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Design and production of low-profile, easy-to-manufacture microstrip antennas 

operating in the low frequency range 

 
A R T I C L E  I N F O  

 
A B S T R A C T  

 

In this article, design, fabrication, and analysis of low profile, easy fabricated 

microstrip antennas operating in the 0-2.5 GHz frequency range were carried 

out. These antennas operate at frequencies of approximately 2.3-2.21-2.16 

GHz. The antennas consist of three parts such as patch, substrate, and ground 

plate.  Substrate consists of FR-4 (dielectric coefficient 4.3 and loss tangent 

0.025).  The other parts, patch and ground plate, are made of copper material 

(electrical conductivity 5.8e+0.7 S/m). To realize the design of these 

antennas, Computer Simulation Technique (CST) studio suite microwave 

software was preferred. The frequency was chosen in the range of 0-2.5 GHz. 

The antenna was manufactured in order to evaluate the results of the 

simulations. A portable Vector Network Analyzer (VNA) device was 

preferred to compare the simulation and fabrication results. The reflection 

coefficient parameter was considered to evaluate proposed antenna results. 

The simulation result showed this value to be -23 dB at 2.2576 GHz, while 

for production this value was found to be 2.1575 GHz and -22.71 dB. It was 

observed that the simulation and fabrication results were in compatible with 

each other. 
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1.  Introduction 

All-metal antennas can be easily fabricated by 

conventional machining process technologies such as 

line cutting, laser cutting, and metal stamping. 

Therefore, these antennas are considered as good 

candidates for low-cost design (Liang et al., 2020). 

Microstrip patch antennas are commonly known as 

“patch antennas”. These antennas are recognized for 

their flat and compressed design (Alrashdan et al., 

2024). Although patch antennas did not receive 

serious attention from the antenna community until 

the late 1970s, the idea was first proposed in the early 

1950s (Lee & Tong, 2012). Microstrip antennas 

(MAs), one of the most widely used antennas at 

microwave frequencies (Sabino et al., 2021), is one of  

among the most important radiating structures in 

modern wireless communications due to its their low-

profile planar geometry. These antennas have easily 
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integrable features on the substrate (Cao et al., 2020). 

MAs are considered to be a suitable antenna for 

wireless communication systems because these 

antennas have some advantages, such as low profile, 

low loss, low cost, and easy integration with the 

circuit (Chen, 2023). MAs are widely preferred in 

communications (Liu et al., 2023), sensing (Hou et 

al., 2017), and RF harvesting (Shen et al., 2017) 

implementations. The main reason they are preferred 

in different applications is their simple production 

process and easy integration (Liu et al., 2023). MAs 

are widely used in different communication systems, 

such as automotive, aerospace, mobile radio, 

consumer electronics, broadband services, and 

satellite communications. In addition, these antennas 

are valued for their compact structure and lightweight 

design. A standard Microstrip Antenna (MA) consists 

of different parts: a dielectric substrate and a ground 

plane. Also, it has a radiation patch that facilitates 

efficient propagation and reception of 

electromagnetic waves (Xu et al., 2025). The most 

common microstrip antennas consist of circular and 

rectangular patches (Bedra et al., 2024).  Based on 

different types of transmission lines, such as coaxial 

cables, microstrip lines, strip lines, coplanar 

waveguides (CPWs), and substrate integrated 

waveguides (SIWs), various feeding methods, 

including edge feeding, probe feeding, proximity 

coupled feeding, and aperture coupled feeding have 

been searched (Cao et al., 2020). The conventional 

MA suffers from the disadvantage of narrow 

bandwidth, which limits its applications in wireless 

communications (Cao et al., 2019). Another major 

disadvantage of these antennas is low efficiency 

(Muntoni et al., 2020). Different methods have been 

preferred to increase the bandwidth of such antennas 

like increasing the substrate thickness (Schaubert et 

al., 1989), creating slots in the patch (Deshmukh et 

al., 2009), using an aperture connected feed network 

(Jia et al., 2015), creating short circuit walls (Chiu et 

al., 2004), applying parasitic strips around the patch 

(Wi et al., 2007), using hybrid-coupling method (Ray 

et al., 2003), and stacking patches on a multilayer 

substrate (Sarin et al., 2011). 

