is designed by exploiting the low
Q-factor of the air cavity formed by an AFSIW feeding and
a resonant hourglass-shaped-aperture coupling to a resonant
squared patch; it also states that the use of cavities helps
minimizing backside radiation. The drawback of this solution
is the complexity of the hour-glass aperture and the fact
that the patch is not a floating structure. Another example
by [23] provides a patch antenna at 28 GHz implemented
by 2.5D PCB process where an air-filled cavity-backed is

used to improve the performance; the results are promising
for a single-element patch antenna, but the manufacturing
procedure is quite complicated and the patch is not a floating
element. An additional example could be found in [24], where
a 1×2 patch array is designed using AFSIW as cavity-backed
support to enhance the performance; despite achieving good
results, similar performance values could have been achieved
by single-element patch antennas and besides, the patch feed-
ing structure is quite large (including a double transition from
GCPW to DFSIW and DFSIW to AFSIW).

The former examples of use essentially involve the
employment of the cavity-backed technique to substitute
the dielectric by air, but the approximation intended in this
paper is to make the patch a floating element. For that
reason, a support might be needed, and at this point 3D
printing solutions can be very helpful. For instance, it is
stated in [25] the different manufacturing possibilities to use
air as the substrate in high-gain and high-bandwidth anten-
nas and the benefits of considering 3D printing to fabricate
hollow structures of substrates with air gaps, which allows
a rapid prototyping. In fact, several successful designs are
shown, like a 4.5 GHz patch antenna, using a Lego-like 3D
printed structure to build air spacers, where themetal parts are
made later; nevertheless, despite its feasibility, the procedure
described is quite long and complex. Another similar example
for an 8.3 GHz patch antenna is included in [26], where
once more a Lego-like structure is used, but in this case it
also uses a magnetic nanoparticle thin film to help in the
manufacturing process, which is still complicated despite the
promising results obtained. Eventually, a third example can
be cited [27] that makes use of 3D printing structures to
implement dielectric parts with backed-cavities of a circularly
polarized 3.8 GHz patch antenna with a mix of dielectric
and air as substrates. This last solution implements a hybrid
approximation, together with shorting-pins, acrylic and metal
screws to hold the whole structure, which makes the proce-
dure quite complex to design and implement.

The absence of dielectric in the empty substrate integrated
solutions for the feeding section may guarantee a rectangular
waveguide (RWG) like behaviour at high frequency, but with
a low loss, a low cost and a high integration capability.
The solution implemented by the empty substrate integrated
waveguide (ESIW) [29] is the one that best emulates a
RWG and has already been successfully used to feed MMW
antennas made up of slots or non-empty patches [10], [11].
Up to now, the existing proposals for radiating elements using
RWG-like feeding networks around 28 GHz are restricted
to classical slots and patches with a dielectric material.
As previously stated, a lower dielectric constant will pro-
duce a better antenna performance. Some approximations,
formerly mentioned, have tried to implement this fact using
partially emptied waveguides (like AFSIW) and making use
of the cavity-backed technique, but none has been done
using an ESIW at that frequency and implementing a floating
patch instead of a cavity-backed patch. That is precisely
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the goal of this paper: to prove if a floating patch antenna
(with air-dielectric) can be developed at 28 GHz using an
ESIW for the feeding section. A totally novel approach has
been considered in a prototype based on an ESIW as the
feeding line, which excites the patch through a slot (aperture-
coupled) cut in the upper layer of the ESIW and uses air as the
dielectric for the floating patch, which is fixed to the ESIW
structure with a plastic 3D-printed frame. This paper proves
the feasibility of this approach and shows, for the first time,
the manufacture of such prototype and its measurement.

II. DESIGN GOALS AND PROCEDURE
The proposed antenna, to be fabricated as a proof-of-concept
of feasibility, will radiate at 28 GHz, with around 1 GHz
bandwidth and 8 dBi directivity, through a floating metallic
thin patch with hair mm of air-dielectric (ϵr = 1) between
the patch and the ground plane. As restraints, the follow-
ing are imposed: an empty planar waveguide (an ESIW)
will be used in the feeding section; the device will be
a PCB-based multilayered structure consisting of a com-
bination of different thickness substrates (Rogers-4003C,
ϵr = 3.55, tan δ = 0.0027, 17.5 µm cladding thickness by
each side); the patch will be also a piece of 0.203 mm
thickness substrate with the edges metallized with an elec-
trodeposition of 9 µm of copper; and a proper fastener will
be needed to stabilize the position of the floating patch.

