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Abstract: The research presents the design of a meander line patch MIMO antenna for synthetic aperture radar 

applications, which resonates at 1.3 GHz on L-band and 3.05 and 3.8170 GHz on S-band frequencies. The MIMO 

antenna is built on a FR4 substrate with a dielectric constant of 4.4 and a thickness of 1.6 mm, and it is designed 

using the ANSYS HFSS software program. This design focuses on optimizing radiation patterns while remaining 

compact and simple to fabricate. The proposed antenna has a return loss of below -20 dB, VSWR < 1.5, an axial 

ratio of < 3dB. The simulation results illustrate how well the MIMO antenna effectively performs for SAR 

applications, such as vegetation monitoring, soil moisture, GPS, and disaster management. 

Keywords: Frequency Structure Simulator (ANSYS HFSS), Voltage Standing Wave Ratio (VSWR), Gigahertz 

(GHz), Return Loss (RL), Flame Retardant for Woven Glass Reinforced Epoxy Resin (FR4) 

1. Introduction: 

Synthetic Aperture Radar (SAR) has emerged as a powerful remote sensing technology widely utilized in 

applications such as vegetation monitoring, soil moisture estimation, disaster management, and GPS-based 

navigation. Microstrip patch antennas are commonly used in SAR applications due to their lightweight, low-

profile, and easy fabrication features. However, conventional patch antennas often face challenges in achieving 

wideband performance, high gain, and minimal mutual coupling, particularly in multi- input multi-output (MIMO) 

configurations. In this research, a meander line patch MIMO antenna is designed and simulated for SAR 

applications.  The proposed antenna operates at L-band (1.3 GHz) and S- band (3.05 GHz and 3.817 GHz) 

frequencies, making it suitable for remote sensing applications. Built on an FR4 substrate with a dielectric constant 

of 4.4 and a thickness of 1.6 mm, the antenna is designed using ANSYS HFSS software to achieve optimized 

performance. The design focuses on ensuring low return loss, voltage standing wave ratio (VSWR) below 1.5, 

low mutual coupling, and an axial ratio below 3 dB to support circular polarization. 

2. Related Works 

S. C, N. D. M, and J. M. [1] this work achieved dual-band operation by utilizing an annular ring structure with 

optimized feed mechanisms to ensure circular polarization. Y. Cheng and Y. Dong [2] presented a wideband 

circularly polarized split patch antenna loaded with suspended rods, which enhanced bandwidth and circular 

polarization performance. M. Sun, Z. Zhang, F. Zhang and A. Chen [3] introduced an L/S multiband frequency- 

reconfigurable antenna designed for satellite applications. The design incorporated tunable elements to achieve 

frequency   reconfiguration   across multiple bands. N. Rasool, H. Kama, M. Abdul Basit and M. Abdullah [4] 

developed a low-profile, high-gain, ultra-lightweight circularly polarized annular ring slot antenna for airborne 

and airship applications. M. M. Bilgic and K. Yegin [5] designed a modified annular ring antenna tailored for GPS 

and Satellite Digital Audio Radio Service (SDARS) applications in automotive systems. 

3. Objective 

The primary objective of this project is to design and simulate a meander line patch Multiple-Input Multiple-

Output (MIMO) antenna that operates at L-band (1.3 GHz) and S-band (3.0 GHz and 3.81 GHz) frequencies for 

Synthetic Aperture Radar (SAR) applications. A key goal is to achieve a return loss below -20 dB and VSWR <2 

to ensure excellent impedance matching across the target frequencies while incorporating circular polarization 

with an axial ratio to enhance polarization purity and signal reception. 
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4. Design Software 

ANSYS HFSS is a 3D electromagnetic (EM) simulation software for designing and simulating high-frequency 

electronic products. ANSYS HFSS (High- Frequency Structure Simulator) is a comprehensive simulation tool 

widely used for designing and analyzing high- frequency electromagnetic structures in industries such as 

telecommunications, aerospace, defense, and electronics. 

5. Proposed Design Methodology 

 

Figure-1 Meander line patch MIMO antenna 

The proposed meander line patch MIMO antenna is designed to operate at L-band (1.3 GHz) and S-band (3.05 

GHz and 3.817 GHz), making it well-suited for Synthetic Aperture Radar (SAR) applications. The shape and 

structure of the antenna play a crucial role in achieving multi-band operation, and performance.  

