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Abstract

This study describes the design of dual rectangular microstrip patch antenna for Wi-Fi and WiMAX wireless communication applications.
In this work, the technique of design array patch antennas was used in order to improve the physical antenna characteristics for Wi-Fi and
WIiMAX device. As a result, the proposed technique causes to increase the gain and directivity of the antenna. Using this method also leads
to enhance measurement bandwidth of antenna and some other antenna parameters as mentioned in this research paper. A dual-band
microstrip patch antenna is developed for WiMAX/Wi-Fi wireless applications that operate at a minimum frequency of 2.4 GHz and a
maximum frequency band of 3.5 GHz with its dimensions is L= 88.27 mm, W= 171.4 mm and h= 1.67 mm. The achieved parameters of
dual patch array antenna for 2.4 GHz and 3.5 GHz are (gain of 8.25 dB, directivity of 10.4 dBi, measurement bandwidth of 65.82 MHz
and measurement return loss of -20.86 dB) and (gain of 7.56 dB, directivity of 8.76 dBi, measurement bandwidth of 98.96 MHz and

measurement return loss of -21.38 dB) respectively.
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1. Introduction

The fast development of wireless communication field has grown
the demand for antenna technologies with multi-band operating fre-
quencies. Microstrip patch antennas are widely used to design an-
tenna in wireless communication systems because of having a low
profile and lightweight [1]. Nowadays this technology becomes
very popular due to ease of compatibility and fabrication with Mon-
olithic Microwave Integrated Circuits (MMICs). These antennas
are extremely used for wireless communication applications like
satellite, radar, and mobile communications because of their planar
structure and compactness [2]. In today’s advancements, the popu-
larity of the wireless network has been raised to perform the re-
quirements of consumer demand in wireless technology. Despite
having some disadvantages such as less gain, low efficiency and
narrow bandwidth, these antennas are very popular due to their
small size and low weight of microstrip patch antennas. These prop-
erties of antennas make the technology most suitable for mobile and
wireless devices. In addition, many researchers try to resolve and
overcome their problems by making some modifications like using
different shapes, array patch methods and slot cut [3]. There is nu-
merous demand for the new type of wireless antennas such as
broadband antennas, multi-frequency antennas and small antennas
for satellite and mobile communication systems. A dual-band an-
tenna is a kind of antenna, which is designed for two or more dif-
ferent bands to provide various applications like Wireless Commu-
nications, Area monitoring, Disaster prevention, Forest fire detec-
tion.

Microstrip patch antennas typically consist of a conducting dielec-
tric layer, which is known as the substrate [4, 5]. This substrate sep-
arates the microstrip patch from the ground plane. The patches are
generally made of a conducting material such as silver, copper or

gold that take some different shape like rectangular, elliptical, cir-
cular, square, triangular [6]. Various designed geometrical patches
affect the current distribution on the compact antennas. The feed
lines and radiating patch are usually printed on the conducting sub-
strate. The range of the rectangular patch length (L) is typically
(0.33332, < L < 0.51), where A, is a free space wavelength and
the patch thickness antenna (Mt) should be less than A, (Mt<<2,).
The height (h) of the dielectric conduct substrate has a range be-
tween (0.003%, ) and (0.052,) i.e. (0.0032, < h < 0.051,) and the
range of the substrate dielectric constant (g,) is (2.2 <&, < 12) [7].
Moreover, a simple geometrical rectangular patch antenna (RPA)
generally operates at a single resonance frequency (F;) [8].