This study is structured as follows. Different designs 

have been tried to improve the reflection coefficient 

of MAs and to operate the antenna at lower 

frequencies.  Computer Simulation Technique (CST) 

microwave studio program was chosen for the design 

phase. A Vector Network Analyzer (VNA) and CST 

were used to compare fabricating and testing a 

prototype antenna simulation and production results. 

Considering the simulation and production results of 

this study, it is observed that there is a left shift of 

approximately 15 MHz in frequency  and an 

improvement of approximately 5 dB in the reflection 

parameter at the same time. 

2.  Material and Methods 

2.1. Methods 

This section covers the design, manufacturing, and 

analysis phases of the antennas. The optimal antenna 

design was achieved by varying the antenna 

parameters (size and shape) and testing different 

designs. Simulations were performed for each design. 

The results of these antennas were compared, and the 

production process was based on the best antenna 

results. The substrate (middle part) material of the 

proposed antenna was chosen from a material that is 

easily accessible and less costly than other materials. 

2.1.1 Design of the Antenna 

For the MAs designed, the CST Microwave Studio 

was preferred. The antenna consists of 3 parts: the 

bottom part is composed of a ground plane, the 

second part is composed of FR-4 (Dielectric constant 

4.3 and loss tangent= 0.025) material, and the top part 

is composed of a radiating patch. The ground plane 

and the patch part are made of copper material. The 

thickness value for the substrate (middle) layer (FR-

4) is taken as 1.6 mm.  The electrical conductivity of 

the copper material is 5.8e+0.7 (S/m). Different 

designs have been tried to improve the reflection 

parameter of -10 dB, which is taken as a reference for 

the antenna design. To analyze the proposed antenna 

design, a frequency range of 0-2.5 GHz was chosen. 

A time domain solver was preferred in the analysis 

phase. Mesh type is hexahedral, and the accuracy is 

chosen as -60 dB.  The formulas for the dimensions 

of the patch are given below (Aydın et al., 2013) 
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The images of the designed antennas are shown in 

Figure 1. As shown in the Figure 1(b), the MA 

consists of three layers.
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(a) (b) 

Figure  1 : (a) Design of the antenna (b) Side view of the designed antenna. 

2.2. Performance Evaluations 

As shown in Figure 1(a), the microstrip line width 

was calculated as 3.05 mm. The antenna microstrip 

line width was calculated by taking into account the 

50 Ohm reference value. The result for the proposed 

antenna is shown below.  

 

Figure  2 : Result of the antenna. 

As can be seen in Figure 2, when the results for the 

reflection parameter, which is one of the antenna 

parameters, are examined, it is seen that our                   

⃒ S11⃒parameter is approximately 2.28 GHz, and a 

result of -18.97 dB is obtained. 

 

Figure  3 : Farfield result of the antenna. 

The gain and directivity diagrams of the antenna are 

given in Figure 3. At 2.2824 GHz resonant frequency, 

the antenna has a maximum directivity of 6.31 dB and 

a total gain of -2.735 dB in the same direction. When 

the far field result of the antenna is carefully 

examined, the fact that it radiates in one direction 

indicates that the antenna performs well.  

 

Figure  4 : Design of the second antenna. 

Considering the -10 dB taken as reference in antenna 

studies, the -18.97 dB reflection parameter result is a 

good result. However, different antenna designs have 

been tried to achieve a better result and improve the 

result obtained.  Electromagnetic slot in patch 

antennas is a good step to improve the  ⃒ S11⃒ 

parameter. Changes made to the figure image and the 

results obtained are shown in Figure 4 and Figure 6. 

 

Figure  5 : Result of the second antenna. 



