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Abstract. Due to their low cost, small size, and ease of production, microstrip 

patch antennas are important in wireless communication. The employment of 

microstrip antennas in high-frequency, high-speed data communication 

applications has led to a rise in their usage. Microstrip antennas are increasingly 

used in the market for mobile phones. A suggested microstrip patch antenna is 

meant for use with satellites. An antenna is suggested for use with satellites and 

is constructed with several slots on the rectangular patch at 15 GHz. Such slots 

change the resonance frequency on the patch to the lower side, and numerous 

antenna properties are also affected. In this prosed approach to overcome this 

problem as microstrip patch antenna with S- slot operated at 13.7GHz in 

satellite application as recommended. Consuming HFSS (High frequency 

structure simulator) software, the antenna is designed. The antenna's tangent 

loss is 0.02 and its relative permittivity is 10.2 when it is designed using FR4 as 

the substrate material. This work uses HFSS to be an efficient performance by 

exposing different factors including gain, directivity, bandwidth, and return 

loss. The antenna has a 1.14 GHz frequency bandwidth, a -14 dB return 

loss,gains of 6.31 dB and directivity 3.544 dB. 

Keywords : Design, Analysis, Microstrip, Satelite 

1. Introduction  

A metallic patch radiator mounted on an electrically thin dielectric substrate with a 

metallic ground, such copper or gold, makes up a microstrip patch antenna (MPA). 

The core element of every wireless communication system, which is essential in 

today's society, is an antenna. Over the past few decades, MPA has drawn the most 

attention from researchers among the many antennas that are available. Fabricating 

the microstrip patch structures is probably not that difficult. In the twenty-first 

century, research on microstrip antennas focused on their small size, higher gain, wide 

bandwidth, and various functionalities [1] [2]. 

The explosive development of wireless communication technologies has expedited 

the emergence of this technology. In the fields of satellite communication and 

defense, they have enormous uses. Because of the tremendous technological 

advancements and growth in commercial investment in this field over the past 10  
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years, the cost of developing and producing microstrip antennas has decreased 

dramatically.Furthermore, the tiny size and low profile of the microstrip antenna 

greatly aid modern satellite communication.  The physical configuration of antenna its 

leads to be a better performance. Various methods to improve the performance 

metrices and their physical configuration these are analyzed by researchers.  

The antenna proposed in this research has an S-slot located on the radiating patch 

and operates between 13 and 14 GHz. The patch's upper and lower halves, 

respectively, have two and two slots in the suggested design. A number of antenna 

performance parameters, including gain, bandwidth, return loss, and resonant 

frequency shift, are impacted by the etching of the slots. The suggested antenna is 

designed to function at 13.7 GHz for satellite communication. 

The design and simulation of microstrip s-slot antenna in HFSS(High Frequency 

Structure Simulator)performance of output result as return loss, radiation pattern and 

VSWR (voltage standing wave ratio) which most applicable for satellite application. 

2. Related work  

Naina Mohamed and Amudha, (2023)A rectangular slot in a micro-strip patch 

antenna was constructed in Ansoft HFSS (high frequency structure simulator) 

software. FR4 substrate material was used in a microstrip patch antenna with a 2.0mm 

thickness. The S-slot and rectangular antennas produce the result in HFSS, with the 

gain of the S-slot antenna being 2.94 dB and the rectangular slotted patch antenna 

being 4.26 dB, respectively. The comparison of rectangular slot antenna gain is better 

than S-slot antenna. 

Saeed Haydhah et al., (2023)design of compact reconfigurable antenna with a 

multifunctional array antenna 2 X 2 for U-slot antenna at 3.65GHz. the multiple input 

multiple output (MIMO) used in this system. 

Nancy Gupta et al., (2019)established square metamaterial (MTM) array in the 

shape of a Minkowski fractal using a novel rectangle patch antenna superstructure and 

a defective ground construction. The suggested MTM superstrate increases the 

antenna's gain in wireless transmission for satellite communications when it is 

positioned at the ideal height of 15 mm from the intended rectangular patch antenna. 

