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Abstract 
Microstrip antennas have gained significant attention in modern communication 

systems due to their compact size, ease of integration, and versatility. At the outset this 
paper explores the antennas operational parameters, such as frequency of operation, 
bandwidth, and gain. Utilizing the HFSS software, the antennas geometry, including the 
patch dimensions and feed structure, is optimized to meet these requirements. Designing 
an antenna to attain specific requirements such as compact size, high-performance in 
operation tailored to specific frequency and bandwidth requirements is a critical job an 
antenna engineers. Electromagnetic simulations are conducted to analyze various antenna 
characteristics, including radiation pattern, impedance matching and gain. Through 
iterative designs, simulation and optimization processes. The proposed antenna's 
performance is being assessed across multiple antenna parameters, encompassing Return 
Loss, Bandwidth, Gain, and S-Parameters. Respective antenna design modifications are 
implemented to fine-tune the antennas performance. Using HFSS software, the paper 
increases understanding of microstrip patch antenna design. It also offers practical 
guidance for creating high-performance antennas suitable for diverse applications like  
wireless communication, satellite communication, and radar systems. 
Keywords: Microstrip antennas, HFSS software, Antenna design, Operational 
parameters, Frequency of operation, Bandwidth, Gain, Electromagnetic simulations, 
Radiation pat-tern, Antenna performance. 
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1 Introduction 
In the dynamic sector of communication, there is a change from 2G to 5G and the     fusion of varied 

technologies such as WLAN, WiMAX, Bluetooth, GPS, ZigBee, and more. This needs antenna systems 
that cater to many frequencies across different communication standards, with multi-band antennas in 
wireless systems for adaptive applications preferring cost-effective and simplified multi-band antennas 
over multiple antennas. Researchers face significant challenges in achieving features such as high gain, 
cost-effectiveness, efficiency, compact size, and strong directivity when developing multi-band 
antennas for the next generation of communication systems, thereby fostering additional research 
opportunities [1-3][4-5, 8-10]. The antenna design for future wireless communication systems is based 
on multiple-input multiple-output communication approaches, which are valued for their high capacity, 
greater diversity, and interference suppression characteristics [10-11]. Microstrip Patch Antennas, 
favored for their compact-ness and low-profile attributes, have witnessed a surge in popularity among 
smartphone users and subscribers for diverse wireless communication applications, especially amid the 
escalating demand for these devices. Their numerous advantages, including small size, easy fabrication, 
lightweight build, and reduced profile, have propelled microstrip patch antennas into the forefront of 
wearables and mobile devices, attracting considerable attention in communication applications [4-5, 8-
9]. 

Microstrip patch antennas were studied in the 1970s using transmission-line modelling and cavity 
techniques. To overcome the constraints of transmission-line models, researchers are increasingly using 
cavity-model techniques. The growing demand for antennas with sufficient impedance bandwidth and 
consistent radiation patterns has fueled interest in multi-band antennas, which cater to a wide range of 
wireless services such as 2G, 3G, 4G, 5G, Wi-Max, Wi-Fi, GPS, and IRNSS [12, 13]. Indian telecom 
operators have secured 4GLTE network spectrum licenses across various frequencies: 850MHz, 
1800MHz, 2300MHz, and 2500MH. While most telecoms operate within BAND 3, smartphones 
typically support either BAND 40 or BAND 3. The licensed 2.3GHz frequency is used for transmitting 
defense Aeronautical Mobile Telemetry System coordination information. These spectrums range from 
2.4–2.4835GHz and 5GHz. Moreover, broadband wireless communication services are supported by 
5G networks. One important approach to achieving low latency in 5G communication is millimeter-
wave technology [14]. By taking advantage of multipath propagation bandwidth, MIMO antenna 
systems can increase a radio link's capacity and create a multi-Gbps link [15]. The much higher 
operating frequency used by 5G networks is referred to as a mm-wave. Although it has a smaller range 
than lower frequencies, this band operates at high frequencies. 5G allows for faster internet connectivity 
for WAN applications such as audio and video communication, as well as hotspots for both fixed and 
mobile networks [16,17]. Additionally, satellite communication can greatly benefit from the 
advancements of the 5G network. IRNSS stands out as a recent addition in space-based positioning and 
navigation systems. This regional system not only serves India but also extends its precise real-time 
positioning and time services across a 1500 km radius. Developed un-der the guidance of the Indian 
government by the ISRO), IRNSS comprises seven satellites forming a complementary infrastructure 
[18]. Covering a region 1500 km from India, ranging between latitude ±400 and longitude 400 E to 
1400 E, IRNSS provides accuracy on par with GPS (10 m over India's landmass and 20 m over the 
Indian Ocean). Operating at frequencies of 1.176GHz and 2.492GHz, IRNSS caters to authorized users 
of various vehicles, offering highly accurate real-time positional, velocity, and time information [18, 
19]. 

