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Abstract - High-performance antennas are required for radar, satellite, and wireless communication systems. This has led to 

the necessity for a unique Single Element Microstrip Antenna with a Meander Line for X-band applications. Across the X-band 
spectrum, conventional designs frequently fall short in terms of performance, efficiency, and compactness. This paper presents 

a single-element microstrip antenna with a meander line developed, constructed, and simulated for use in X-band applications. 

The current design considers a FR4 glass epoxy substrate, 1.6 mm thick, with a 4.4 relative permittivity. The intended antenna 

had a maximum gain of 4.57 dBi, but in real-world use, It was steady at 4.7 dBi of gain between 9.5 GHz to 11 GHz. 11GHz, 

the designed antenna likewise maintained a return loss of about -21.2748 dB. The new antenna offers better gain, bandwidth, 

and impedance matching, making it perfect for X-band applications. It does this by utilizing sophisticated techniques such as 

meander lines and optimizing structure and dimensions.  
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1. Introduction  
The need for lightweight, portable antennas that can 

handle a large frequency spectrum is rising in the current day 
[1]. Despite their well-known adaptability, microstrip patch 

antennas frequently have issues with bandwidth and gain 

limitations [2]. One of the main goals of current research 

efforts is to overcome these constraints [3]. Designing 

antennas with appropriate feeding methods and dielectric 

substrates that function well in particular frequency bands (S, 

C, X, Ka, and Ku) and offer circular polarization is essential 

for satellite communications [4]. This design strategy aids 

receiving base stations in resolving orientation-related 

problems [5]. Due to its small wavelength, the X-band 

frequency range is widely used in applications such as military 

radar, satellite, terrestrial communications, defense tracking, 
air traffic control, marine vessel traffic management, vehicle 

speed detection, and weather monitoring [6]. In particular, 

8.175 to 8.215 GHz are the frequencies that meteorological 

satellites use to monitor the weather [8, 9].  

 

A Partly Defective Ground System (PDGS) integrated 

into the ground plane of a microstrip patch antenna design is 

suggested as a solution to constraints like restricted bandwidth 

[10]. Using a microstrip-fed dual-band arrangement with 

meander lines on the radiating patch, this antenna is intended 

to function in the 3.2 to 3.8 GHz (Mid-band of Wi-max) and 
8 to 12 GHz (X-band) frequencies [11]. Moreover, the use of 

a meander line antenna design can increase radiation 

efficiency while reducing antenna size [12]. Meander line 

antennas are folded antennas that have lower resonance 

frequencies than single-element antennas of the same length 

[13, 14]. They are often more radiation efficient than half-

wavelength and quarter-wavelength antennas [15]. HFSS was 

used to simulate an X-band single-element microstrip patch 

antenna with a meander line [16]. A respectable bandwidth 

and noteworthy radiation properties, such as enhanced gain, 
an axial ratio below 3dB, and a tolerable VSWR, were made 

possible by the Partly Defective Ground System (PDGS) 

approach [17, 18]. 

 

2. Antenna Design  
This study's miniaturised microstrip patch antenna with a 

meander line is developed and constructed on an FR4 epoxy 

substrate with a finite ground plane thickness (h) of 0.16 mm 

and a relative dielectric permittivity (εr) of 4.4. The antenna is 

51.67 mm² (10.825 x 4.775 mm) in size. The substrate edges 

are placed 0.3 mm from the antenna's top, left, and right edges. 

Figure 1 shows the specifications of the suggested antenna.  

 
In Figure 1, the FR4 epoxy substrate is indicated by a 

greenish-yellow color and the patch is indicated by brown 

color. A microstrip line with width Fw=0.3mm and length 

Fl=1.6mm is used to feed the antenna from the lower right 

corner at a distance of Xf=0.003mm with an impedance of 

50. 
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Fig. 1 The geometry and dimensions of the proposed antenna 

 

To stimulate different modes and in order to offer 

different current paths, two successive power couplers are 

used with parameters X1=0.6mm and  X2=1.35mm in the X-

direction,  Y1=0.8mm and  Y2=1.0mm in the Y-direction. For 

the matching of impedance, a stub with parameters 
X3=0.275mm and Y3=1.7mm is added to the second power 

coupler. A microstrip loop with a width of X1=0.6 mm and 

parameters X4=1.35 mm and Y4=0.55 mm designate the 

loop's right lower corner, to which the power couplers are 

attached. To make the most use of the available area, a 

meander line inside the loop is positioned with a width of 

M=0.23 mm and a spacing between lines of S=0.15 mm. 

