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Abstract — Cross dipole antenna for base station
applications is presented in this paper. The proposed
antenna consists of simple dipole elements and modified
balun structure for the improved performance. The
proposed design is simple and suitable for 4G and
sub-6 GHz 5G base station applications. The antenna is
fabricated using low-cost FR4 epoxy substrate with a
dielectric permittivity of 4.4. The height of the substrate
is 1.6 mm and loss tangent is 0.02. In order to confirm
the proposed design, the antenna is measured and
compared with the simulation results. The proposed
antenna is achieved 13.8 dBi of realized peak gain in the
1.341 to 3.834 GHz frequency range along the bandwidth
of 2.492 GHz with VSWR < 1.5. The proposed antenna
obtains stable radiation patterns and stable gain over the
frequency range. The cross dipole antenna structure with
the proper radiation performance makes the proposed
antenna suitable for base station applications.

Index Terms — Antennas, base station antenna, cross
dipole antenna.

I. INTRODUCTION

Base station antenna is the most important factor
in the network coverage of wireless mobile services.
There is a demand for base station antenna with a wide
frequency band, stable pattern, and high cross
polarization ratio. Therefore, in this paper cross dipole
antenna for covering 4G and Sub-6 GHz 5G frequency
bands is presented. The proposed antenna will offer
wideband impedance along with stable gains over the
frequency and high polarization ratio. The categories of
base station antennae and the design principles are
discussed in [1,2]. The basic principles such as wideband
impedance, stable patterns in the wide frequency band,
high cross polarization ratio in wide-angle range for
base station antenna are discussed in [3]. Simulation
is playing an increasingly important role in making
sure that designs meet specification [4]. Therefore, the
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proposed antenna is designed using Finite Integration
Technigue based tool, which uses the FDTD method for
solving Maxwell’s equations in grid forms in [5]. The
simulation tool, which is selected for this research, is the
CST microwave studio. Since features such as antenna
matching and integration of circuit elements, multiple
antenna systems and phased arrays, installed performance
and co-site interference [6] are useful in designing base
station antennae. In [7] a wideband differentially fed
dual-polarized stacked patch antenna with tuned slots
discussed for 1.66 -2.75 GHz having 8.7 dBi gain. In [8]
a broadband +45° dual-polarized antenna with y-shaped
feeding lines, which operates in 1.7-2.7 GHz frequency
with the 8 dBi gain. In [9] a compact broadband dual-
polarized antenna array is given for 1.427-2.9 GHz
frequency with a gain of 8 dBi. In [10] a wideband
omnidirectional antenna array is presented with a low
gain variation of 7+1.5 dBi in 1.54-2.75 GHz frequency
range. In [11] a low-profile dual-polarized high isolation
MIMO antenna arrays for wideband base station
applications are discussed for 2.4-3 GHz frequency with
10.2 dBi gain. Broadband stacked f-probe patch antenna
and its array for base station are discussed in [12] for 1.7-
2.69 GHz frequency having a varying gain of 7.9-8.9 dB.
In [13] a low-profile wideband circularly polarized
crossed-dipole antenna with wide axial-ratio and gain
beam width given for 1-1.68 GHz frequency operation
with 5 dBi gain. In [14] surface wave enhanced broadband
planar antenna for wireless applications is presented
for 3.4-5.5 GHz frequency range with 4.6 dBi gain. In
[15] gain enhancement of bow-tie antenna using fractal
wideband artificial magnetic conductor ground is
discussed for 1.64 — 1.94 GHz frequency range with
6.5 dBi gain. The recent works related to this research
is identified in [17-21]. From the literature review, a
demand for a single base station antenna to cover a wide
frequency range is identified. Therefore, in this paper
cross dipole antenna is presented to make stable radiation
pattern over the entire frequency range which covers
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different wireless mobile communication standards such
as 2G, 3G, 4G and the sub-6 GHz 5G applications. The
development of the antenna consists of three stages, and
initially a single dipole element [16] is designed and its
balun structure is modified for the wideband operation
next, the two element antenna is developed. Finally, the
cross dipole antenna was obtained by the joining of two
pairs of dipole structures at the center. At each stage the
input matches and radiation parameters are analyzed for
the effective progress of the proposed structure. To finish
the development process parameters such as input match,
radiation patterns, gain, and efficiency are compared for
validating the fabricated and simulated antenna structure.
The comparison of performance of the proposed antenna
with the reference works is also given in the results and
discussion part to prove the proposed antenna can serve
for base station applications. There are four sections in
this paper. An introduction with the literature review in
Section 1 and its evolution of design along with the
design methodology of the proposed antenna in Section
2. Section 3 consists of a cross dipole antenna and its
results. Section 4 concludes the paper.