The simulation's findings show that when a 6 x 9 MTM array is placed atop the 

antenna as a superstrate, its gain rises from 6.0 to 8.9 dB.. This improvement has 

significant implications for the wireless transmission system as a whole. Using the 

HFSS version 15.0 3D electromagnetic simulator, analytical and design results were 

produced.Utilizing MATLAB R2014a's S-parameter retrieval approach, the unique 

square Minkowski fractal-shaped unit cells' left-handed metamaterial properties are 

confirmed. 
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Qin Huang., (2022)creation of a wideband circular polarized microstrip slot 

antenna with a squared loop feed arrangement. Under the arc-shaped strip, a stable 

270° phase difference may be excited into a square loop by the square loop at the 

corner point. The microstrip patch antenna Rogers 5880's substrate has a 0.001is 

tangent loss and a2.2 is dielectric constant. The impedance bandwidth is less than -10 

dB and the axial ratio is less than -3 dB, according to the design and simulation 

performed using the ANSYS HFSS program. The suggested microstrip patch antenna 

is used in 5.8 GHz wireless local area networks and 5.85 to 5.925 GHz wi-fi 

networks, respectively. 

Rashmitha et al., (2020)For mobile and satellite communications, a microstrip 

patch antenna with a 43.7GHz frequency was designed. the ground layer dimensions 

(7.39 mm x 8.6 mm) and the substrate dimensions (1.18 mm x 0.25 mm with a 0.8 

mm thickness) are taken into account during the MPA design process. FR4, a 

substrate material with a relative permittivity of 4.4 and a tangent loss of 0.02 has 

been chosen. the design and modeling of MPA using the simulation program Ansys 

HFSS version 15.0. The 43.7GHz is achieved the VSWR of 1.18dB and return loss of 

-23.3656. 

Denceli and Yogeshwaran., (2016)This system established two antenna 

categories, such as spilt resonators and complementary spilt ring resonators. The 

antenna 1 spilt ring resonator dielectric substrate material has a 4.2 is relative 

permittivity and a 1mm is thickness. The lower outer circle's radius is 7 mm, whereas 

the lower inner circle's radius is 6 mm, since portions of the lower circle's head 

overlap the feeding line. The radius of the upper inner and outer circles is 3 mm and 4 

mm, respectively. There is a 2.5-mm gap between the top and bottom openings in the 

lower circular. A rectangular slot with a 1mm width joins the feed and top circular in 

the middle. The second antenna is a complementary spilt ring resonator, with a radius 

of 2 mm for the inner and 3 mm for the outer. The design and simulation of a spilt and 

complementary spilt ring resonator in HFSS version 13.0 with the finite element 

method improved the impedance matching under the frequency range of 5.8 GHz. 

Khadarbasha and Yogeshwaran, (2020)design and modeling of a transmit array 

antenna with circular polarization that consists of two dielectric slabs without an air 

gap and three metallic layers etched on them. In this approach, a full 360° phase 

range, low profile, and dual linear polarizations are crucial for the transmit array 

element design. Two dielectric layers and three metallic layers are sandwiched 

together to form the intended transmit array unit cell. RO4003 is used to create the 

substrate layers, which have a thickness of 0.5 mm and a relative permittivity of 3.55. 

The axial bandwidth is 3 dB at 9.8–10.15 GHz, the gain is 1 dB at 9.7–10.1 GHz, and 

the aperture efficiency is 36% at the 10 GHz frequency. 
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Prasitha and Yogeshwaran, (2014)A flattened single-feed circularly polarized 

(CP) broad beam microstrip antenna is intended for use in CNSS applications. The 

antenna is intended to be double-layered, with two rectangular stubs that span the 

width path and an accurate sponging ring situated above the circular area. to put 

together the URL. It is recommended that a dual-band circularly polarized antenna be 

utilized for both the uplink and downlink bands of the system. Meanwhile, the great 

gain of the terminal antenna is necessary for little Elevation since there aren't many 

CNSS satellites.  The deliberate vertical HPBW is above 140, yet1.1 dB as a result. It 

may potentially continue to be somewhat subdued. 

Prasitha and Yogeshwaran, (2015)The half power beam width (HPBW) can be 

increased by using the parasitic ring. Consequently, the measured result shows that 

the HPBW has extended by around 1400 and that a gain of roughly 1.8 dB was 

produced, satisfying the requirements for the CNSS submission. 

