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3D Printed Directive Beam-Steering Antenna Based on Gradient Index Flat Lens
With an Integrated Polarizer for Dual Circular Polarization at W-Band

J. Melendro-Jimenez™, P. Sanchez-Olivares ™, A. Tamayo-Dominguez™, X. Sun*,
and J. M. Fernandez-Gonzalez

Abstract—In this communication, the design of a circularly polarized
(CP) perforated gradient index (GRIN) flat lens antenna with directive
beam-steering properties is presented for millimeter-wave applications at
W-band (75-95 GHz). The dielectric lens, fed by an open-ended square
waveguide (SWG) located in the lens focal plane, enhances the radiation
in a particular direction, generating a high-directivity beam with planar
wavefront. The integration of a dielectric polarizer with the lens allows the
conversion from a linearly polarized (LP) incident wave to a CP-emitted
wave over the whole bandwidth. Horizontally and vertically polarized
waves, achieved by the excitation of the fundamental SWG TE(; and
TE1(p modes are transformed into left-hand CP and right-hand CP waves,
respectively. A +30° scan range in both azimuth and elevation planes
is demonstrated for the whole frequency range, attained by displacing
the feed along the focal plane of the lens. Lens and polarizer are
manufactured as a single piece by stereolithography (SLA) 3-D printing
technology with Form 3 Formlabs 3-D-printer. Measured results show
maximum measured directivity values that range from 23.5 to 23.8 dB,
a remarkable circular polarization purity as a wide axial ratio bandwidth
of 20.58% (<3 dB), from 77.5 to 95 GHz, is achieved for the principal
beam steers and an aperture efficiency for broadside beam direction
between 90.32% and 57.34% in the frequency band of interest.

Index Terms—Beam steering, circular polarization, lens antennas,
reconfigurable antennas.

I. INTRODUCTION

Recent advances in the most cutting-edge engineering disciplines,
such as tracking applications or collision avoidance systems, come
along with the necessity of new millimeter-wave technologies and
more compact antenna designs [1], [2]. Millimeter-waveband appli-
cations require highly directive antenna beam patterns to compensate
the large attenuation losses. Some antenna realizations in this fre-
quency range efficiently enhance the gain, yet at the expense of incor-
porating large feeding networks or entailing complex manufacturing
techniques [3], [4]. Another approach for high-gain antennas that
provides a much more compact and effective solution is dielectric lens
antennas, which are usually combined with low-gain feed systems [5],
[6], [7], [8]. The lens enhance the directivity of the low-gain feed
by collimating the source rays into a single direction, generating a
plane or quasi-plane wave. In some designs, when combined with
a feed with beam reconfiguration capability, the lens compensates
for the high scan losses, enhancing its directivity within the matched
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Fig. 1. Geometry of the proposed dual-CP GRIN flat lens with integrated
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scan range [9], [10], [11]. The conventional alternative to these is
phased array antennas. However, a standard phased array needs active
elements to achieve beam steering, which are hardly available in
W-band. Other alternatives are systems based on radio-frequency
microelectromechanical (RF-MEM) devices or liquid crystal reflec-
tarrays [12]. However, these technologies are on ongoing research
and usually exhibit high losses.

Although most of the previous works effectively cover the gain and
form-factor requirements for millimeter-wave applications, almost all
of them are linearly polarized (LP) designs. The traditional approach
to design circularly polarized (CP) lens antennas is by adding a CP
feed. In [13] a circular waveguide terminated in a small horn is
integrated with a dielectric septum polarizer to feed a dielectric lens.
Besides, in [14] a dielectric septum polarizer integrated in a circular
waveguide is combined with a dielectric rod antenna to feed dielectric
spheres lenses. These solutions have some drawbacks, such as the
increase in the complexity of the design. A dielectric septum is a
highly tolerance-sensible approach, as the slightest thickness variation
implies noticeable magnitude and phase deviations [15]. Although
there have been some proposals for large tolerance optimization
strategies [16], no effectual solution exists yet for upper millimeter
wave bands. Thus, to address the above-mentioned problems and
requirements at once, an LP feed with a low-cost CP lens is the
fitting solution. Moreover, dual circular polarization is an essential
requirement in applications such as satellite communications [17] and
it is being increasingly demanded in new millimeter-wave wireless
communications, as it enables polarization division multiplexing
(PDM) [18] and in-band full duplex (IBFD) [19], achieving an
enhanced spectral efficiency, thus increasing the throughput of wire-
less communication systems.