The well-known design equations for a microstrip patch
included in [19] and summarized in [12] will be used to
calculate the initial values for the patch size; for a chosen radi-
ation frequency of fr GHz and the air as the patch dielectric
(ϵreff = ϵrair = 1), the design equations for the patch are
simplified as follows:

Wp =
c
2fr

(1)

1L = 0.722 · hair
0.264 +

Wp
hair

0.8 +
Wp
hair

(2)

Lp =
c
2fr

− 21L (3)

where Wp is the size of the radiating edges (y axis), Lp is the
size of the non-radiating edges (x axis), ϵreff is the effective
dielectric constant (that matches to ϵrair = 1 in this case)
and 1L is the correction in size due to the fringing effects
on the patch. As the structure to use in the proposals of this
paper is not the standard microstrip patch antenna commonly
described in the bibliography, the equations used give only
an initial approximation of the dimensions; then, the device
will bemodelled and numerically evaluated using CSTStudio
Suite through optimization algorithms to obtain the final
dimensions.

This prototype is made up of three parts: an ESIW fed
with a tapered transition from a microstrip line and ended
in a short-circuit, a slot cut in the upper layer of the ESIW
at a distance to the short-circuit that maximizes the radia-
tion, and a floating patch antenna optimized to radiate at

FIGURE 1. Appearance and design parameters of the empty-patch
ESIW-fed prototype. From top to bottom: top view of the device [included
dimensions wm, Ws, Ls, Wp, Lp, dp, fp], view removing the top layer and
the air layer [included dimensions sx , sy , hair ], view of the layer that
includes the microstrip line [included dimensions a, lg, lshort ]. Color
legend: light brown is substrate, light blue is plastic (ASA), yellow is
copper, purple is air and background gray/white is air, red is the input
port.

28 GHz and fastened with a plastic support to the device. The
appearance and design parameters are illustrated in Fig. 1,
where three different views of the proposed designs are shown
to appreciate the inner details of the device and its parts
and dimensions. This design structure has been chosen to
combine the proper conditions of each separate part that can
empower the final design of a real floating patch antenna
(non cavity-backed) fed with a planar waveguide: the ESIW
is the planar waveguide most similar to a RWG, the slot
feeding minimizes the backward radiation of the patch and
improves maximum radiation if it is correctly positioned in
the waveguide, the air substrate helps in the achievement of
better antenna performance, and the plastic support integrates
practical 3D printing solutions into the design with mini-
mal electromagnetic impact. This combination is feasible,
cost-efficient and easy to manufacture.
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The ESIW section, built according to [29], is composed of
three layers: bottom and middle layers are Rogers-4003C of
thickness 0.508 mm, whereas top layer is Rogers-4003C of
thickness 0.203 mm. The middle layer includes a microstrip
line to inject the power through an exponential taper transition
into the ESIW, whose width (a = 7.112 mm) is equivalent
to a standard Ka-band rectangular waveguide (WR-28); the
other end of the ESIW is a short-circuit.

The aperture-coupled approximation has been adopted to
feed the patch antenna; for that, the top layer of the ESIW has
a transverse slot, of size sx × sy, (centered along the width
of the ESIW) at a distance lshort of the ESIW short-circuit
conveniently optimized to a maximum radiation. Initial val-
ues of the slot size and position, according to [30], are
estimated to be positioned at the peak of the standing waves
profile in order to excite the patch at maximum coupling and
aligned with the center of the patch (initially sx = 1 mm,
sy = 2.2 mm, lshort = 7.6 mm).
The patch is just a piece of Rogers-4003C of thickness

0.203 mm, completely metallized, of size Lp × Wp at a
distance hair over the slot. To begin with, the patch is calcu-
lated according to [12] for an arbitrary value of hair (initially
hair = 1.504 mm, Wp = 5.353 mm, Lp = 3.449 mm);
later these three values have been optimized to obtain the
maximum radiation at 28 GHz.

