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Microstrip patch antenna (MPA) is widely used for different wireless communications such as WiMAX and fifth generation (5G).
In this paper, a wideband, highly efficient, omnidirectional, compact novel patch antenna has been designed and reported for
WiMAX/lower 5G communications. The proposed compact MPA is made on Rogers RT 5880 (¢, =2.2 and tan (&) = 0.0009).
The physical volume of the MPA is compact (32 x 32 x 0.79 mm?). The MPA consists of seven small square-shaped elements
that are diagonally connected with each other. The 7-element antenna works at 3.592 GHz with a suitable reflection coefficient
of -46.78 dB and a -10 dB bandwidth (BW) of 1.40 GHz, covering 3.10-4.50 GHz. The apex gain (G) and the directivity (D) of
the designed prototype are 3.90 dB and 4.20 dBi, respectively. The antenna maintains a high efficiency of 94-98% over the 3.10-
4.50 GHz operating range. The VSWR of the antenna is close to unity, which is 1.0092 at 3.592 GHz. Initially, CST is used to
design the antenna, and then, all the properties have been buttressed by using high frequency structure simulator (HFSS).
Finally, a prototype of the compact 7-element antenna has been developed and measured. Owing to getting good results for
the intended applications, the presented compact antenna can be a reliable candidate for WiMAX (3.4-3.6 GHz) and lower 5G
(3.3-4.2 GHz).

1. Introduction

There are billions of people in the world, and they are very
far from each other. In the early ages, it was difficult to con-
nect with each other through wired communication. This
difficulty is solved by wireless communication. Now we can
connect to any network without any hassle. No presetup
connection is needed here. Therefore, in the telecommunica-
tion sector, wireless communication is the fastest growing
and most promising technology [1]. Strong wireless commu-
nication networks, including Internet of Things (IoT), artifi-
cial intelligence, and 5G, are essential to the development of

powerful new technologies [2, 3]. 5G is mainly the fifth gen-
eration of technology in cellular network systems. It comes
after four generations of networking. These networks were
1G, 2G, 3G, and 4G. Here, every generation is faster than
the previous one [4]. Because the aim of today’s technology
is the fastest data transfer, these things make 5G different
from other generations because of its capacity and latency
[5, 6]. The maximum capacity in fifth generation ultrawide-
band (UWB) is in gigabits per second (Gbps), which was
megabits per second (mbps) in the previous generation
(4G) [7]. They enable the instantaneous connection of bil-
lions of devices for the purpose of gathering and sharing
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information. For transferring these huge amounts of data,
the fifth generation uses various frequency spectrums. These
spectrums vary from country to country. In many countries,
5G systems are still in trial, and frequency bands have yet to
be finalized. Among them, the most common lower 5G band
is N77 [8]. It ranges from 3.3 to 4.2 GHz. It also falls within
the C-band. The N78 band is also included here, which
ranges from 3.3 to 3.8 GHz. These bands are less complex
in the development of infrastructure, deployment, and
future network enhancements in comparison to the upper
band [9]. Because they are less than 6 GHz, these bands are
also familiar as “sub-6 GHz” bands. Around this range, we
can get another band of 3.4-3.6 GHz, which is one of the
three spectrums of WiMAX. Based on the IEEE 802.16, the
WiIMAX progeny of wireless broadband technologies offers
solutions for the physical layer and media access control. It
offers fast web surfing without being connected through
cable or a digital subscriber line (DSL) [10, 11]. The infra-
structure of WiMAX is very easy and flexible [12, 13]. It
can handle multiple users exchanging data at the same time
[14]. Users could afford this dependable, secure technology
[15, 16]. Orthogonal frequency division multiplexing
(OFDM) is integrated with WiMAX technology to enable
it to provide high speed data [17]. To design and simulate
this technology, various user-friendly software packages are
now available on the market. In [18], the authors used CST
microwave studio and advanced design system (ADS) elec-
tromagnetic solver for designing the antenna. The simulated
result slightly varies from software to software. But it does
not change the whole output of a well-designed antenna.
An antenna with dimensions of 30 x 45 x 1.6 mm? works at
two resonant points. These are 2.45 GHz and 5.8 GHz. The
return losses at these points are around -30dB and -23dB,
respectively. The design covers a good bandwidth of
0.48 GHz and 1.89 GHz, but the gain of the antenna is
medium. A high gain antenna is discussed in [19]. The gain
of the MPA is 6.8dB with a huge substrate dimension of
100 x 100 x 1.6 mm®. It increases the cost of fabrication. It
is also a dual-band antenna whose resonance points are
245GHz and 3.50 GHz. This antenna provides 70% effi-
ciency with a good reflection coefficient of -40dB and
-25dB. The authors in [20] proposed a small MPA for 5G
applications. They used Ansoft’'s HFSS to model the
antenna. This compact size antenna (50 x50 % 1.6 mm?>)
provides a slightly small BW of 0.25 GHz with a considerable
gain of 3 dB. The gain of work in [21] is comparatively low
(2.3dB), but the size of the MPA is compact. The dimen-
sions of the MPA are 22.5 x 10.7 x 1.6 mm’ with a low effi-
ciency of 73%. The compact size of the MPA will reduce
the fabrication cost. It resonates at 3.8 GHz with a good
bandwidth of 0.8 GHz. The reflection coefficient at the reso-
nant point is around -25 dB, which is good for applications.
The antenna presented in [22] resonates at 3.4 GHz. It is a
narrowband, compact-size antenna with a good gain. The
height of the substrate is slightly thicker (3.2 mm). The gain
of 4.8 dB makes it a good candidate for 5G applications.
This work is designed and investigated by CST-MWS
and HFSS. The volume of the Rogers RT 5880 substrate is
32 %32 x0.79mm”’. This 7-element MPA covers the band

