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 Using circular geometry has a great influence on many fields of science and 

engineering, one of which is antenna. Communication systems were oriented 

towards fifth generation (5G) because of large- bandwidth systems, compact 

requirements, high-data rates. In this research, a design and simulation are 

made to a microstrip circular patch antenna. The patch has two circles a 

compact structure of the first circle radius is 2.5 mm and second circle radius 

is 1 mm with thickness 0.35 mm. The proposed antenna has three resonant 

frequencies 41.08 GHz with a return loss of -12.4 dB, 47.4 at -18.86 dB and 

54.4 at return loss -24.3 dB. The bandwidths are 150 MHz, 222 MHz and 219 

MHz, the gains of three resonant frequencies are 6.16 dB, 9.89 dB and 5.54 

dB, with efficiency of 98%. A technique of inset feed transmission line was 

utilized to match the fifty Ω microstrip feedline and the radiating patch. Based 

upon the proposed design, a Roger RT Duroid 5880 substrate that possesses 

loss tangent of 0.0009 with a height of 0.5 mm and a dielectric constant of 2.2 

is employed. A computational process is conducted and analyzed by the use 

of computer simulation technology microwave studio. 
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1. INTRODUCTION 

The research paper presents an introduction having overview of the significance of antennas utilized 

in various appliances, regarding theory of microstrip antenna, it is included in section 2. Section 3 focused on 

proposed design geometry, and results, conclusion are considered in sections 4 and 5 in turn. The antenna is a 

device used to convert electrical energy into electromagnetic energy to travel in free space, it acts as interface 

between two-guided devices. There is another definition by the Institute of Electrical and Electronics Engineers 

(IEEE) that the “antenna is a means to transmit and send radio waves”. It was also defined in a different way 

as a “metal device (wire or rod) for the transmission and reception of radio waves”, this definition is given by 

Webster’s dictionary [1]. 

Communications, whether wired or wireless, have been enabled among devices with polymorphous 

in the abilities and the dimensions, beginning from the central computer devices and laptops to the electronic 

devices used in the buildings, sensing components and mobile phones [2]. 5G network uses a variety of 

spectrum resources in millimeter waves, which is anticipated to considerably improve the communication 

capacity. Moreover, it will expectedly be capable of providing and supporting high data rates up to 100 times 

the capacity of the fourth generation [3], [4]. This brings new challenges to the network requirements and 5G 

communication system antenna design to fulfil the data rate and capacity that are expected. With the rapid 
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growth of 5G mobile data, many fields like Blockchain, artificial intelligence, realistic ultra-high definition 

and IoT services such as smart grids, smart transportation, smart cities would be remarkably optimized. With 

the development of mobile communication industry to utilize millimeter-wave spectrum, carriers would 

probably use 28-38-73 GHz band, which would become the obtainable band futuristic technology [5], [6]. 

Based on the requirements for 5G, antennas with light weight, low profile (compact size), low-cost 

mass production, ease of installation, conformable to planar surface and also non-planar surface, mechanically 

robust when mounted on rigid surface and compatible with monolithic microwave integrated circuit are quite 

important [7]. Despite of the bandwidth is narrow; it is possible to consider microstrip patch antenna (MPA) 

as an ideal candidate to fulfil the aforementioned requirements. 

Aim of the work: 1) To design printed antenna with circular shape geometry to cover 41 to 54 GHz.  

2) To evaluate a comprehensive study of results in terms of gain, bandwidth, reflection coefficient and 

efficiency. 3) By applying on the CST microwave studio 2018 simulator will obtain a band of frequency range 

for 5G applications. 

 

 

2. THEORY OF MICROSTRIP ANTENNA  
Upgrading in the global network would require instant transformations conducted to devices in order 

to have compatibility with the new network. It is very necessary to reconfigure all communication system, 

otherwise the new network will become redundant. Anyway, the rapid development will create changes to the 

antenna. Therefore, it is necessary to realize the necessity to design an antenna that works in 5G-communication 

range [8], [9]. Microstrip patch antenna (MPA) is one of the most widely used and most sought-after antennas 

in the field of communication because they are small and easily manufactured, light-weight, for that reason, 

these antennas are the preferred choice for most communications industries. With most of the modifications 

found in smartphones, their ability to minimize the entire circuit is considered as a key feature [10]. 