Proper impedance matching of the feed line and the patch is used to
control the return loss of antenna and various antenna parameters
can be improved by proper feeding location and technique [9]. Var-
ious feed techniques are applied for purpose of the perfect matching
antenna to feed dual microstrip patch antennas (DMSA) [10], such
as inset feed, aperture coupled Feed, coaxial feed, and proximity
coupling. In this present investigation, inset feed technique has been
used because this technique is one of the common techniques that
is typically used for feeding rectangular patch antennas as depicted
in Figure 1. The concentration of this investigated paper is the de-
sign of dual-band microstrip patch array antenna for Wi-Fi and Wi-
MAX devices in wireless communication. WiMAX is a type of
wireless technology standard for (Worldwide Interoperability for
Microwave Access) that typically uses for providing wide-area
wireless networking. This technology supports both fixed wireless
and mobile communications. WiMAX systems are one of the most
popular broadband wireless technologies around the world. Its tech-
nology is based on the standard IEEE 802.16. Worldwide Interop-
erability for Microwave Access has the ability to provide wireless
internet service for distances longer than standard Wi-Fi to enter-
prise customers and residential organizations. The Long-Term Evo-
lution WiMAX and 4G cellular mobile communication standards
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utilizes multiple input multiple outputs to provide a developed data
rate of about 1Gbps [11], [17].
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Fig. 1: Simple Rectangular Micro Strip Patch Antenna.

2. Related work

Simple inset feed technique has been designed to feed the typical
model of microstrip patch array antenna. The number of trial meth-
ods has been executed in order to obtain a good impedance match-
ing [12]. Some of the various software can be used to simulate and
design the antennas such as ADS, MATLAB, IE3D, SONET-LITE,
ANSOFT-Designer, CST Microwave Studio, and HFSS [13]. There
are different shapes of the patch antenna such as bow tie, diamond,
spherical, elliptical, rhombus, square plate, biconical, etc. [7]. In
this work was focused on the design of dual-band microstrip patch
array antenna for WiMAX and Wi-Fi devices by using CST Micro-
wave Studio software.

3. Design procedure

3.1. Design of single rectangular patch antenna

Choice of the dielectric substrate is very important for designing of
a microstrip patch antenna. A good proposed antenna cannot be
properly designed without proper selection of conducting sub-
strate’s parameter such as dielectric constant, height, length, and
width. Depending on the performance and requirement different
material used as a substrate like Taconic-FR4, PTFE, RT duroid
5880 are some of the commonly used material. In this research pa-
per, the material Taconic-RF-43 dielectric substrate has been se-
lected for the design of the antenna with substrate’s thickness (h) of
1.6 mm, dielectric constant (er) of 4.3 and loss tangent of 0.0033.
The resonance frequency (fr) of 2.4 GHz is used for the design of
the rectangular microstrip patch antennas. The physical dimensions
and the size of the antenna are determined by the following Egs. (1-
4) [14] as shown in Figure (2a & 2b). The length (L) and width (W)
of patch antennas are 29.05 mm and 40.7 mm respectively and the
ground plane dimension of ((Lg= 2xL mm) X (Wg= 2xW mm)) is
considered for the design.

In this study, inset feed technique has been used for the proper feed-
ing of the proposed antenna where the input impedance is 50 ohms.
In order to archive a correct impedance matching and obtain perfect
practical results of antenna parameters, the antenna feeding location
should be designed more carefully [15]. The inset-fed length (Fi
=9.07 mm) of the patch was calculated using equation (5) and there
is a gap (g) of 1 mm between the inset-fed and the patch. The inset-
fed width (Wf = 3.137 mm) was obtained by using the calculation
tool of the CST Microwave Studio.

Width of the radiating patch (W)
W=c/ (2F 1V (¢ _r+1))/2)) 1)
Effective dielectric constant of the substrate [ (¢] _ (eff))
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Length extension for patch (AL)
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Fig. 2: A) the Geometrical View of RPA.

Fig. 2: B) Top and Bottom Photographic View of RPA after Fabrication.
3.2. Design of dual rectangular patch array antenna