of 3.10-4.50 GHz. It exhibits a reflection coefficient of
-46.78 dB at 3.592 GHz. This antenna provides a good maxi-
mum efficiency of 98% with a stable peak gain and directivity
of 3.90 dB and 4.2 dBi, respectively. A structural preview of the
proposed 7-element MPA is given in Section 2. Section 3 deals
with the parametric study and an analytical discussion of the
obtained results. The last section of this paper (Section 4)
terminates with conclusive expressions.

2. Structure and Evolution Steps of the
Compact Antenna

This section shows the proposed compact antenna’s evolution
steps and different views from different angles with geometri-
cal measurement. It gives us a total idea of the geometrical
structure of the antenna. Initially, a small square-shaped
MPA is designed as presented in Figure 1(a). Equations (1)
through (4) have been used to predict the antenna’s initial
dimensions. In step 2 of the design, two square-shaped ele-
ments of the same size are connected through corner edges
to tune and improve performance, as shown in Figure 1(b).
In steps 3 and 4, 5-element and 7-element diagonally con-
nected antennas have been designed and optimized to tune
in the lower 5G communication, as depicted in Figures 1(c)
and 1(d), respectively. The antenna presented in step 4 is the
final proposed antenna. Figures 2(a)-2(d) show the 3D view,
amplified view of the patch element, back view, and fabricated
prototype of the designed antenna, respectively. We have used
CST-MWS to create and simulate the antenna model. The
dimension of the substrate is 32 x 32 x 0.79mm". From the
top view, we can also see the measurements of the feedline’s
length and width. The value of the feedline’s width is taken
to be 2.50 mm, which is related to the impedance matching
of the MPA with a 50Q port impedance. The impedance of
the investigated antenna should match the 50 2 SMA connec-
tor. The length of the feedline is 14 mm. We have used copper
(annealed) material for both radiating patch elements and a
partial ground plane with a thickness of 0.035mm. In the
amplified view, half of the radiating patch elements are shown.
The measurement is the same for the other half. Here, square-
shaped radiating elements are diagonally connected to each
other. The area of these single patch elements is 4 x 4 mm”.
It is simple and compact in structure. The ground layer’s
length is 17.10 mm, which is denoted by L,

2
Patch width, W, = %, | (1)
r r

where c is the velocity of light, f, is the resonance frequency,
and ¢, is the dielectric constant [23].

(e +0-3) ((W,/h) +0.264)
(et = 0.258) (W ,/h) +0.8)

Length, L =0.412h

Effectivelength, L 4 =

2 o 3)
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FIGURE 2: Proposed 7-element antenna.

