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Abstract 

Patch antennas have many advantages for different applications, such as their small size and compatibility with modern communication systems and devices. 

However, there is a lack of theoretical understanding of how the geometry of these antennas affects their performance. Previous studies have tried various shapes 

and sizes of the patches, ground planes and feed methods, but they often achieved good results at the cost of complexity and without clear explanations. This 

gap in knowledge is a common problem and needs to be addressed to improve the design and understanding of patch antennas. This article reveals the physical 

principles behind the optimal geometry tuning (VSWR 1.05) for a 5GHz patch antenna. It also shows how geometry tuning can enable other features, such as 

beam steering (Up to 25 degrees). It provides useful insights for tuning patch antennas that can help researchers and engineers in this field. Therefore, the 

simulation and analysis of a 5GHz antenna presented in this article is a significant contribution to the patch antenna design literature.  
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1. Introduction 

Antenna theory and design is a vast and dynamic field that 

encompasses various aspects of electromagnetic radiation, 

propagation, and reception. Among the different types of 

antennas, patch antennas are one of the most popular and 

widely used in modern wireless communication systems. 

Patch antennas are low-profile, planar structures that consist 

of a metallic patch over a grounded substrate [1]. They offer 

several advantages such as low cost, easy fabrication, 

conformability, and integration with microwave integrated 

circuits (MICs) and monolithic microwave integrated 

circuits (MMICs). However, they also suffer from some 

drawbacks such as narrow bandwidth, low efficiency, and 

limited gain. Therefore, many researchers have devoted their 

efforts to improve the performance of patch antennas by 

using various techniques such as modifying the patch shape, 

adding slots or parasitic elements, using metamaterials or 

frequency selective surfaces [2], [3]. 

     Recently, artificial intelligence (AI) and machine 

learning (ML) techniques have emerged as powerful tools 

for solving complex and challenging problems in various 

domains, including antenna design. ML techniques have 

been applied to antenna design for various purposes, such as 

optimization, synthesis, analysis, modeling, 

characterization, diagnosis, etc. However, most of these 

techniques have difficulty dealing with the geometry-

complexity of the antenna, which makes it hard to connect 

the results with the theory. Although ML techniques 

overcame some issues regarding complexity and accuracy 

by adopting novel techniques [4], [5], [6], still the theoretical 

explanation for the antenna geometry and performance is 

missing.   

     This paper aims to explain the basic physics that make 

the main concepts, such as matching and maximum power 

transfer, easier to understand for designing the patch 

antenna. The paper also shows how this simplicity can lead 

to big advantages, such as radiation steering, and suggests 

some other potential benefits for future research. The paper 

is organized as follows: Section 2 describes the 

methodology, or the tool used in this study. Section 3 

presents the simulation results and discussion. Section 4 

concludes the paper and outlines some future work. 

2. Methodology 

Patch antennas are a type of microstrip antennas, which are 

composed of a metallic patch on a grounded substrate. The 

theoretical design of patch antennas can be based on 

mathematical equations that describe the microstrip lines. 

However, simulation techniques are more practical and 

convenient for antenna design. One can not enclouse the 

design simulators into one software, several softwares are 

adopted to design such sort of antenna. For 

example,  Advanced Design System (ADS) and Applied 

Wave Research (AWR) are both software packages that can 

be used for designing and simulating patch antennas and 

other microwave components [3], [7]. In this study, we use 

Ansys packages which is well known for wide range of 

engineering. Either Electrical, Mechanical, or Civil 

engineering, Ansys has capabilities to models, simulates, 

optimizes, and analyzes complex data and structures beside 

the validation with experimental results [8], [9]. Ansys 

HFSS, also known as Ansys Electronic desktop (EDT), is a 

software tool that can simulate high-frequency and high-

speed electronic devices, such as antennas, filters, 

connectors, ICs, and PCBs in frequency ranges up to 

infrared [10], [11], [12], [13], [14], [15], [16]. It uses the 

finite element method (FEM), and it can also perform 

analysis, optimization, and tuning of the designs based on 
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different parameters.      

     Ansys HFSS is good for antenna design because it can 

simulate the performance of antennas in various scenarios, 

such as free space, near or far fields, installed on platforms, 

or integrated with other components. Ansys HFSS employs 

a spherical coordinate system to analyze the near or far fields 

of the antenna, as shown in Fig. 1(a). The spherical grid has 

infinite points, each representing the direction of the radiated 

field from the center of the sphere. By using Ansys-HFSS, 

we can model the antenna as shown in figure 1(b) and 

simplify the design process without relying on mathematical 

equations. However, we still need to tune the matching of 

the antenna, to achieve maximum power transfer, according 

to the theory. 

