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Abstract— Wireless technology is increasingly influenced by 

the advanced technological development of antennas. With the 

rapid expansion of  Internet of Things ( IoT) application in  the 

contemporary communication networks, the demand for small 

printed antennas is increasing, due to their small size and ease 

of design and manufacture to suit their various application. In 

this paper,  the antenna is designed which is operating at two 

different frequency bands 2.40GHz and 5.78GHz. The design 

parameters of the antenna have been calculated using the 

transmission line model, and an antenna design program  has 

been used for the simulation process is HFSS ( High frequency 

simulator structure ) tool, which is based on Finite Element 

Method (FEM). In this work,  the proposed slot dual  band 

patch antenna is implemented using FR4 substrate material with a 

thickness 1.6mm and relative permittivity 4.4. The size of the 

proposed antenna is just (28 × 27.7mm). The proposed antenna 

has Omni-directional radiation patterns on most of the 

operating band. The dual band antenna is designed by adding a 

slot to the top of the radiated patch.  Therefore, the proposed 

dual- band antenna shows good performance, which  is suitable 

for modern wireless communications and Internet of Things 

(IoT) applications. The measurements are found to be in good 

accordance with the simulated results.  

Index Terms: Dual band Antenna, Wireless, Slot antenna, 

Microstrip antenna,  Patch antenna. 

I. INTRODUCTION 

nternet of things (IoT) is a concept that applies wireless 

network technology to improve different industries and 

the environment for a higher quality of life in society. It  

consists of smart devices that communicate with each other. 

    It enables these devices to collect and exchange data. 

Besides,  Internet of Things ( IoT) now has a wide range of 

life applications such as industry, transportation, logistics, 

healthcare, smart environment to conduct information 

exchange and communication and big data transfers, 

networking, and artificial intelligence technologies to 

provide complete systems for a  service or device over 

wireless networks with high data rates [1]. 

Microstrip patch antennas consider being communicative 

device to support modern ( IoT ) wireless communication 

applications. These devices consist of very profitable 

qualities such as small size, low cost, easy to fabricate [2]. 

However,  this  antenna inherently has narrow bandwidth 

and low efficiency [2].  Thus, to improve the performance of  

this antenna, we can achieve this by adding slots at the top 

of the layer.  Dual-band antenna may be achieved by several 

techniques. It is observed that dual-band patch  can be 

achieved by inserting the T-slot into the microstrip patch 

[3]. Therefore, this printed antenna with its small size is 

suitable for working in wireless applications with high 

efficiency. These applications include wireless LAN,  

wireless devices connected to Internet of Things (IoT) and   

mobile satellite communication, and global system for 

mobile communication, missile, and so on. 

       In this study, the goal is to design dual band microstrip 

patch antennas to operate in two different frequency bands, 

where some countries cover 2.4GHz Bluetooth / Wi-Fi / GPS 

/ band [3] and most of the bands of 3G, 4G, at the frequency 

of the other band operating being 5.78GHz a very low-

profile antenna makes it very suitable for modern Wireless 

Communications in Internet of Things applications [1]. 

       Microstrip antennas has many advantages such as 

compatibility with integrated circuits, low cost and easy to 

fabricate, but it suffers from low gain and narrow bandwidth 

[4]. There are several ways to feed the antenna directly and 

indirectly. Also, there are many types and shapes of 

microstrip antennas, rectangular, square or circular shape [4].  

     In our work, the antenna is designed on a simple square 

shape by a 50Ω line fed  for good results which were 

designed to work in wireless communication band such as C-

slot, E-shape, T-shape and etc [2]. The proposed antenna has 

been designed as a Single Slot Dual- Band Microstrip 

antenna with 50 omh fed line .The antenna simulation is 

done by ANSYS High Frequency Structural Simulator 

(HFSS) software. 

I 
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In its most basic form, a microstrip patch antenna is a single-
layer design which consists of a metal patch on top of a 
grounded dielectric substrate [4], as shown in  “Figure. 1,” 

 
Figure 1.  Geometry of microstrip patch antenna. 

II. TRANSMISSION LINE MODEL 

    This method was used because it is easy and gives 

accurate results. The dimensions of the designed antenna 

were calculated from the following equations; 

   To calculate the operating frequency of the antenna from 

the equation [5] 

𝑓𝑟 = (
𝐶

2 𝐿 √𝜀𝑒𝑓𝑓
)                                    (1) 

 

    The width  W  of the patch it was calculated from the 

following equation 

𝑊 =
𝐶

2𝑓𝑐√
𝜀𝑟+1

2

                                        (2)  

Where,  
W= Width of the patch,       𝑓𝑟=  Frequency of  operation,  
 c=  Speed of light,      𝜀𝑟=  Dielectric constant of substrate. 
 