Patchlength, L, = L4 — 2AL. (4)

3. Measurement, Parametric Study,
and Discussion

A measurement setup of reflection loss occurring in the
intended operating band is shown in Figure 3. The reflection
loss can also be presented in terms of various names, such as
|S;;| parameters, return loss profile, or reflection coefficient.
It can not be anyone’s desire to cause more reflection at the
operating band. Therefore, it is preferred to have a very low
value of |S;,] in the operating band. The amount of reflec-
tion coefficient in our proposed work is -46.78dB as pre-
sented in Figure 4. The validation of the |S;;| curve is
performed by incorporating simulated results from the
CST and HFSS softwares as well as measured result from
the VNA (N5224A PNA microwave network analyzer,
43.5 GHz). There is very good agreement among them. The
antenna resonates at 3.592 GHz, which is known as its reso-
nance frequency. The -10dB impedance BW is 1.40 GHz,
where the lower and higher cut-off frequencies of the oper-
ating band are 3.10 GHz and 4.50 GHz, respectively. As we
discussed in the earlier section, the compact antenna has

FIGURE 3: Reflection coefficient measurement using VNA.

been designed and presented in four steps. The impact of
the number of square-shaped radiating elements on |S;; ]|
has been presented in Figure 5. At step 1, i.e., having a single
element, the antenna shows very high reflection, which is
not suitable to operate in the desired band. As the number
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of square-shaped elements increases, the return loss
decreases and tunes to the desired lower 5G operating band.
During optimization of geometrical parameters, in order to
achieve the lowest return loss, the partial ground plane’s
length (L,) is optimized at 17.1 mm. Figure 6 presents |, |
from L,=9.1mm to 23.1mm with an augmentation of
2mm. Both the length and width of the antenna’s feeder
have a vital influence on the impedance of the antenna.
The optimized feeder length (Ly) is 14mm, for which the
7-element MPA exhibits a maximum bandwidth of
1.40 GHz with a suitable reflection coefficient of -46.78 dB.
The 7-element MPA shows lower bandwidth and higher
return loss for all other values except Ly =14mm as pre-

sented in Figure 7.
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Figure 8 expresses all the information about the gain and
directivity of the MPA. 3D and Cartesian plots of gain and
3D directivity at 3.592 GHz are drawn in Figures 8(a)-8(c),
respectively. The compact 7-element MPA exhibits omnidi-
rectional characteristics with a gain of 2.766 dB and directiv-
ity of 2.929dB at 3.592 GHz. At 3.592 GHz and ¢ = 90°, the
Cartesian gain of the squared-shaped 7-element MPA with
respect to the theta (0) in the range 0°-180" is presented.
The primary lobe size and direction of the gain are 2.72dB
and 180°, respectively. The gain of the 7-element MPA is
also estimated by HFSS and measured in the antenna labora-
tory in the range of 2-6 GHz. The minimum gain is 2.70 dB
at the lower cut-off frequency of 3.10 GHz, and the maxi-
mum gain is 3.90dB at the higher cut-off frequency of
4.50 GHz. As shown in Figure 8(d), the measured gain par-
allels the predicted gains using both CST and HFSS. The
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FIGURE 8: Gain and directivity profile of the compact antenna.

obtained gain is very standard for using the antenna in
applications where omnidirectional properties are needed.
There is a linear relationship between the gain and the num-
ber of elements in the compact antenna. The antenna pos-
sesses a comparatively higher gain for the antenna with
seven elements than others, as depicted in Figure 9. The ele-
ments of the MPA are not increased further to keep the
antenna size compact and ensure omnidirectional radiation
properties for the use of WiMAX and lower 5G communica-
tions. The study of the impact of the L, and L on the gain of

the compact antenna has also been performed. For L, =23.1

mm, the gain at the lower cut-oft frequency is comparatively
low, whereas the gain at the higher cut-off frequency is com-
paratively high. Therefore, there is a huge difference between
gains at lower and higher cut-off frequencies. With decreasing
L,, the gain is becoming more stable within the operating fre-
quency range. Finally, the proposed compact antenna exhibits
standard gain while maintaining an omnidirectional property
for L, =17.1 mm, as drawn in Figure 10. The length of the
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FIGURE 10: Gain and length of partial ground plane (L,).

feeder (Lf) does not have a considerable impact on the gain of

the designed compact antenna, as shown in Figure 11.