The modern planar antenna consists of two shape uniform patch ar-
ray antennas with the practical feeding of the quarter wavelength
that is fabricated by using commercial electromagnetic software
(CST). The geometric patch array antenna is made of PEC (Perfect
Electric Conductor) material that can be made of different metals
such as silver, copper, and etc. [7]. However, in this paper copper
has been used with its thickness (Mt) of 0.035 mm to design the
PEC of the antenna single rectangular patch and modern array an-
tenna. The length (L) and width (W) of each patch array antennas
are 29.05 mm and 40.7 mm respectively with a gap (g) of 1 mm and
the inset-fed length (Fi) of 9.07 mm. The distance (d) between two
new array elements are 90 mm which are designed to operate at the
resonance frequency of 2.4 GHz for Wi-Fi and WiMAX applica-
tions. The size of the ground plane and substrate of the proposed
patch array antenna are Lg = 88.275 mm and Wg= 171.4 mm. In
order to match two transmission lines of the system, A quarter wave
transformer has been used with different impedances. Therefore,
the equation (6) was used to provide transformer characteristic im-
pedance (Z,) of 70.71 ohms, where the load impedance (Z; =
100 ohms) and the characteristic impedance of the input transmis-
sion line (Z;, = 50 ohms). In this work, the length of the trans-
former of 7 mm was considered to design the structure and the cal-
culation tool of the CST Microwave software was used to calculate
the width of the transformer and the transmission line. The feed line
width of the proposed antenna is Wf = 3.137 mm, WO = 1.641 mm
and WL. = 0.7236 mm where the characteristic impedances are (50,
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70.7 and 100) ohms respectively. Figure (3a & 3b) indicate the ge-
ometric shape and fabrication of dual patch array antenna (DPAA)
for wireless communication as shown below.

Zo = Tl ®)
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Fig. 3: A) the Geometrical View of DPAA with Inset-Feed.

Fig. 3: B) Top and Bottom Photographic View of DPAA after Fabrication.
4. Result and discussion

4.1. Results of single rectangular patch antenna

In order to simulate and evaluate the result of characteristic param-
eters of the proposed single microstrip patch antenna, the computer
simulation technology software (CST) was used. This software is
applied widely for designing of different modern antennas because
of having the ability to examine the performance of varies antenna
designs such as directivity, gain, S-parameters, voltage standing
wave ratio (VSWR) and antenna efficiencies. The first parameter of
the rectangular patch antenna that was obtained from the simulated
structure is the gain (G) of the first and second band frequency as
depicted in figure 4. The below graph indicates the maximum gain
of the traditional microstrip antenna that is about 5.3 dB and 4.97
dB at the frequency operation 2.42 GHz and 3.53 GHz respectively.
To more analyze the dual-band antenna design, the return loss (S11)
results of the antenna were simulated. This parameter is responsible
for informing the user how much power is reflected from the trans-
mitted power to the antenna and selecting a specific range of fre-
quency to operate antennas. Although the value obtained of S11 be-
comes more negative, the return loss decreases and increases the
received power of the antenna [16]. The return loss generated is less
than - 30 dB at the lower-frequency band and about -11 dB at the

higher-frequency band for this designed antenna as shown in figure
[5].

The antenna directivity is a significant parameter of antenna designs
because if the directivity or the gain is not optimal, the radiating
patch will radiate arbitrarily and deteriorate [16]. The maximum di-
rectivity of the system was obtained for both band are 7.15 and 6.82
dBi with its efficiency of -2.11 and -2.37 dB respectively. The ra-
diation pattern is also an important characteristic antenna because
it indicates how electromagnetic energy radiated by antennas .in ad-
dition, this parameter is responsible for distributing the energy of
the antenna radiation over a free space or any specific surface.
Hence, a 3- dimensional plot of the antenna radiation pattern has
been plotted with its polar plots as illustrated in figure 6.
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Fig. 4: Simulated Realized Gain versus Frequency of the Original RMSA.
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Fig. 5: Simulated Return Loss versus Frequency of the RMSA.
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Fig. 6: 3-Dimensional Plot of the Antenna Radiation Pattern at 2.4 Ghz and
3.5 Ghz.

