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Compact and Broadband Uniplanar Microstrip Antenna
for Endfire Radiation

Rajbala”

Abstract—A compact and broadband uniplanar Microstrip Antenna (MSA) is proposed for endfire
radiation at sub-6 GHz 5G frequency band. The proposed antenna consists of a semi-elliptical radiating
element and a U-shaped ground plane. The use of semi-elliptical radiating element results in a wide
impedance bandwidth (BW) and compact size. The U-shaped ground plane further improves the
bandwidth due to the increased coupling from radiating element to ground. An endfire radiation,
3.8dBi peak gain, and 49.8% BW are achieved while a compact size of 0.47X\y x 0.13\g x 0.008\
(where )¢ is the wavelength in free space at the center frequency) is kept. To validate the simulation
results, prototype of the proposed antenna was fabricated and tested. The measured results are in good
agreement with the simulated ones.

1. INTRODUCTION

With increased exigency of portable communication systems, the utility of printed antennas has attained
a prominent edge over the other types of antennas due to its compactness, low profile, conformability,
and cost-effectiveness. A lot of research is going on to design compact and planar antennas by applying
concepts of different non-planar antennas. Microstrip antennas provide broadside radiation [1-4];
however, the proposed uniplanar MSA provides endfire radiation. Therefore, literature survey of endfire
antennas is provided here to compare the proposed antenna with the literature. Yagi-Uda array, Log-
Periodic Dipole Array (LPDA), and Vivaldi antennas provide endfire radiation, and various planar
configurations of these antennas are reported in literature to achieve endfire radiation [5-42]. In [5],
a balanced antipodal slot-dipole with dual band characteristics is reported with reduced ground plane
effect and compact size of 0.21A; x 0.21A;. A dual band characteristic with omnidirectional and
unidirectional patterns in endfire direction is achieved by an aperture-coupled dipole antenna with
offset feed [6].

Generally, Yagi antennas and LPDAs are used for higher gain and higher BW, respectively. The
gain of Yagi antenna is increased by adding multiple directors [7—10]. A T-element Microstrip Line
(MSL) fed Yagi-Uda antenna with size 2.3\ x 3.11\g x 0.030)\¢ is reported to achieve > 10 dBi gain and
> 20dB Front to Back ratio (F/B) [7]. A Yagi-Uda antenna with printed magnetic-dipoles provides
> 10.5dBi peak gain and approximately 11.7% fractional bandwidth with twelve elements and large
ground plane [8]. To further increase the gain, a stacked multilayer configuration of printed Yagi antenna
of size 1.55Xg x 1.55A0 X 0.56.\¢ is reported to achieve 11 dBi gain and 14% fractional bandwidth [9]. A 6-
element Yagi with a curved disk monopole as driven element and flat disk monopole as directors provides
20% BW and more than 10dBi gain [10]. Since feed structure also plays a crucial role for wideband
impedance matching, various feed structures are reported in [11-20] for Yagi-Uda antennas to increase
the bandwidth. A printed Yagi antenna consisting of a tilted self-complimentary driven element and
a triangular notch on ground provides broadband frequency response at the cost of poor F/B [21]. A
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printed quasi-Yagi antenna consisting of a circular-sector fed and two annular-sector director elements
provides 10dBi gain and 17.6% bandwidth [22]. Many different techniques are reported in [23-30] to
make the Yagi antenna compact and broadband. A Yagi antenna with multiple reflectors is reported
to improve F/B [23]. A printed quasi-Yagi antenna consisting of a fed dipole, two parasitic strips, and
modified ground plane is reported to achieve 16.7% bandwidth and 4 dBi gain [24]. To decrease the
lateral size of the Yagi antenna, stepped width reflector [25] and U-shaped reflector [26] can be used. A
broadband Yagi-based MIMO antenna system with 2 elements and loop excitation is reported to have
45% bandwidth and 6 dBi gain with overall size 0.90\¢ x 1.44\g x 0.014)\g [27]. A 3-element quasi-Yagi
antenna having size 0.41\g x 0.54)\g is reported to achieve 41.4% bandwidth and 6.5 dBi +0.5dB gain
with a reflector and a director, and two-element LPDA as driven element [28]. A 3-element uniplanar
Yagi antenna with 0.4\ x 0.36¢ size is reported to achieve 4.6% bandwidth and 8.2 dBi gain [29]. A 2-
element uniplanar Yagi-MSA with semi-elliptical driven element is reported to achieve 11.3% bandwidth
and 5.2dBi gain with an overall size of 0.50Ag x 0.13X\g x 0.009g [30].