   The value of the effective dielectric constant (𝜀𝑒𝑓𝑓) is 

calculated from the following equation 

                             

   

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟+1

2
+

𝜀𝑟−1

2
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                     (3) 

    Due to filed fringing , the size of the antenna is changed 

and increased in value  by an amount of  (ΔL). So the 

extended length is calculated from the equation [5] 

 

∆L = h (0.412)
(𝜀𝑟𝑒𝑓𝑓+0.3)(

𝑊

ℎ
+0.264)

(𝜀𝑟𝑒𝑓𝑓−0.258)(
𝑊

ℎ
+0.8)

                       (4) 

h= height of substrate  

 

    The  length    L   of the microstrip antenna is determined 

as follows [5]   

 

L = (Leff − 2∆𝐿)                                      (5) 

 

    Then we can find the width of ground plane 𝑊𝑔 and 

length   
𝐿𝑔 which are calculated from equation  

 Wg = 6h + W                                           (6) 

        Lg = 6h + L                                           (7)   

 

 

 

III. PROPOSED ANTENNA  DESCRIPTION  

    The wide range of applications of the antennas gives the 

interested people the ability to do a lot of designs and 

modifications. Antenna solutions are still needed for (IoT) 

wireless networks area to enhance services and applications 

[1]. The idea of this work is to design single slot microstrip 

patch antenna dual band for Internet of Things (IoT) 

wireless applications.  

      The proposed single slot dual band microstrip patch 

antenna is shown in “Figure. 2,”.  The antenna is designed to 

operate in 2.40GHz and 5.78GHz, and its shape was chosen 

to be a square patch antenna with the dimensions (W × L)  ( 

27.5 × 28mm) and FR4 substrate with the dielectric 

constant of 4.4 and loss tangent δ =  0.025  with 0.035 mm 

in metal thickness. The substrate’s height is equal to 1.6mm. 

The slot is modified randomly until specific return loss 

values, S11 < -10dB, are achieved. The feeding technique is 

a microstrip transmission line, which is an easy technique to 

be calibrated and fabricated  and easy to obtain a input 

match [6]. 

      In dual band designation, it is hard to get the bands in 

just one-step and calculation. Some techniques are used in 

order to get the needed band. For example, dual feed 

antenna is a good technique to design dual band antennas, 

but it has some disadvantages such as difficulty in matching 

since it has to be done for two ports, not just one. Here in 

this work, the proposed antenna was designed in two steps. 

Firstly, the concentration was to get the antenna to work at 

the first band (2.4GHz). To achieve this, the antenna 

dimensions were based on 2.4GHz as resonance frequency 

where the finalized dimensions were obtained by optimizing 

the design to specific goals. Secondly, the other band 

(5.78GHz) was obtained by adding a small slot on the patch, 

as it is already known that adding a slot to a microstrip 

antenna design will a lead to additional a resonant 

frequencies. This gives results when using a resonant 

frequency at 5.78GHz in (IoT)`  applications for the 

designed antenna.  

Table 1. Proposed antenna design parametres 

Parameters Values 

Height of substrate       h 1.6 mm 

Dielectric constant         𝜀𝑟 4.4 

Length of the patch       L 27.5 mm 

Width of the patch        W 28 mm 

Ground plane length      Lg 50 mm 

Ground plane width       W 80 mm 

Loss tangent δ 0.025 

Impedance Z0 50 Ω 

Feeding method Microstrip Line Feed 

Copper Thickness 0.035 mm 

 

   All of these parameters are designed using these 

dimensions of a  micorstrip antenna with a line fed using 

HFSS simulator.   
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Figure 2. Proposed single antenna with overall dimensions. 

    The dimension of the slot also changed gradually in order 

to investigate the effect of this action on antenna results, 

especially  on S11. This slot is placed at the patch and its 

dimensions W × L  (0.5× 1mm), and feeding  the antenna 

with 50 Ω and dimensions of the feed line for this  antenna 

0.5 ×0.16mm. 

Table 2.   Microstrip line impedance dimension 

Impedance Width (mm) Length (mm) 

50 Ω 0.5 1 

    It was observed that there was a small shift in frequency 
when the slot size changed. Because of this frequency 

change, return loss value can change drastically at 2.4 and 
5.78 GHz. 

Table 3. Antenna performance with slot 

Slot Length 

(mm) 

Slot  

Width  (mm) 

S11 (dB) at 

2.4GHz 

S11 (dB) at 

5.78GHz 

`1 0.5 -11.7 -18.7 

3 0.5 -7.7 -13.4 

5 0.5 -3.8 -14.2 

5 1 -2.8 -14.6 

3 1 -2.4 -6.7 

0.5 1    -12.1 -21.2 

 

IV. MEASUREMENT SIMULATION AND 

RESULTS 

The antenna was fabricated using the substrate with the 

final dimensions ( 27.5 x 28mm) described in the previous 

section. The patch antenna was etched on epoxy FR-4, 

which has a dielectric constant of 4.4, substrate thickness of 

1.6 mm and metal thickness of 0.035 mm. Epoxy FR-4 was 

used because it has a low dielectric constant, and it had also 

a reasonably thin substrate [7] . however, the substrates that 

are most desirable for good antenna performance are thick 

ones, whose dielectric constant is in the lower end of the 

range because they provide better efficiency [8]. 