4.2. Results of dual rectangular patch array antenna

After fabricating and obtaining a good result from the single rectan-
gular patch antenna design, the researcher proceeded with the de-
sign of dual uniform patch array antenna to enhance the directivity
and gain of the antenna. The maximum realized gain of the dual



1748

International Journal of Engineering & Technology

patch array antenna is about 8.25 dB and 7.6 dB at both resonance
frequencies of 2.43 GHz and 3.51 GHz. Figure 7 illustrates the gain
(G) of the antenna which is the main simulated parameter of this
antenna that has been obtained from the modern structure. The dual
patch antenna gives a very good match value of simulated reflection
coefficient (S11 < -10 dB) for both frequency bands of 2.43 GHz
and 3.5 GHz for an input impedance of 50 ohms. At first frequency
operation, the antenna records a return loss of -28.25 dB with a re-
turn loss of -22.12 dB for the second band as shown in figure 8. The
Simulated broadside directivity versus frequency of dual elements
is depicted in figure 9 and its achieved maximum value is 10.4 dBi
and 8.76 dBi at operating frequency of 2.4 GHz and 3.5 GHz re-
spectively.
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Fig. 7: Simulated Realized Gain versus Frequency of the Dual Patch An-
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Fig. 8: Simulated Return Loss versus Frequency of the Dual Patch Antenna.
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Fig. 9: 3- Radiation Pattern of Dual Patch Elements at 2.4 Ghz and 3.5 Ghz.

4.3. Comparison of single and dual patch antennas

To evaluate and better understand the dual-band antenna design, the
antennas were fabricated on FR4 using Advantest network analyzer
(Vector Network Analyzer device). After design the modern an-
tenna (dual patch antenna), the magnitude obtained parameters of
the modern increase as compared with the parameters of the simple
rectangular patch antenna. The maximum simulated gain of the new
structure antenna was enhanced from 5.25 to 8.25 dB at first band
frequency and from 4.97 to 7.56 dB at second band frequency. The
magnitude of this parameter has been improved about 1.57 times of
its actual value for minimum resonance frequency and more than
1.52 times of the magnitude of the single patch antenna at maximum
resonance frequency. The measurement pick gain of the single
patch was increased as compared with simulated value for both
band. The results of simulated and measurement gain were very
close at high frequency band as demonstrated in figure 10.

The measurements of return loss (S11) were performed and the sin-
gle patch antenna gives a very good measurement result of the re-
flection coefficient of -36.26 dB for the high-frequency band as
compared with the simulated result. At low band of 2.392 GHz, the
measurement return loss of the antenna is about -23.69 as shown in
figure 11. Test results of the dual patch antenna were performed and
very close to computer simulation results for both of those bands.
The measurement results of the antenna return loss are about -20.86
dB and -21.38 dB at low frequency and high-frequency bands re-
spectively as plotted in figure 11. Measurements of the return loss
for the dual patch antenna’s lower- frequency band were better than
-10 dB from 2.403 to 2.469 GHz. This frequency band is suitable
for channels 1 to 13 for Wi-Fi devices and the antenna can be uti-
lized in the IEEE 802.11b for channels 1, 6, and 11; in the IEEE
802.11n protocol for channels 3 and 11; and in the IEEE 802.11g/n
for channels 1, 5, 9, and 13 for Wi-Fi applications. The result of
S11 for the higher-frequency bandwidth of the modern antenna was
better than —10 dB from 3.47 to 3.57 GHz, eligible for WiIMAX
applications.

The measurements of free space H- and E-plane pattern were also
performed on the prototype antenna, with a directivity of @ pre-
sented in figures 12. The radiation pattern directivity (8) is maxi-
mum at 0 deg. when ¢ = 90 deg. for 2.4 GHz. The directivity 0 is
inclining toward O deg. because of the ground plane. The radiation
pattern is almost symmetrical at ¢ = 0 deg. and ¢ = 90 deg. for the
single patch. The effects of dual uniform patch array design in-
crease the directivity and gain toward 0 deg. in the lower-frequency
band. The pattern for 3.5 GHz approaches to a maximum value at
60 and 300 degrees with two nulls at 0 and 180 degrees. The di-
rectivity @ when ¢ = 90 degrees is less than when ¢ = 0 deg., and
this difference is greater as compared with the lower-frequency
band. At the higher resonant frequency, the radiation pattern is
nearer to being more broadsided and omnidirectional when ¢ =0
deg.
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Fig. 10: The Measured and Simulated Realized Gain of Single and Dual
Patch.
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Fig. 11: The Measured and Simulated Return Loss for the Single and Dual
Patch Antenna.
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Fig. 12: Curves Show the Directivity 8 for the Single and Dual Patch An-
tenna.