Prasitha and Yogeshwaran., (2015)The antenna is made up of a two-layer 

configuration with a parasitic ring, a rectangular stub, and a circular patch.  A larger 

vertical HPBW and a high gain at low elevation angles are needed for the satellite 

system. Thus, by employing the Parasitic Ring, which has a gain of about -1.8dB at 

low elevation angles, vertical HPBW is extended to 140° by using FR4 substrate with 

1.6 thickness. 

Punith et al., (2020) multiple input multiple output (MIMO) implementation for 

microstrip patch antenna for 5G application. The micro strip patch antennaoperated in 

multiband such as 23.9GHz, 35.5GHz and 70.9GHz.The dimensions of ground layer 

6.1949X 7.2514mm2, dimensions of substrate 2.59mm X 3.65mm and dimensions of 

feed line 1.705mm X 0.334mm for selected FR4 epoxy material with 4.4 is dielectric 

permittivity and 0.02 is tangent loss.Thefrequencies ranges 23.9GHz, 35.5GHz, and 

70.9GHz yielded return losses of -19.9737, -22.7307, and -21.9667, respectively.For 

the deep frequencies, the VSWR of 1.7483, 1.2709, and 1.3881 are achieved. As 

noted, the resulting frequencies exhibit a persistent radiation pattern with a favorable 

gain of 4.435, 3.6602, and 5.6402 for desired frequencies using HFSS. 

Mustafa Koçer and Mustafa Emre Aydemir., (2020)created a broadband, high 

gain micro strip patch antenna for use in the X-band at frequencies between 7.2 and 

8.4 GHz inside the electromagnetic spectrum. The HFSS program was used to 

simulate the Rogers RT/Duroid 5880 material, was in this study. The constructed 

antenna has a bandwidth of about 1.35 GHz, or 17.25%, and works in the frequency 

range of 7.06-8.41 GHz based on modeling data. The antenna offers around a 7.2 dB 

gain at the center frequency of 7.825 GHz. 

Parismita et al., (2023)It is recommended to use a slotted rectangular microstrip 

patch antenna based on nanomaterials to increase gain and bandwidth for WLAN 
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applications. Prior to filling the slot region with nanomaterial, a conventional 

rectangular copper microstrip antenna (MSA) with a rectangular hole in the patch area 

is established. With a 330 nm nanomaterial layer thickness, the Ag-Au-Ag 

nanoparticle antenna shows a 2 dB gain boost over its conventional equivalent. Its 

bandwidth is 0.19 GHz, and it has a return loss of about 30 dB. 

Kin-Lu Wong et al., (2020)For 2.4/5.8 GHz dual-band wireless local area 

network (WLAN) on-body antenna applications, a novel very-low-profile grounded 

coplanar waveguide (GCPW)-fed slot antenna with compact dimensions of 15 mm × 

40 mm and antenna thickness of 0.8 mm is demonstrated. With a larger slot path for 

the 2400–2500 MHz range and a longer slot route for the 5225–5875 MHz band, the 

radiating slot is an asymmetric T-shaped slot. 

Lijaddis and Fanuel., (2022) For 5G applications, a dual-band rectangular shape 

was developed to boost the impedance bandwidth. The substrate, feeding element, 

ground plane, and rectangle radiating patch element with a Pi-shaped slit make up the 

suggested antenna. The top side of the substrate has perfect electric conductors 

(PECs) that serve as the ground plane and radiating element, respectively. Rogers 

RT6002 is the substrate, measuring 7.91 x 7.85 mm and having a dielectric constant 

of 2.94. simulation taken in the CST microwave studio to produce the VSWR of less 

than 2. 

Navpreet Kaur and Narinder Sharma., (2017)HFSS software was used to show 

the rectangular MPA  for WiMAX applications. At 2.81 GHz, 5.81 GHz, 7.81 GHz, 

8.00 GHz, and 8.72 GHz, respectively, gains of 1.07 dB, 2.53 dB, 5.94 dB, 6.2 dB, 

and 9.3 dB are displayed as a consequence of the MPA resonant the five frequencies. 