I1. ANTENNA DESIGN

In this section, the design methodology followed in
this antenna design is presented. The proposed antenna
shown is in Fig. 1. The overall dimension of the single
antenna element is 76*42 mm?2. The antenna consists of
a simple dipole structure at the top side of the substrate
at Fig. 1 (a) and a microstrip balun structure at the bottom
side of the rectangular FR4 substrate at Fig. 1 (b). The
dimensions for the front view of the antenna consists of,
a=42 mm, b=76 mm, ¢=37.50 mm, d=23 mm, e=27 mm,
f=15 mm, g=1 mm, h=12.50 mm, i= 11.50 mm, j= 4.50
mm. The FR4 substrate is covered with the double-sided
copper cladding with an electrical conductivity of
5.8e+007 with a thickness of t= 0.035 mm. The evolution
of the proposed design is depicted in Fig. 2 and Fig. 3.
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Fig. 1. Geometry of the proposed antenna: (a) top layer
and (b) bottom layer.
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Fig. 2. Evolution of the dipole.
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In step 1 a simple dipole of 50*100 mm? dimension
is designed with the straight balun shown in Fig. 2 (a)
which has dual resonant frequencies 1.4 GHz and 2.6
GHz then overall dimension reduced by removal of extra
space around the radiating patch following step 2 for size
reduction, which is depicted in Fig. 2 (b). It has resulted
in the widening of bandwidth from 1.4 GHz to 3.1 GHz.
The advantage of using balun is that it acts as an
unbalanced to balanced transformer from the feed line
to the two printed dipole strips. An integrated balun
between the microstrip line and the CPS line to match
the input impedance of the antenna to the 50-ohm feed
line, and the end of the microstrip line is shorted using a
shorting pin at the feeding point is shown in Fig. 2 (a).
Step 3 microstrip balun is modified into a curved
structure to improve the impedance matching process is
shown in Fig. 3 (b).
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Fig. 3. Evolution of modified balun.

The capacitive gap between the dipole elements is
chosen as 1 mm for better isolation between the dipole
elements. When the proposed antenna is compared with
the traditional dipole antenna with straight balun having
narrow bandwidth and the proposed dipole antenna
which provides wider bandwidth of 2.64 GHz from 1.30
to 3.94 GHz. Finally, the proposed antenna is obtained
with a reduced dimension of 42*76 mm?. Input match
which is obtained during the evolution of design is
shown in Fig. 4. The CST software discrete port is used
for excitation purposes with the input impedance of 50
ohms.
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Fig. 4. Input match response to the evolution of design.