Once fixed the value of hair , an ASA-plastic structure has
been designed to support and fasten the floating patch, so that
it can be inserted into the upper layer of the ESIW main-
taining the optimum distance of hair . That fastener includes
a thin perimetral frame to secure the insertion and position
of the patch, as well as four posts to be inserted within the
top layer of the ESIW to ensure the position of the plastic
support; structure and dimensions of the fastener have been
considered to be the minimum possible so that it could be
relatively easy to manipulate, but with the minimum interfer-
ence in the radiation. Therefore, this plastic structure, before
being manufactured with a professional 3D-printer, has been
included in the simulations to check that it does not interfere
considerably in the prototype performance; in fact, its effect
can reduce the antenna gain up to 1 dB, and consequently,
the final optimization of the whole device, essentially the
size of the patch (Lp × Wp), is done including the plastic
support.

The design procedure for the ESIW-fed prototype can be
summarized as follows (considering also the dimensions to
be determined at each stage):

1) Design of the microstrip and ESIW sections (h1, h2,
wm, Ws, Ls, lg).

2) Design and optimization of the size and position of the
slot in the top layer of the ESIW (lshort , sx , sy).

3) Design and optimization of the patch size and dis-
tance between the patch and the top layer of the ESIW
(hair ,Lp,Wp).

4) Design of the plastic fastener to support the floating
patch (dp, fp).

5) Final optimization process of the patch size (Lp,Wp).

Because of the importance of the second and third design
steps, a parametric study has been conducted on the influence
of each parameter, around their quasi-optimum values, in the
performance value of S11. The position of the slot (lshort )
considerably affects to resonance frequency and return loss;
however, it is an easily adjustable parameter and it can be
accurately implemented. The size of the slot (sx , sy) has
little influence on the return loss and its sy dimension also
shifts slightly the resonance frequency. The influence of the
dimension Wp of the patch is negligible in comparison with
the other variables considered, whereas the Lp dimension
(distance between the radiating edges) does really affect to
the return loss and, with minor importance, to the resonance
frequency. The size of the slot and patch can be accurately
manufactured. The dimension with the most sensitive influ-
ence is the height hair that separates the patch from the slot,
as it affects heavily to resonance frequency, return loss and
bandwidth. This dimension is controlled through the height
of the 3D-printed plastic support made with a 3D printer;
therefore, the accuracy of the 3D printer will be of paramount
importance. Fig. 2 shows the effects of the most critical
dimensions according to the parametric analysis described.

FIGURE 2. Variation of S11 according to a parametric analysis of: lshort ,
position of the slot (top), and hair , separation between the patch and the
slot (bottom).

After the last optimization process of the fifth design step,
the final dimensions of the prototype are those of table 1.
Simulation of this device (with losses and plastic support)
indicates that the antenna will fit the requirements estab-
lished. In particular, simulations foresee a device with 5%
bandwidth around 28 GHz, with a directivity of 8.3 dBi and
a total efficiency of 93%.
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TABLE 1. Optimum dimensions (in mm) for the floating patch device.

FIGURE 3. Pieces, from top to bottom, to build up the prototype: patch,
supporting frame, top layer, central layer and bottom layer.

III. EXPERIMENTAL EVALUATION RESULTS AND
ANALYSES
The designed device has been manufactured and the resulting
prototype is that shown in Fig. 3, where the different pieces
that must be properly assembled are shown; and Fig. 4, which
compares the size of the whole prototype with a 1 euro
coin. The manufacturing process is quite simple and can be
done with standard PCB operations, such as drilling, cut-
ting, milling, plating and soldering; for the plastic suppport
a specific design is printed with a professional 3D plastic
printer of 127 µm accuracy in the z-axis. Once the ESIW
is built, the fastener is inserted in the proper holes drilled in
the top layer, and then the patch is placed in the frame of the
support with a little drop of contact-glue. The accuracy in the
fastener manufacturing is of paramount importance, as it is
responsible of controlling the exact separation distance hair
between the slot and the patch (for that, the length of the
fastener posts is enlarged adding the depth to be inserted in
the top layer), as well as the correct orientation of the patch
(this is solved with the thin frame to ensure the placement of
the patch).

FIGURE 4. Manufactured prototype with a 1 euro reference scale.

FIGURE 5. Measured and simulated results for the parameter S11.

