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Abstract—This paper proposes a four-element array planar
antenna based on a single antenna that combines the Double
Positive (DPS) and Epsilon Negative (ENG) materials. The single
antenna consists of a microstrip segment (which is equivalent to a
DPS material) connected to a grounded via microstrip segment
(which is equivalent to an ENG material). T-Junction power
dividers with one-input and two-output ports are used for feeding
the two-element and the four-element array antennas. The
proposed array antenna is designed to operate optimally at
30GHz frequency with Finite Element Method (FEM)-based
simulation. The obtained simulation results show that the
proposed array antennas have good radiation performances, in
which the four-element array antenna has a -10dB bandwidth
ranging from 28.7 to 33.4GHz and 12.9dBi gain.

Keywords- Double Positive (DPS) material; Epsilon Negative
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1. INTRODUCTION

The rapid development of the millimeter wave
communication systems poses many challenges in matching the
requirements of these systems, especially the antenna designs
for 5G communication systems [1-2]. These modern antennas
are required to be lightweight, to have small size, and to be
fabricated easily. The conventional antennas are usually large
because the operating wavelength is always relative to their
size. Related to this issue, there have been many techniques
proposed to reduce the size of the antennas. Transmission Line
Metamaterials (TL-MM) [3] are employed to construct small
resonant antennas. It is well known that the Composite
Right/Left-Handed (CRLH) Transmission Line (TL) has the
unique property of an infinite-wavelength wave at a specific
non-zero frequency where permittivity and permeability are
zero [4-5]. The infinite-wavelength wave property is applied to
many microwave components (power dividers, Zeroth-Order
Resonators (ZOR), ZOR antennas [6-8], etc.). Nevertheless, the
radiation of these antennas is the same with the monopole
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radiation, whereas wireless imaging transmission systems and
space communications require a compact antenna with patch-
like radiation [3]. ZOR happens in the Meta-structured
Transmission Line (MTL) with ENG [5, 8]. Several models
have been proposed to decrease the resonance size of the
mushroom-shaped antenna that consists of a rectangular patch
with a series gap, is grounded, and has negative permittivity in
the specific frequency band [7, 9]. In order to improve the size
and power of the ZOR antenna, DPS material is added [3]. The
antenna pattern is designed on two components with different
electromagnetics. By optimizing the DPS segment size, the
antenna length can be shortened. With the presence of the DPS,
the antenna frequency reduces significantly in comparison with
the one zcquired by using only ENG material. To realize a
patch-like radiation ZOR antenna, a rectangular patch antenna
is loaded with a transversally inhomogeneous substrate [3].

In this paper, a modified CRLH model is used to design a
one-dimensional antenna (two-element and four-element) using
composite materials. The four-element array antenna exhibits
wide-bandwidth and high gain that can be used for the
millimeter wave systems at the frequency of 30GHz.

II.  FOUR-ELEMENT ARRAY ANTENNA DESIGN

The single antenna’s design is based on the ENG antenna
reported in [4]. T-Junction microstrip power dividers with one-
input and two-input ports (1:2) are used for feeding the four-
element array. This divider requires the power at the input port
to be equally divided into two output ports.

A. Single Antenna

The single antenna consists of a pair of DPS and ENG
material MTL. It is designed to resonate at Zeroth-order mode
and uses the ENG material which is designed on a mushroom
model structure [4]. This mushroom structure is a combination
of the rectangular patch with a series gap and a grounded
metallic cylindrical pin. It is usually employed to realize the
MTL. The MTL with ENG is realized with only the grounded
cylindrical pin and has negative permittivity in the specific
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frequency band. To achieve the impedance matching of ZOR
antennas, a gap feed g is employed [3]. The antenna is printed
on a Teflon substrate with dielectric constant £, = 2.1 and & =
1.57mm thickness. They have three cylindrical pins, each with
a radius of 0.15mm. The configuration of the single antenna is
shown in Figure 1.
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Fig. 1. Configuration of the single antenna: (a) perspective view, (b) side

view.

B. Two-element Antenna Array

A one-dimensional two-element antenna array is
effectuated by integrating two single antennas of Figure 1. The
T-Junction power divider 1:2 is printed on a Teflon substrate
with a relative dieletric constant of 2.1 and a thickness of
1.57mm. The impedances at the inlet and two-outlet ports of
the power divider are 100Q. The operating frequency is
30GHz. It can be done when (1) is satisfied:

Zautputl = Zautputz = Zinput M

where Zyytpyue1 and Zoypye, are the impedances of the two
outputs and Z,,,. is the impedance of the input. This divider
requires the power at the input to be equally divided into two
outputs. In addition, the output signal at the two ports must be
in-phase to ensure isolation due to mutual influence. All
corners of the divider are cut with an angle of 45° to reduce
reflection. For given characteristic impedance Z, and dielectric
constant &,, the W /h ratio can be calculated as [10]:
w ged
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Based on (2)-(4), the width of the microstrip line W can be
easily calculated with a given height of the substrate h. Figure
2 shows the parameters of a one-dimensional two-element
array antenna.

(2)
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Fig. 2. Two-element antenna array: (a) 1:2 T-Junction power divider,
(b) detailed parameters.