 
 (a) 

 
(b) 

Figure 1; (a). HFSS coordinate System. (b). A simple design 

for 5GHz patch antenna.  

3. Results and Discussion 
The following results in Fig. 2 are related to the model 

depicted in Fig. 1(b). 

 
(a) 

 
(b) 

 
(c)  

Figure 2; (a). Maximum Gain (regardless of orientation) as 

function of Frequency. (b). Elevational (solid-curve) and 

Azimuthal (dashed-curve) gain [in dB]. (c). Standing wave 

Ratio (SWR) Vs. Frequency. 

      The radiated part in the model includes a graded triangle 

surrounded by a squared open ring. Also, there is a ground 
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plane (40mm X 40mm) and a via that connects the radiating 

part to the ground plane. The via plays a significant role in 

the tuning process by lowering the capacitance between the 

patch and the ground.  

 

Figure 3. Effect of Via-position in steering the radiation 

pattern. 

Furthermore, the position of the via can steer the radiation 

pattern as shown in Fig. 3 where the three different 

radiations are corresponding to the three different positions 

for the Via. The three cases are distinguished by colors 

accordingly. Therefore, it is important to investigate how 

much this effect is caused by the via. 

     The analysis of the antenna impedance shows that the Via 

is not the only factor that contributes to the good matching, 

as seen in the VSWR-result, Fig. 2(c). The rectangular ring 

around the grounded patch also has a dual function. This ring 

introduces a capacitive (C) impedance (𝑍 = −𝑗1 (𝜔𝐶)⁄  Ω) 

due to the gap between the ring and the patch, and an 

inductive (L) impedance (𝑍 = 𝑗𝜔𝐿 Ω) as a microstrip line 

where (𝜔 = 2𝜋 ∗ 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦). The following three Smith 

Chart results explain this concept of tuning based on the 

introduced reactance (capacitive or inductive) impedance.  

 
Figure 4. Smith chart for the patch only (black curve), and 

the patch with Via (blue curve). Tabulated results, 

equivalent lumped circuit, and the model are insets. 

     Fig. 4 shows the smith chart (or Z-chart) that illustrates 

how the Via affects the matching by reducing the capacitive 

touchscreen reactance between the radiating patch and the 

ground plane. This effect is similar to adding a shunt coil 

that shifts the antenna impedance (on Y-chart) from markers 

m1 to m2. The table in Fig. 4 also indicates a slight 

improvement in matching by lowering the VSWR from 

7.0657 to 6.5337. The table also presents other data such as 

polar S11 values (Mag and Ang), normalised impedances 

(Rx), and quality factor (Q) within the smith chart.  
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Figure 5. Smith chart for the patch only (black curve), and 

the patch with squared ring (green curve). Insets like the past 

figure are included. 

     Next, Fig. 5 demonstrates how a square ring influences 

the matching. The change in matching (from m1 to m2) is 

more significant than the previous one by the Via, as the 

VSWR is reduced by 68% as shown in Fig. 5.  

 

Figure 6. Smith chart for the patch only (black curve), and 

the patch with squared ring and Via (red curve). 

     Furthermore, the square ring introduces a small 

capacitive tuning due to the gap between the ring and the 

patch, which moves m2 slightly in a similar way to the effect 

in Fig. 4, and the large change in tuning is equivalent to a 

series inductive impedance as seen in the circuit diagram in 

Fig. 5. Finally, by combining the Via and the square ring 

with the radiating patch, an ideal matching can be achieved. 

Fig. 6 depicts this matching where the complex impedance 

is tuned from (16.4 – j56 Ω) to (47.7 + j0.45 Ω). 

     Finally, Presenting the matching on smith chart with 

VSWR instead of presenting the return loss, as several 

designing studies, is essential to understand matching 

process for any antenna design. The conventional antenna 

design studies show the return-, coupling-, or insertion-loss 

to define how good or bad the tuning is, but the smith chart 

is more informative in terms of matching.  

4. Conclusion 

Based on the presented results and discussion, it has been 

proved that simple concepts of tuning, like the projection of 

shunt and serial coils, are linked to design geometry. That is 

very helpful to understand the physical meaning for any 

geometry. However, the study did not include any complex 

antenna geometry because simplicity and defining the basics 

are the main goals. Also, the study highlights how other 

benefits like radiation steering can be gained along with such 

investigation of theory-model bridging.  

     For future suggested works, improve some of antenna 

features like its gain can be done by using array and tune the 

excitation of this array.  
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