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Abstract— A hemispherical dielectric lens antenna is proposed to
provide beam-steering for communication networks operating in X-
band. Two different printed antennas are simultaneously used to
guarantee high performance and diversity of applications, one a
wideband linear polarized antenna, and the other a narrowband
circular polarized antenna. To ensure this, the design relies on
adding printed angled feeders correctly positioned in relation to the
center of a homogeneous dielectric lens. A prototype was simulated,
fabricated and tested. The measured results show that the antenna
is capable of operating from 8.0 GHz to 12 GHz (gain of 14.2 dBi)
or 9.5 GHz to 10 GHz (gain of 17.52 dBi).

Index Terms— Diclectric lens antenna, circularly-polarized, high gain, ultra-
wideband lens antennas.

I. INTRODUCTION

Multifunctional antennas have proven to be important for the future of telecommunications systems
[1]-[3]. Antennas with more than one radiation and/or impedance characteristic are essential for
cooperative use of different technologies in the same network infrastructure. Among the features
stand out high gain [4]-[6], wideband [7]-[9] and circularly polarized [10]-[12].

X-band (8.0 GHz to 12 GHz) applications such as marine radars [13], CubeSat satellites [14] and
radar systems [15] have driven the development of multifunctional antennas. In this way, lens
antennas are promising solutions to overcome this challenge, due to design flexibility, low cost,
polarization insensitivity and large bandwidth. In [16], a gradient index lens with a metalized thin-
walled conical horn antenna, and a WR90 rectangular to linear polarized circular waveguide transition
was simulated, fabricated, and measured. The lens antenna bandwidth was from 8.2 GHz to 12.4 GHz
with an input reflection less than —15 dB and peak gain of 18.7 dBi. In [17], a broadband 3-D-printed
circularly polarized spherical Luneburg lens with the linearly polarized feed antenna for the X-band is
simulated, fabricated, and measured. The lens antenna has a measured operational bandwidth of
8.0GHz to 12.0GHz with an input VSWR less than 2 and peak gain of 18.6dBi.

In this paper, a hemispherical dielectric lens design is simultaneously fed by two different antennas,
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one a wideband design with linear polarization, and another a narrow band design with double

polarization, guaranteeing high performance and diverse applications in X-band.

II. FEEDERS DESIGN

The proposed geometry for the feeders of the dielectric lens antennas is detailed in Fig. 1(a). One is
a broadband printed antenna (BPA) (see Fig. 1(a)) fed with a microstrip line, and designed with two
modifications [18], [19]: a ground plane reduction, and a rounding of the lower vertices of the patch.
The other is a circularly-polarized squared microstrip antenna (DPMA) (see Fig. 1(a)) fed with an
offset coaxial probe [20]. The feeders were designed using the Arlon Diclad 880 dielectric substrate
(with a relative permittivity of 2.17, a loss tangent of 0.0009 and an 2 = 1.52 mm thickness). The
design parameters were optimized using the finite elements method in ANSYS HFSS, and listed in
Table 1.

Fig. 2 shows the characteristics of the two feeders of the dielectric lens antenna. The results of the
simulated reflection coefficient and the radiation pattern in yz-plane for both antennas are compared
and presented in Figs. 2(a) and (b), respectively. The bandwidth (S1; <—10 dB) covers a range of 8.0
to 12 GHz (for BPA) and 9.5 to 10 GHz (for DPMA). The ground plane reduction and rounding of the
lower vertices of the patch are responsible for increasing the bandwidth of BPA to over 40% of the
central frequency (10 GHz). The DPMA has a bandwidth similar to the conventional microstrip
antenna (5.12%) due to the offset-feed. Therefore, these two feeders can work in wideband or
narrowband, depending on the application, as shown, from Si1 in Fig. 2(a). Radiation patterns in co-
polarization (Co-Pol) and cross-polarization (X-Pol) are analyzed (shown in Fig. 2(b)). Due to the
reduction of the ground plane, the BPA radiation pattern is almost omnidirectional. The radiation
pattern varies between —2.5 dBi and 3.0 dBi in the yz-plane (10 GHz). Moreover, due to the BPA feed
(linear polarization) high polarization rejection occurs. The DPMA presents a similar radiation pattern
to conventional microstrip antennas, i.e. with well-defined main lobe and low side-lobe levels.
However, due to offset-feed, a maximum gain of 3.0 dBi (about 3.0 dB lower than conventional
microstrip antennas due to the energy division in the two polarizations) was observed (9.75 GHz). In

addition, a high similarity in the radiation patterns in Co-Pol and X-Pol was observed.