 

2.1. HFSS Design Structure of Single Element Microstrip 

Patch Antenna Using Meander Technique for X Band 

 
Fig. 2 Single element micro strip patch antenna for X-Band 

 

2.2. Return Loss 

The percentage of power that is not transferred from the 

source onto the load is measured by return loss, sometimes 

referred to as reflection loss. If the load reflects Py and the 

power received at the load is Px, then the return loss in 
decibels is  

𝑅𝐿(𝑑𝐵) = 10 log
Px

Py
 

 

 
Fig. 3 Return loss plot of single element micro strip patch antenna for X 

band 

 

Figure 3 above illustrates the return loss for the antennae 

that were built for this study. A returns loss equal to 21.2748 

dB is reached at an 11 GHz frequency. The intended result is 
minimal return power, which is shown by a high return loss in 

dB. 

 

2.3. 3D Polar Plot 

The radiation strength of Antenna gain is the difference 

between an antenna pointed in a certain direction and an 

isotropic antenna. The three-dimensional Polar plot is used to 

represent the gain of the antenna in all three directions, as 

depicted in Figure 4. The antenna was created and exhibited a 

gain of 4.57 dB. 
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Fig. 4 3D Polar plot of single element micro strip antenna in X band 

 

 

2.4. VSWR 

A transmission line's voltage fluctuations are measured 

using the Voltage Standing Wave Ratio (VSWR), which is the 

voltage ratio calculated from highest to lowest recorded. It was 

obtained that the VSWR at 11 GHz is 1.135, whereas the ideal 

VSWR is between 1 and 2.5 for most wireless applications. 
Variation of VSWR Single Element Micro Strip Antenna in X 

band is displayed in Figure 5. 
 

2.5. Radiation Pattern 

The pattern of radiation, which represents the radiation 

intensity, shows how much energy an antenna releases or 

receives per unit solid angle and is shown in below Figure 6 

with a smith chart. The designed antenna in this work shows a 

good radiation pattern with decent gain value making it 

suitable for X-Band applications.  

 

 

 
Fig. 5 Variation of VSWR single element micro strip antenna in X band 

 

 
Fig. 6 Radiation pattern of single element micro strip patch antenna for X band 
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The construction of the X-Band Meandering line antenna 

is depicted in Figure 7. 

 

 
Fig. 7 X-Band meander line antenna 

 
Fig. 8 Fabricated design with connector 

 
Fig. 9 Fabricated design antenna of size less than 2 cm 

 

Parameters like return loss and VSWR were obtained 

using Network analyzer E5071C. Testing of Fabricated 

Design by Network Analyzer E5071C is shown in Figure 10. 

 
Fig. 10 Testing of fabricated design by network analyzer E5071C 

 

 
Fig. 11 Testing of fabricated design by network analyzer E5071C 

 

The following Figure 12 depicts the Return loss obtained 
using Network analyzer E5071C. 

 

 
Fig. 12 Return loss obtained by network analyzer E5071C 

 

The following Figure 13 depicts the VSWR obtained 

using Network analyzer E5071C. 
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Fig. 13 VSWR obtained by network analyzer E5071C 

 

The following Figure 14 depicts the Radiation pattern 

obtained using Network analyzer E5071C. 

 

 
Fig. 14 Radiation pattern obtained by network analyzer E5071C 

 

 

 
Fig. 15 Comparison of the measured and simulated return losses 

 

 
Fig. 16 Representation of VSWR with measured and simulated 
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Fig. 17 Representation of radiation pattern with measured and simulated 

 

 
Fig. 18 Testing of fabricated design in anechoic chamber 
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Fig. 19 Radiation pattern of fabricated design 

 

 

Table 1. Comparison of results between HFSS results and network 

analyzer output 

Parameters 
Simulated 

Values 

Measured 

Values 

Resonant Frequency 

(GHz) 
11 10.63 

Return Loss (dB) -21.2748 -23.992 

VSWR 1.135 1.2299 

Gain (dBi) 4.5747 4.7 

 

 
Fig. 20 Testing of fabricated design in Real-time mobile application 

through IOT 

 
Fig. 21 Integration of fabricated design with IOT-Sim900 module 

 

 
Fig. 22 Transmission of messages by fabricated design through GSM 

module 
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(a) 

 
(b) 

Fig. 23(a) Depicting sending and receiving of SMS in the console, and (b) Depicting sending and receiving of SMS in mobile. 

 

3. Conclusion 
The single element microstrip antenna with a meander 

Line in X-band applications with a probe feed strategy was 

designed and implemented. The FR4 glass epoxy substrate, 

with a 1.6 mm thickness and 4.4 relative permittivity, is taken 
into consideration. During evaluation with network analyzer 

E507, with a maximum gain of 4.57 dBi, in the resonance 

frequency range of 9.5 GHz - 11 GHz. In simulation and 4.7 

dBi in a real-world scenario. At 11GHz, the designed antenna 

maintained a return loss of around 21.2748 dB. Also, tested 

the fabricated design in real-time mobile applications through 

IOT using SIM900A module which successfully transmitted 

and received text messages to and from mobile. 
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