
DOI: 10.4018/IJWLTT.20220901.oa3

International Journal of Web-Based Learning and Teaching Technologies
Volume 17 • Issue 5 

This article published as an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and production in any medium,

provided the author of the original work and original publication source are properly credited.

*Corresponding Author

1

Design and Analysis of a RFID 
Reader Microstrip Array Antenna for 
IoT Applications in Smart Cities
Omaima Benkhadda, Laboratory of Automatic, Energy Conversion, and Microelectronics (LACEM), Faculty of Science 
and Technics, Universite Sultan Moulay Slimane, Morocco

Mohamed Saih, Laboratory of Automatic, Energy Conversion, and Microelectronics (LACEM), Faculty of Science and 
Technics, Universite Sultan Moulay Slimane, Morocco

kebir Chaji, Laboratory of Automatic, Energy Conversion, and Microelectronics (LACEM), Faculty of Science and 
Technics, Universite Sultan Moulay Slimane, Morocco

Abdelati Reha, Laboratory of Innovation in Management and Engineering for the Enterprise (LIMIE), ISGA, Marrakech, 
Morocco

ABSTRACT

This paper presents the design of 2*1 and 4*1 RFID reader microstrip array antenna at 2.4GHz for 
the internet of things (IoT) networks which are Zigbee, Bluetooth, and WIFI. The proposed antenna 
is composed of identical circular shapes radiating patches printed in FR4 substrate. The dielectric 
constant εr and substrate thickness h are 4.4 and 1.6mm, respectively. The 2*1 and 4*1 array antennas 
present a gain improvement of 27.3% and 61.9%, respectively. The single, 2*1, and 4*1 array antennas 
were performed with CADFEKO.
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INTRODUCTION

Over the past few years, the IoT is a paradigm that uses information and communication technologies 
to make the interconnection of all objects in various domains such as healthcare, urban infrastructure, 
transportation, and energy. The IoT makes a large contribution in developing smart cities, most smart 
city applications use IoT devices equipped with sensors, actuators, and a limited computing capability 
(Fahmy et al., 2019; Khardioui et al., 2020; Varum et al., 2018).

To monitor physical objects while they are steady or on the move in smart city application, 
the Internet of Things employs various technologies to create a communication network between 
all this object such as radio-frequency identification (RFID) and near-field communication (NFC) 
(Khardioui et al., 2020).

The RFID is a smart technology that uses radio waves to monitor, identify, and follow objects. 
The RFID system contains a reader and a tag, which communicate between them by the air. The 
antenna is an important component of RFID systems. The RFID system depends on its performances 
such as gain and bandwidth(A.El Alami et al., 2019; Ali El Alami et al., 2005; Chen & Qing, 2010; 
Ikram et al., 2017; Ouazzani et al., 2017).
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Recently various Research Projects microstrip antenna for IoT applications have been published, 
in (K. A. Nate et al., 2015)aperture coupling-fed antenna designed to be used in wireless sensors 
for IoT. A stretchable, flexible loop antenna operating at 2.4GHz ISM band, as a wearable solution 
for health and IoT applications is presented in (K. Nate & Tentzeris, 2015). A dual-band microstrip 
antenna is presented in(Katoch et al., 2015) for IoT applications. In (Dong et al., 2017)a compact 
and novel printed antenna based on a folded strip is designed for 2.4 GHz WLAN applications with 
extended bandwidth. A microstrip patch antenna array for IoT applications is presented in (Giay & 
Alam, 2018). In Microstrip Antenna for IoT/WLAN applications in Smart Homes at 17GHz(Varum 
et al., 2018). However, all these research results present a low gain.

The aim of this work is to design a circular2*1 and 4*1 array antennas for RFID reader which 
operates at 2.4GHz, which will be used for IoT applications. The development of this array antenna 
improves the gain of the antenna.

In the first section, a single circular patch antenna was performed by CADFEKO, in the following 
sections, two and four elements of patch array antennas are studied and performed.

SINGLE MICROSTRIP CIRCULAR PATCH ANTENNA DESIGN

The proposed microstrip antenna has a circular shape that operates at 2.4GHz. It is etched on one 
side of a standard FR4 dielectric substrate. The substrate material has a compact dimension of Ws 
× Ls×h. A 50 Ω microstrip line with an inset of y0 is used to excite the radiating circular patch. The 
radius of the circular microstrip patch was calculated by (1) (Balanis, 2005):
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εr: dielectric constant of the substrate.
fr: the resonance frequency
By applying the previous equation and after optimization with CADFEKO, the radius of the 

circular patch antenna with a resonant frequency of 2.4GHz is a= 17.3mm.
Figure 1 presents the designed basic patch antenna structure and table.1 illustrates the dimensions 

of the patch antenna.
The simulation results obtained by CADFEKO solver for the designed circular microstrip patch 

antenna in terms of reflection coefficient S11, input impedance, far-fields E-plane, H-plane and 3D 
radiation patterns at 2.4GHz are shown respectively in Figures 2, 3,4and 5.

The simulation result found by CADFEKO of the designed patch antenna is shown in figure 2. it 
provides the resonant frequency at 2.4GHz with a reflection coefficient of −19.87dB. The simulated 
impedance bandwidth is about 30MHz (2.39‒2.42 GHz).