Meander Line Patch Structure 

The meander line configuration increases the electrical path length, allowing resonance at lower frequencies 

without increasing the overall antenna size. The L-band resonance at 1.3 GHz is critical for deep penetration in 

applications like vegetation monitoring and soil moisture estimation. The S-band resonances at 3.05 GHz and 

3.817 GHz provide improved resolution and data acquisition. The multi-band operation is achieved by precisely 

tuning the patch dimensions and meander line structure. 

Edge Feeding Technique 

The antenna employs an edge feeding technique, which is a type of microstrip feed that provides a direct 

connection to the patch. Edge feeding is a simple and effective feeding technique that allows for easy fabrication 

and integration into SAR platforms. 

Design Equation of Rectangular Microstrip Patch Antenna 

F0=1.3,3.05,3.8170GHz, C=3x 108m/s 

Width of the patch, 

W = 
c

2f√
εγ+1

2

     (1) 

Length of the patch, 

L = 
c

2f√εeff

-2(ΔL)     (2) 

Width of the Substrate, 

Ws=6 h + w     (3) 

Length of the Substrate 

LS = 6 h + L     (4) 

Length of the Ground 
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Lg =  L+6h     (5) 

Width of the Ground 

Wg = w+6 h     (6) 

Where, 

c is the velocity of light 

𝑓0 is resonant frequency, 

𝜀𝑟 is the relative permittivity 

sreff is the effective relative permittivity, 

h height of substrate 

W is the width of the substrate. 

Design Measurements of Proposed Antenna 

From the equation [1], Wp=75.5 mm 

From the equation [2], Lp=50.31 mm 

From the equation [3], Ws=88.76 mm 

From the equation [4], Ls=70.31 mm 

From the equation [5], Wg=217.12 mm 

From the equation [6], Lg=19.9 mm 

Table-1 Dimensions of Proposed Antenna 

Name of the parameters     Length (mm) 

Length of the Substrate (Ls) 70.31 

Width of the Substrate (Ws) 88.76 

Length of the Patch (Lp) 75.5 

Width of the Patch (Wp ) 50.31 

Relative permittivity of the substrate (FR4), ɛr 4.4 

Height of the Substrate (𝐻𝑠) 1.6 

Length of the Feedline (𝐿𝑓) 15 

Width of the Feedline (W𝑓) 10.7 

Width of the Ground (W𝑔) 217.12 

Length of the Ground (Lg) 19.9 

 

Proposed Antenna Design 

 

Figure-2 First stage of MIMO antenna 

The first stage of MIMO antenna with simple patch and defective ground under the substrate 
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Figure-3 Second stage of antenna with slot 

The second stage of MIMO antenna with single rectangular slot on patch. 

 

Figure-4 Third stage of MIMO antenna 

The third stage of MIMO antenna with double rectangular slot on patch 

 

Figure-5 final stage of meander line antenna 

The final proposed design of a meander line patch MIMO antenna at operating at dual band in the frequencies of 

1.3 GHz (L-band) and 3.05 and 3.8170 GHz (S- band), the patch having a length of 50.31 mm and the width of 

75.5 mm with ԑr of4.4 the height of 1.6mm. 

 

Figure-6 3D View of MIMO antenna design 

6. Results in HFSS Software 

On the Project Manager result, do a right-click. Choose to Create a Data Report for Modal Solutions. Decide on 

a rectangular plot. After choosing the S parameter, click S (1,1), then dB. Select "New Report." It displays a return 

loss plot. Plots are generated in the same spirit for VSWR, gain, directivity, and radiation pattern. 

Return Loss On Various Stages 

 

Figure-7 RL at port 1 on various stages 
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Figure-8 RL at port 2 on various stages 

 

Figure-9 VSWR at port 1 on various stages 

 

Figure-10 VSWR at port 2 on various stages 

Table 2: Comparison of Return Loss And VSWR On Various Stages 

Stages 
Freq 

(GHz) 

Return 

loss(dB) 
VSWR 

First 

Port 1 

1.3 -3.9929 4.4 

3.05 -9.5768 1.9 

3.8170 -3.4381 5.1185 

Port 2 

1.3 -4.1125 4.3028 

3.05 -8.7315 2.1543 

3.8170 -3.3584 5.2369 

Second 

Port 1 

1.3 -4.2139 4.2030 

3.05 -9.5021 2.0070 

3.8170 -3.2583 5.3939 

Port 2 

1.3 -4.0824 4.3334 

3.05 -9.5013 2.0071 

3.8170 -3.3929 5.1850 

Third 

Port 1 

1.3 -3.4822 5.0554 

3.05 -7.1601 2.5625 

3.8170 -3.1465 5.5813 

Port 2 

1.3 -3.6168 4.8723 

3.05 -7.1459 2.5666 

3.8170 -3.3148 5.3041 

FINAL 

Port 1 

1.3 -31.2656 1.0562 

3.05 -14.6844 1.4522 

3.8170 -22.0701 1.1711 

Port 2 
1.3 -27.8839 1.0841 

3.05 -16.6197 1.3463 
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3.8170 -23.4399 1.1443 