Losses from the microstrip section have been experimen-
tally measured with a thru element specifically designed for
that purpose. The microstrip losses are 1.0 dB and do not
include the ESIW transition. Those losses will be removed
to properly characterize the antenna performance, but the
results will still be a pessimistic approximation, as losses due
to the ESIW transition have not been removed. Considering
the former, the prototype has been measured with a vector
network analyzer (Agilent N5230C) to characterize the S11
parameter. The measured and lossy simulated results are
shown in Fig. 5. Differences with the simulation are due
to possible manufacturing misalignments (especially those
due to 3D printing), copper real losses and surface rugosity.
Despite that, the measurement fits quite precisely with the
simulation for the band of interest and reflects a measured
bandwidth of nearly 1.35 GHz (around 4.8%) with measured
return loss of 35 dB at 27.90 GHz; therefore, the design
requirements imposed in this proof-of-concept have been
fully satisfied.

Radiation of the prototype patch antenna has been also
measured in an anechoic chamber with the technique of the
reference antenna (Flann22240 in this case), as it can be
seen in Fig. 6. With the data acquired in this measurement
procedure, the antenna can be completely characterized.
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FIGURE 6. Measurement of the prototype in an anechoic chamber with
the reference antenna technique.

FIGURE 7. 3D representation of measured electric field radiation
(normalized, in dB).

Measured 3D normalized radiation pattern is shown in
Fig. 7, whose measured and simulated co-polar and cross-
polar XZ and YZ plane cuts are included in Fig. 8. The
obtained patterns are typical of a patch antenna with low
backward radiation. Normalized simulated and measured
copolar radiation are very similar, whereas the measured
crosspolar radiation is slightly higher than the simulated
one. The measured directivity at the resonance frequency is
8.1 dBi, whereas the measured realized gain is 7.5 dBi and
the measured efficiency is 92%. The maximum direction of
radiation is at θ = 11◦ and φ = 181◦, whereas −3 dB
beamwidth is practically 60◦ for plane YZ and 60◦ for the
XZ, and the front-to-back ratio is better than 20 dB. Besides,

FIGURE 8. Polar-plot cuts of measured and simulated co-polar and
cross-polar electric field radiation (normalized, in dB). From top to
bottom: plane XZ and plane YZ.

a good cross-polar rejection of 17 dB is obtained, with 38 dB
of polarization ellipse axial ratio.

Those results fit in properly with the simulations and the
goals established in the design stage, considering the mul-
tiple manufacturing isssues at the frequency of interest, and
reveal, as intended, good performance indexes of return loss,
bandwidth, beamwidth and directivity simultaneously. The
results obtained for that prototype validate the feasibility of
the intended proof-of-concept of manufacturing, for the first
time, a dielectricless floating patch fed with an ESIW at
28 GHz.
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TABLE 2. Comparison with other non-conventional patch antennas. [A-C, aperture-coupled; ACB, air cavity-backed; PS, plastic support; 3DPS, 3D printed
substrate].

Inevitably, some inherent fabrication errors might occur
during the manufacturing process. A yield analysis has been
done in order to validate the repeatability of the process and
its endurance, taking into account that errors may appear in
the most critical operations: the cutting process for the size of
the patch (Lp, Wp) and the slot (sx , sy), the positioning of the
slot (lshort ) and the height (hair ) of the 3D frame that supports
the patch. The two criteria simultaneously selected which
must be accomplished to mark a device as acceptable are that
S11 < −10 dB at the band between 27.25GHz and 28.75GHz
and, at least, S11 < −20 dB around the resonance frequency
(between 27.90 GHz and 28.10 GHz). Taking into account
that the tolerance of the laser cut used is 2 microns, the anal-
ysis indicates that even for high tolerances of 25microns in all
the variables analyzed (except hair ), the 99.9% of the devices
would be acceptable. If tolerance were extremely high, for
instance 50 microns, the 95.3% of the prototypes would be
acceptable. The 3D plastic printer used to make the support
has an accuracy of 127 µm and this essentially affects to the
hair parameter; taking only into account 127micron tolerance
error of the 3D printer, the 99.3% of the prototypes would be
correct, and with a tolerance higher than 150 microns, even
the 95.0% of the prototypes would still be acceptable. Even
in the worst case of simultaneous high values of tolerance (50
microns in the laser cut and 150microns in the 3D printer) the
90.1% of the manufactured prototypes would accomplish the
strict fabrication performance criteria imposed. This reveals
the accuracy of the design and the high tolerance to manufac-
turing errors of this prototype.

