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Abstract: in this article, an ultra-wideband traveling wave antenna with antipodal topology is proposed. The
proposed design is realized on an economical substrate with minimum thickness. The proposed design offers
an ultra-wide bandwidth of 26 to 40 GHz, translating to 42%. The dimensions of the antenna are 20mm x10mm
x 0.5mm indicating an electrically compact structure. The proposed antenna offers high front to back ratio of
at least 10dB across the bandwidth of operation. The forward gain of the antenna varies from 4 to 7dBi in the
afore-mentioned band. The pattern integrity is maintained throughout the band. The antenna is fabricated
using the commercial photolithography process. A mutli-step topology of the antennas is also proposed for
wide angular coverage. The coverage is greater than 150° with mutual coupling less than 25dB. These
performance metrics is achieved with a very small footprint. Simulated and experimental results are presented
in this paper.

Keywords: economical antenna; ultra-wideband; 5G; base station; wide angular coverage

1. Introduction

With the onset of higher wireless standards on the commercial stage, it is imperative and
intuitive to design wireless systems that are compliant with future protocols. One of the most talked
about wireless standards is the 5G technology with higher carrier frequencies [1]. The current
commercial wireless devices are built with sub-6GHz carrier frequencies. The hardware designs for
sub-6GHz are well-known and have been in the industry for over a decade now [2]. With the
arrival of 5G wireless standards, hardware pundits predict the growth and deployment of millimeter
wave based cellular links. The major concern with millimeter wave based technologies is the
relatively high path loss compared to its 4G-LTE (Long Term Evolution) counterpart. The reason for
this phenomenon is the operating frequency of the millimeter wave systems. It is proposed that
28GHz bands would be useful for cellular communications. On the other hand, 4G systems operate
in the 0.7 to 2.7 GHz. This frequency translation would imply that an additional free space path loss
of 20 to 25dB would be encountered with the communication links.

To nullify the effect of the additional path loss encountered, the power could be boosted at the
base station or the mobile phone [3]. This approach would be unsustainable in the long run. It must
also be noted that higher transmission power at the mobile device would mean that the battery of the
device would drain out quickly and creates inconvenience to the consumers.

The popular strategy to mitigate path loss and absorption losses at millimeter wave frequencies
is to simultaneously enhance gains of the antenna system at the transmitting and receiving ends. In
other words, the path loss issue could be resolved by increasing the gain of the antenna at the mobile
device and the base station [4-15]. The available space to integrate antennas is very limited in the
mobile terminal, hence antennas with high aperture efficiency have to be designed and incorporated.
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On the other hand, the antennas to be deployed in the base stations must possess the following
features:

¢  Economical: the cost of the antenna system must be low, as these devices would be scaled for
an entire geographical location

e  Wide angular coverage: the purpose of installing a base station is to provide high coverage for
the available real estate

e  Manufacturability: the process of fabrication of the antennas must be commercially viable

e  Scalability: the design and fabrication processes must be compliant with that of the antenna
systems of the previous wireless generations

In order to comply with these features, numerous designs have been published in the literature.
A 28GHz multi-element is proposed in [1], this design lacks a wide-angular coverage. A T-shaped
antenna is presented in [2], the design could be scaled or optimized for base station applications, but
would yield low gain compared to the travelling antennas. A dual-band microstrip fed antenna is
demonstrated in [3], even though the antenna operates in multiple bands the gain for the available
radiating aperture is low. A modified phased array approach is shown in [4], the scanning loss is
close to 4dB, which makes it unsuitable for base station applications. A wide band antenna operating
in the 28GHz band is presented in [5], the pattern integrity across the band is poor.

Even though the antenna presented in [6] is compact, the gain and pattern integrity is
compromised. Antennas presented in [7-9]. A high efficiency antenna system with multi-polarization
is proposed in [10], it is designed on an expensive substrate with multiple fabrication technologies.

Application of defected ground structures result in poor pattern integrity across the band, as
illustrated in [11]. A broadband high gain antenna is presented in [12], beam switching feature is
missing. A 77 GHz antenna for radar sensor is published in [13], scaling this design for 28GHz would
lead to increased manufacturing costs. Wideband antennas with lower gains are presented in [14-15].