The notably increased demand for mobile, commercial and personal communication [11], such form 

of antenna with light, tiny structures has participated essentially in developing telecommunication systems of 

missiles and spacecraft [12]. Microstrip antenna radiates due to fringing fields among edges of patch and 

ground plane is presented in Figure 1. It is obvious that the fringing fields were not constricted in the insulating 

substrate only, but also are spread through the air. Therefore, the value of effective dielectric constant 𝜖𝑟𝑒𝑓𝑓 

is a little smaller than the dielectric constant 𝜖𝑟 [13]. Fringing fields, from the patch, that accounts for the 

radiation, can be improved by having the patch width W increased, also by decreasing the value of dielectric 

constant 𝜖𝑟 or having the thickness of substrate h increased. Generally, microstrip antenna uses a patch with a 

larger width value and a lower value of dielectric constant and a thicker dielectric substrate [14]-[16]. 

 

 

 
 

Figure 1. Fringing field for microstrip antenna 

 

 

3. PROPOSED CIRCULAR MICROSTRIP PATCH ANTENNA (MPA) 

The microstrip patch antenna is designed using two circles over a square -shaped ground plane. this 

design used small circular microstrip antenna in order to achieve triple band. This antenna is designed on Roger 

RT Duroid 5880 substrate having a small size of (8×8) mm2, 0.5 mm substrate thickness h, 2.2 permittivity 𝜖𝑟 

and 0.0009 loss tangent and the ground plane the same dimension of substrate is made of the electrical material 

copper with thickness 0.35. In addition, this proposed model is prepared for triple band the resonant frequencies 

41 GHz, 47.4 and 54.4 GHz with an impedance bandwidth of 2 GHz. It is suitable for 5G applications such as 

radar, satellite communication and mobile phone. The overall view of the proposed design is illustrated in 

Figure 2 (a) illustrates the front view of the proposed design, while the Figure 2 (b) illustrates the side view of 

the proposed design [17]-[20]. 
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3.1.  Geometry of proposed microstrip patch antenna 

The material of patch layer (upper layer) contains copper metal [21]-[23]. The proposed patch antenna 

's dimension are the radius of large circle 2.5 mm and the radius of small circle 1 mm with thickness (t)  

0. 35 mm. The purpose of the new design is for changing the existing distribution on the patch, which lead to 

enhance the radiation pattern and gain. Besides, in order to obtain the best solution to far-field and reflection 

coefficient S11, waveguide port is used. The (ground layer) consists of copper having dimension (8x8) mm2, 

and the thickness is 0.35 mm. Table 1 shows the entire dimensions of microstrip antenna [24]-[26]. 

 

 

  
(a) (b) 

 

Figure 2. The proposed microstrip antenna of (a) the front view and (b) the side view 

 

 

Table 1. The proposed fractal antenna dimensions 
NO. Parameters Symbols Dimensions 

1 Length of ground Lg 8 mm 
2 Width of ground Wg 8 mm 

3 Length of substrate L 8 mm 

4 Width of substrate W 8 mm 
5 The radius of large circle R1 2.5 mm 

6 The radius of small circle R2 1 mm 

7 Length of feed line Lf 4.1 mm 
8 Width of feed line Wf 0.6 mm 

9 Thickness of ground and patch t 0.35 mm 

10 Thickness of substrate h 0.5 mm 

 

 

3.2.  Waveguide port 

The port that used in this proposed design named feed line waveguide port; the dimension of the port 

is 6 × 4 mm2, the reason of usage of the waveguide port because it is considered the simplest type of the feed 

ports [27]. The current aforementioned feed line is considerably corresponded to the design proposed. The 

overall view of the proposed port design is highlighted in Figures 3 (a) and (b). 

 

 

  
(a) (b) 

 

Figure 3. Microstrip feedline waveguide port of (a) the side view feed and (b) feedline base 

 

 

4. RESULTS AND DISCUSSIONS 

This chapter presents the characteristics of proposed microstrip antenna, which includes reflection 

coefficient S11, VSWR, 2D 3D polar plot gain, 3D polar plot directivity, bandwidth and radiation efficiency [28]. 

The parameters are clarified in accordance to the results obtained. Thus, from parameters it can predict for 

enhancement for the futuristic work. 
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4.1.  Reflection coefficient S11 

The reflection coefficient wave S11 of the proposed microstrip antenna is shown in Figure 4. 