In this communication, a beam-steering dual CP flat lens antenna
designed to operate in the lower part of the W-band is presented.
The antenna consists of a square waveguide (SWG) and a perforated
gradient index (GRIN) flat lens with an integrated polarizer (Fig. 1).
The polarizer consists of parallel dielectric slabs that convert incident
LP waves into CP ones [20]. GRIN lens and polarizer (CP lens)
are optimized to maximize the directivity of the design by means
of a maximization of the aperture efficiency. The SWG illuminates
the lens with a horizontally or vertically polarized wave which
is converted into a left-handed CP (LHCP) or right-handed CP
(RHCP) wave, respectively. Beam tilting capability is accomplished
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Fig. 2. Relative permittivity distribution as a function of radius. (a) Ideal case: linear radial decrease of dielectric permittivity. (b) Ideal case versus practical

approach. (c) Practical approach: five-layer lens. (d) Perforated lens.

by displacing the SWG in x- and y-axis along the focal plane of the
lens, achieving a £30° scanning range in both azimuth and elevation
planes. The lens and the integrated polarizer are manufactured as
a single piece by stereolithography (SLA) 3-D printing technology,
which is a straightforward and low-cost manufacturing approach.
Gray resin material and the Form 3 Formlabs 3-D-printer have been
utilized for the manufacture. Thus, the novelty of this work resides
in the fact that the presented CP lens gathers in a monolithic and
compact low-budget 3-D-printable design a high-gain beam-steering
and dual CP antenna to be used in many W-band applications.

II. CP LENS ANTENNA DESIGN

This section will address the design procedure of the CP lens
antenna, which consists of the integration of a GRIN flat lens with a
dielectric cylindrical polarizer (Fig. 1). The GRIN lens is a 20-mm
diameter (D) and 8.5-mm thick (¢) flat lens consisting of five radial
layers of gradual decreasing relative permittivity (varying values from
2.5 to 1.1), that operates within the 75-95 GHz band. The radial
layered degression of relative permittivity is attained by precisely
distributing air holes across the dielectric lens. Then, the effective
volume of each layer can be precisely varied, thus adjusting the
required effective permittivity. The dielectric polarizer consists of
7 mm height (h) parallel dielectric slabs that convert LP waves into
CP ones. The feed element for the designed CP lens is an SWG of
2.15 x 2.15 mm and an 8.15 dBi peak directivity at 85 GHz. The
diameter of the lens value has been fixed looking for a compromise
between a reduced form-factor of the antenna and a proper directivity
enhancement. For this application, the TEjp mode is excited to
generate RHCP, whereas the TEp; mode must be excited for LHCP.
The SWG is aligned on the focal plane of the lens, so the radiation
coming from it can be collimated into a single direction, generating a
planar wavefront. When the feed phase center is placed in the focal
point, a highly directive broadside beam is radiated by the GRIN
lens. However, by applying vertical and horizontal displacements on
the SWG position along the focal plane, the main beam radiated by
the lens can be tilted within a +30° scanning range at the expense
of a loss of directivity for both azimuth and elevation planes. Lens
and polarizer are integrated and manufactured as a single piece by
SLA-3-D printing.