In this paper, an ultra-wideband antenna with antipodal topology is presented. The antenna is
realized on a low cost substrate.

The introduction should briefly place the study in a broad context and highlight why it is
important. It should define the purpose of the work and its significance. The current state of the
research field should be carefully reviewed and key publications cited. Please highlight controversial
and diverging hypotheses when necessary. Finally, briefly mention the main aim of the work and
highlight the principal conclusions. As far as possible, please keep the introduction comprehensible
to scientists outside your particular field of research. References should be numbered in order of
appearance and indicated by a numeral or numerals in square brackets—e.g., [1] or [2,3], or [4-6]. See
the end of the document for further details on references.

2. Ultra-wideband Antipodal Antenna

The schematics of the proposed antipodal antenna are displayed in Figure 1. The antipodal
antenna is realized on the industrially available, economical FR4 substrate. The substrate has a
dielectric constant of 4.4 with a corresponding loss tangent of 0.02. On the outset, the substrate
appears to be lossy at high frequencies. This phenomenon would aggravate with the substrate
thickness. Hence, in order to mitigate the surface wave modes and the dielectric loss, an electrically
thin substrate is chosen. The substrate thickness is 0.5mm, which translates to approximately 0.05A
at 28GHz. Hence, the antenna is realized on an electrically thin substrate. The dielectric constant aids
in miniaturization of the radiator. The feed is 1mm, which is matched to the 500 port impedance.

The feed line is tapered to the arms of the antipodal antenna. The tapering contour has been
optimized to achieve maximum gain for the available physical footprint.
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Figure 1. Schematics of the proposed antenna.

The ground plane is a mirror image of the top plane. The photograph of the fabricated prototype
along with the connector is shown in Figure 2. The industry standard photo-lithography technique
was used to fabricate the proposed element. The 2.92mm end-launch connector was used for
measurement purposes. The entire assembly is shown in the figure. It must be noted that the
commercial substrate FR4 with a thickness of 1.6mm was not used for this application, due to the
high cross-pol radiation emanating from the substrate alone.

Ground Plane

Top Plane

Figure 2. Photograph of the prototype.

The input reflection coefficient of the proposed antenna is shown in Figure 3. The simulated 10-
dB impedance bandwidth is from 26GHz to 40GHz, translating to 42%. The wide bandwidth could
be attributed to the design of the tapering aperture of the antipodal antenna on the electrically thin
substrate. It must be noted that several published works achieve similar performance of impedance
bandwidth with the application of wideband baluns and other complicated feed network. In the
proposed design, a simple transmission line is impedance transformed to the radiating arms of the
antipodal antenna. The discrepancy between the simulated and measured values could be attributed
to the slight deviation of the dielectric constant of the substrate used. The alignment error between
the solder-less connector and the fabricated prototype also leads to minor errors in the measurement.
The measurements were carried out with R&S ZNB40. The port was properly calibrated prior to the
measurements.
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Figure 3. Input reflection coefficient of proposed antenna.

The radiation patterns of the proposed antenna are illustrated in Figure 4 and Figure 5. Both the
E-plane and H-plane patterns have been illustrated. The patterns across the operating band have a
high front to back ratio, greater than 10 dB. The radiation patterns were measured inside an anechoic
chamber that is rated up to 40 GHz. All the simulations were done with Ansys Electronics 2015.2
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Figure 4. Radiation patterns E-plane (a)24 GHz (b)34 GHz (c) 40GHz.
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Figure 5. Radiation patterns H-plane (a)24 GHz (b)34 GHz (c) 40GHz.