 

7. Results 

Return loss 

Lower return loss indicates better impedance matching, meaning more power is being transmitted and less is being 

reflected. This antenna achieved return loss of - 31.2656 dB, -14.6844 dB, -22.0701 dB on 1.3 GHz, 3.05 and 

3.8170 GHz at port 1. 

 

Figure-11 Return loss at port 1 

 

Figure-12 Return loss at port 2 

This antenna achieved return loss of - 27.8839 dB, -16.6197 dB, -23.4399 dB on 1.3 GHz, 3.05 and 3.8170 GHz 

at port 2. 

VSWR 

VSWR is the ratio of the maximum voltage to the minimum voltage in a standing wave pattern along a 

transmission line. This antenna achieved VSWR of 1.0562, 1.4522, 1.1711 on 1.3 GHz, 3.05 GHz and 3.8170 

GHz at port 1. 

 

Figure-13 VSWR at port 1 
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Figure-14 VSWR at port 2 

VSWR of 1.0841, 1.3463, 1.1443 on 1.3 GHz, 3.05 GHz and 3.8170 GHz at port 2. 

Mutual Coupling 

Mutual coupling in antennas refers to the interaction between two or more antenna elements that are located in 

close proximity to each other. It indicates less interference between two elements of MIMO antenna. 

 

Figure-15 Mutual coupling at port1 and port2 

This antenna achieved mutual coupling between port 1 and port 2 is -29.3917, - 43.6010, -40.4278 on 1.3 GHz, 

3.05 GHz and 3.8170 GHz  

Axial Ratio 

The axial ratio (AR) is the ratio between the major and minor axis of a polarized antenna pattern. It is essential 

to minimize the axial ratio for applications that require circular polarization, such as SAR systems. If it is less 

than 3 dB then circularly polarized is achieved. This antenna achieved an axial ratio is 2.8919. 

 

Figure-16 Axial ratio 

Co-Polarization and Cross- Polarization 

The desired polarization component in the radiated field is Co-Polarization. The undesired polarization 

orthogonal to the desired one is Cross-Polarization 

 

Figure-17 Co-Polarization 
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Figure-18 Cross-Polarization 

Gain 

Gain is a measure of how much power is transmitted in a specific direction compared to an isotropic antenna. 

Gain is commonly expressed in dBi. 

 

Figure-19 Gain 

Table-3 Simulation Results 

Results Frequency Port 1 Port 2 

      Return loss(dB) 

1.3 GHz - 31.2656 - 27.8839 

3.05 GHz - 14.6844 - 16.6197 

3.8170 GHz - 22.0701 - 23.4399 

VSWR 

1.3 GHz       1.0562 1.0841 

3.05 GHz       1.4522 1.3463 

3.8170 GHz        1.1711 1.1443 

Mutual coupling(dB) 

1.3 GHz - 29.3917 - 29.3917 

3.05 GHz - 43.6010 - 43.6010 

3.8170 GHz - 40.4278 - 40.4278 
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8. Conclusion 

The design and simulation of a meander line patch MIMO antenna for Synthetic Aperture Radar (SAR) 

applications demonstrate its effectiveness for remote sensing. The return loss values of - 31.2656 dB, -14.6844 

dB, -22.0701 dB and -27.8839 dB, -16.6197 dB, -23.4399 dB on 1.3 GHz, 3.05 GHz, and 3.817 GHz at port1 and 

port 2 respectively, ensures minimizing reflected power and ensuring efficient signal transmission. The VSWR 

values of 1.0562, 1.4471, 1.1711 and 1.0841, 1.3463, 1.1443 on 1.3 GHz, 3.05 GHz, and 3.817 GHz at port1 and 

port 2 respectively, are close to the ideal, indicating that the antenna is well-matched to the transmission line, 

resulting in minimal signal loss and high efficiency. The mutual coupling of over 29 dB between two sports 

ensures low interference, while the axial ratio of 2.8919 dB highlights circular polarization for enhanced signal 

reception. By utilizing the FR4 substrate, meander line patch, and feed pattern, this design meets the stringent 

requirements of SAR applications such as vegetation monitoring, soil moisture analysis, disaster management. 
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