The electric and magnetic field patterns are enough to
present the whole radiation pattern of the designed compact
antenna. The E-field and H-field patterns of the antenna,
which are taken at both ¢ =0" and ¢ =90°, are drawn in
Figure 12 for a resonant frequency of 3.592 GHz. The electric
field’s primary lobe sizes are the same as 17.5dBV/m for
both 0° and 90°. The angular width (3 dB) of the prime lobe
direction at ¢ = 0" is 82.6°. The E-field pattern, which is 180°,
achieves an excellent main lobe direction at ¢ =90°. Like-
wise, for H-field, the primary lobe size is -34 dBA/m for both
¢ =0"and ¢ =90°. The main lobe direction of the magnetic
field is a carbon copy of the electric field direction. The

Gain (dB)

Frequency (GHz)
== L=8mm —— L¢=14 mm
-== Lg=10 mm Lg=16 mm
c=-= L¢=12mm

FiGure 11: Gain and length of feeder (Lf).
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FiGure 12: E-field and H-field curves of the proposed antenna.
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FIGURE 13: VSWR of the investigated MPA.
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angular width (HPBW, 3dB) at ¢ =0 is 82.6". The charac-
teristics of E-field and H-field vividly express that the pro-
posed compact 7-element MPA is an omnidirectional
antenna. It emits power all around the x-axis.

Voltage standing wave ratio is referred to as VSWR. As
drawn in Figure 13, the simulated and measured VSWR
values of the recommended compact MPA are varied
between 1 and 2 over the large 1.40 GHz operational band-
width (3.10-4.50 GHz). The value of VSWR is 1.0092 at
3.592 GHz. Both the simulated and measured efficiencies of
the compact antenna are high, as presented in Figure 14.
The efficiency varies from 94% to 98% over the large
1.40 GHz bandwidth ranging from 3.10 to 4.50 GHz. We
have a peak radiation efficiency of 98% at its resonant fre-
quency of 3.592 GHz. The Z-parameters, including both real
and imaginary parts at 3.592GHz, are displayed in
Figure 15. An antenna’s impedance serves as an indicator
of its resistance to electrical signals. The environment in

which an antenna is located, as well as its design and con-
struction, has an effect on the antenna’s capacity to transmit
a signal. The power that an antenna absorbs and disperses
when it comes into contact with an electromagnetic wave
is both represented by the antenna impedance. The imped-
ance values of the same antenna will vary depending on
the electromagnetic radiation’s varied wavelengths. The
imaginary portion of the impedance corresponds to power
held in the antenna’s near field. Due to using a 50 2 SMA
connector for the input port, at 3.592 GHz, the real part
would be approximately 502, and the imaginary value
would be about 0. The real and imaginary parts of the
compact MPA at 3.592GHz are 49.978 (2 and 0.4333 (),
respectively. Those are very close to the standard values.
Table 1 presents a comparison scenario with the state of
the art of the related research works. Our proposed antenna
possesses more compactness than all the cited works in the
table except reference [22]. Though our design is almost
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double in size than [22], the bandwidth of the proposed
design, covering a range of 3.10-4.50 GHz, is almost double,
with a maximum efficiency of 98% and a better reflection
coefficient of -46.78 dB. It also shows a good gain as well as
a good VSWR profile over the entire operating band for
WiMAX and 5G communications.

4. Conclusion

A compact single band antenna with a wide operating fre-
quency range (3.10-4.50 GHz) for WiMAX (3.4-3.6 GHz)
and lower 5G (3.3-4.2 GHz) communications has been
designed and analyzed in this paper. The proposed compact
design provides improved antenna radiation parameters
such as peak gain and directivity of 3.90dB and 4.20 dBi,
respectively. It also produces a preferable reflection coeffi-
cient of -46.78dB at the center operating frequency of
3.592 GHz and has an excellent impedance matching prop-
erty. The low profile compact antenna maintains a high effi-
ciency range of 94-98% over the wide operating band with a
good VSWR profile. The presented simulated and experi-
mental results show the usefulness of the designed compact
antenna for the intended applications.
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