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Abstract—The design and performance 
analysis of a conventional rectangular microstrip 
antenna (RMSA) operating at 3.5GHz for future 
wireless networks and applications is presented. 
The major components of a microstrip antenna 
(MSA) are the ground plane, dielectric substrate, 
patch and feed-line. The dimensions of the 
components of the RMSA were determined using 
the transmission line model. The rectangular 
shaped patch was placed on flame retardant 
epoxy 4 (FR4) substrate with a dielectric constant 
ሺ𝜺𝒓ሻ  of 4.4 and thickness ሺ𝒉ሻ  of 1.6 mm. The 
designed antenna was developed and simulated in 
Computer Simulation Technology (CST) 
microwave studio. From the simulation results, 
the return loss, voltage standing ratio (VSWR), 
and gain were -31.0 dB, 1.43 and 6.6 dB 
respectively. Furthermore, the antenna also 
resonated at the required frequency of 3.5GHZ in 
the return loss plot. The simulation results 
antenna performance parameters shows that the 
antenna can be used for future wireless networks 
and applications. 

Keywords— Rectangular microstrip antenna, 
antenna parameters, transmission line model, CST 
microwave studio. 

I.  INTRODUCTION  

In recent years, the dependency of human activities 
on network driven applications has increased the need 
for higher data throughput, lower latency and increase 
channel capacity for wireless networks leading to the 
development of new generation networks such as  
fifth-generation of wireless network also known as 5G 
[1].  

Microstrip antenna (MSA) has been noted as a 
good alternative to overcome propagation difficulties 
especially for 5G networks [2].  Reference [3] stated 
that Deschamps first put forth the MSA idea in 1953 
but Munson and Howell created useful antennas in the 
1970s with benefits such as small size, light weight 

and ease of production using printed circuit technology 
[4], and the ability to build arrays [5]. The shapes of 
microstrip antennas vary and can be customized to 
meet specific needs. The popular shapes are the 
rectangular, circular and square [6]. The desire for 
compact and minimally framed antennas has 
increased along with the demands for use in mobile 
and personal communication, which has elevated MSA 
to the fore. A microstrip fundamental design comprises 
a metal strip on a dielectric substrate with a ground 
plane covering it on the other side. 

Several researches have been carried out in the 
design and performance analysis of MSA leading to 
many applications according to [7] such as remote 
sensing and environmental instrumentations, satellite 
navigation, missiles and telemetry, biomedicine, 
mobile communication, direct broadcast services, 
radars and global position system (GPS).  

MSA has some attractive features such as light 
weight, low profile, low cost, simple design, ease in 
installation, variety of shapes and its compatibility with 
monolithic microwave  integrated circuits (MMICs) that 
has made it popular in recent times, but also has some 
significant drawbacks such as narrow bandwidth, low 
gain, low power handling capabilities and low 
efficiency [8]. 

Many authors have designed MSAs for different 
frequencies in line with their spectral needs and 
recently in Nigeria the Nigerian Communication 
Commission (NCC) recently specified the 3.5 GHz to 
3.6 GHz band as one of the frequency bands for 5G 
communication implementation. This paper dwells on 
the design and performance analysis of a rectangular 
microstrip antenna (RMSA) resonating at a frequency 
of 3.5 GHZ for future wireless networks and 
applications. 

II. THEORETICAL FRAMEWORK 

Antennas are an integral part of wireless networks. 
It is the transducer that converts voltage or current 
signals in a transmission line to electromagnetic waves 
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Calculation of the effective Length ( 𝐿௘௙௙ ) was 
achieved using Equation 11[5], [16]. 

𝐿௘௙௙ ൌ
஼

ଶ௙ೝඥఌೝ೐೑೑
    (11) 

The determination of the extension length (∆𝐿) was 
achieved with Equation 12.   

∆𝐿 ൌ 0.412ℎ
ൣఌೝ೐೑೑ା଴.ଷ൧ቂ

ೈ
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Calculation of actual length of patch (  L୔ ) was 
carried out from Equation 13. 

𝐿௣ ൌ 𝐿௘௙௙ െ 2∆𝐿    (13) 

Calculation of the ground plane dimensions (length 
and width) were achieved using Equations 14 and 15 
respectively. 