Various configurations of broadband LPDAs are reported in [27-38]. To make the LPDAs compact
along the lateral dimension, meandered dipoles are used at the cost of reduced gain, and higher X-
pols [31-33] or the dipole elements are loaded at the ends of the half dipoles at the cost of decreased
gain [34]. The bandwidth of the LPDAs is limited by feed network, so various broadband feed networks
are reported in [35-37]. In [35], a balun with two coaxial cables is reported to achieve better phase
centre stability. A log-periodic microstrip antenna is reported to achieve 120% impedance bandwidth,
10 dBi peak gain, and improved radiation pattern at lower frequencies due to the mixed MSL feed [36].
An LPDA with a simplified microstrip feed is reported in [37] in which there are crossed dipoles with
microstrip line feed on one side of the substrate and crossed dipole connected to parallel microstrip
feed line and a truncated ground plane on the other side of the substrate. In [38], a mode converter
balun is reported for an ultra-broadband LPDA. A wideband LPDA can be designed using bow-tie
dipole elements [39]. A conformal LPDA with trapezoidal bow-tie elements is reported to achieve 118%
bandwidth and 5dBi average gain [40]. A combination of hat-loaded and T-loaded dipole elements are
used to design a compact and ultra-broadband LPDA antenna [41]. A SIW fed clamped-mode LPDA
with non-resonant metamaterial structure on both sides of the substrate is used to increase the gain of
the antenna [42].

In this paper, a compact and broadband uniplanar MSA with a semi-elliptical radiating patch and
U-shaped ground plane is proposed for endfire radiations. The semi-elliptical radiating patch is used
to achieve wide BW and compact size along the antenna axis, and the U-shaped ground plane is used
to reduce the lateral dimension. Additionally, the bent ground plane improves the BW due to the
increased coupling from radiating patch to the ground.

2. ANTENNA DESIGN, EVOLUTION PROCEDURE AND ANALYSIS

2.1. Antenna Design

Figure 1 presents the geometry of the proposed uniplanar MSA on a substrate with dielectric constant
gr = 2.55, thickness h = 0.079c¢m and loss tangent tand = 0.018. The proposed antenna consists
of a semi-elliptical radiating patch and a U-shaped ground plane. The ground plane and radiating
patch are placed on the same side of the substrate, and a simple feed is provided with the help of an
SMA connector to make the antenna uniplanar. The inner and outer conductors of the connector are
connected to the radiating patch and ground plane, respectively, and an adhesive tape is placed between
the inner conductor and ground plane to ensure that there is no shorting from the inner conductor to
the ground plane.

2.2. Evolution Procedure

A uniplanar MSA with a rectangular radiating patch provides narrow BW. Therefore, to increase the
BW, rectangular patch is replaced by an elliptical patch (Antenna 1) as shown in Figure 2(a). The
dimensional parameters of Antenna 1 designed for sub-6 GHz 5G frequency band are: substrate length
Ly = 4.6cm, substrate width Wy = 2.0cm, ground plane length L, = 4.5cm, ground plane width
Wy = 0.25cm, patch length L, = 3.7cm, patch width W), = 1.4cm, spacing between ground and
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Figure 1. Design of the proposed antenna: (a) layered, and (b) top and side views with geometry
parameters.
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Figure 2. (a) Different stages of the uniplanar MSA: elliptical radiating patch (Antenna 1), semi-
elliptical radiating patch (Antenna 2), and semi-elliptical radiating patch and U-shaped ground plane
(Antenna 3) and their simulated (b) reflection coefficient (dB), and (c) gain vs frequency plots.