A. Theoretical Study of Permittivity Distribution

The GRIN flat lens is excited by a spherical wavefront emitted by
the SWG, located in the far-field region of the lens. The distance from
the focal point to each point of the surface of the lens varies, which
causes the different rays that go through the lens are not in phase. For
the lens to generate a planar wavefront, every ray traveling through
free space and past the lens should suffer the same phase delay. This
aspect is discussed in [21], where it is shown that the phase variation
between two different paths can be compensated by the following:

koF + kit = kol + knt. (1

As seen in Fig. 2(a), F is the focal length, [, is the distance from
the focal point to a generic radial layer “n” of the lens, which can
be expressed as (F 2 +r,%)1/ 2, being r; the radius of that generic

layer. The parameter 7 is the already addressed lens thickness and kj
corresponds to the wavenumber of the generic layer. Therefore, the
formula implies that the phase delay of a ray that travels through free
space and past the central layer of the lens must be the same as the
phase delay of a ray that travels through free space and past a generic
lens layer. The wavenumber is dependent on the electric permittivity
as k, = 2n (\/Ern /40), so the dielectric constant for each layer can
be precisely adjusted to reach the desired phase compensation for
planar wave emission.

Having prior knowledge of the permittivity values of the central
and edge layer of the lens, which are 2.5 for unaltered Gray resin
and 1.1 for Foam, respectively, parameters F = 10.5 mm and ¢ =
8.5 mm were fixed to optimize the phase compensation between both
layers using (1). Then, relative permittivity values required for phase
compensation can be depicted as a function of the radial distance also
using (1). This relative permittivity profile is illustrated in Fig. 2(b),
where it can be observed that for an ideal phase compensation,
the relative permittivity of the dielectric GRIN lens should linearly
decrease from the center of the lens to its edges. However, a feasible
approach is to approximate the depicted ideal profile to a step
function, where each step corresponds to a homogeneous layer with a
given relative permittivity value. Therefore, a five radial layer GRIN
lens, shown in Fig. 2(c), is proposed for phase compensation. The
selected relative permittivity values are 2.5, 2.27, 1.91, 1.52, and
1.1, from the central to the edge layer, respectively. However, this
realization is complex due to the difficulty of acquiring commercial
materials with this exact permittivity values. Thus, a single material
perforated GRIN lens is proposed and described in Section II-C.

B. Study of Perforations and Final Lens

The relative permittivity of a dielectric material can be modified by
reducing or increasing its effective volume. Following this premise,
a dielectric lens of uniform relative permittivity constant of 2.5 is
perforated to achieve a radial layered reduction of its effective volume
and subsequently of its effective permittivity. By precisely adjusting
the effective volume of each radial layer, the aforementioned required
relative permittivity values can be obtained.

For this purpose, a triangular air hole lattice configuration is
performed [22]. In this topology, if the perforation’s diameter (d)
and the separation between perforations (s) are small compared to
the operational wavelength, a uniform effective permittivity value can
be obtained for the whole layer. With (see [22, eq. (2)]), the effective
dielectric permittivity (eeff) can be computed as a function of the
filling factor (a), which as shown in (see [22, eq. (4)]), is dependent
on the relation d/s. Parameter d is fixed to 1 mm, imposed by
manufacturing limitations, so to obtain different values for a, s should
be varied. Thus, by precisely adjusting the distance between perfora-
tions in each layer, the required filling factor for the sought relative
permittivity for each layer can be obtained. The perforated GRIN
lens is shown in Fig. 2(d). The obtained relative permittivity values
for layers one to five are 2.5, 2.27, 1.91, 1.68, and 1.1, respectively.
The following step, described in Section II-D, is the design of the
polarizer and its integration with the perforated GRIN lens.
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Fig. 3. Polarizer. (a) Dual-LP to dual-CP conversion. (b) Front view.
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Fig. 4. Polarizer parametric analysis. (a) Unit cell. (b) Relation between

orthogonal electric field components that propagate through the polarizer as a
function of w; and /. (c) Function of w; and (d) in-band behavior for optimal
configuration (w1 = 0.8 mm, wy = 0.8 mm, and 7 = 7 mm).