𝐿௚ ൌ 𝐿௣ ൅ 6ℎ     (14) 

𝑊௚ ൌ 𝑊௣ ൅ 6ℎ    (15) 

 

C. Determination of the Microstrip feed Line and 
Quarter-Wave Transmission Line Dimensions 

 
The computing the patch's resonant input edge 

resistance (𝑅௜௡ሻ is shown in Equation 16 [16,17 ]. 

𝑅௜௡ ൌ
ଵ
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    (16) 

The conductance of a single slot of finite width is 
given by [6], [9], [18] in Equations 17 as: 
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The formula to compute the characteristic 
impedance of the quarter wave transmission line 
(QWT) is given in [18] as Equation 18: 

𝑍ଵ ൌ ඥ𝑍଴𝑅௜௡     (18) 

The computation of the quarter-wave feed line 

width is given in [6, 9, 17]. If 
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The summary of the design dimensions for the 
rectangular Microstrip Antenna (RMSA) are shown in 
Table 1. 

 

TABLE I.  DESIGN DIMENSIONS OF 3.5GHZ SINGLE BAND 

EDGE FED RMSA. 

Design Parameters Values 

Patch dimensions: 

Length (L୮) 20.22 mm 

Width (W୮) 26.08 mm 

Dielectric constant (ε୰) 4.4 

Substrate height (h) 1.60 mm 

Patch thickness (t) 0.02 mm 

Ground plane dimensions: 

Length of ground plane (L୥ሻ 29.82 mm 

Width of ground plane (W୥) 35.68 mm 

Feed line dimensions: 

Width of quarter wave feed 
section (Wொ) 

0.78 mm 

Width of 50 Ω transmission 
line (W଴ሻ 

3.10 mm 

Length of 50 Ω transmission 
line ( L଴ሻ 

7.00 mm 

Length of quarter wave feed 
line ( Lொሻ 

10.80 mm 

Input edge impedance of the 
patch (R୧୬)                    

197.28 Ω 

Characteristic impedance of 
the feed line (Z଴) 

50 Ω 

Characteristic impedance of 
quarter wave transformer (𝑍ଵ) 

99.32 Ω 

 

The geometrical configuration of the designed 3.5 
GHz RMSA is depicted in Fig. 2 developed from the 
calculated parameters in Table 1. 
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B. Discussions 

The summary of the simulation results showing the 
antenna characteristics (resonant frequency, return 
loss, VSWR and 3D gain) is shown in Table 2. 

TABLE II.  SUMMARY OF SIMULATIONS RESULTS 

Number 
of 

Element 

Resonant 
Frequency 

(GHz) 

Return 
Loss 
(dB) 

VSWR 3D 
Gain 
(dBi) 

Single  3.5 -31.0 1.43 6.6 

 

Based on Table 2, the designed single element 
RMSA resonated at the designed operating frequency 
of 3.5GHZ. This indicates that the designed antenna 
is functioning properly since it resonates at the design 
frequency of 3.5GHZ. 

The return loss of -31.0dB for the single element 
antenna is a good value since it is below or less than 
the minimum specified -10.0dB for good MSA design. 
Also the return loss of  -31.0dB signifies that minimum 
power is reflected from the patch antenna to the 
source input port. 

The VSWR of 1.43 is within the specified limit of 1 
≤ VSWR ≤ 2 for good impedance matching network. 

 

V. CONCLUSION 

A rectangular microstrip antenna resonating at3.5 
GHzwas designed in this paper. The antenna consists 
of a rectangular patch, substrate and ground plane and 
a microstrip feed line. The patch was designed on an 
FR-4 epoxy substrate with dielectric constant (ε_r ) of 
4.4, thickness (h) of 1.6 mm and ground plane with 
designed dimensions of 29.82mm×35.68 mm. The 
substrate had a dimension of 29.82mm x 35.68mm x 
1.6mm when simulated on CST Studio. The simulation 
results obtained showed that the designed single 
element RMSA resonated at 3.5GHZ with good 
antenna performance parameters and is suitable for 
5G applications, rural broadband services [19]. 
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