“Figure. 3,”  shows a single slotted microstrip antenna on 

FR-4 substrate. “Figure. 4,” shows the same single slot 

microstrip antenna connected to a network analyzer, during 

measurement in antenna laboratory.  

 

 Figure 3. Photograph of fabricated single slot microstrip antenna on FR-4 

substrate. 

Figure 4.  Antenna connected to network analyzer for measurement in 
laboratory. 

    Due to the good performance of the antenna design on 

FR-4 glass-reinforced epoxy laminate [9], the measurement 

simulation results for the dual-band antenna at 5.78GHz 

indicate that the simulation and measurements of the best 

returen loss (S11) at 5.78 GHz is -21.2 dB. (should be  ( ǀ 

S11ǀ < -10dB ) [10]. The maximum gain at 2.40 GHz is 

about 1.47 dB while at 5.78 GHz it is 3.84dB, also at 

5.78GHz the antenna has a three-dimensional beamwidth 

(HPBW) of 38.22 and a directivity of 3.94dBi, the 

efficiency of the designed antenna has increased 94%, 

which is promising gain for IoT applications. Therfore,  the 

proposed antenna improved results at higher frequency 

bands. From these results,  it can be seen that excellent 

agreemen between the measurement and simulation results 

are obtained. Thus, the designed antenna works in wireless 

communication applications and Internet of Things devices. 
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      The radiation or antenna pattern describes the relative 

strength of the radiated field in various directions from the 

antenn [11]. "Figure. 5" depicts the simulated radiation 

pattern with peak  gain of 3.84dB for proposed antenna 

configuration at 5.78GHz using HFSS software. Thus,  the 

antenna design has Omni-directional shaped radiation 

patterns in all planes as expected since the antennas are 

patch type. 

 
Figure 5.  Far-field pattern for single antenna at 5.78GHz. 

 

    The gain is  quantity describing antenna performance or 

the ability to focus energy through a direction to give a 

better picture of radiation performance [13]. Usually the 

gain of a single antenna is limited (4-5dB). 

   3D gain plot of the far field pattern of the designed 

antenna was obtained using HFSS . This plot is shown in  

"Figure.6 ".  The peak gain of  single antenna is 3.84dB at 

frequency 5.78GHz  using a FR-4  substrate  material. Red 

color is the maximum antenna gain at this frequency. 
 

 
Figure 6.  3D Gain polar plot at 5.78GHz. 

 

    The efficiency of the  dual- band  antenna up to 94 %,  we 

notice an improvement in the efficiency value that reaches 

at 5.78 GHz frequency band. It can be said that this 

improvement is due to the less loss of copper losses or 

electrical insulators of the material in the antenna, also using 

microstrip line feed. 
 

 

Table 4. Performance of dual-band patch antenna on substrte material 

Substrate 

material 

Band 

width 

(MHz) 

S11 (dB) 
Radiation 

pattern 

Gain 

(dB) 

FR-4 

ϵr = 4.4 

 

436.6 

 

-21.2 

Omni-

directional 

 

3.84 

 

V. CONCLUSIONS 

      In this paper,  a dual-band microstrip patch antenna that 
feed by microstrip line has been designed and implemented  

to support Internet of  Things IoT wireless applications with 

their frequency bands .     

      The goal of this study is to design a dual band microstrip 

patch antenna on a glass epoxy FR- is capable of  operating 

at resonating frequency bands of 2.40GHz and 5.78GHz for 

modern (IoT) wireless communications application. The 

ground plane dimensions for the patch is 50mm by 80mm 

and it could be smaller than these dimensions. In addition, 

the patch dimension is 28 mm by 27.7mm. After that, the 

other resonance frequency at 5.78GHz is obtained by etching 

a slot on the patch. So the designed antenna is suitable for 

(IoT) wireless technologies. The proposed antenna shows 

directional radiation pattern, good return loss, and better gain 

with acceptable radiation efficiency. 

     The dual band microstrip antenna was simulated and 

fabricated in this work, and the most important issue is about 

how to control or get a dual band antenna. The method of 

etching slots on such antenna is useful to get the other 

frequency band. Also by changing the slot position and 

dimension W or L , reasonable return loss S11 values will be 

obtained. In conclusion,  this antenna is best applicable to 

modern (IoT) communication devices and wireless 

communication frequencies operating at 5.78GHz. 
For future work, one may modify any antenna shape to a 

specific application. Future work will concentrate on how to 
tackle the size and performance this type of antennas. Triple 
band with high gain will be a good idea to continue the 
studies in this field. 
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