Wong et al. (2020)Have enhanced return loss while obtaining dual-band antenna 

features by using slotted antennas. But the gains made in both works are not as great, 

and there is less discussion on how to make it better. Literature on gain augmentation 

is widely accessible and includes Defected Ground Structures 

(DGS).Alibakhshikenari et al., (2020) and Alibakhshikenari (2022).a faulty 

ground structure (DGS) and the addition of slots to the antenna patch have increased 

the antenna impedance bandwidth for improve the performance of antenna in compact 

size 

Ambalgi and Kamalapurkar (2021),An MSA based on Au NPs and operating at 

8.71 GHz is studied. Au NPs are deposited using a sputtering process to cover the 

whole patch area and the slots over the patch. However, the existence of several wide 

slots over the patch was blamed for the improvement in bandwidth and gain.  

Ambalgi et al., (2021),where the whole copper layer from the FR4 epoxy 

substrate was etched out and a slotted titanium oxide thin film was sputtered and used 
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as the patch. Furthermore, a review of the literature reveals that patch structural 

adjustments can improve antenna performance but only to a limited extent. The 

radiation properties of a typical MSA, like as gain and bandwidth, may be further 

enhanced by combining innovative materials with the microstrip structure. 

Sarmah et al., (2015)In the dual band frequency range of 2.4–5.8 GHz, the 

complementary split ring resonator (CSRR) is intended to function. The dual band 

characteristics are obtained using the CSRR structure. High Frequency Structural 

Simulator (HFSS) software is used to model the suggested design. For both operating 

frequencies, a return loss of -26 dB is found. 

Sonali Kumari et al., (2022).The suggested antenna works effectively in C-band, 

X-band, and Wi-Max applications. The best frequency range for RFID applications is 

2.4 GHz. A feed with variable width excites one corner of the main patch antenna. 

The feed width, ground-level slot cutting, and tapering cuts at the key patch's two 

remaining corners have all undergone parametric analysis. The only process that may 

result in circular polarization is a narrowing cut. It was polarized linearly between 

4.31 and 6.75 GHz and circularly between 2.4 and 9.8 GHz. The impedance 

bandwidth of the structure is 2.13–3.02 GHz and 4.01–10.00 GHz. 

K. Jothilakshmi and Dr. P. Jothilakshmi., (2017) created using the body of 

current literature as a guide, then carefully examined to extract the wideband and 

multiband properties. The theoretical maximum bandwidth for wideband MSPAs is 

determined using the VSWR criteria. A comparison with other wave electromagnetic 

simulations and measurements is made in order to investigate and confirm the 

optimization of the impedance characteristics produced by the MSPA model. CST 

Microwave Studio is utilized to optimize the suggested antenna. 

Saeed Haydhah et al., (2023) The size of the single element is 55.5mm X 54 mm, 

or 0.66 0.65λ0. In a single element, the distances between the U-slots are 30 mm and 

27 mm, correspondingly. The average efficiency, overload impedance and peak gain 

values are80%,10 dB and 9.4 dB, correspondingly through the bandwidth of 200 

MHz.The average resonant frequency of 3.6GHz at the 5G band. 

Reshma Roy et al., (2020), offer two distinct multiband patch antenna types. A 

dual-band antenna makes up the first plan, while a quad-band antenna makes up the 

second. Each antenna has a small footprint of 30mmX 30mmX1.6mm, is constructed 

on an FR4 substrate, has a loss tangent of 0.02 and a height of 1.6 mm, and has a εr= 

4.4. The dual-band antenna uses the 3.9 and 5.71 GHz frequencies. By using an L-

shaped slot in the patch antenna's ground portion and a T-shaped slot in its radiating 

portion, these dual band activities are made possible. The two frequency bands have 

respective gains of 1.27 dB and 1.35 dB.  
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Jeremiah O. Abolade et al., (2021)This research introduces the first BioAs-

MPAs are small, multiband, asymmetric microstrip fed antennas. The projected 

antennas are built on the Defected Ground Structure (DGS) and L-slit methods. On 33 

mmx15 mmRogersduroid 5880 substrates, the antennas are constructed. The 

suggested arbitrarily shaped radiating patch's resonant frequency modelling equations 

are founded on improved circular patch modelling equations. The antenna operating 

frequency ranges are 2.4 GHz and 4.4 GHz, 2.5 GHz and 5.4 GHz, 2.6 GHz, 4.4 GHz, 

and 5.5 GHz. 