C. Polarizing Structure

As it has been discussed, a cylindrical polarizer, consisting of
parallel equally spaced dielectric slabs, is attached to the GRIN
lens to convert LP waves into CP ones. The polarizer is tilted 45°,
so if an LP wave is decomposed in its two orthogonal components,
each of them is affected differently by the dielectric slabs, as the
effective propagation constant of each component is different. Thus,
by adjusting the polarizer dimensions, it is possible to generate a 90°
phase shift between them, achieving LP to CP conversion. RHCP
or LHCP can be obtained if exciting the polarizer with vertical or
horizontal polarizations, respectively [see Fig. 3(a)]. The polarizer
could be attached before or after the GRIN lens, as its polarization
conversion capabilities remain unaltered. However, it was positioned
between the SWG and the GRIN lens in order to reduce the volume
of the entire antenna system.

The dual-LP to dual-CP conversion process is graphically pictured
in Fig. 3(b). When the TE{(y mode is excited in the feeding SWG,
a vertically polarized electric field (Ey) is radiated. The Ey field
is decomposed in a +45° tilted component (E,,,), parallel to the
dielectric slabs of the polarizer, and a —45° tilted component (ED),
orthogonal to the dielectric slabs. The polarizer will delay E, with
respect to E,, generating a 90° phase shift between them, thus obtain-
ing RHCP from an impinging vertically polarized wave. Likewise, the
E, radiated ficld generated by the excitation of the TEp; mode in
the SWG is also decomposed in a +45° tilted component (ED) and
a —45° tilted component (Eu). Eu is delayed 90° with respect to Eu,
thus obtaining LHCP from an impinging horizontally polarized wave.

The circular polarization purity is optimized by means of adjusting
the dimensions of the dielectric slabs. Thus, to design the polarizer
and achieve linear to circular polarization conversion, a polarizer
single unit cell has been analyzed [see Fig. 4(a)]. The length and
the width of the slabs are 4 and w1, respectively, and the separation
between them is wj. Therefore, the single unit cell consists of a
wp thick and & length dielectric slab and two w>/2 thick and h
length air slabs. When an electric field vector parallelly polarized with
respect to the dielectric slab (E"u) propagates along the unitary cell,
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Fig. 5. Coordinate system for SWG displacements along lens focal plane.

the electric field concentrates in the dielectric slab, whereas when
an electric field vector orthogonally polarized with respect to the
dielectric slab (EU) propagates along the unitary cell, the electric
field concentrates in the air slabs. The electric field is distributed
differently in each case, so two different propagation constants can
be defined, y, and y,, with different phase constants, f, and f,.
It can be observed in Fig. 4(a) that Eu concentrates in the dielectric,
whereas EU concentrates in the air slabs, thus g, < . So, as EU
and Eu propagate along the polarizer, the phase difference between
them increases. To obtain circular polarization, a 90° phase shift and
an amplitude relation of 1 between both components are sought. So,
the phase difference and the amplitude relation between both electric
field orthogonal components that propagate along the structure of
Fig. 4(a) have been analyzed by means of a parametric study of wq
and £, shown in Fig. 4(b). For this case, the total thickness of the
cell is fixed to 1.6 mm (i.e., w] + wy = 1.6 mm). It is found that
for w1 = 0.8 mm, 2~ = 7 mm and, therefore, wy, = 0.8 mm, that
condition is achieved. The phase difference and amplitude relation
are analyzed for w1 = 0.8 mm and 7 = 7 mm as a function of w, in
Fig. 4(c) (w1 + wy = 1.6 mm is not considered anymore), showing
that the separation between dielectric slabs is not a determinant
parameter when designing the polarizer, as a 90°£10° difference
between electric field orthogonal components is achieved for values
between wy = 0.4 mm and wy = 1.8 mm and an amplitude relation
of 1 is obtained for the whole w> range. Finally, the optimal w; =
0.8 mm, wy = 0.8 mm, and 2~ = 7 mm configuration is analyzed in
the frequency band of interest in the detail of Fig. 4(d), presenting a
reasonably good stability in the whole frequency band. The minimum
and maximum phase difference between both components are 80° and
101°, respectively, whereas the amplitude relations are 1.004 and
1.007, respectively, almost a negligible drift from the expected
value, 1. For the central frequency, perfect circular polarization is
achieved, as 90° and 1.006 are obtained for the phase difference and
amplitude relation between electric field orthogonal components.