radiating patch s = 0.25cm, feed location zfceq = 0.4cm, and thickness of the annealed copper layer
t = 0.035mm. The obtained BW and peak gain for Antenna 1 are 11.6% and 5.4 dBi, respectively as
shown in Figures 2(b)—(c), and the overall size is 0.52\g x 0.22)¢. Next, to reduce the size of Antenna
1, half width of the radiating patch is removed (Antenna 2), and all the other dimensional parameters
are kept the same. The obtained BW for Antenna 2 is approximately the same as that of Antenna 1.
However, the resonance frequency decreases due to the decreased average spacing between the radiating
patch and ground plane as compared to Antenna 1. The obtained gain for Antenna 2 is 4.9 dBi, and
this decrement in gain is because of the reduced patch width. Next, Antenna 3 is designed by bending
the ground plane in a U-shape to further reduce the electrical size of the antenna. The size of the bent
part is taken as Ly = 0.45cm and Wy, = 0.15cm. The U-shaped ground plane also increases the BW
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due to the increased coupling from radiating element to the ground. Antenna 3 has an electrical size of
0.47Ao x 0.13Xg, and it provides approx. 46% BW and 4.2 dBi peak gain. The simulated |S1;| and gain
plots of these three antenna configurations are compared in Figures 2(b)—(c).

2.3. Parametric Analysis

To see the effects of variation in size of bent part of the ground plane, a parametric study is carried out
with the help of CST-MWS 2017. Initially, the length of bent part of the ground plane L4 is varied
by keeping all the other parameters fixed to their optimized values. Lg; is increased from 0.15cm to
0.45cm in a step size of 0.15cm, and the simulated results are presented in Figure 3. As seen from
Figure 3, there are two resonances, one because of the ground and the other because of the radiating
patch. The size of the ground is larger than the patch; therefore, the first resonance (lower frequency)
is because of the ground. As L, increases, the coupling from radiating patch to ground plane increases,
and the ground plane starts resonating. The resonance frequency of the ground decreases with increase
in Ly (because of the inverse relation of length and resonance frequency of a resonant structure),
and there is no significant effect on the second resonance (due to the patch) as shown in Figure 3(a).
However, for the second resonance, the deepest point of |S;| increases with the increase in Lg; due to the
increased resistance for higher values of L,1. Because of these two resonances, operational bandwidth
for |S11] < —10dB increases from 2.86-3.64 GHz to 2.43-3.82 GHz, and the peak gain decreases slightly
from 4.5 dBi to 4.2dBi as Ly increases from 0.15cm to 0.45 cm.

Next, the width of bent part of the ground plane Wy is varied by keeping L, = 0.45cm and
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Figure 3. (a) Input resistance and reactance, (b) Smith chart, and (c) reflection coefficient (dB) and
gain (dBi) vs frequency plots of the proposed antenna for Lg; = 0.15cm, 0.30 cm and 0.45 cm.
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Figure 4. (a) Input resistance and reactance, (b) Smith chart, and (c) reflection coefficient (dB) and
gain (dBi) vs frequency plots of the proposed antenna for W, = 0.25cm, 0.15cm and 0.05 cm.
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all the other parameters fixed to their optimized values. The width Wy is decreased from 0.25cm to
0.05cm in a step size of 0.1cm, and the simulated results are shown in Figure 4. Since the ground
plane length L, is fixed, if we reduce W1, then the bent part of the ground plane moves away from
the radiating patch which results in reduced coupling from the radiating patch to the ground. This can
also be seen from the Smith chart that size of the impedance loop decreases indicating less coupling as
W1 decreases. Because of this reduced coupling, the first resonance frequency increases with decrease
in Wy whereas there is no significant effect of Wy, on the second resonance. Therefore, operational
bandwidth for [S11| < —10dB decreases from 2.38-3.82 GHz to 2.55-3.82 GHz, and peak gain increases
slightly from 4.2dBi to 4.3dBi as Wy decreases from 0.25cm to 0.05cm.

2.4. Reasoning for Endfire Radiation

A conventional microstrip antenna provides broadside radiation pattern. However, the proposed
uniplanar microstrip antenna (Antenna 3) provides endfire radiation. To demonstrate it, the fringing
fields and the radiation pattern at 3.3 GHz are shown in Figure 5. The resultant electric field is in
—z-direction as seen from the electric field distribution in Figure 5(a). The resultant magnetic field
is in +z-direction as seen from Figure 5(b). Therefore, in the far-field the electric and magnetic fields
will be in —z- and +z-directions, respectively. The direction of propagation is perpendicular to both
electric and magnetic fields for a TEM wave, and the waves travel as a TEM wave in a free space or a
far-field. Therefore, the direction of propagation for uniplanar MSA is in +y-direction. Since the plane
of the antenna is xy-plane and antenna axis along y-axis, the wave propagation is in endfire direction.
As shown in Figure 5(c), the radiation pattern at f = 3.3 GHz is endfire.
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Figure 5. (a) Electric field, (b) magnetic field, and (c) radiation pattern of the proposed antenna
(Antenna 3) at f = 3.3 GHz.
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Figure 6. (a) Fabricated prototype of the proposed antenna, and its measured results: (b) reflection
coefficient (dB) and gain vs frequency plots, (c) input impedance vs frequency plot, and (d) radiation
pattern at the centre frequency of operation fy = 3.1 GHz.

