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Abstract— The higher frequency spectrum prevalence of the 

fifth-generation applications will likely be dependent on a small 
advanced antenna technology. Most 5G frequency bands are 
predicted to be in the range of 20-50 GHz. More specifically, the 
frequency band of 5G is predicted to be extended from 28 to 
38GHz. In this paper, the main goal is to design and analyze 
28GHz Millimeter wave microstrip patch antenna (MWMPA) using 
CST simulation. The designed MWMPA can be implemented using 
high frequency laminates RT/duroid-5880 substrates and can 

maintain great performance since the simulated results 
demonstrate that it has S11 response of less than -10 dB in the 28 
GHz. Additionally, an analytical study of the effect on the antenna 
characteristics by varying the length, width and the substrate 
thickness is presented. The results show that the bandwidth and 
return loss have been enhanced by increasing substrate thickness. 

Keywords—Microstrip patch, Millimeter Wave, 5G, CST. 

I. INTRODUCTION 

Antenna miniaturization has been the significant issue of 
numerous studies for nearly 70 years [1]-[2], Early studies 
displayed that a decrease in the size of an antenna led to a 
direct reduction in its efficiency and bandwidth [1], [3]. 
Recently, most of the cell devices industry and several 
academic institutions have been focusing to reduce the form 
factor of different types of antennas while trying to maintain 
satisfactory matching properties and operating bandwidth.[4] 
These miniaturization techniques are related to changing the 
geometrical and physical properties of the antenna [4]. 

Microstrip patch antennas (or printed antennas in some 
references) are the most important types of antennas which 
the technique of miniaturization depends on its flat surface. 
There are many types of microstrip antennas and the most 
widespread of which is the rectangle and square microstrip 
patch [5]. These types of antennas are used in a broad range 
of applications such as aircraft, satellite, missiles, cellphones 
and biomedical systems, primarily due to several attractive 
properties such as low profile (can even be conformal),easy 
to fabricate (use etching and photolithography), easy to feed 
(coaxial cable, microstrip line, etc.) ,easy to use in an array 
or incorporate with other microstrip circuit elements ,patterns 
are somewhat hemispherical, with a moderate directivity 
(about 6-8 dB is typical).[6] 

On the other hand, there are also disadvantages such as 
low bandwidth (but can be enhanced)[7],[8], bandwidths of a 
few percent are typical, efficiency may be lower than with 
other antennas, efficiency is limited by conductor and 
dielectric losses, and by surface-wave loss.[7]  

This paper proposed enhanced 28 GHz Millimeter wave 
patch antenna and analysis the impact of antenna dimensions 
in terms of directivity, gain, radiation efficiency, total 
efficiency, return loss, bandwidth and resonant frequency. 

II. DESIGN AND CALCULATION 

In its most fundamental form, a Microstrip Patch antenna 
contains of a radiating patch on one side of a dielectric 
substrate which has a ground plane on the other side as 
shown in Fig.1. 

There are four collective methods of feeding a microstrip 
patch antenna. These are coaxial probe, proximity Coupled, 
aperture Coupled and microstrip line. The coaxial probe is 
easy to matching its characteristic impedance and it is 
commonly used in signal patch or in small array patch but it 
has a poor reliability due to soldering as well as tends to have 
a narrow bandwidth. [8],[9]. proximity coupled 
(electromagnetic coupling scheme) aperture Coupled 
technique. Due to of double substrates proximity coupling 
provides very height bandwidth (about 13%) and the other 
main advantage of this feed technique is that it eliminates 
spurious feed radiation. aperture Coupled technique can give 
more height bandwidth of about 21%. And also has low 
spurious feed radiation. On the hand the proximity Coupled 
and aperture Coupled feed technique are difficult to fabricate 
because of the double dielectric layers which required proper 
alignment [10]. microstrip line technique connected directly 
to the microstrip patch to provide a planar structure which 
make it ideal for miniaturization techniques figure 1. This 
technique Provides an easy fabrication and analyzation in 
both modeling and impedance matching side. surface waves 
and spurious feed radiation can be increases. [10],[11] 
Microstrip line technique is commonly used to design single 
and array patch antenna. In this design the microstrip line 
was chosen due to its advantages over other types since it is 
very simple to manufacture. The feeding method for the 
proposed patch antenna is given in Fig 2. 

 

 

Fig. 1. Physical geometry of microstrip antenna 
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Fig. 2. Design of proposed single patch. 

To design the single patch antenna, there are three 
critical parameters. The operating frequency, total highest, 
for the substrate and dielectric constant of substrate material 
which the (Rogers-RT/duroid-5880) was chosen. 

Hence, the essential parameters for the design are: 

 fr = 28 GHz 
 εr = 1.9 
 h = 0.3 mm 

The width of patch can be calculated using the equation: 

 

Effective relative permittivity can be written as: 

 

The increment in actual length is given by: 

 

The effective length (Leff) of the patch is given by: 

 

The length L is determined as 

 

Calculation of the ground plane dimensions (Lg and Wg): 

Lg = 6h + L                                                       (6) 

Wg = 6h + W                                                    (7) 

The dimensions of the model are as shown in table I. 