The forward gain of the proposed antenna is illustrated in Figure 6. The gain varies from 4 to 7.5
dBi. The gain variation is acceptable given the ultra-wideband operation. The gain increases due to
the variation in the electrical size of the aperture. The proposed element offers high gain for the
occupied real estate. It must be noted that the 3-dB gain bandwidth is almost identical to the 10-dB
impedance bandwidth.
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Figure 6. Forward gain of the proposed antenna

3. Multi-step Antipodal Antennas

The proposed antenna is extended to a multi-step architecture. This multi-port design is
demonstrated to achieve wideband pattern diversity and to achieve wide-angle coverage. The
proposed layout for the multi-step is shown in Figure 7. The elements are mounted at a distance of
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8mm from each other. This distance is a compromise for the mutual coupling between the ports and
the radiation patterns.

One of the ports would be activated, depending on the user’s requirement. It must be noted that
the multi-step topology is optimized for minimal mutual coupling.

Portl

Port2 —

Port3

(a) (b)

Figure 7. Schematics of the proposed muti-step design (a) Top view (b) Isometric view.

The fabricated prototype of the multi-step architecture is illustrated in Figure 8. A PLA
(Polylactic acid) based 3D-printed support structure was designed to accommodate the three ports
of the identical antennas. In a real-world deployment scenario, customized connectors could be
mounted with the elements to achieve the pattern diversity or wide angular coverage.

é Port1
3D-printed
Scaffolding

Figure 8. Photograph of the fabricated prototype.

The mutual coupling plots are shown in Figure 9. The mutual coupling is less than 25dB across
the entire 42% band. This could be attributed to the optimized topology of the antennas and its
respective high gain. It must also be noted that the impedance characteristics of the single and its
multi-step counterpart is almost identical. As the mutual coupling is minimal, the input reflection
coefficients of the other elements remain intact.
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Figure 9. Mutual Coupling of the multi-step architecture

The radiation patterns of the multi-step architecture at 24 GHz and 34 GHz is shown in Figure
10. It is evident that the proposed topology offers a wide angular coverage across the bandwidth.
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Figure 10. Radiation patterns of the multi-step design (a) 24 GHz (b) 34 GHz.
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Table 1 illustrates the performance metrics of the proposed topologies over the existing designs,

published in the literature. It is evident that the proposed antenna is realized on an inexpensive
substrate with industrial manufacturing process. The multi-step topology also delivers wide angular

Coverage.
Table 1. Comparison with published works.
Frequency Operating range (bandwidth) . . . Wide angle
Ref B
eference (GHz2) (GH2) Size Gain (dBi) coverage
1 28 GHz 24-32GHz (8GHz) 20mm x 10.7mm x 0.5mm 9dBi No
2 28GHz 26-30GHz (4GHz) 18.5mmx ff;‘m x 0254 11.5dBi No
28GHz and 27.58-28.42GHz(0.840GHz) 7.1dBi and
1 1 .
3 38GHz 37.36-38.64(1.280GHz) Smm x 10mm x 0.508mm 7 o4, No
4 28GHz 26-32GHz(4GHz) 20mm x 22mm x 0.256mm 10.7dBi No
5 28GHz 26.5-29.5GHz(3GHz) 10.8mm x 8mm x 0.508mm 3.65dBi No
6 28GHz 25.83-30.24 GHz (4.4GHz) 5mm x 3mm x 1.6 mm 4.49dBi No
7 28GHz 27.35-28.65GHz(1.3GHz) 6mm x 6mm x 0.508mm 7.6dBi No
26.055-29.945GH
8 28GHz 6 O?; 899C~}9Hi)G “ 15mm x 10mm x 0.203mm 5.9dBi No
9 28GHz 26.5-32.9 GHz (6.4GHz) 5mm x 5mm x 0.203mm 5.62dBi No
26-40 GH 14 2 B
Proposed 28GHz 6-40 GHz ¢ 6mm x 20mm x 0.5mm 4-7dBi Yes

GHz)

(FR4)
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4. Conclusions

In this article, an ultra-wideband antenna element is proposed. The antenna is realized on a low
cost substrate with commercial manufacturing process. The antenna operates from 26 to 40 GHz, with
an on-axis gain of more than 4dBi across the operating band. A multi-step topology of the proposed
antipodal antenna is also presented in this paper. The proposed antenna system could be a potential
candidate for future mmWave 5G applications.
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