As this device implements a real dielectricless floating
patch at 28 GHz, the comparison with other works available
in the literature is quite heterogeneous, as the vast majority
of similar devices are whether non-air-dielectric or based
on the air cavity-backed technique (many of them using
AFSIW); furthermore, many resembling devices are non-
single-element antennas (arrays), which, in fact, makes the

comparison even more difficult, as arrays usually present
a wider bandwidth and a higher gain than single element
antennas. Nevertheless, the device presented in this paper,
for a single-element antenna, achieves results that emulate,
or even improve, other slot, dielectric and cavity-backed
patch and array devices, as it is shown in Table 2. For instance,
references [25], [26], [27] deal with devices built with 3D
printing techniques and air cavity-backed to improve the per-
formance, but all of them at a relatively low frequency (among
3 to 8 GHz) and with no mention about their efficiency. The
device presented in this paper is made at 28 GHz, using
also a 3D partial solution, but due to its high frequency,
the dimensions are quite small and the fabrication tolerances
may be an issue; in spite of that, this new device achieves
similar measured results in return loss, bandwidth and gain
at a much higher frequency, with a simpler manufacturing
procedure and with a 92% efficiency. On the other hand,
in [4] a 60 GHz floating patch array is presented, with very
good performance results according to the simulations (no
measurements are shown) if a very complexmanufacture pro-
cedure, consisting in 25 floating patches (using tiny holding
posts) disposed in a 5 × 5 array, were followed to make the
prototype. The device presented in this paper, manufactured
and measured, is much simpler to fabricate and achieves very
good performance results for a single-element patch. Some
prototypes around 28 GHz are also proposed in [20], [21],
[22], [23], and [24] (almost all of them based on AFSIW to
implement an air cavity-backed). All but two present only
simulation results, consequently making the comparison a bit
odd, as the simulations results are usually much better than
the measured ones; taking that into account, the prototype
presented in this paper is, on the whole, similar or even better,
than the other devices at 28 GHz. Regarding the return loss,
only one design is better, but just with simulated results; if
our simulated return loss was considered (40 dB), it would be
the best design. The bandwidth of dual-resonance designs is
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very high, but our design is not dual-resonance, and within
the non-dual-resonance subgroup, our design is the best, as it
achieves a 4.8% measured bandwidth and the others are
below 4% of the simulated bandwidth. As for the gain and
efficiency, our proposal gets 7.5 dBi and 92% respectively,
similar to the results of the others, except for [24], which
is in fact a 1 × 2 array and only shows simulated results,
and [23], which has a narrower bandwidth with a complex
manufacturing procedure to implement an air cavity-backed
with a non-dielectricless floating patch. Regarding the man-
ufacturing complexity, our proposal is the simplest one; just
two other designs could be close to our device’s manufactur-
ing easiness, but they do not implement a real dielectricless
floating patch and only simulated results are given. All in all,
considering the heterogeneity of the comparison, the proto-
type presented in this paper is really a promising design to
implement a real dielectricless floating patch, being fed for
the first time with an ESIW, which achieves simultaneously
good values in all the measured performance parameters.

IV. CONCLUSION
The paper presented a novel prototype of a dielectricless
floating patch antenna fed with a slot from an ESIW and
using a 3D-printed fastener to fix the patch for the first
time in the open literature. Experimental results based on
the fabricated prototype are promising, as it achieves 8.1 dBi
directivity and 7.5 dBi realized gain at 28 GHz with more
than 1.3 GHz bandwidth. The design procedure requires two
essential adjustments: the size and position of the slot in the
ESIW, and the size and position of the patch over the ESIW.
The design of the plastic fastener is not so trivial, as it needs to
be resistant, but the tiniest possible not to affect the radiation.
In fact, the most critical aspect is the positioning of fastener
and patch. Thanks to the feeding system through a slot in an
ESIW, this anntena presents a high integration capability with
other planar circuits; at the same time, this device is low-cost,
light-weight and robust. Good values in all the performance
parameters for a single-element antenna, easiness of design
and manufacture, the total absence of dielectric and the use
of an ESIW to feed a real dielectricless floating patch present
clearly the novelty of the design and original contributions to
the field for a promising candidate to be applied in wireless
and 5G applications in the 28 GHz band.
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