TABLE 1. BPA AND DPMA DIMENSIONS (UNIT: MM)

BPA DPMA
w L we L p w L Xo Yo
129 960 487 320 387|960 9.60 348 348

Brazilian Microwave and Optoelectronics Society-SBMO received 28 Mar 2022; for review 25 Apr 2022; accepted 24 Oct 2022
Brazilian Society of Electromagnetism-SBMag © 2022 SBMO/SBMag ISSN 2179-1074



Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 21, No. 4, December 2022

DOI: http://dx.doi.org/10.1590/2179-10742022v21i4262508 618
DPMA BPA.
oW v W i
ey ! 1] [ I
X X
SMA-" ¥ ™~ smMaA Y

Conngctor Connector

W
. \\

ep

(@ (b)

Fig. 1. Proposed antenna. (a) Feeders of the dielectric lens antennas. (b) Numerical model dielectric lens antennas.
(c) Prototype dielectric lens antennas.
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Fig. 2. Feeder characteristics. (a) Reflection coefficient. (b) Radiation pattern in yz-plane.
III. DIELECTRIC LENS ANTENNAS DESIGN

The two feeders (BPA and DPMA) were coupled with a homogeneous hemispherical dielectric lens,
as described in Fig. 1. The dielectric lens was made of polytetrafluoroethylene (PTFE), with relative
permittivity () equal to 2.2, and loss tangent (tan(d)¢) equal 0.00015. The lens radius (R) (see Fig. 1)
is equal to 3A at 10 GHz (R = 90 mm), in which Ao is the free space wavelength.

The lens works as an energy collimator, producing high directivity, if the distance between the
feeder and the flat lens surface (focal length, F) is correctly sized. By considering air as the external
medium (g = 1) a value F = 96.2 mm was found [21]. After determining the F' value, the DPMA was
positioned towards the center of the lens (perpendicularly) and the BPA positioned 20° from center
(see Fig. 1).

A structure for fixing the lens was developed (see Fig. 1(b)-(c)). The structure consists of: a wood
base (brown) with relative dielectric permittivity, &» = 1.22, and a dissipation factor, tan(d), = 0.1 [22].
The fixing structures were made from PLA (gray), with &, = 3.5 and tan(8)s = 0.07 [22]. In addition, a
hollow cylindrical extension of PTFE was created in the lens (see Fig. 1(b)), with b= 20 mm and
qc=10 mm, to facilitated fixing. Given the specifications, a prototype was constructed (see Fig. 1(c)),

and measured.
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A. S-parameters
The simulated and measured S-parameters curves of the proposed dielectric lens antenna show a

strong similarity, as presented in Fig 3. The difference between the curves is credited mainly to
manufacturing errors or fluctuations in the material properties. The impedance bandwidth measured
for S11 < —10 dB covers 8.0 to 12 GHz for BPA, and 9.5 to 10 GHz for DPMA, without coupling
between feeders (with Sz; = S12 > —18dB).

B. Radiation Performance
The measured and simulated radiation pattern of the proposed lens antenna were compared and

presented in Fig. 4(a)-(d). The radiation pattern in Co-Pol was investigated in a range from 8.0 GHz to
10 GHz for the lens fed by the BPA. For the DPMA as a feeder, both Co-Pol and X-Pol were
investigated at 9.75 GHz. It is important to highlight that in the radiation pattern and gain
measurements of one feeder, the other was terminated with a matched load. The measured and
simulated curves are extremely similar, proving the effectives of the proposed design. The gain values

found for the two feeders are in line with the expected in theory [21].

