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Abstract

This article describes the design and manufacturing of a dual-band miniaturized printed monopole antenna for WiFi, wireless
local area network and worldwide interoperability for microwave access applications. The developed antenna is constituted
of a rectangular radiating element with an elliptical slot printed on a FR-4 substrate and powered by CPW feed technique.
The overall area of the designed antenna is 20 x 35mm?. The dual-band characteristic is achieved by inserting an elliptical
slot in the radiator and rectangular and circular slots in the ground plane. To demonstrate the validity of the simulation
outcomes, the proposed antenna was fabricated and tested using ES071C VNA, and the experimental outcomes illustrate that
the developed antenna provides dual bands: 2.36-2.45 GHz resonating at 2.4 GHz and 3.2-6.29 GHz resonating at 3.8 and
5.5 GHz. Additionally, the recommended antenna has a high peak gain of 3.38 dB and a peak radiation efficiency of 98%
percent. Furthermore, the stated design is a suitable applicant for the broadband communication.
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1 Introduction

Over the past few years, a considerable transformation was
noted in the field of wireless communication systems. In
attempt to support the fast growing of wireless systems,
antennas must be able to resonate at a variety of frequencies.
As a result, multiband and wideband antennas have been
a necessary component of several communication systems
including WiFi, wireless local area network (WLAN) and
worldwide interoperability for microwave access (WiMAX).
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The design tasks assigned to the researchers include the need
for an antenna with a planar geometry, easy of manufacturing
low profile, low cost, multiband and broadband operations
[1]-4. Multiband and dual-band antennas are highly used in
wireless communication systems. They permit operation in
a variety of frequency bands; hence, they eliminate the need
for more separated antennas, thereby attempting to avoid the
isolation problem that exists between various antennas.
Various designs for dual-band antennas with rigorous
approaches were introduced in [5]-19. The authors in [5]
developed a dual-band antenna for WLAN bands, the dual-
band characteristic is achieved by introducing several slots in
the radiating element. In [6], a multilayer microstrip antenna
was introduced for dual-band operation. However, these
antennas present narrow bandwidths. A miniaturized dual-
band antenna with an artificial magnetic conductor (AMC)
surface having an overall size 104 x 104 x 3mm® was
designed in [7]. According to [8], a planar antenna with rect-
angular and circular slots in the ground plane was designed
for dual-band operations. In [9], a dual-band PCB monopole
antenna was developed. A slotted rectangular antenna was
presented in [10] to resonate at two WLAN frequencies: 2.4
and 5.8 GHz. The authors in [11] design a CPW-fed compact
antenna consists of a rectangular ring with vertical strips radi-
ator to achieves a dual-band operation. In [12], a dual-band
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antenna consists of two pairs of crossed dipoles was intro-
duced for WLAN and WiMAX bands. The authors in [13]
developed a dual-band antenna, it consists of slits and rectan-
gular split ring for WLAN applications. In [14], a dielectric
resonator MIMO antenna was introduced for dual-band for
WLAN and WiMAX applications. In [15], a modified SRR
antenna was developed for dual-band operation. An AMC
dual-band antenna was developed for WLAN/WBAN appli-
cations in [16]. A 4 x 4 MIMO antenna was introduced to
generate a dual-band at 2.4 and 5.8 GHz in [17], it occupies
an overall size 66 x 66 x 1.6mm?>. According to [18], a dual-
band planar antenna suitable for WLAN and WiMAX bands
was designed, it consists of an U and L-shaped strip radiating
element. The authors in [19] proposed a rectangular antenna
with dual slot in the radiator to achieve a dual-band for WiFi,
WLAN and WiMAX bands. In [20], a dual-band microstrip
patch antenna resonating at 2.4 and 5 GHz WLAN bands was
designed.