Manjit and Shashi., (2016). The suggested antenna was designed using the 

resonance frequency of 3.2GHz selecting the FR4 substrate material. Seven frequency 

bands, including 3.08GHz, 4.68GHz, 5.67GHz, 5.93GHz, 8.14GHz, 8.46GHz, and 

9.93GHz, are covered by the suggested antenna. The program HFSS 13 is utilized for 

the purpose of developing, modeling, and assessing the many parameters of the star 

shaped rectangular shaped antenna. 

Parvathi and Dr. Haris, (2023)A circular slot microstrip patch antenna is shown, 

which has two thin-line stubs attached to the rear side of the antenna and a square 

patch that has been rotated for increased operational efficacy and bandwidth. The 

antenna achieves improved bandwidth (7.5GHz) and works between 10.5GHz and 

18GHz with a reflection coefficient of less than -10dB, according to the results. 

3. Proposed methodology  

3.1 Microstrip patch antenna (MPA) 

A patch of conductive material is etched onto a dielectric surface to generate a 

patch antenna. The dielectric material is attached to a ground plane, which provides 

the object's structural support. Furthermore, the excitation is sent to the antenna by 

feed lines connected by a patch. The microstrip technology involved in a microstrip 

antenna, or printed antenna, fetches the printed circuit board, which is known as a 

microstrip patch antenna (MPA).Patch antennas are typically employed in microwave 

frequency applications with frequencies higher than 100 MHz and are regarded as 

low-profile antennas. 

3.2 MPA construction  

2D geometry is used in patch antenna. The shape of metallic patch placed on 

dielectric material when choose the various shape of antenna. The various patches as 

square, rectangular, triangular, circular and elliptical.Assume we have a rectangle 

patch antenna, which is made of a dielectric coated ground plane with a rectangular 

metallic patch fabricated on it. To put it simply, this means that a ground plane 

supports a dielectric substance with a conducting patch. 
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Figure 1.Construction of Microstrip patch antenna 

The most basic type of patch antenna is seen here, with a half-wavelength-long 

patch etched on a substrate whose thickness is very small compared to λ. Additionally, 

feed lines attached to the patch supply excitation to the antenna. 

3.3 Working of micro strip patch antenna 

When electricity enters the strip of a microstrip or patch antenna from a feed line, 

the antenna generates an electromagnetic wave. The waves from the patch start to 

radiate from the width side. But since the strip is so thin, the edge of the strip reflects 

the waves that form inside the substrate. The continuous structure of the strip along its 

length prevents radiation from being released. 

3.4 Characteristics of microstrip patch antenna 

➢ It must be a very thin conductive region. 

➢ Ground plane dimensions very large than patch dimensions 

➢ The good antenna performance depends on selection of dielectric constant as 

range 2.2-12. 

➢ It provides greater directivity based on array of microstrip element s. 

➢ It offers the high beam width. 

3.5 Feeding methods  

Contacting feed 
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Power is directly given to the radiating element is called contacting feed. 

Itscategories two types such as microstrip and coaxial feed. 

Microstrip feed 

A conducting strip with a width much less than the radiating element's breadth is 

what it is. The feed line makes it simple to etch on the substrate because of the thinner 

dimensions of the strip. There are three possible locations for the feed line to the 

structure: offset, inset, and center. 

Coaxial feed 

It's one of the approaches to feeding the antenna that's frequently employed. The 

antenna receives coaxial feeding in which the patch is attached to the inner conductor. 

whereas the ground plane is connected to the outer conductor. 

Antenna design 

The microstrip patch antenna is a very thin metallic strip layer which is positioned 

on ground plane. The microstrip patch antenna contains various shapes and for more 

applications. In this proposed approaches S-slot antenna for satellite communication 

which is higher frequency range. The FR4 substrate material used in this proposed 

microstrip patch antenna with its dielectric constant is 10.2 and dielectric tangent loss 

is 0.02. when good performance of antenna depends on the selection of substrate 

material and less dielectric permittivity leads to compact size. The operating 

frequency range is 13.7GHz for satellite application. The geometric constraints of 

microstrip patch antenna which shown in figure 2.   