I11. RESULTS AND DISCUSSION

A. Analysis of single dipole element

The proposed antenna was successfully simulated.
Then it is fabricated in 1.6 mm thickness FR4 epoxy
substrate with loss tangent tan 6=0.02 and dual layer
copper with a thickness of 0.035 mm by using a chemical
etching method. A photograph of the fabricated prototype
antenna is shown in Fig. 5 (a), front view Fig. 5 (b). Back
view of the sub-miniature-A (SMA) connector connected
to the bottom side for excitation of the antenna. Figure 5
(c) clearly shows the feeding point soldered properly to
prevent the outer connector from affecting the balun
structure. Hence, it prevents the energy radiated in an
expected way. The comparison of simulated and measured
S11 values is given in Fig. 6. The return loss (|S11| dB)
of the fabricated prototype is measured using the vector
network analyzer (Fieldfox RF Analyzer N9912A by
Agilent Technologies). It has a bandwidth of 2.64 GHz
and VSWR of <1.5 in the same frequency range.
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Fig. 5. Prototype of the proposed single element dipole
antenna: (a) front view, (b) back view, and (c) feeding
point.
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Fig. 6. Comparison of simulated and measured S11.
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The values of simulated and measured S11 were
close to each other, and the deviations were also
observed due to the fabrication process. The surface
current is an important variable because it controls the
major properties of an antenna such as input impedance,
radiation pattern, resonant frequency and bandwidth the
simulated surface current distribution is shown in Fig. 7.
At Fig. 7 (a) the current flow from the balun to the
ends of the dipole resonates with the antenna at the
lower bands of frequency. On the other hand, the current
distribution is at Fig. 7 (b) is highly dense around the
central region of the antenna while a small density
among the dipole elements is responsible for the mid-
band region. At Fig. 7 (c) the current density is equally
spread among the entire resonating elements responsible
for the higher bands of frequency. The realized gain vs
frequency for single element antenna is given in Fig. 15.
Furthermore, the proposed single element antenna
finally achieved the realized peak gain of 3 dBi over the
frequency band. It is also close to a simulated peak gain
of 3.19 dBi.

Fig. 7. Surface current distribution: (a) at 1.6 GHz, (b)
2.5 GHz, and (c) 3.8 GHz.

B. Analysis of two element dipole antenna

In order to improve the gain of single element dipole
antenna, the two element dipole antenna is developed,
and its results are investigated in this section. The
proposed two element dipole antenna is shown in Fig. 8.
The overall dimension of the proposed two element
antenna is 190*42 mm?. The two dipole antennas are
joined together where the distance between the two



dipoles is 38 mm which is chosen as it is half the width
of a single dipole antenna. These two dipole antenna
elements are fabricated and measured, and their results
are discussed. The fabricated prototype of the two
element dipole antenna is shown in Fig. 9. The realized
gain vs frequency of the two element antenna is shown
in Fig. 15. The proposed two element dipole antenna is
achieved the stable realized peak gain of 5.8 dBi over the
frequency band, it is also like the simulated peak gain of
6.1 dBi. The analysis of the E plane, H plane, Co and
Cross polarization of the radiation pattern is important
because it gives the overall information on how the
antenna radiates in the space.
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Fig. 8. Two element dipole antenna.

Fig. 9. Fabricated prototype of two element dipole
antenna.

Therefore, the radiation pattern is shown in Fig. 10,
Fig. 11 for the single and two element antennas at
the center frequency of 2.5 GHz. The measured co
polarization is 0.153 dBi for single element antenna and
for two element antenna it is 3.09 dBi. The cross
polarization is -8.35 dBi for single element antenna and
for two element antenna it is -12 dBi. The measured
radiation efficiency of the single element antenna is
found as 82.56% and for the two-element antenna, it is
83.65%.

C. Analysis of cross dipole antenna

The simulated cross dipole antenna is shown in Fig.
12 (a). The balun structure used is shown in Fig. 12 (b).
The two element dipole antenna is made a cross by
joining at the center of the two elements. The fabricated
prototype of the proposed antenna is shown in Fig. 13.
The far field radiation patterns such as radiation pattern,
gain, and radiation efficiency measurements of the
proposed antenna in anechoic chamber. The radiation
parameters measured at the center frequency 2.5 GHz are
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shown in Fig. 14. The realized peak gain increases to
14.9 dBi during the simulation process and the measured
gain is 13.8 dBi. The measured radiation efficiency of
the proposed cross dipole antenna is found as 93.25%.
The realized gain values for the single, two elements and
cross dipole antenna are given in Fig. 15. The stable gain
is observed in the frequency range of 1.341-3.834 GHz.
The simulated and measured efficiency vs frequency
plot is shown in Fig. 16. The stable efficiency is also
observed in the frequency range of 1.341-3.834 GHz. In
order to know the advantage of the proposed cross dipole
antenna, we compare the proposed antennas and the
previously reported antennas.
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Fig. 10. Radiation patterns of a single element antenna.