Microstrip patch antennas are widely used in many wireless communication systems because of 
their conformability, low profile, and simplicity of fabrication. However, the intrinsic drawbacks of 
traditional microstrip patch antennas—such as their low gain and narrow bandwidth—can limit how 
well they perform in contemporary communication applications that call for multiband operation and 
high data rates. Compact, low-profile, multiband antennas have become more and more in demand 
across a range of wireless communication systems, including satellite communications, emerging 5G 
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and beyond 5G networks, and satellite navigation (e.g., IRNSS, GPS, GALILEO). For these 
applications to function seamlessly and make effective use of the available spectrum, antennas 
frequently need to support multiple frequency bands at once. It is still difficult to achieve multiband 
operation while preserving small size, desired radiation characteristics, and straightforward fabrication 
methods. 
The current research work fills this gap by proposing a novel microstrip patch antenna design that is 
especially made for multiband operation in the frequency bands allotted for satellite communications 
and the Indian Regional Navigation Satellite System (IRNSS). 

The purpose of this research is to design and investigate a compact, multiband microstrip patch 
antenna that can function effectively in the frequency ranges designated for satellite communications 
and the Indian Regional Navigation Satellite System (IRNSS). The suggested design maintains an easy 
and affordable fabrication process while overcoming the drawbacks of traditional microstrip patch 
antennas, such as low gain and narrow bandwidth, by utilizing cutting-edge techniques and geometries." 

2  Literature Survey 
 

      The mentioned studies span several years, demonstrating the ongoing progress and variety of    
microstrip patch antenna designs for various purposes. These studies cover issues such as complex 
design, trade-offs, manufacturability, and cost, emphasizing the importance of efficient functioning, 
minimal interference, and optimized dimensions. The emphasis on multiband and broadband antennas 
for 2G/3G/4G and 5G applications emphasizes the significance of diverse frequency coverage, 
increased network flexibility, and dependability. Researchers have worked hard to overcome constraints 
such as restricted bandwidth, interference, and coupling in order to achieve broad frequency coverage, 
high gain, and efficiency [20-24]. 
      Some works are specialized to millimeter-wave communication, emphasizing the importance of 
achieving antenna performance with low Specific Absorption Rate (SAR) levels and wideband 
directional coverage [25]. The emphasis on 5G wireless applications at higher frequencies such as 27.5 
GHz and 28 GHz reflects continued efforts to fulfil the needs of changing communication technologies 
[26,27]. 
         In addition, there is a significant effort to build antennas for specific uses such as space, biological 
sensing, and imaging. These applications necessitate resolving issues such as extreme climatic 
conditions, space qualification, electromagnetic interference reduction, and possible tissue interaction 
[28,29]. 
      Conducting a literature survey on Multiband antennas used in satellite communication for 
navigation involves exploring academic journals, conference proceedings, and authoritative 
publications in the field of satellite navigation and communication. Below is a suggested list of Research 
Papers on Multiband Antennas for IRNSS and Satellite Communication. Overall developments in 
microstrip patch antenna is shown in below Table 1. 
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Table 1: Overall developments in microstrip patch antenna 

 
      The review of antenna designs highlights a prominent trend towards multi-functionality and 
compactness, prioritizing performance enhancement across various applications. These designs 
specifically target efficient multiband operation, catering to needs in 5G, space, biomedical, and 
wireless systems. However, challenges persist due to design complexities, limited bandwidth, 
manufacturability issues, and trade-offs between performance aspects. Future advancements in antenna 
development will likely concentrate on surmounting these hurdles to craft adaptable, high-performance 
antennas meeting evolving technological standards and diverse application needs. 
      These papers delve into diverse aspects of multiband antennas for IRNSS and satellite 
communication, focusing on various design strategies, frequency configurations, and applications. Each 
offers unique insights into enhancing antenna performance and compatibility with satellite 
communication protocols. 
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3 Methodology 
Because of the ongoing reduction in the size of wireless communication technology, a Microstrip 

antenna that is small, lightweight, and compact must be created. Currently, researchers are 
experimenting with different substrate types and geometries with variable dielectric constants to see 
how they might enhance multiband antenna performance. The below Figure1 demonstrates the design 
strategies needed to obtain the necessary emission characteristics as well as the capacity of the multi-
band Microstrip patch antenna. The steps in developing a multiband antenna are as follows.        