The operating frequency, appropriate thickness, ground plane size, radiating patch, 

and insect depth should all be resolute based on established antenna relationships. 

These factors all affect patch size. In directive to efficient radiation in S-Slot 

rectangular patch to calculated the length and width of s-Slot microstrip patch antenna 

using below the mathematical equations, 

The length of the MPA as,  

𝐿𝑝 =
1

2𝑓𝑟√𝜇𝑜𝜀𝑜 √𝜀𝑒𝑓𝑓
                                  (1) 

The width of MPA as,  

𝑊𝑝 =
1

2𝑓𝑟√𝜇𝑜𝜀𝑜
√

2

𝜀𝑟+1
                      (2) 
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Whereas,  

𝑓𝑟 − 𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑡 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦, 

𝜇𝑜 − 𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝜖𝑜 − 𝑃𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦, 

𝜖𝑟 − 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦, 

𝜖𝑒𝑓𝑓 − 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑖𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 

∆𝐿 − Length extension, 

The effective dielectric constant as represented, 

𝜖𝑒𝑓𝑓 =
𝜀𝑟+1

2

𝜀𝑟−1

2
− 2∆𝐿                    (3) 

 

Figure 2. Proposed microstrip patch S-Slot antenna  

The dimensions of ground layer are 4.364 mm X 6.5881mm, dimensions of 

substrate material are 1.6mm X 2mm which is microstrip feed fetch antenna to 

applied. The selection of substrate material and selection of dimensions of patch and 

ground plane as demonstrated in table 1. 
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Table 1. Design consideration of microstrip patch antenna 

S. No Parameters  Characteristics or Sizes 

1. Ground layer 4.364 mm X 6.5881mm (length x width) 

2. Dimension of FR4 substrate 1.6mm X 2mm (length X width) 

3. Substrate  FR4 

4. Operating frequency 13.7GHz 

5. Feed type Microstrip feed 

 

 

 

 

Figure 3. Simulation of proposed antenna design 

The antenna design in HFSS software overall structure of S-Slot microstrip patch 

antenna which ground, substrate and patch material which shown in figure 3. 

4. Analysis of antenna parameter 

The impact of antenna performance is examined in order to optimize the design, 

which involves a number of variables. The antenna parameters are return loss, 

VSWR, directivity, and gain; these are done in this study. affecting the antenna 

performance while changing the antenna properties. The selection of substrate 

material leads to good antenna performance. The bandwidth, frequency, and VSWR 



1758             A. Yogeshwaran et al.

are the basic antenna parameters. And also, directivity, radiation pattern, and gain; 

these are the flow of electromagnetic waves of the antenna parameters that are 

analyzed in this section. The antenna parameters are discussed below, 

Gain 

The radiation intensity in a particular direction divided by the radiation intensity 

that occurs from isotropic radiation of the power the antenna accepts is known as the 

antenna's gain. 

It is measured in dB. 

The mathematical expression of gain as,  

𝐺𝑎𝑖𝑛 𝐺 = 𝜂𝑒𝐷(4) 

𝜂𝑒 − 𝐴𝑛𝑡𝑒𝑛𝑛𝑎 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦, 

𝐷 − 𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦, 

Return loss 

The amount of energy transferred among antenna and feeding line is called the 

return loss. 

𝑅𝑒𝑡𝑢𝑟𝑛 𝑙𝑜𝑠𝑠(𝑑𝐵) = −10 𝑙𝑜𝑔10(
𝑃𝑅

𝑃𝐼
) (5) 

𝑃𝑅 − 𝑃𝑜𝑤𝑒𝑟 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑, 

𝑃𝐼 − 𝑃𝑜𝑤𝑒𝑟 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡. 

VSWR (voltage standing wave ratio) 

VSWR states that the proportion of incident wave to reflected wave in an RF 

system or component. It ascertains the effectiveness of power transfer via a 

transmission line from a source to a load. 

Directivity  

The term "directivity" describes the relationship between the maximum radiation 

intensity of this specific antenna and the power of an isotropic or reference antenna 

operating at the same wavelength. 

𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦  𝑜𝑓 𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑒𝑑 𝑎𝑛𝑡𝑒𝑛𝑛𝑎

 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑖𝑠𝑜𝑡𝑟𝑜𝑝𝑖𝑐 𝑎𝑛𝑡𝑒𝑛𝑛𝑎
                (6) 

Satellite communication 
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In the field of telecommunications, satellite communication refers to the use of 

man-made satellites to provide communication routes between different locations on 

Earth. An essential component of the global communications network is satellite 

communications. The two primary parts of satellite communication are the space 

segment, which is largely made up of the satellite, and the ground segment, which is 

made up of movable or stationary transmission, receiving, and supporting hardware. 

An Earth station can uplink a signal to a satellite using a standard satellite connection. 

The signal is retransmitted back to Earth after being picked up by the satellite, where 

Earth stations and terminals take it up and amplify it. Examples of satellite receivers 

that are situated on the ground include satellite phones, portable devices, satellite 

receiving equipment in aircraft, and direct-to-home (DTH) satellite equipment. 

 

Figure 4. Satellite communication 

5. Result and discussion  

The microstrip patch antenna with S-Slot antenna has designed in HFSS (high 

frequency structure simulator) software to analyses the antenna to produce the better 

result.launching HFSS13.0 Ansoft and building the model Keep the Project; 

Validation of Models; Analyze to begin the process of finding a solution; Data 

Solutions Construct Reports Overlays of Far Fields Make an Overlay for Far Field. 

Examined are the gain, return loss, directivity, and radiation pattern of the MPA 

antenna. 
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Figure 5.  Return Loss S11 graph of the antenna 

A radiation patch emits less energy the smaller it is. The antenna has a relatively 

narrow bandwidth; the antenna impedance bandwidth has grown in proportion to the 

radiation patch's growing size.  

Parameter analysis of the S-slot antenna using HFSS software to produce the 

return loss is -14 dB at 13.7 GHz operating frequency, and the plotted output is shown 

in figure 5. 

 

Figure 6.  VSWR of the antenna 

The next parameter analysis of the S-slot antenna is the voltage standing wave 

ratio simulation output taken in HFSS software, which is shown in figure 6. 
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Figure 7. 2D Radiation pattern graph of the antenna. 

 

Figure 8. 3D Radiation pattern graph of the antenna 

A decrease in the feed gap among the patch and the coplanar waveguide results in 

a reduction of the antenna's bandwidth. The main cause of this is the gap's reduction, 

which modifies the coupling capacitance between the coplanar waveguide ground and 

the radiating patch of the antenna and reduces the antenna's bandwidth. Despite 

achieving ultra-wideband performance, the antenna exhibits good pattern and gain 

indications. 

 Figure 7 depicts the radiation simulation. The antenna's low-frequency H-plane 

pattern exhibited omnidirectional radiation in the working band; the strongest 

radiation occurs between φ = 0 and φ = π, while the main lobe of the E plane pattern 

is located between θ = 0 and θ = π. The main wave direction slightly changes at a 

relatively high frequency point, and the H-surface radiation is zero at φ = −π/2. 
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Figure 8 represents the radiation pattern, which implies the 3-D pattern of an S-

slot microstrip patch antenna simulated in HFSS at a range of 0 to 90 degrees and 

reached the 13.7GHz frequency range.  

The comparison of I-Slot and S-Slot antenna with the return loss and gain 

parameters shown in table 2. 

Table 2. Evaluation of I and S slot antenna  

PARAMETERS I SHAPE 

ANTENNA 

S-SLOT 

ANTENNA 

Return loss -13.5385db -14dbB 

Gain 7.0 dB 6.31dB 

6 Conclusion 

A compact "S"-shaped MPA for use in the Ku band is offered in this study. 

The S-Slot microstrip patch antenna was designed and simulation-analyzed in HFSS 

software to produce a better result. The antenna parameters were analyzed, and a 

better result and enhancement of gain were also predicted. This antenna has a resonant 

frequency of 13.7 GHz, a return loss of -14 dB, and a high gain of 6.31 dBi, as shown 

by the result. Simulation results display every result. Extremely slight cuts or space in 

the fix cause bandwidth and return misfortune (S11) to move along. because a wide 

bandwidth is achieved, the parasitic patch is used. The S-Slot antenna was analyzed in 

HFSS and selected at 13.7 GHz, which is most applicable for satellite 

communications. 
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