Sy, [dB]

fIGHz]

Fig. 3. The proposed lens antenna measured and simulated S-parameters. Blue curve with triangle (simulated) and green
curve (measured) for reflection coefficient DPMA. Red curve with circles (simulated) and black curve with square
(measured) for reflection coefficient BPA. Grey curve with X (simulated) and brown dotted curve for feeders coupling.
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Fig. 4. The proposed lens antenna measured (red dotted curve) and simulated (black continuous curve) radiation pattern in
the xz-plane. (a) BPA feeder in 8.0 GHz. (b) BPA feeder in 10 GHz. (c) DPMA feeder in Co-Pol and 9.75 GHz. (d) DPMA
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C. Comparative study

A comparative study is presented in Table II of the proposed antenna with other designs of
dielectric lens antennas. The number of applications that can respond simultaneously, the lens radius,
the gain and the percentage bandwidth, were all compared. The Flat Lens Antennas [23] were
designed with a radius of 5k, fed by an array of printed antennas, with gain of 18.00 dBi and a
bandwidth of 14.00%. The Lens Antenna with Planar Focal Surface [24] was designed with a radius
of 3.1, fed by an array of printed antennas, with a gain of 16.65 dBi and a bandwidth of 5.94%. The
Fresnel Multi-Zone Plate Lens Antenna [25] was designed with a radius of 6.6A, fed by an TEjo;
cavity device, with gain of 33.30 dBi and a bandwidth of 38.20%. The 3-D printed multibeam
spherical lens antenna with 2-D ultrawide-angle coverage [26] was designed with a radius of 1.4\,
fed by a compact CP patch antenna operating at X-band, with gain of 15.30 dBi and a bandwidth of
6.30%. The wideband high-gain double-sided dielectric lens integrated with a dual-bowtie Antenna
[27] was designed with a radius of 1.7, fed by a dual-bowtie antenna, with gain of 15.10 dBi and a
bandwidth of 65.50%. The design of broadband 3-D-printed circularly polarized spherical luneburg
lens antenna for X-band [28] was designed with a radius of 3.00%, fed by a vivaldi antenna, with gain
of 18.60 dBi and a bandwidth of 40.00%. The compact high-gain wideband lens vivaldi antenna [29]
was designed with a radius of 1.80%, fed by a Vivaldi antenna, with gain of 15.90 dBi and a
bandwidth of 160.90%. In this study, we have proposed a hemispherical dielectric lens antenna that
was designed with a radius of 3. The simulated and measured results validate the functionality of
the structure, capable of operating from 8.0 to 12 GHz (gain of 14.2 dBi) or 9.5 to 10 GHz (gain of
17.52 dBi), respectively, for BPA and DPMA antennas. The main innovation is the ability to meet the
demand for more than one service with only one antenna. It is the first time that an antenna with these

characteristics has been presented.

TABLE II. COMPARISON WITH PREVIOUS LITERATURE STUDIES OF DIELECTRIC LENS ANTENNAS.

Reference Type feeders Lens radius [A] Gy [dBi] Bw (%)
[23] One application 5.0 18.00 14.00
[24] One application 3.1 16.65 5.94
[25] One application 6.6 33.30 38.20
[26] One application 1.4 15.30 6.30
[27] One application 1.7 15.10 65.5
[28] One application 3.0 18.60 40.00
[29] One application 1.8 15.90 160.9

This work Two applications 3.0 14.20° 40.00°

17.52° 5.12°

*Broadband printed antenna as feeder.
bCircularly-Polarized microstrip antenna as feeder.
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IV. CONCLUSIONS

In this paper, a hemispheric dielectric lens antenna design was proposed for providing beam-
steering in X-band networks. The lens was fed simultaneously by two printed antennas (one wideband
antenna with linear polarization and the other narrowband antenna with circular polarization). The
proposed antenna was designed, manufactured, and measured. The simulated and measured results
show that the apparatus has the ability to cover the entire X-Band, operating from 8.0 GHz to 12 GHz
with gain equal to 14.2 dBi, or operating from 9.5 GHz to 10 GHz with gain equal to 17.52 dBi. Thus,
the proposed antenna may prove to be a promising innovation for the future of telecommunications

systems.
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