Frequency resonates at 41 GHz, 47.4 GHz and 54.4 GHz with reflection coefficient values of -12 dB, -18.8 dB 

and -24.36 dB, but the band width of signal is narrow. Resonant frequency of 54.4 GHz has the lowest S11 value. 

 

 

 
 

Figure 4. Reflection coefficient of small microstrip antenna 

 

 

4.2.  Polar plot gain 

The 3D polar plot gain of the microstrip antenna design is shown in Figures 5 (a), (b) and (c) for triple 

resonant frequencies respectively. The gain at the first frequency, second frequency and third frequency 41, 

47.4 and 54.4 GHz are respectively equal to 6.16, 9.82 and 5.54 dB. The 47.4 GHz gained the maximum gain 

among others. 

 

 

  
(a) (b) 

  

 
(c) 

 

Figure 5. 3D Polar plot gain of various frequencies of (a) 6.16 dB at 41 GHz, (b) 9.82 dB at 47.4 GHz and  

(c) 5.54 dB at 54.4 GHz 
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4.3.  Polar plot directivity 

The simulated 3D far filled radiation pattern directivity of proposed antenna design at three resonant 

frequencies is shown in Figures 6 (a), (b) and (c) respectively [29]. At 54.4 GHz, the radiation pattern directivity 

is approximately wider than other. At 47.4 GHz resonant frequency, the directivity is somehow smaller than 

other frequencies. 
 

 

  
(a) (b) 

  

 
(c) 

 

Figure 6. 3D Polar plot directivity of various frequencies of (a) 41 GHz, (b) 47.4 GHz and (c) 54.4 GHz 

 

 

4.4.  Bandwidth 

From the higher frequency and lower frequency values, the calculated bandwidths of microstrip 

antenna, for three resonant frequencies 41, 47.4 and 54.4 GHz are 150-222-219 MHz as shown in the  

Figures 7 (a), (b) and (c). It can vividly be noticed that resonant frequency 47.4 GHz has the highest bandwidth. 

41 GHz resonant frequency obtained the lowest bandwidth compared to others. 
 

4.5.  Efficiency 

The efficiency of first band proposed design is 99.67%. It is calculated from the relationship between 

the gain and directivity, mentioned earlier. The efficiency of second band proposed design is 99.47 %, and the 

efficiency of third band proposed design 98.22%. So, based on these values, the first band proposed design is 

more acceptable than the second and third bands proposed designs. 
 

4.6.  Comparison between two bands 

Table 2, shows the comparison between the three bands of the microstrip antenna of the proposed 

design. It can patently be noticed that the first band is as more efficient as the second and third respectively. 

However, the 47.4 GHz second band has greater gain, directivity and bandwidth, whereas the third band has 

the highest frequency and the lowest reflection coefficient in turn. 
 

 

Table 2. Comparison between the triple bands 

Name Fr. (GHz) S11 (dB) Gain (dB) Dir. (dB) Eff. (%) BW (MHz) 

1
st 41 -12 6.16 6.18 99.6 150 

2
nd 47.4 -18.8 9.82 9.87 99.4 222 

3
rd 54.4 -24.3 5.54 5.64 98.2 219 
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(a) 

 

 
(b) 

 

 
(c) 

 

Figure 7. The bandwidths of three bands of (a) 150 MHz at 41 GHz, (b) 222 MHz at 47.4 GHz and  

(c) 219 MHz at 54.4 GHz 
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5. CONCLUSIONS AND FUTURE WORKS 

The aforementioned proposed circular geometry patch antenna is designed and accurately simulated 

at the resonance frequencies of 41.08 GHz, 47.4 GHz and 54.4 GHz, using CST software. Results presented in 

this research, proposed to design circular microstrip antenna triple bands which are suitable for 5G applications. 

In addition, some concluding remarks are presented about the proposed design techniques. At the end of this 

chapter, some recommendations for future work are presented. 
The suggestions for future work can be viewed as follows: 1) designing other types of antennas and 

obtaining their characteristics in an attempt to boost bandwidth and gain; and 2) combining more than one 

antenna to design an antenna array in order to enhance the gain and directivity to be suitable for applications, 

which requires high signal strength. 
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