Table 1: Comparison of Measurement and Simulated Characteristics of The
Antennas

[P Single Patch An- lDual Patch An-
‘ tenna tenna

24GHz 35GHz 2.4GHz 35 GHz
Simulated Directivity (dBi) 7.15 6.82 10.4 8.76
Measurement Directivity (dBi) 8.705 8.729 9.501 8.967
Simulated Maximum Gain (dB) 5.25 4.97 8.25 7.56
Measurement Maximum Gain

Parameters

(dB) 6.853 6.864 7377 7422
Simulated Return loss (dB) -30.32 -10.99 -2825 -22.12
Measurement Return loss (dB) -23.68  -36.26  -20.86 -21.38
Simulated Bandwidth (MHz) 56.23 32.95 52.40  74.56
Measurement Bandwidth (MHz) 125.20 97.58 65.82  98.96
Simulation of (VSWR) 1.06 1.78 1.08 1.16

Measurement of (VSWR) 1.139 1.031 1.19 1.186

Simulated Frequency
Operation (GHz)
Measurement Frequency
Operation (GHz)

242 3.53 2.43 3.49

2.392 3.521 2433 3515

Table 1 shows a summary comparison of the measurement and sim-
ulated radiation pattern characteristics of single and dual patch an-
tennas across the minimum and maximum band frequency of 2.4
GHz and 3.5 GHz. It can be seen in the above table that the maxi-
mum simulated gain achieved by the array antenna is much more
than the gain of the single antenna that it has been increased by
about percentage60 of the single patch gain at first band and more
than percentage50 at second frequency band. The measurement
gain of the dual design was also improved for both bands. The
measurement and simulated simple rectangular patch antenna only
gives a maximum directivity of about (8.71 dBi and 8.729 dBi) and
(7.15 dBi and 6.82 dBi) at first and second frequency bands,
whereas the measurement and simulation of the designed dual patch
array antenna provides an impressive directivity of (9.5 dBi and
8.97dBi) and (10.4 dBi and 8.76 dBi) respectively. Besides, the
simulated dual structure has a decreased return loss of -22.12 as
compared to the return loss of simply designed antennas at high
band. The measurements of the return loss are almost the same for
the dual antenna that this parameter leads to decrease the rate of
reflected power in the antenna. The measurement bandwidth gener-
ated a good value of bandwidth for both antennas and frequency
bands as compared with simulated bandwidths. The design of array
structure also gives a good magnitude of the voltage standing wave
ratio (VSWR) of the antenna, in particular measurement values.
The measurement VSWR is less than 1.2 for high and low bands of
both fabricated structures. Nevertheless, it is written in the table,
that the measurement and simulated frequency operations of the last
antenna configuration (dual) is much closer than the resonance fre-
quency of the antenna at high band. They have approximately same
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value for the modern antenna at the low-frequency band. Overall,
all parameters of the array antenna have been improved as com-
pared to the characteristics of the traditional rectangular patch an-
tenna.

5. Conclusion

In this study, the planar dual patch array antenna was fabricated to
enhance the antenna’s gain and directivity for the Wi-Fi/WiMAX
applications. The planar structure gives good simulated and meas-
urement results with a perfect reflection (S11<-10 dB) for an input
impedance of 50 ohms.

In short, it was possible to design and produce a dual-band antenna
for Wi-Fi/WiMAX using a dual microstrip patch array antenna with
inset feeding. The antenna provides high band coverage of 3.58 to
3.65 GHz and low-frequency coverage of 2.412 to 2.478 GHz, with
good radiation patterns for both of those bands. Overall, the planar
structure of the array antenna helps the fabrication of Wi-Fi/Wi-
MAX applications in wireless communication.
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