C. Four-element Antenna Array

Four identical single antennas were integrated with the
feeding network to create a higher gain antenna. This feeding
network was also built on a Teflon sheet with a thickness of
h =1.57mm. It consists of three 1:2 T-Junction power dividers
that have input and output impedances similar with the one of
the two-element array. Each element of the four-element
antenna array was excited by the same power and phase (in-
phase excitation) which are created by the equal power divider.
The configuration of the feeding and the four-element array are
shown in Figure 3.
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Fig. 3. The configuration of the four-element array: (a) 1:4 T-Junction
power divider, (b) detail parameters.
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III. SIMULATED RESULTS AND DISCUSSION

The ANSYS Academic Research HF was used for all the
simulation cases of the single antenna and the array antennas.

A. Single Antenna

In this part, the antenna is optimized by investigating the
resonant frequency versus different values of the dimension of
the antenna’s radiator. Firstly, the resonant frequency of the
single antenna is verified with various lengths of the DPS
segment while the width of the radiator is fixed at wp = 1.5mm.
As can be observed from Figure 4, the center frequency of the
antenna decreases when the length a increases. Next, the width
wp of the radiator is changed to determine the desired center
frequency of the single antenna since the length of DPS a is set
as 4mm. The return loss simulated results of the antenna at the
input are shown in Figure 5. It is observed that the center
frequency of the single antenna is inversely proportional to the
radiator’s width. The resonant frequency of the antenna
decreases as the length of the radiator increases.

0 T T T T T T T T T
A0F NI T T
~ -20
1)
<
5 -30 i
(2. =:=--a=3.5mm : |i ’ I_'!
— — a=37mm " Iii
40 H 2323 mm I g 1
—=---a=43mm 1 1
-=-=--a=4.5mm :
50 L n n n L L L L L L J
20 22 24 26 28 30 32 34 36 38 40
Frequency (GHz)
Fig. 4 Reflection coefficient with different DPS length a.
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Fig. 5. Reflection coefficient with different antenna width wp.

Figure 6 shows the simulated reflection coefficient along
with the simulated radiation pattern of the single antenna.
Figure 6(a) shows the simulated S11 of the single antenna. It is
optimized with the length of DPS a = 3.45mm and the radiator
width wp = 1.5mm. The resonant frequency is centered at
30GHz. This can be easily achieved by investigating the length
of the DPS segment along with the width of the radiator. The
final single antenna has a broad -10dB bandwidth spreading
from 27.3 to 32.4GHz. Figure 6(b) presents the simulated

radiation pattern of the single antenna. It can be observed that
the antenna has an omnidirectional pattern in the xy plane with
a gain of 8.0dBi. The optimal dimensions of the single antenna
are shown in Table L.
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Fig. 6. Simulated S11 and radiation pattern of the single antenna.
TABLE 1. OPTIMAL DIMENSIONS OF THE SINGLE ANTENNA (mm)
Parameter Value Parameter Value
ws 10 wp 1.5
Is 20 Ip 7.5
wf 1.13 g 0.2
If 5.1 a 3.45

B. Two-element Antenna Array

The simulated S11 of the two-element array antenna is
presented in Figure 7(a). It can be seen that the two-element
array has -10dB reflection coefficient and bandwidth between
28.4GHz and 32.6GHz covering the desired frequency. Figure
7(b) shows the simulated radiation pattern of the two-element
array. The array yields a directional pattern in the yz plane (E-
plane) with a maximum gain of 11.0dBi at 30GHz.

C. Four-element Antenna Array

Figure 8(a) presents the simulated S11 of the four-element
array antenna. The obtained simulation results indicate that the
array yields a -10dB bandwidth from 28.7GHz to 33.4GHz.
This array antenna has been successfully designed when its
resonant frequency is still centered at 30GHz as the one of the
single antenna. The simulated results of the radiation pattern of
the antenna array are shown in Figure 8(b). The antenna
exhibits a directional pattern in the E-plane (yz plane) with a
peak gain of 12.9dBi.
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5F 4

ol W _
20+ 4

S11 (dB)

25 26 27 28 29 30 31 32 33 34 35
Frequency (GHz)

Simulated S11 and radiation pattern of the four-element antenna

TABLE II. COMPARISON BETWEEN THE PROPOSED AND OTHER DIPOLE
ANTENNAS

Ref. No. of array Feeding Center frequency/ | Gain
) elements method Bandwidth (GHz) | (dBi)

[11] Array 2x2 SIW 28/0.8 9.2

1 Array 2x2 Microtrip feed 28/NM 123
(12] Array 1x4 Microtrip feed 28/NM 12.5

This work Array 1x4 Microtrip feed 30/4.7 12.9

NM: Not mentioned

A comparison between the proposed 4-element antenna

array with related works is shown in Table II. It can be seen

that the designed 1x4 antenna array shows good performance

in terms of bandwidth and gain in comparison with the listed
array antennas.

IV. CONCLUSION

In this paper, one-dimensional antenna array has been
designed and simulated by combining two material structures
that have DPS and ENG properties. Applying array antennas to
the design has improved the directional radiation significantly
and increased the gain. The simulated results show that the
four-element array antenna yields a wide bandwidth spreading
from 28.7 to 33.4GHz. In addition, the antenna array represents
a maximum gain of 12.9dBi. With this radiation performance,
the designed antenna array can be used for millimeter wave
applications, especially in the 5G system.
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