 1. Selecting the optimal operating frequency for the specific application  
2. Antenna development and modelling for optimal performance and parameters 
3. Develop, simulation, and evaluate the antenna structure. 
4. Examine and assess the antenna design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            Figure 1: Block diagram of designing Microstrip Patch Antenna in HFSS 
                         
 In the development of multiband antennas for IRNSS and satellite communication, each stage is 

crucial for achieving optimal performance within system specifications. 
Understanding the system requirements involves a comprehensive analysis of specific frequency 

bands designated for IRNSS and satellite communication, assessing signal strength needs, coverage 
areas, and defining essential data transmission rates. Furthermore, stringent technical parameters such 
as resonance frequency, bandwidth, amplification, emission, directivity, efficiency, and orientation 
integrity are outlined to ensure reliable and efficient communication. 
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During the design and optimization phase, engineers meticulously adjust antenna dimensions and 
overall size to conform to allocated space and operational constraints. Careful selection of substrate and 
patch materials is imperative to attain desired performance characteristics while guaranteeing 
durability. Various operational techniques, including microstrip, patch arrays, or alternative 
configurations, are implemented to meet performance criteria. Advanced simulation tools like HFSS 
play a pivotal role in refining and optimizing parameters such as resonance frequency, bandwidth, 
amplification, emission, directivity, efficiency, and integrity, ensuring alignment with the specified 
system requirements. 

As the process advances to deployment, prototypes are manufactured based on the optimized 
designs. These prototypes undergo extensive validation through HFSS simulations, confirming and 
fine-tuning the antenna designs. Rigorous performance tests cover resonance frequency, bandwidth, 
amplification, emission, directivity, efficiency, and integrity, ensuring compliance with stringent 
technical specifications. Following validation, antennas are seamlessly integrated into the satellite 
communication system, ensuring compatibility and efficient functionality. Ultimately, the antennas are 
deployed for operational use, either on satellites or ground stations, marking the culmination of a 
meticulous process aimed at meeting the complex technical demands of the satellite communication 
network. 

4 Proposed Model 

 
                                        Figure 2: Proposed Model of Microstrip Patch Antenna 
Figure 2 depicts a microstrip antenna with two circular configurations: one circular shape joined to 
another inverted circular structure with a centered feed line and a continuous ground construction. The 
antenna, 50×25mm² and 1.6mm thick, is made of ROGERS RT/DUROID5880TM, a material notable 
for its dielectric constant of 2.2 . The precise connection between the feed line and the patch as-sures a 
50-ohm input impedance, while microstrip feed line technology is used for excellent impedance 
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matching. This design, created for applications such as multi-band capability, defense systems, and 
satellite communication [30], re-quires exact impedance matching between the RF circuit output and 
the antenna input to provide maximum performance within the intended frequency range [31]. It is 
worth noting that microstrip antennas typically support dielectric constants ranging from 2 to 12 . 
Introducing a two slots ground plane, as shown in Figure 2, is aimed at optimizing performance and 
achieving superior results. 
The dimensions for designing the proposed microstrip patch antenna which is shown in Figure 2 are 
given  in below Table 2. 
 

 
Table 2: Suggested Dimensions of Antenna Design 
 
Equations: 
 
         The patch dimensions are designed such that they match the resonance frequency. The ground 
plane measures 30×25 mm2 and is 1.6 mm thick. It has a dielectric constant of 2.2 and a ROGERS 
RT/DUROID 5880 (tm) substrate. Use the calculation below to get the patch's total length and breadth 
[32] 
 
Patch Width (𝒘𝒑): 

          𝒘𝒑=	"!
# #

$
%"##

                          (1) 

 
Effective permittivity (𝜖&''): 

           𝜀&'' =
(!)$)(!*$[$)$#
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𝒘𝒑
]
()
*

#
       (2) 

 
 
Correction factor ( ΔC) : 
           ΔC =

-./$#(("##)-.1)(𝒘𝒑)-.#4/5%)

(%"##*-.#67)(𝒘𝒑)-.75%)
   (3) 

guided wavelength(𝜆8) 
              𝜆8="!