Figure 3 illustrates the simulated input impedance of the designed patch antenna versus frequency. 
At 2.4GHz Z=51+j2Ω, this result confirmed that the designed antenna is well adapted. The simulated 
results E and H planes radiation patterns are presented in figure 4. It is shown from the figure that 
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Figure 1. geometry of the designed basic antenna 

Table 1. Parameters of the designed basic antenna

Parameters Dimensions(mm)

Ws 71

Ls 55

a 17.3

Lf 10.15

Wf 3

y0 13.5

Figure 2. Simulated reflection coefficient S11 versus frequency
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Figure 3. Simulated real and imaginary impedance versus frequency;

Figure 4. Simulated E and H planes of the designed patch antenna at 2.40 GHz

Figure 5. 3D radiation pattern of the designed patch antenna at 2.4 GHz
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the E-plane and H-plane radiation patterns are directional at 2.4 GHz. The 3D radiation pattern is 
given in figure 5with a maximum gain of 6.36dB.

CIRCULAR MICROSTRIP PATCH ARRAY ANTENNA DESIGN

Design And Analysis Of A 2*1 Array
The proposed array antenna structure 2x1 is depicted in figure 6. Each circular radiating patch has 
the same radius as used above in order to increase the antenna performances.

The proposed array is printed in FR4 substrate with a thickness h. The distance separated the 
circular radiating patch is d. The dimensions of the proposed 2x1 array antenna are resented in table2.

Figure 7 shows the variation of the reflection coefficient S11. It is observed that the antenna 
resonance at frequency 2.4GHz with a reflection coefficient of −42.42dB. And the simulated 
impedance bandwidth is about 45MHz (2.375‒2.42 GHz). Figure 8 shows the simulated f E-plane 
and H-plane at 2.4 GHz for the designed 2*1 circular array antenna. From the figure we observe that 
E-plane and H-plane are directional. Figure 9 shows the 3D radiation pattern. It has observed from 
the figure that the maximum gain is 8.1dB.

Figure 6. geometry of the designed 2*1 array antenna

Table 2. Parameters of the designed 2*1 array antenna

Parameters Dimensions(mm)

Wsub 119.2

Lsub 55

d 25

Lf1 5.8

Wf1 3

Wf2 1.6

Lf2 11.5
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Figure 7. Simulated reflection coefficient S11 versus frequency of the designed 2*1 array antenna

Figure 8. Simulated E and H planes of the designed 2*1 array antenna at 2.4 GHz

Figure 9. 3D radiation pattern of the designed 2*1 array antenna at 2.4 GHz
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Design And Analysis Of A 4*1 Array
Here, in order to enhanced the radiation characteristics of an identical four circular radiating patches 
used in the first section of this work. Figure 10. presents the geometry of the designed 4*1 array 
antenna and the dimensions of the different parameters are shown in Table 3.

The simulation results acquired for the designed 4*1 array antenna in terms of reflection 
coefficient by using CADFEKO is depicted in Figure 10. It is also noted from the figure that the 
antenna can operate at 2.4GHz with reflection coefficient of −29.7dB. And a bandwidth of 51MHz. 
The E-plane and H-plane radiation patterns at 2.4GHz are presented in figure 11. it is noticed from 

Figure 10. geometry of the designed 4*1 array antenna

Table 3. Parameters of the designed 4*1 array antenna

Parameters Dimensions(mm)

Wsub 238.4

Lsub 55

d1 25

d2 8.6

d3 8.6

Lf1 7.1

Wf1 3

Lf2 5.8

Wf2 1.6

Figure 11. Simulated reflection coefficient S11 versus frequency of the designed 4*1 array antenna
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the figure that the directional behavior of the designed antenna at the resonant frequency 2.4GHz 
was preserved. The 3D radiation pattern is presented in Figure 12 and the maximum gain is 10.29dB.

SUMMARY OF SIMULATION RESULTS AND DISCUSSION

Table. 4 gives a performances comparison of the designed circular basic antenna with the 2*1 and 4*1 
array antennas. The parameters that compared are the resonant frequency, the reflection coefficient, 
the gain and the bandwidth.

The designed 2*1 and 4*1 array antennas provide a good impedance matching at 2.4GHz.
The bandwidth enhanced into 45MHz for 2*1 array antenna, while for the 4*1 array antenna 

it was improved into 51MHz. Also, it is observed from the table that the 2*1 array, while for the 
4*1 array antenna has a gain of 10.29dB. From that, it is noticed from the table that the use of four 
elements has increased the antenna gain and bandwidth more than the two elements.

Figure 12. Simulated E and H planes of the designed 4*1 array antenna at 2.4 GHz

Figure 13. 3D radiation pattern of the designed 4*1 array antenna at 2.4 GHz
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Conclusion
This paper presents the design 2*1 and 4*1 RFID reader array antenna operates at 2.4GHz, for Zigbee, 
Bluetooth, and WIFI correspond to IoT applications. The antenna was performed using CADFEKO. 
The 4*1 configuration presents a good performance in terms of gain and bandwidth compared 
with the designed single and 2*1 array antenna. The increase in the number of radiating elements 
improves the antenna performances especially the gain. This structure will be a good solution for IoT 
applications. As perspective of this work, fabrication and measurement should be done to confirm 
the simulated results.

Table 4. Summary of simulation results

Circular basic antenna 2*1 array antenna 4*1 array antenna

fr 2.4GHz 2.4GHz 2.4GHz

S11 -19.87dB -42.42dB -29.7dB

Bandwidth 30MHz 45MHz 51MHz

Gain 6.36dB 8.1dB 10.29dB
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