 
 

Ozturk (2026). J Inno Sci Eng 10(2):258-263 

261 

 

As seen in Figure 5, the positive effect of an 

electromagnetic gap opened in the patch part of the 

antenna on the reflection parameter is clearly seen. 

The frequency value was approximately 2.3 GHz, and 

the result was -18.97 dB, while with a slot on the 

patch, the frequency was shifted by approximately 10 

MHz to 2.21 GHz left, and the dB value was 

approximately -20 dB. 

 

Figure  6 : Design of the proposed antenna. 

Figure 7 shows the result obtained when the 

modifications were made as in Figure 6. The 

frequency value is 2.1576 GHz, and the dB value is 

approximately -23 dB. As a result, it was concluded 

that the changes made to the antenna were very 

important to obtain a better result. It was observed 

that the changes made had a positive effect on the 

results. 

 

Figure  7 : Result of the proposed antenna. 

2.3. Production of the proposed antenna 

In the first stage of the production, the materials 

required to realize the printing circuit in a short time 

and in a cheaper way were provided.  FR-4 material, 

oxygenated water, salt spirit, and printing paper 

(transfer paper) were used in production. 

Temperature technique was applied to create the 

printed circuit. After the printed circuit was made, an 

oxygen-salt water mixture was prepared in a 3/1 ratio. 

A visualization of this process is available in Figure 

8. 

 

Figure  8 : Process of the production. 

This process is calculated to take approximately 3-4 

minutes. After this process, the actual simulation 

image of the antenna is formed. However, cutting and 

sanding were done to match the simulated 

dimensions. After the production process was done, 

the connector connection was made using the 

soldering process to ensure the connection and send 

the signal. The final production of the proposed 

antenna is shown in Figure 9. 

 

Figure  9 : Production of the proposed antenna. 

2.4. Analyzer of the Antenna 

VNA (N9918 A from Keysight Instruments) was 

chosen to measure the reflection coefficient and 

record the data. This instrument has a frequency range 

between 30 kHz-26.5 GHz. It also has a directivity of 

not less than 32 dB and a dynamic range of 

approximately 90 dB. Along with these features, the 

VNA has two one-meter 3.5 mm solid phase stable 

cables. These cables are used to transfer signals from 

the VNA to the installation. However, a calibration 

kit is available. With this calibration kit, the 

instrument is calibrated, and all noise that would 

affect the measurement result is eliminated. The VNA 

and the Calibration Kit (85052D -3.5 mm Economy 
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Calibration Kit) are shown in Figure 10(a) and 10(b) 

below respectively. 

  

(a) (b) 

Figure  10 :  a) Portable VNA and b) Calibration kit of VNA. 

Considering the results of the designed antennas, the 

antenna in Figure 7 has the best result. After the 

production process was completed, it was checked 

that the simulation and production results of the 

antenna were compatible. When the obtained data 

were analyzed, it was seen that the antenna had a 

reflection parameter of 2.1576 GHz and 

approximately -23 dB of resonance. The results 

obtained for the fabricated antenna were frequency 2. 

1575 GHz and -22.71 dB. Figure 11 below shows the 

image of the antenna that was produced and analyzed. 

 

Figure  11 : Results of the proposed antenna using VNA. 

3.  Conclusion  

The main objective of the study is to design and 

fabricate a microstrip antenna in the frequency range 

of 0-2.5 GHz.  Microwave software was preferred to 

realize the design. VNA device was used to compare 

the design and fabrication results. When the data 

obtained were compared, it was seen that the design 

and fabrication results were compatible with each 

other. The simulation results and production results 

of the designed antennas have been examined. When 

the simulation result is examined, it is seen that the 

frequency value is 2.1576 GHz, and the reflection 

coefficient is -23 dB. However, it is clearly seen that 

for the production result, this value is 2.1575 GHz and 

-22.71 dB. Considering the antenna result, it is seen 

that the data obtained positively exceeded the 

reference value of -10 dB in antennas. Future studies 

aim to measure the response of materials using such 

antennas for the characterization of materials. 
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