#
× $

9("##
                           (4) 

 Patch Actual Length (𝑳𝒑): 
               𝑳𝒑=𝜆8+ ΔC                               (5) 
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Where 
𝜆: is resonant wavelength of the microstrip line 
ϵ; is relative permittivity of the substrate material 
ℎ< is thickness of the substrate 
 𝒘𝒑 is width of the microstrip line 
 

5 Simulation Results 
The Simulated results provides insights into the performance parameters of a V-Band microstrip 

antenna at various frequencies. 
 

 
                                                          Figure 3: S-Parameters 

 

 
                                                           Figure 4: Return Loss 
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                                                             Figure 5: VSWR Plot 
 

 
 
 
 
 
 
 
 
 
 

                                          
                                                                 Figure 6: Radiation Pattern 

 
 

                                                         Figure 7: 3D Gain Plot 
 
Validated results are shown in Fig 3 to Fig 7. The S-parameter plot in the given simulation results 

shows the antenna's return loss or reflection coefficient (S11) over a range of frequencies. The dips in 
the S11 curve, where the antenna is effectively radiating the input power, correspond to the resonant 
frequencies. The impedance matching degree is represented by the depth of these dips; lower values 
indicate better matching and, thus, more efficient radiation. 

Another way to show the impedance matching quality is with a VSWR (Voltage Standing Wave 
Ratio) plot. Perfect matching is indicated by a VSWR value of 1, whereas larger values signify more 
mismatch and possible power reflection. To indicate acceptable impedance matching, the VSWR plot 
should show a dip or a flat region around the desired operating frequencies. 

The spatial distribution of the radiated power from the antenna is shown by the 2D and 3D radiation 
pattern plots. The patch geometry, the characteristics of the substrate, and the excitation technique all 
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affect these patterns. Important details about the antenna, like its overall directivity or gain, side lobe 
levels, and main beam direction, can be found in the radiation pattern. 

The antenna's gain, a measurement of its capacity to focus radiated power in a specific direction, is 
shown visually in the 3D gain plot. The gain is a crucial parameter for assessing the antenna's 
performance in a variety of applications since it is intimately tied to the antenna's efficiency and 
directivity. 

Several methods can be used to design multiband microstrip patch antennas in order to achieve 
wider bandwidths or multiple resonant frequencies. These methods could involve creating slits or slots 
in the patch, utilizing parasitic components, constructing stacked patch arrangements, or adding 
electromagnetic bandgap (EBG) or defected ground structure structures. In the frequency bands 
designated for satellite communications and the Indian Regional Navigation Satellite System (IRNSS), 
the suggested antenna design seeks to accomplish multiband operation. Effective radiation and 
multiband operation are made possible by optimizing the antenna to exhibit resonant modes at the 
desired frequencies through careful selection of the patch dimensions, substrate properties, and 
application of suitable design techniques. 

 Plots of the S-parameter, VSWR, and radiation pattern shed important light on the radiation 
characteristics, impedance matching, and resonant behavior of the antenna. 

6 Conclusion 
The HFSS software was employed to propose and simulate a fresh microstrip slotted patch antenna 

design. The dataset encompasses measurements of return loss, voltage standing wave ratio, and 
bandwidth across various frequencies. Analyzing the data reveals substantial fluctuations in return loss, 
with values spanning from approximately -17 dB to -29 dB . Notably, at 28.7515 GHz, there's a 
significant spike in return loss, reaching -28.6728 dB, indicating potential signal transmission issues or 
higher losses at this specific frequency. Conversely, VSWR values predominantly range between 1.1 
to 1.3 for most frequencies, suggesting relatively good impedance matching, except for the outlier 
frequency, which displays a slightly higher VSWR. Bandwidth values also exhibit variations across 
frequencies, ranging from about 0.98 dB to 2.09 dB, indicating differing signal transmission 
capabilities. However, there's no discernible linear relationship between frequency and these measured 
parameters, indicating a complex and non-linear behaviour within this system. The outlier frequency at 
28.7515 GHz warrants further investigation due to its distinct performance characteristics, showing 
notably poorer reflection loss and slightly elevated Voltage standing wave ratio compared to 
neighbouring frequencies. Overall, the dataset underscores the diverse and varied performance of the 
system across different frequencies, suggesting fluctuations in signal losses, impedance matching, and 
transmission efficiencies. 
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