The design described in [21] presents a CP rotated L-
shaped antenna for WLAN and V2X bands. According to
[22], a C-shaped antenna was designed for WLAN and 5G
applications. In [23], a miniaturized flexible decagon ring
antenna was proposed for GSM/LTE/5G/WLAN bands. The
authors in [24] propose a reconfigurable antenna based on
MTM inclusions for 5G applications. In [25], a Hilbert-
shaped MTM antenna was designed for RF energy harvest-
ing. An UWB cylindrical MTM antenna was presented in
[26] for RF energy harvesting at different the bands of 3.5,
5.8 and 7.5 GHz.

All of the structures of antennas presented above occupy
large area, had a narrow bandwidth, or they had a com-
plex structure. Because of all of these considerations, planar
antennas ought to have improved performance, including a
low profile that enables for multiband characteristic to fulfill
the requirements of WiFi, WLAN and WiMAX standards.

The main objective of this article is to develop a minia-
turized planar dual-band antenna that can combine WiFi,
WLAN and WiMAX communication standards in one
device. To obtain simultaneous dual-band operations, the pre-
sented antenna consists of rectangular radiator loaded with an
elliptical slot powered by a CPW-fed technique. The devel-
oped antenna has two bands. The first band ranges from 2.36
to 2.45 GHz, centered at 2.4 GHz, and the second ranges from
3.2 to 6.29 GHz, with two operating frequencies of 3.8 and
5.5 GHz, covering the WiFi, WLAN and WiMAX bands. The
first band is created by etching an elliptical slot in the radiator.
While, the second band is achieved by utilizing the slots in the
ground plane. At the resonant frequencies 2.4/3.8/5.5 GHz,
the developed antenna has a good gain and high radiation effi-
ciency of about 15/1.8/3.38 dB and 94/96/98 %, respectively.
It also has an omnidirectional E- and the H-planes radiation
pattern. The remainder of this article is divided into differ-
ent sections: the first section details the antenna construction

Springer

> t;‘h_’;
g
Wrd
g._
Wg
We —w-
(a) (b)

Fig. 1 Geometrical structure of the developed antenna: a, side layer; b,
top layer

methodology. Section 2 displays a parametric study of the
developed antenna dimensions. In Sect. 3, the simulation and
experimental results are discussed. The work’s conclusion is
presented in the final section.

2 Antenna Design

2.1 Geometry of the Miniaturized Dual-Band
Antenna

The structure of the developed miniaturized planar dual-band
antenna is illustrated in Fig. 1. The antenna is constituted of
a rectangular radiator with an elliptical slot engraved on the
top layer of a 1.6 mm thick FR-4 substrate (¢, = 4.4 and
tand = 0.002). And it is powered by a CPW feed line of
width 2.4 mm and a gap of 0.8 mm. The ground plane has
arectangular shape loaded by circular and rectangular slots.
The proposed antenna has an overall size 20 x 35mm?.The
antenna’s dimensions were carefully chosen and optimized
using CST MWS, and the dimensions values of the designed
antenna as marked in Fig. 1 are: Wy = 20 mm; Ly = 35 mm;
h=16mm; W, =15.5mm; L, = 18 mm; Wy = 2.4 mm;
Ly =148 mm; Ly =125 mm; Lg; = 11 mm; W, = 8 mm;
g=08mm;¢t=0.035mm; X; =6mm; Y; =7 mm; X, =
52mm; Y, =62mm;a=2mm;b=0.5mm;c=1.5mm,;
d = 0.5 mm; R = 1.8 mm. The developed antenna’s process
design analysis is displayed in the next section.

2.2 Design Procedure of the Miniaturized Dual-Band
Antenna

This section displays and discusses the design procedure of
the developed antenna. The use of the elliptical slots and the
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Fig.2 Design procedure of the

developed dual-band antenna a,
Antenna 1; b, Antenna 2; c,
Antenna 3; d, Antenna 4
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Fig. 3 Simulated reflection coefficient S;; for several design phases

slots incorporated in the ground plane all contribute to obtain
the required dual-band. Figure 2 shows the several design
phases applied to arrive at the final proposed structure. And
the simulated reflection coefficient S;; of the several phases
of the suggested antenna’s design procedure is exhibited in
Fig. 3.

