
Journal of Science Technology Engineering and Management-Advanced Research & Innovation 
Vol. 1, Issue 1, January 2018 

 

Abstract— This paper presents the design and simulation 

of a microstrip patch antenna operating at 28 GHz for 5G 

communication. The antenna operates at the Local 

Multipoint Distribution Service band having a center 

frequency at 27.91 GHz with a maximum reflection 

coefficient of –12.59 dB, a very wide bandwidth of 582 MHz 

and a high gain of 6.69 dB. The transmission line of the 

antenna used is an inset feed. The substrate used is Rogers 

RT Duroid 5880 which has a dielectric constant of 2.2 and a 

height of 0.254 mm. The antenna dimensions were 

calculated and simulated results have been displayed and 

analyzed using HFSS.  

 

Index Terms— Millimeter-wave, 5G, LMDS, Microstrip, 

28 GHz 

I. INTRODUCTION 

As seen nowadays, the telecommunication industry is booming. 

More and more users are getting their devices connected to the 

network causing the need of enormous capacity and faster speed 

in the upcoming years. The 5G technology uses a higher 

frequency band at 28 GHz to be able to deliver a high data rate 

of multi-Gbps and will be able to support as much as 100x of 

today’s capacity by 2020 and as much as 1000x by 2030 [1]-

[2]-[3]. With the competence of 5G, a lot of industries will be 

enhanced such as for Artificial Intelligence, Blockchain 

Technology and services for IoT such as Smart Grids, Smart 

Cities and Smart Transportation. The small cell technology of 

5G can be integrated into the existing macro cells of 4G [4]-[5]. 

In this paper, the proposed single patch antenna is designed to 

resonate at 28 GHz for the LMDS band. The patch is designed 

using the substrate Rogers RT Duroid 5880 with a dielectric 

constant ɛr = 2.2 and a thickness of 0.254 mm. The overall 

dimension of the antenna proposed antenna is 14.71 mm x 7.9 

mm x 0.254 mm. A quarter-wave transformer is incorporated 

and a lumped port is used to excite the antenna having an input 

characteristic impedance of 50 Ω.  

 
 

II. MATERIALS AND METHODS 

The proposed microstrip patch antenna operating at 28GHz for 

5G is shown in Figure 1. 

 

Figure 1: Proposed Microstrip Patch Antenna 

The analytical calculations for the dimensions of the single 

patch element as shown in Figure 1 are shown below by using 

equations (1) and (2). 

 

𝑊 =  
𝑐

2𝑓𝑟√
ɛ_𝑟

2

                   (1) 

 

where c is the velocity of light, fr is the frequency of operation 

and ɛr is the dielectric constant of the substrate.  
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𝐿 =  𝐿𝑒𝑓𝑓 − 2𝛥𝐿                 (2) 

 

From equation 2, the length of the patch L can be determined 

after obtaining the valued of the effective length of the patch 

(Leff) and the length of extension (ΔL). The proposed antenna 

was connected with a quarter-wave transformer of 87.26 Ω 

having width w1= = 0.304 mm a to the microstrip line of 50 Ω 

having a width of w2 = 0.783 mm. The dimensions of the 

antenna is tabulated below in Table 1. 

Table 1: Dimensions of proposed antenna 

Parameter Value (mm) 

W 4.105 

L 3.362 

W1 0.304 

L1 2.007 

W2 0.783 

L2 1.824 

 

The simulation software HFSS (High Frequency Structure 

Simulator) was used to design the proposed single patch 

element. The antenna consists of 3 layers, the first layer at the 

bottom is the ground plane made of copper, the second layer is 

the Rogers RT Duroid 5880 substrate with a loss tangent (tan δ) 

of 0.0009, a thickness of 0.254 mm and the top layer is the 

radiating patch which is the copper cladding of 17.5 µm. The 

next section discusses various simulation results of the 

proposed antenna design. 

 

 

Figure 2: Simulated Microstrip Patch Antenna 

 

III. RESULTS AND DISCUSSIONS 

The antenna was modelled and simulated using HFSS and 

each layer of the proposed design was assigned with its 

respective physical and electrical properties. The result of the 

return loss, VSWR (Voltage Standing Wave Ratio), gain and 

the radiation pattern of the single patch element obtained is 

shown in Figure 3 - 6. The S11 parameters were obtained using 

the lumped-port configuration. The base value of -10 dB is 

taken as the base value which is favorable for mobile 

communication. The single patch resonates at 27.91 GHz with 

a return loss of -12.59 dB as seen in Figure 3 below. The 

acceptable level of VSWR for wireless application should be 

less than 2 and as seen in Figure 4, the VSWR of the single 

patch antenna is 1.77. The antenna achieved a high gain of 6.69 

dB which is considered excellent in terms of a compact 

microstrip patch antenna as shown in Figure 5. The radiation 

pattern at phi=0° is presented in Figure 6. An omnidirectional 

pattern of the proposed antenna is seen with a small back lobe.  

 

Figure 3: Return Loss 

 

 
Figure 4: VSWR 

 

 
Figure 5: Antenna Gain 

 

 
Figure 6: Radiation Pattern 
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The summary of result is shown in Table 1 below. The 

obtained parameters shows that the proposed antenna is a 

suitable for 5G mobile communication. 

 

Table 2: Summary of Results 

Antenna 

Parameters 

S11 Parameter VSWR Gain 

Specification 

Detail 

27.91 GHz at 

-12.59 dB 

1.77 6.69 dB 

 

IV. CONCLUSION 

 

In this paper, a rectangular microstrip patch antenna has been 

proposed for 5G wireless communication at LMDS band. The 

antenna resonates at 27.91 GHz with a return loss of -12.59 dB. 

The achieved gain of the antenna is 6.69 dB and the radiation 

pattern is omnidirectional. The integration of the antenna can 

be done in devices where space is a major concern. The 

proposed antenna can be used in future 5G wireless devices 
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