TABLE I.  THE DIMENSIONS OF THE DESIGN 

Parameters Symbol Value 

Operation Frequency Fr 28 GHz 

Dielectric constant Er 1.9 

Substrate thickness h 0.3 mm 

Patch thickness t 0.03 mm 

Patch width W 4.6 mm 

Patch Length L 3.57mm 

 

Fig. 3. Dimensions of proposed single patch antenna. 

A prototype of the antenna has been tested using CST 
simulator, with the above given geometrical dimensions. The 
results as shown in table II. 

TABLE II.  SIMULATION RESULT 

P Directivity Gain 
Rad. 

Efficiency 

Total 

Efficiency 

V 7.39 dBi 6.70 dB -0.9 dB -0.6 dB 

Fig. 4.  Frequency Vs Return loss. 

Fig.4 shows the bandwidth since the narrowband is one 
of the disadvantages of microstrip patch (typically 3%). the 
antenna was designed to operate at 28 GHz, but it 
is resonant at nearly 27.4 GHz. This shift is due to fringing 
fields around the design, which makes the patch seem bigger.  

Fig.5 provides an enhanced model, the antenna patch 
typically trimmed by 2 % and some geometry modifications 
have been made to achieve resonance at desired frequency. 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 5. Design of proposed single patch. 
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III. RESULTS AND DISCUSSION 

The main results discuss here are simulated by using 
Computer Simulation Technology Studio Suite 2017 (CST). 

As can be seen in Fig.6, a good performance is achieved 

with the proposed antenna and the simulated results in Fig.9 

demonstrate that it has S11 response of less than -10 dB in 

the 28 GHz frequency range. 

Fig. 6. 3D View of Gain pattern 

Fig.6 illustration the 3D view gain pattern of the model 

in Farfield which equal to (7.64 dB), while minor lobes are 

clear on the opposite side. The realized gain is (7.64 dB).  

Fig. 7. 2 D View of  Directivity. 

Fig.7 illustration the 2D view directivity. The maximum 
directivity of the antenna is 8.33 dBi. The half power (3 dB) 

beam width is 70.9 degrees 

Fig. 8.  polar view of power pattren. 

Fig. 9. Frequency Vs Return loss 

Fig.8 illustration polar view for simulations of power 

pattern. Beam widths and Sidelobes HPBW = 71.1 degree. 

Fig.9 shows the S-parameter. The antenna is resonant at 

the desired frequency 28 GHz exactly. The return loss at 

resonant frequency is below -10 dB and is equal to -31.16 

dB. The bandwidth is about 1.009 GHz and Voltage 
Standing Wave Ration VSWR is low with value of 1.05 as 

shown in fig.10, which provides better impedance matching. 

at a 28 GHz. 

Fig. 10.  Frequency Vs VSWR 

Fig.11 illustration polar view for simulations of the E-

field and H-field for a patch antenna. Both patterns are fairly 

broad. HPBW= 66.3 degree for E-field and H-field. 

 

Fig. 11. Polar View of H-field and E-field 
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The analysis is based on the three scenarios of 

observation. In the first scenario the effect on the antenna 

characteristics by varying the length of the patch, while in 

the second the width of the patch is varied to observe the 

variation in the characteristics. In the third scenario the 

height of the substrate is varied to detect the variation in the 
model characteristics. 

A. Effect of length (L) 

TABLE III.  THE EFFECT OF THE PATCH LENGTH  

S L(mm) L=3.3 L=3.4 L=3.5 L=3.6 L=3.7 

Directivity (dBi) 8.43 8.27 8.33 8.29 8.18 

Gain (dB) 7.88 7.50 7.64 7.55 7.37 

Rad-Efficiency (dB) -0.54 -0.77 -0.68 -0.74 -0.80 

Tot-Efficiency (dB) -0.85 -1.08 -0.69 -0.85 -1.91 

Return loss (dB) -12.50 -12.11 -31.5 -31.44 -31.58 

Bandwidth (GHz) 0.61 0.56 1  1.07 1.02 

Resonant freq (GHz) 27.8 27.8 28  27.7 27.1 

 

In table III observation, the height and width of the 

substrate are kept fixed at the greatest result has been 

obtained in the simulation. The width of the patch is kept 

fixed at 4.6 mm and 0.38 mm for height, and the length of 

the patch is varied as (3.3,3.4,3.5,3.6,3.7) mm. Different 

simulation result were observed by varying the length.  

As the length increases the resonant frequency decreased 

slightly but there is no significant change in the bandwidth. 

At lower length there is no significant variation in the gain, 
directivity, and the rad-efficiency obtained. there is a 

significant change in the bandwidth. The antenna is showing 

a small bandwidth of approximately 0.5 GHz and a height 

return loss near to -12 dB. With a length of more than 3.6 

mm, the bandwidth slightly increased but the resonant 

frequencies also get changed more. 

 

B. Effect of width (W) 

TABLE IV.  THE EFFECT OF THE PATCH WIDTH.  