Figure 2a depicts the first phase in the design of the devel-
oped antenna. A rectangular radiator powered by a CPW feed
line was employed as a reference antenna (antenna 1). The
rectangular radiator width W), and length L, were calculated
by the help of the theory of transmission lines [27, 28]. The
width of the radiator W, can be determined by:

o 2
S 2f\ e +1

Wp ey

where c, f and er are the speed of light in free space, the res-
onant frequency and relative permittivity, respectively, and
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Fig.4 Simulated S;; for various values of Wy and Ly

the radiator length L, is given by Eq. 2:
c

2fr SEeff

where . and AL, are the effective dielectric constant of the
substrate and the normalized length extension due to fringing
effects, respectively, and are calculated by Eqs. 3 and 4:

1
-1 h 2

M F D 3)
2 W,

L,= —2AL, 2)

& +1
Ereff = )

(erefr +0, 3)+ (2 +0, 264)

AL =0,412x h x -
(refr — 0, 258) + (W +0, 8)

It can be claimed from Fig. 3 that Antenna 1 resonates at
3.6 GHz, and it shields a bandwidth 3.4-4.59 GHz.

For increase the bandwidth rectangular slots of width and
length W, and b, respectively, are inserted in the ground
plane (Antenna 2) as presented in Fig. 2b. It can be claimed
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Fig. 9 Manufactured prototype of the developed antenna

from Fig. 3 that Antenna 2 provides an impedance bandwidth
from 3.2 GHz to 5.2 GHz while maintaining the resonant
frequency at 3.6 GHz.

Antenna 3 is obtained by inserting circular slot of diameter
R in the ground plane as illustrated in Fig. 2¢. It can be noticed
that antenna 3 has two operating frequencies 3.6 GHz and
5.1 GHz with a bandwidth 3-5.4 GHz.

Finally, the structure of the developed antenna is achieved
by introducing an elliptical slot in the radiator (Antenna
4), this novel structure allows to achieve two bands
2.35-2.45 GHz and 3.2-6. 29 GHz. The current distribution
is perturbed by inserting an elliptical slot in the rectangu-
lar radiator, which yields the creation of a novel band around
2.4 GHz and enhance the impedance bandwidth of the second
band.
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Fig. 10 Measured and simulated reflection coefficient S;;

Fig. 11 Surface current
distribution at a, 2.4 GHz; b,
3.8 GHz; ¢, 5.5 GHz

3 Parametric Study

The developed antenna is characterized by its dual operating
bands of 2.35-2.45 GHz and 3.2-6.29 GHz. To better under-
stand the influences of antenna parameters on performance,
a parametric study was conducted.

Figure 4 depicts the simulated reflection coefficient S;;
with various values of feed line width and length W and Ly.
The increment in Wy and Lyenhance the impedance band-
width of the second band from 2.15 GHz (3.55-5.7 GHz)
to 3.09 GHz (3.2-6.29 GHz), while the first band remains
unchanged as the feedline width and length varies. Addition-
ally, it can be seen that the optimal value of Wy and Ly are
2.4 mm and 14.8 mm, respectively.

Figure 5 illustrates the effect of X; and Y'; onthe S;;, itcan
be observed from the figure. The values of X; and Y; have
a significant influence on the first operating frequency. Fur-
thermore, increasing the values of X; and Y; shifts the first
resonant frequency from 2.1 GHz to 2.85 GHz, and increase
the impedance bandwidth of the second operating band
from 2.2 GHz (3.5-5.7 GHz) to 3.09 GHz (3.2-6.29 GHz).
According to the figure, the values X; = 6 mm and Y; =

(®) ©
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Fig. 12 Measurement setup of the radiation pattern and peak gain

Fig. 13 E-plane radiation pattern
at: a, 2.4 GHz; b, 3.8 GHz; c,
5.5 GHz

7 mm provide the best performance in terms of bandwidth
and impedance matching.