III. SIMULATED RESULTS

The proposed antenna has been simulated in CST Microwave
Studio. Regarding the focal distance, it was optimized to a final value
of F =11 mm to enhance the plane wave conversion capability of
the lens. Fig. 5 shows the defined coordinate system to which all
antenna radiation result figures will refer. The SWG is displaced in
discrete steps of 2 mm along x- and y-axis to precisely analyze the
beam tilting characteristic. SWG displacements are labeled as dxnym,
where x and y refer to the axis along which the SWG is displaced,
whereas n and m refer to the value of the displacement in millimeters
along those axes, respectively.

The scanning performance of the design is evaluated for both
polarizations, RHCP and LHCP, along the ¢ = 0°, 45°, and 90°
cuts (Fig. 6). In-band axial ratio is also analyzed for each beam to
evaluate the CP purity. Regarding the ¢ = 0° and 90° cuts, it should
be noted that due to the symmetry of the design, y-axis SWG
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Fig. 6. Simulated beam reconfigurability at 85 GHz and in-band axial ratio.

displacements with TE1g or TE(; excitation are equivalent to x-axis
SWG displacements with TEg; or TEjg excitation, respectively.
When the SWG is displaced, the beam is steered off boresight up to
30°. As the GRIN lens is rotationally symmetric in XY plane, a scan
range of £30° is achieved for both azimuth and elevation planes.
Scan losses vary from 0.2 dB for dxgy2 and dxoyo to a maximum
of 3.8 dB for the extreme steers, dxoyg and dxgyo, which is similar
to the scan losses exhibited by other dielectric lenses, such as [5]
and [6]. Main beam directions for dxoy0, dxoy2/dx2y0, dx0y4/dx4y0s
dxoy6/dxeyo and dxoys/ dxgyo are ¢ = 0°/90° and 6 = 0°, 8°,
15°, 22.5° and 30°, respectively. Regarding the circular polarization
purity, the axial ratio for both polarizations has been optimized for
the beams obtained when the SWG is displaced, so as the beam is
steered off boresight, an improvement on the correspondent axial
ratio curves is obtained. Defining a 3 dB axial ratio criteria, a
20.8% (75-92.5 GHz) band is obtained for dual-CP applications.
It is interesting to note that the integration of the polarizer with the
GRIN lens in a monolithic, compact CP lens adds a slight ripple
to the AR curves. However, the polarizer acts as a matching layer,
reducing the power reflections in the air-lens interface, thus reducing
back radiation, side lobe level (SLL) and increasing the directivity,
as well as enhancing the scanning capability of the antenna.
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Lens & integrated polarizer WR-10

Screws

Fig. 7. Manufactured GRIN lens with integrated polarizer along with foam
casing and dielectric gridded frame.

Regarding the ¢ = 45° cut, dxoy0, dx2y2, and dx4y4 displacements
are depicted for both RHCP and LHCP, along with the correspondent
in-band axial ratio curves for each beam. Main beam directions for
the three displacements are ¢ = 45° and 6 = 0°, 10°, and 21°,
respectively. Scan losses vary from 0.23 dB, for dxoy2, to 1.39 dB, for
dx4y4. In-band axial ratio curves are below 3 dB for both polarizations
and dxoy0, dx2y2, dxdy4 displacements, thus validating the LP to CP
conversion for diagonal SWG displacements.

The dielectric polarizer has loss of about 2 dB. As a low loss
alternative, it could be proposed to eliminate the polarizer and use
an orthomode transducer to illuminate the GRIN lens with circular
polarization. Nevertheless, the dielectric polarizer is a much simpler
proposal from a technical and manufacturing point of view, a very
important aspect when working at very high frequencies, as well as
being considered low cost due to the use of 3-D printing technology.
It is much less sensitive to manufacturing tolerances than W-band
waveguide structures, which typically require considerably stringent
resolution and tolerance requirements.