S W(mm) W=4.4 W=4.5 W=4.6 W=4.7 W=4.8 

Directivity (dBi) 8.27 8.31 8.33 8.35 6.61 

Gain (dB) 7.60 7.62 7.64 7.58 2.62 

Rad-Efficiency (dB) -0.67 -0.68 -0.68 -0.77 -3.9 

Tot-Efficiency (dB) -0.85 -0.75 -0.69 -0.87 -13.7 

Return loss (dB) -27 -29.44 -31.5 -37.6 -8.7 

Bandwidth (GHz) 1.1 1.07 1 1.13 0 

Resonant freq (GHz) 28.3 28.2 28 27.7 21 

 

In table IV, the height and length are kept fixed at the 

greatest result has been obtained. The height of the patch is 
kept fixed at 0.38 mm and 3.5 mm for length, and the width 

of the patch is varied as (4.4,4.5,4.6,4.7,4.8) mm. Different 

simulation result. 

As the width of (W=4.8) the simulation is showing a 

zero bandwidth at -10dB and the total efficiency was 

decreased to -13.7 which greatly lowers antenna efficiency. 

The resonant frequencies also have been changed to 

unacceptable value (21GHz). As observed at varying width. 

There is no significant or illogical change with the other 

values of the patch width. For lesser substrate thickness, 

antenna is more directive and provides more gain. 

C. Effect of substrate height (h) 

TABLE V.  THE EFFECT OF THE SUBSTRATE HEIGHT TICKNESS 

S H(mm) H=0.2 H=0.3 0.38 H=0.5 H=0.6 

Directivity (dBi) 8.37 8.34 8.33 8.31 8.27 

Gain (dB) 7.9 7.67 7.64 7.64 7.63 

Rad-Efficiency (dB) -0.47 -0.67 -0.68 -0.67 -0.64 

Tot-Efficiency (dB) -2.93 -0.99 -0.69 -0.83 -1.06 

Return loss (dB) -24 -31 -31.5 -49 -35 

Bandwidth (GHz) 0.70 0.96 1 1.37 1.5 

Resonant freq (GHz) 28.8 28.3 28 27.6 27.2 

 
In table V, the width and length are kept fixed at the 

greatest result has been obtained. The width of the patch is 
kept fixed at 4.6 mm and 3.3 mm for length, and the height 
of the patch is varied as (0.2,0.3,0.38,0.4,0.5) mm.  

Bandwidth increases monotonically with thickness of 

substrate where the rate of increase exceeded 100% from 

(h=0.2 to h=0.6) because of fringing effects occurred and 

this leads to a better return loss performance. 

 
In order to have a close look into the results observed. 

The results were represented graphically. 

 

Fig. 12. Effect of the antenna dimensions in terms of directivity. 

Fig. 13. Effect of the antenna dimensions in terms of gain. 

Fig. 14.  ffect of the antenna dimensions in terms of R-Efficiency. 
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Fig. 15. Effect of the antenna dimensions in terms Total efficiency. 

Fig. 16. ffect of the antenna dimensions in terms of Return loss. 

Fig. 17. Effect of the antenna dimensions in terms of Bandwidth. 

 

The variation of directivity, gain and radiation efficiency 
are shown in Fig.12,13,14,15 with changing the parameters 
for five times (S1, S2, S3, S4, S5). It is obvious from the 
figures that both of these parameters under observation 
increases steadily together with the variation of parameters 
except S5 where (w=4.8). there is a great drop at this point. 
This drop is expected since at the value of (W=4.8) the return 
loss at resonant frequency is -8.7dB which has affected on 
the antenna efficiency and usability. in the same way VSWR 
is 2.661dB and as we know VSWR is an important factor 
quote about reflection from other side of microstrip antenna. 

  Fig.16,17 provide more a clear picture for effective of 
changing the parameters. As the substrate thickness (h) 
increases it adds more volume to fringing effect, thereby an 
increase in the bandwidth and give better return loss.  

Basically, less substrate thickness results better gain and 
directivity in due to reduction in low losses (from material) 
and mismatch. On the other hand, the bandwidth and the 
return loss of the antenna can be enhanced by increasing the 

substrate thickness with taking into account small reduction 
in the gain and directivity. 

D. CONCLUSIONS 

Millimeter wave microstrip patch antenna is successfully 

designed and enhanced at a resonant frequency of 28 GHz. 

The antenna shows a healthy gain 7.64 dB and bandwidth is 

1.009 GHz and can be increased to 1.5 GHz by increasing 

the substrate thickness. The VSWR of the antenna is 1.01.  

The effect of the antenna dimensions on millimeter antenna 

parameters is done and the results have been obtained and 

discussed. As the analysis results obtained, substrate 

thickness (h) is most significant parameter in microstrip 

patch antenna since it has significant effect on the antenna 

performance as well as it is a key factor in calculating 
antenna dimensions. 

The evaluation of various antenna elements used in 

millimeter microstrip patch antenna is simple and easy for 

fabrication, then it can either be used in 5 G applications. 

An array form of the design can also be designed to match a 

wide range of impedance values, thereby optimizing the 

antenna efficiency. 
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