Figure 6 depicts the effect of X, and Y, on the impedance
bandwidth. The increase in X» and Y, from 4.8 to 5.6 mm
and from 6.6 to 5.8 mm, respectively, shifts the first oper-
ating frequency from 2.2 to 2.6 GHz, and it improves the
impedance bandwidth of the second operating band from
2.6 GHz (3-5.6 GHz) to 3.09 GHz (3.2-6.29 GHz). The
optimum values of X, and Y, are 5.2 mm and 6.2 mm, respec-
tively.

The simulated S;; with varied values of a is shown in
Fig. 7. The increase in a shifts the first operating frequency
from 2.3 to 2.6 GHz, while the second and third operating
frequencies remain unchanged with the variation of a. It can
be demonstrated that @ = 2 mm can provide a greater S;;
value.

Similar to Wy, Ly, X;, Y, X2, Y7 and a, R is also varied,
as illustrated in Fig. 8. By varying the diameter R from 0.5 to
1.1 mm, the impedance bandwidth decreases from 3.09 GHz

Jmm E-plane simulated (CST) s E-plane simulated (CST)
e E-plane simulated (CADFEKO)| h jumn Eplane simulated (CADFEKO)/
\m= e E-plane measured - -

= = E-plane measured
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Fig. 14 H-plane radiation pattern
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Fig. 15 Measured and simulated gain of the developed antenna

(3.2-6.29 GHz) to 2.7 GHz (3.2-5.9 GHz) and the third res-
onant frequency shifts from 5.7 to 5.4 GHz. Besides, it can
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Fig. 16 Simulated radiation efficiency of the developed antenna

be claimed from the figure that the optimal value of diame-
ter is R = 0.9 mm, for which the developed antenna obtains
the required dual-band while maintaining good impedance
matching.
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Table 1 Summary of simulation

and measurement results CST FEKO Measurement
fr(GHz) 24;3.8;5.5 2.5;3.7;5.54 2.4;3.75;5.6
S11 (dB) —15; —47, =37 —16.1; —23.5; —28.4 —22; =25, -32
Bandwidth (MHz) 100; 3020 110; 3015 95; 3021
Gain (dB) 1.8;2.25;3.6 1.7;2.03; 343 1.5;1.8;3.38
Table 2 Performance
comparison of the developed References Size(mm?) fr+(GHz) Operating bands (GHz) Gain (dB)
antenna with other dual-band
antennas reported in the literature [5] 20 x 40 2.45;5.8 (2.37-2.42); (5.7-5.84) 04;-1.6
[6] 30 x 30 2.48;59 (2.43-2.52); (5.7-6.5) 6.6; 6
[7] 104 x 104 24;52 (2.36-2.76); (5.12-5.62) 72,73
[8] 29 x 29 2.4;5.5 (2.25-2.45); (5.2-5.75) 1;0.26
9] 60 x 50 2.45;5.8 (2.4-2.5); (5.725-5.875) 2.2;2.8
[13] 50 x 50 1.28;2.43 (1.198-1.345); (2.395-2.484) NA
[14] 80 x 80 3.63;5.05 (3.22-3.97); (4.95-5.51) 5.2;5.5
[16] 85.5 x 85.5 1.575;2.45 (1.455-1.965); (2.26-2.57) 1.08; 1.97
[17] 66 x 66 24,58 (2.4-2.484); 4,55
(5.725-5.875)
[18] 35 x 50 2.5;5.5 (2.15-3.03); (5-6.05) 2.5;2.75
[19] 29 x 40 35,52 (3.35-3.9); (4.8-6) NA
[21] 30 x 30 5.5 (4.80-5.99) 2.5
[22] 20 x 15 3.9 (3.3-7.35) 2.25
[24] 62 x 40 39,49 - 3;3.5
[25] 28 x 32 5.8;8 - 4.5;7.38
[26] 32 x 15 3;5.8;7.5 - 1.2;2.8;4
Proposed 20 x 35 24;3.8;55 (2.36-2.45); (3.2-6.29) 1.5;1.8;3.38