IV. MANUFACTURING AND MEASUREMENTS

The 3-D manufacturing process is illustrated in this section along
with the measured results of the proposed antenna. The manufacturing
is based on an SLA 3-D printing process [23]. This technique
improves the overall performance of the 3-D printing process com-
pared to other printing technologies, such as the fused deposition
modeling (FDM) technique. SLA 3-D printing can produce objects
with more than double the resolution of FDM printers [24]. However,
the fact that FDM plastics exhibit lower dielectric losses [25] make
this printing process a more suitable approach for applications in
which antenna features sizes are not a constraint. As it was men-
tioned above, Form 3 3-D printer, that has an X/Y resolution of
25 micrometer and a slightly higher one for Z depending on the
chosen layer thicknesses of between 25 and 300 micrometer, has been
selected for manufacture as it meets the most demanding features
of the CP lens in terms of precision. The tolerances of the Form
3 printer were thoroughly analyzed to adjust the most critical feature
sizes of the CP lens: the polarizer slabs dimensions and the lens
air holes diameter. The polarizer slabs optimal parameters had to
be rigorously adjusted so they exhibited their corresponding optimal
value, obtained in Section II-D. Besides, GRIN lens air hole diameter
was another critical parameter, as they tended to fill up with excess
resin, thus leading to an unsuccessful manufacture. For the diameter
of the air holes to be 1 mm in the printed antenna, this value had
to be set to 1.15 mm in the layout. Thus, GRIN lens and polarizer
are manufactured as a single piece (Fig. 7) by 3-D-SLA technique
to experimentally validate some of the simulations previously shown
in Section III. To perform the measurements of the proposed design,
a standard WR-10 was used to feed the lens antenna by generating an
LP spherical wavefront. The performance of the GRIN lens as well as
the operation of the polarizer will be evaluated by means of analyzing
its capability to convert the impinging spherical LP wave into an
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at 85 GHz and in-band axial ratio at the main lobe angle.

RHCP wave with planar wavefront. The WR-10 will be displaced
along y-axis to validate the beam reconfigurability performance. The
WR-10, in contrast with the SWG, does barely have any modal
coupling, as the TEy; does not propagate in the band of interest,
which slightly enhances the XP/CP ratio of the design. However, this
aspect has been thoroughly analyzed and was not critical to validate
the antenna performance.

A dielectric frame was manufactured with the 3-D printer (Fig. 7).
It consists of a quadrilateral structure with a 9 x 9 equally 2 mm
spaced drilled grid in each corner. Screws are used to fix the
position of the dielectric frame, so the lens is located at the optimal
focal distance with respect to the WR-10. The focal distance was
also experimentally optimized in the measurement setup. Selecting
different holes for the screws within the four grids allows the
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Fig. 9. Measured and simulated directivity, realized gain, total efficiency,
aperture efficiency, and spillover efficiency for dxoyo configuration.

displacement of the lens with respect to the feed, thus achieving
beam reconfigurability.

Regarding the measurements, in Fig. 8 the measured beam recon-
figurability and the in-band axial ratio are evaluated at 85 GHz
compared to the simulated results. A remarkable agreement between
measured and simulated results is observed for dxoyo, dxoy1. dxoy2.
and dxoys4 displacements. The dxpye and dxoyg radiation pattern
main lobes slightly widen in comparison to the simulated results,
implying a small reduction of directivity. Also, measured in-band
axial ratio curves for these two displacements are slightly higher than
the simulated results, evidencing the difficulty in the measurement of
these two extreme beam steers. As the CP lens is displaced from
the WR-10, more surface of the dielectric frame is illuminated, thus
altering the expected beam pattern and axial ratio measured results.
However, beam reconfiguration capability is demonstrated, as the
beam steers from 0° up to 30° as the SWG is displaced along y-axis,
as well as the LP to CP conversion capability of the polarizer.

