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ABSTRACT 

Present and upcoming technology tendencies in wireless communication must increase the request  for microstrip 

antennas that can effort at many bands with appropriate bandwidth . Microstrip antennas are one of the elementary 

components vital for wireless communication. This paper includes the design of a microstrip antenna with a total 

size of (85.3 × 80.3 × 1.6)mm3 using CST2019 software. The antenna was printed using a FR-4 (epoxy) substrate 

with dielectric constant of 4.3, and the simulation results were compared with the experimental results. The 

radiation characteristics of the antenna were improved using a set of procedures to obtain the dual-band antenna 

with a working frequency of the first 1.2GHz suitable for GPS applications with a return loss of -37.55 dB and a 

VSWR of 1.0279 dB with a gain value of 2.96 dB. The second frequency, 2.4745 GHz, suitable for WLAN 

applications, has a return loss of -32.69 dB, a VSWR of 1.049 dB, and a gain value of 3 dB. The antennas are fed 

with a bar line technique. 
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INTRODUCTIO 

In recent years, there have been many advances in wireless communication technology, especially in terms of 

operating systems and device size, as well as techniques for performing and improving wireless systems, and 

demand has risen dramatically as new wireless systems have become not only more compact but also more 

multifunctional, and one of these systems is the antenna, which is one of the most basic devices in devices 

Wireless. Because of the miniaturization of handheld devices, small and lightweight antennas that can easily be 

combined with radio frequency beams are needed. As a result, the demand for antennas that cover various wireless 

communication ranges has increased in recent years [1]. Microstrip patch antennas are one of the types of antennas 

that are considered essential in wireless communication systems due to their numerous characteristics, including 

their small size, lightweight, ease of manufacture at low cost, and ability to be combined with solid-state devices 

[2]. Due to the widespread use of the WLAN network, particularly in our time, the microstrip antenna is used in 

many wireless applications, including WLAN or WiFi, and that while this network can transmit data at a reach of 

up to 54 megabytes per second, it only has a range of up to 100 meters. The international standard IEEE.802.11 

in 1997 agreed that the WLAN network operates in three frequency bands, the first 2.4 GHz (2.4-2.484GHZ), the 

second band 5.2GHz(5.15-5.35GHz), and the third band 5.8GHz (5.725-5.825GHz) [3] . 

The Global Positioning System (GPS) is a dual-purpose satellite navigation system. Before being made available 

to civilians, the Global Positioning System (GPS) was originally designed for military use[4]. GPS determines 

position by triangulating time, location, and speed. The Global Positioning System (GPS) is now fully operational, 

meeting the requirements of an optimal positioning system developed in the 1960s [5]. The production of small 

embedded antennas is a significant contribution to the rapid expansion of civil and military communications 

applications due to the need for rapid expansion with the advent of navigation, mapping, and wireless 

communication systems, as well as the ease of receiving low satellite signals. Most GPS receiver antennas require 

circular polarization, microstrip patch antennas are ideal because they have many advantages, such as low profile, 

compact size, low cost, and easy mass production using printed device technology, which means the antenna can 

be produced for flat and irregular surfaces, as well as suitable for built-in microwave circuit designs for MICs, 

some of the undesirable downsides are restricted bandwidth, low performance, and poor polarization. At the same 
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time, the rapid growth of telecommunications led to the development of portable GPS antenna designs, which for 

portable devices became more realistic[6].Over the past few years, the theory and design of antennas were among 

the most recent topics of the early 1950s[7]. In this paper, we will design and implement a microstrip antenna 

suitable for GPS applications at the frequency of 1.2 GHz and compare the results of practical return loss with 

simulation and then improve its radiative properties to obtain a double beam to add a second frequency suitable 

for WLAN applications.  

DESIDN ANTENNA 

The antenna is designed by applying several mathematical relationships to calculate the dimensions of the copper 

sheet metal at 1.2GHz and the epoxy insulating substrate with dielectric constant of 4.3 and a thickness of 1.6mm. 