E Plane H Plane
0 o

225 135

180

Co Polarisation
0

Fig. 11. Radiation patterns of two element antenna.
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The comparison for the resonance frequencies,
size, substrate material and gains of these antennas is
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Table 1: Comparison between the proposed antenna
performance and other reported antennas

presented in Table 1. From the above discussions, we can Ref Frequency Size Substrate Gain
see that the proposed antenna is achieved improved 1_(GHz) (mm) Material (dBi)
bandwidth and gain to cover 4G and sub-6 GHz 5G base 7 1 166275 | 140%140 |FR% &=44,1=08mm,| 4
station applications. FRIA?SS tazg;nt ?)0{302
: I , &=4.4,1=0.8 mm,
8 1.7-2.7 | 140*55*34 loss tangent =0.02 8
(@) Arlon AD300, &,=3
* * 1 ¢r )
9 | 1.427-2.9 9903%384?;11 t=0.762 mm, loss 8
' tangent =0.03
10 | 1.54-2.75 | 636%190 |TR4 &=2551=1mm, o, g
loss tangent =0.02
‘ 11| 24-300 f112*36a*12 T4 Er=44, =3 mm, 14,
{k loss tangent =0.01
2ot FR4, £,=4.4,t=1.6 mm,| 7.9-
- % * ' er ’ il
ﬂ : 12} 1.7-269 4607180730 loss tangent =0.02 8.9
13| 1-168 | 97<81%20.4 [y oS0 OB MM g
Fig. 12. Simulated cross dipole antenna: (a) dipole RT Duroigd . _1'02
y Cr— ey
elements, and (b) balun structure. 14| 3455 | 60*120 |t=1.27 mm, loss tangent| 4.6
=0.01
15| 1.64-1.94 | 70%50%22 | FR4 &r=4.4, =3 mm, | ¢
loss tangent =0.01
23 | 1.64-3.00 | 100%70%45 [[R4 &=4:4, =08 mm, ¢ o
loss tangent =0.02
This exnn |FR4, £,=4.4,1=1.6 mm,
Workl.34l-3.834 190*76*42 loss tangent =0.02 13.8
25¢
20
Fig. 13. Fabricated cross dipole antenna. 54
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Fig. 14. Radiation patterns of cross element.
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Fig. 15. Realized gain vs Frequency.

The measured co polarization is 6.02 dBi for single
element antenna. The cross polarization is -2.98 dBi for
the proposed cross dipole antenna. The cross polarization
values obtained from the measurement are quite high due
to the fabrication tolerance.

The amount of isolation achieved by the proposed
antenna is calculated using the parameter Envelope
Correlation Coefficient (ECC) which is calculated by
using S-parameter coefficients. It is calculated using the
equations provided in [22]. The simulated and measured



values of ECC for the cross dipole antenna in Fig. 17.
which shows that the ECC values lies below 0.3 makes the
proposed antenna is suitable for base station applications.

Simulated 3D Farfield Pattern at 2.5 GHz is shown
in Fig. 18 which displays the realized gain pattern at E
plane which achieved 14.9 dBi of simulated realized gain.
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Fig. 16. Efficiency vs. Frequency.
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Fig. 17. Simulated and Measured ECC Vs Frequency.

Fig. 18. Simulated 3D Farfield Pattern.
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V1. CONCLUSION

In this paper, cross dipole antenna is proposed, and
its performance parameters are analyzed and discussed
in detail. The antenna operates at 1.341 to 3.834 GHz
frequencies with a bandwidth of 2.492 GHz. The proposed
antenna is simulated, optimized, fabricated, and measured
for the validation of design. The proposed antenna
obtains stable radiation patterns and stable gain and
also acceptable ECC over the frequency range therefore
it is suitable for 4G and sub-6 GHz 5G base station
applications.
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