4 Results and Analysis

To prove the validity of the simulations results acquired
by FEKO and CST MWS, the developed antenna is man-
ufactured using FR-4 substrate and Fig. 9 illustrates its
prototype. The antenna’s S;; parameter is measured with
an E5071C VNA. Figure 10 exhibits the simulation and
experimental outcomes of reflection coefficient S;;. The
experimental outcomes show that the developed antenna pro-
vides two bands 0.095 GHz (2.36-2.45 GHz) and 3.09 GHz
(3.2 GHz-6.29 GHz) with three operating frequencies 2.4,
3.8 and 5.5 GHz. The simulation and experimental outcomes
show good agreement, confirming the validity of the devel-
oped antenna model.

Figure 11 depicts the surface current distributions at 2.4,
3.8 and 5.5 GHz. Figure 11aillustrates that the surface current
is highly concentrated surrounding the elliptical slot in the
radiator. For 3.8 and 5.5 GHz the current is strongly present
around the slots in the ground plane as depicted in Fig. 11b
and c. This clarifies the developed antenna’s mode of opera-
tion.

@ Springer

Figure 12 shows the radiation pattern and peak gain mea-
surement setup. Figures 13 and 14 depict the E- plane and H-
plane radiation pattern of the developed antenna at 2.4 GHz,
3.8 GHz and 5.5 GHz, respectively. It can be noticed from
the figures that the developed antenna presents an omnidi-
rectional E- and H- planes radiation pattern at the operating
frequencies.

Figures 15 and 16 illustrate the variation of gain and the
radiation efficiency, respectively. It is important to note that
the developed antenna performs excellently in aspects of gain
and radiation efficiency. The gain of the developed antenna
increased to 1.5 dB for the first band, and the radiation effi-
ciency reached its peak of 97%. In the second band, the
gain and radiation efficiency rise to 4.1 dB and 98%, respec-
tively. The designed antenna provides significant gains and
radiation efficiencies of 1.5/1.8/3.38 dB and 98/96/94% at
operational frequencies of 2.4/3.8/5.5 GHz, respectively.

Table 1 compiles and summarizes the simulation results
acquired by FEKO and CST MWS, and the measurement
results. It can be claimed from the table that the simulation
and measurement results are very close to each other.
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Table 2 compares the developed antenna’s performance
to previously reported antennas in the literature as con-
cerns the size, resonant frequency, impedance bandwidth and
gain. The comparison table clearly shows that the developed
antenna takes up the least amount of space when compared
to other reported antennas. As a result, the designed antenna
outperforms some other reported antennas in terms of minia-
turization and bandwidth.

5 Conclusion

In this work, a novel compact dual-band monopole antenna
is proposed for WiFi, WLAN and WiMAX bands. The dual-
band radiator began as a rectangular patch and was later
merged with elliptical slots and the slots in the ground plane
to function in the 2.4 GHz band and the 3.8/5.5 GHz band.
The measurements illustrate that the developed antenna has
sufficient bandwidth to cover all of the desired 2.4 GHz
WiFi, 2.4/3.5/5.2 GHz WLAN and 3.8/5.5 GHz WiMAX
applications. And at 2.4/3.8/5.5 GHz the measured gains and
the radiation efficiencies are1.5/1.8/3.38 dB and 98/96/94%,
respectively. As a result, the developed dual-band antenna is
suitable for WiFi, WLAN and WiMAX applications due to its
numerous advantages of low profile, simple structure, suffi-
cient bandwidth, omnidirectional radiation pattern, high gain
and good radiation efficiency. In the next studies, we hope
design a MIMO antenna based on the proposed antenna in
this work.
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