Finally, the main parameters of the design for dyoyo are presented
for the whole band in Fig. 9. Directivity maximum values range from
22.75 to 23.78 dBi. Meanwhile, realized gain takes values between
20 and 20.68 dBi. Regarding Gray resin dielectric properties, they
were characterized in [26], exhibiting a relative permittivity and loss
tangent of 2.73 and 0.016 at 0.2 THz, respectively. However, since
Gray resin is not a material designed to be used in RF applications,
its dielectric properties may slightly vary from one resin cartridge
to another. Thus, it was considered necessary to characterize them
again for this work by making use of an optical bench, leading to
measured values of ¢, = 2.5 and tand = 0.037. It should be noted
that the measured tan 0 = 0.037 loss tangent was considered constant
in simulations, despite being a frequency-variable term. This could
explain that for some frequencies, measured realized gain takes higher
values than simulated realized gain. Besides, the high dielectric losses
of the material are an aspect to highlight, as they range from 2.75 to
3.4 dB in the frequency band of the antenna. Dielectric losses in the
polarizer as a stand-alone unit have been analyzed, varying between

1.52 dB at 75 GHz and 2.17 dB at 95 GHz. Thus, antenna total
radiation efficiency, calculated as the ratio between realized gain and
directivity, takes values from 53% at the lowest frequency and 45%
at the maximum frequency. Finally, aperture efficiency of the antenna
varies from 76.3% at 75 GHz to 58.54% at 95 GHz, whereas spillover
efficiency varies from 66.7% at 75 GHz and 68.5% at 95 GHz.

A comparison between the proposed CP lens and other lens
antennas found in the literature is shown in Table I. The proposed
antenna stands out for its reduced form-factor, and the maximum
directivity it achieves with a remarkably high maximum aperture
efficiency of 76.3%. Antenna aperture illumination was optimized to
achieve the most uniform-like illumination possible. Besides, unlike
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TABLE I
COMPARISON BETWEEN LENS ANTENNAS FOUND IN THE STATE-OF-ART
This
11
[8] oo |omo|
Hemi
Lens type spherical Luneburg | GRIN FZPL GRIN
Feed RWG RWG SLA RWG SWG
Polarization Linear Linear Linear Linear Dual—
circular
Freq. (GHz) 290 92.5 28 61.5 85
Dir. (dBi) 31.5 243 28.2 35.54% 23.8
Gain (dBi) 30 22.1 21.2 32.7 20.7
Ap. Eff. (%) 38.3* 34.75% 67 59.43* 76.3
BW (%) 30 37.84* 25 11.57 20.8
SLL (dB) -13 -14 -18 -20 -12
Scan (deg.) 0 +30 +58 0 +30
Volume** @9.7h @8.9% 10N | 224.8% | 35.7h
x10.61 x2.5N X730 | x16.8% | x4.4h

* Not provided. Estimated.
** ) is the free-space wavelength at the central frequency.

the other works, it can generate dual circular polarization from an
LP feed. Other works, such as [9], can enhance the scan range of
the antenna by means of using a more complex feeding structure,
which is usually a higher-cost solution. The present design is an
extremely low-budget efficient solution for high-gain dual-circular
polarization mm-wave applications where form-factor requirements
are a constraint.
V. CONCLUSION

In this communication, a novel design of a dielectric GRIN flat
lens with an integrated polarizer to convert dual-LP to dual-CP was
presented. An SWG is used to excite vertical (TE{p) and horizontal
(TEq1) polarizations. The polarizer applies a 90° phase shift between
the decomposed orthogonal field components of the incident wave,
achieving LP to CP conversion. The GRIN lens is used to enhance
the radiation in a particular direction, increasing the directivity by
generating a plane wave. Thus, the antenna radiates a highly directive
RHCP wave when TEj( mode is excited in the SWG and a highly
directive LHCP wave when the excited mode is the TEp;. The main
beam can be steered within a demonstrated £30° scanning range
for azimuth and elevation planes, by means of displacing the SWG
along the focal plane of the lens. The proposed design was SLA-3-D
manufactured as a single piece and measured. All the antenna
radiating properties were validated and it has been shown that the
utilized material for the CP lens manufacture exhibits non-negligible
dielectric losses at this frequency range. Thus, the proposed design
serves as a proof of concept and a low loss material for the CP lens
manufacture should be used to obtain higher realized gain and total
efficiency values. As future lines, the properties of the 3-D-printed
polarizer as a stand-alone unit are intended to be assessed, testing its
performance with other antennas, such as slot or patch arrays.
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