 The width of the metal patch was calculated from the equation[8]: 
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The effective dielectric constant was calculated from the equation[9 ]: 
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The effective length of the metal patch (Leff) was calculated from the equation [10 ]: 

   Leff =  
C

2fo√εreff
                                                                                                                                                                     (3) 

The difference between physical and electrical length was calculated from the equation [11] 
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] [ 
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The length of the metal patch (Lp) was calculated from the equation [12]: 

   Lp =  
C

2fo√εreff
− 2∆L                                                                                                                                                          (5) 

Figure 1 shows the Introductory design of the antenna, and Table (1) shows the dimensions of the Introductory 

design antenna 

 

Ground Plane                                                        Patch 

Figure 1. Antenna Introductory design 

Table 1. Dimensions of the introductory design in millimeter units 
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  Wg    Lg    Wp   Lp    Ws    Ls dimensions 

80.3 85.3 76.7 58.7 80.3 85.3 Values 

 

 The radiative properties of the antenna were improved in several steps, as the length of the ground plane was 

reduced to reduce losses, increase the efficiency of the antenna, and four triangular cuts were made from the 

corners of the patch to reduce the sharp angles in the current path, increase the width of the band, and a rectangular 

slot in the board was made to add the frequency 2.4 GHz and reduce the dimensions by a few millimeters to 

synthesize the working frequency As in Figure (2). 

 

Ground Plane                                                                  Patch 

Figure 2. Final design of the antenna 

Table 2. The final dimensions of the antenna are all measured in millimeters 

Wg Lg Wp Lp Ws Ls dimensions 

80.3 16 73 57 80.3 78 Values 

h S3 S2 S1 Wf Lf dimensions 

1.6 8 61 49.5 2.5     17 Values 

RESULTS AND DISCUSSION 

The results were obtained using the (Computer Simulation Technology) CST program, and the results were: 

 

Figure 3. Show the results of the introductory antenna simulation of return losses. 
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Figure (4) shows a plot of the return losses value as a function of frequency by which the working frequency can 

be determined -37.559 dB at 1.2GHz and -32.69dB at 2.47GHz. 

 

Figure 4. Return losses with frequency. 

Figure 5 shows VSWR as a function with the frequency and as shown in the figure, its value at the frequency of 

the work and it is clear from the figure that it has good values 2 ≥VSWR≥ 1   and it approaches the one that 

represents the ideal value for it because at this value there is no reflected signal. 

 

Figure 5. VSWR with frequency. 

Figure 6 shows the drawing of the real part and the imaginary part of the impedance as a function of frequency, 

and it can be seen that high Matching is obtained when the working is the frequency 

 

Figure 6. Shows the impedance of both the real and the imaginary parts with the frequency. 
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Figure 7 Antenna gain in dB unit and directivity in unit (dBi) as a function of frequency. It is noted that the gain 

and directivity take positive values at the working frequency and the gain value was 2.96 dB, and directivity 3.18 

dBi at 1.2GHz, 3dB and 3.87dBi at 2.47GHz. 

 

Figure 7. Antenna gain and directivity as a function of frequency. 

The introductory antenna was manufactured practically as shown in Figure (8), and return losses were measured 

using a VNA device, and the practical results were compared with the simulation results as in Figure (9), which 

shows acceptable compatibility between the two values. 

 

Figure 8. The antenna is practically manufactured 
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Figure 9. Comparison of simulation results with practical results 

CONCLUSION 

In this paper, a multi-band microstrip patch antenna was designed suitable for GPS applications and the antenna 

operating at both 1.2GHz and 2.47GHz working frequencies was obtained using a set of procedures where a 

rectangular aperture was made from the patch and four triangles were cut from the corners of the patch and the 

ground plane was reduced against a line transportation to reduce losses. The antenna was designed and simulated 

using CST software. All characteristics of the antenna were good at a working frequency in terms of return loss, 

stalled wave voltage ratio, and good matching of input impedance. The antenna was implemented and the return 

losses value was measured using a VNA device. An acceptable agreement appeared between the practical value 

and the simulated value, and there is a difference resulting from the possibility of a slight difference in the antenna 

dimensions as well as the losses in conduction. 
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