3. MEASURED RESULTS AND COMPARISON

The proposed antenna (Antenna 3) is fabricated and tested, and the physical parameters of the antenna
are: Ly =4.6cm, Wy =13cm, Ly =4.5cm, Wy = 0.25cm, Ly = 0.45cm, Wy = 0.15¢m, L, = 3.5 cm,
W, =0.7cm, s = 0.20cm, and @ f¢eq = 0.67 cm. The prototype of the antenna is shown in Figure 6(a),
which is fed by a 50 Q2 SMA-Male connector. The reflection coefficient and Smith chart of the antenna
are measured using a vector network analyzer (VNA), and the results are shown in Figures 6(b)—(c).
The measured operational BW for |Si;| < —10dB is from 2.32 GHz to 3.86 GHz which corresponds to
approximately 49.8% BW, and the obtained peak gain is 3.8 dBi. The electrical size of the antenna is
0.47Xg x 0.13\g at the centre frequency of operation. The radiation pattern of the proposed antenna at
its centre frequency of operation fy = 3.1 GHz is shown in Figure 6(d). The radiation pattern is endfire
with front-to-back ratio of 10.5dB.

The proposed uniplanar MSA is compared with the literature on the basis of electrical size,
percentage bandwidth, gain, front-to-back ratio (F/B), and figure of merit (FoM) as shown in Table 1.
The F/B in Table 1 is taken at the centre frequency of operation, and FoM is defined as the ratio of
gain bandwidth product and the electrical size of the antenna. For the calculation of gain bandwidth
product, the numerical values of gain and percentage bandwidth are considered, and for electrical size,
physical size is normalized with respect to the wavelength corresponding to the center frequency of
operation. The proposed antenna has a smaller size (0.47\g x 0.13)\g) and provides better FoM with
49.8% bandwidth and a peak gain of 3.8 dBi. Hence, the proposed uniplanar MSA with semi-elliptical
radiating patch and U-shaped ground plane can be considered as a good choice for endfire radiation.
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Table 1. Comparison of the proposed antenna with previously reported endfire antennas.

Ref. & Year Description Size (A\oXXo) | BW | Gain| F/B | FoM
(%) | (aBp)| (dB)

[19] - 2016 8-element Quasi-Yagi with folded dipole 0.42x1.16 10.0 | 9.8 9 196

[20] - 2017 A differential-fed 3-element Yagi with folded | 0.53x0.49 12.8 | 6.5 17 220
dipole and a parasitic stripline resonator

[25] - 2016 3-element Yagi with a stepped-width reflector 0.40%0.42 10.5 | 7.0 17 313

[26] - 2017 4-element Yagi with folded dipole and reflector 0.41x0.42 67.0 | 54 | 10 1349

[27] - 2017 Array of loop antenna with a director 0.97x1.56 414 | 6.0 18 109

[28] - 2018 3-element Yagi with 2-element LPDA as the | 0.54x0.41 414 | 7.0 20 937
driven element

[29] - 2019 Uniplanar MSA with a director 0.47%0.36 4.7 8.2 18 183

[42] - 2019 SIW fed Clamped mode LPDA with non-resonant | 1.65x2.54 424 | 12.3 | 19 172
MTM consisting of series of metallic semirings

Proposed Work | Uniplanar MSA with U-shaped ground 0.47%x0.13 49.8 | 3.8 10 1955

4. CONCLUSION

A compact and broadband uniplanar microstrip antenna is proposed for endfire radiations. The proposed
antenna consists of a semi-elliptical radiating element and U-shaped ground plane. A wide bandwidth
and compact size are achieved due to the semi-elliptical radiating element. The U-shaped ground plane
further improves the bandwidth due to the increased coupling from radiating element to bent arms
of the U-shaped ground plane. The proposed compact antenna having size 0.47Ag x 0.13Xg x 0.008\g
provides a better FoM with 49.8% bandwidth and 3.8 dBi gain. This antenna can be used for sub-6 GHz
5G applications with endfire radiation and can also be integrated easily with RF front-end circuits.
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