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ABSTRACT 

In this thesis, research has been carried out to the study of shared aperture based antenna design 

for L and S-band. “Cavity model”, being the simplest model that also leads to reactive input 

impedance, is used for the exploration of “Microstrip Patch Antenna (MPA)” to calculate the 

resonating frequency, input impedance & other important parameters of various configurations 

based on aperture sharing of two adjacent bands i.e. L and S bands. First of all, a simple 

structure using “Dollar” shape is developed to check the feasibility of the two adjacent bands 

i.e L and S bands on the same aperture. Then, effect of coupling is analysed on two “Dollar” 

shaped patched antennas placed by each other on the same aperture. This work is presented as 

a preliminary work in the introduction chapter. To further study, two different configurations 

of patch antennas are developed based on standard Y-shape. Again the structure is designed 

using the same surface and placed by each other. After studying the effect of placement of two 

different configurations i.e. dollar shaped and Y shaped patch antenna, a study is undertaken 

to investigate the influence of parasitic elements on “Swastika” shaped and “parasitic” antenna 

based structures using different configurations while using aperture sharing for L/S-band. Next, 

the aperture sharing method is executed and the influence of notch formation on the resonating 

frequencies of the patch antenna is deliberated. Finally, analysis of the MPA array based on 

aperture sharing, again for L/S bands, is presented along with the effect of array formation on 

the overall antenna parameters such as dimensions, resonating frequency and other properties 

wherein an attempt has been made to reduce the isolation between two patched antennas while 

improving the overall bandwidth of the structure. 
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Antennas are a crucial fragment of any “wireless communication system”. In today’s situation, 

although, this is not new for anyone. Understanding the working of this device will certainly 

benefit the prospective designer to come up with the design of novel structures for the 

requirements of the wireless antenna/communication system. According to the “IEEE 

Standard Definitions (IEEE Std 145–1983)” [1], this is well-defined as “a means of radiating 

or receiving radio waves" [2]. The antennas can be categorized into various types depending 

upon the basis of material types, design properties and applications [3]. 

1.1 Microstrip Patch Antenna 

Among all antennas, “Microstrip Patch Antenna (MPA)” is becoming more and more useful 

because of ease of fabrication/printing directly onto a “Printed Circuit Board” (PCB). 

“Microstrip patch antenna” comprises a radiating element (i.e. “conducting element”) on 

solitary side of a “dielectric” material (e.g. “FR-4”) that has a “ground plane” (i.e. a 

conducting element such as “copper or Cu”) on the other side. The radiating or conducting 

element/patch is typically made up of a conducting substantial such as “copper” (Cu) or 

“gold” (Au) and can be designed using any shape e.g: “circular”; “triangular”; “rectangular”; 

“elliptical” etc. MPA radiate mainly due to “fringing” fields among the edges/corners of the 

radiating section and the ground plane. For worthy antenna concert, a dense “dielectric 

substrate” with low “dielectric constant” (<5) is desired since it delivers greater “efficiency”, 

larger “bandwidth”, and better radiation, but such confirmation indications to superior 

antenna size. However, a substrate with a high dielectric constant can be used for the design 

of a compact MPA, which may result in lower efficiency and “narrower bandwidth”.  

Hence, a negotiation must be reached among various constraints of the antenna and its overall 

performance. Excitation guides the “electromagnetic” energy source to the patch, producing 

-ve charges around the feed point and +ve charges on the other part of the patch. This 

variance in charges builds electric fields in the antenna that are responsible for radiations 

from the patch antenna. These antennas ensure abundant benefits when related to 

conventional antennas and hence are being used in an extensive diversity of claims 

approaching: “mobile communication” to “satellite”, “aircraft” and other applications. MPA 

is becoming very rife indoors the “mobile phone” marketplace. MPA is low cost, have a 

small outline and are easy to fabricate. The first MPA was proposed in “1953” [4] but didn't 
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become practical until it was auxiliary established thrugh other investigators [5]. The basic 

MPA structure is shown below in fig. 1.1. 

 

“Figure 1.1 Schematic view of the microstrip patch antenna” 

The size of an MPA is inversely proportional to its frequency or we can say that the “resonant 

frequency” of the MPA is the role of its length. The “resonating frequency” of the MPA can 

be calculated as shown below: 

 

The above-mentioned equation does not count the fringing factor, the modified equation in the 

presence of the fringing factor can be written as: 
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At frequencies worse than the microwave, MPA doesn't make wisdom as of the sizes essential. 

MPA is a narrow band, due to the contrary relationship among the relative permittivity of 

the substrate being used for the antenna and the bandwidth we get. 

Normally the substrate used has permittivity greater than 3.4 which causes a reduction in the 

bandwidth due to the surface wave propagation. A wide-beam antenna fabricated or 

designed by etching the antenna section pattern on metal trace attached to an insulating 

“dielectric substrate”, such as a “PCB”, with a continuous metal layer bonded to the opposite 

side of the substrate which forms a ground plane (fig. 1.1). Proposal constraints of the 

antenna can be obtained using formulae [6] as given below. 
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MPA emit mainly due to “fringing fields” among the edges of the patch & the ground plane. For 

better antenna performance, a thick “dielectric substrate” having a low dielectric constant is 

desirable since this provides better “efficiency”, larger “bandwidth” and better “radiation” 

[2]. However, such a configuration leads to a larger antenna size. In order to design and/or 

fabricate a compact MPA, the higher dielectric constant must be used which are less efficient 

and resulting in the narrow bandwidth. Hereafter a negotiation should be grasped amid 

antenna “parameters” (or “dimensions”) along with its overall functioning/operation. 

Various shapes of the MPA are depicted below in fig. 1.2. 

 

“Figure 1.2 Common shapes of microstrip patch elements” 

1.2 Excitation Methods of Microstrip Patches 

The method by which a “microstrip patch antenna” is excited defines the feasible “impedance 

bandwidth” (ultimately), the clarity and path of the “radiated fields”, the “efficiency” of the 

entire antenna, the comfort of construction/building of the antenna and its validity. There 

are numerous means available to feed or spread electromagnetic energy to a “microstrip 

patch antenna”. The supreme widespread feeding approaches are the “Microstrip Line 

Feed", “Co-axial-Fed”, “Aperture-Coupled” and “Proximity-Coupled” [8] and are explained 

below. 

1.2.1.  Microstrip Line Feed or Edge fed Patches 

Here, a “conducting strip” is coupled directly to the edge site of the MPA (fig. 1.1). The said 

strip is small in size (i.e. “width”) when compared with patch and has numerous benefit such 

as feed can be engraved on to the identical substrate to deliver a two-dimensional assembly. 

For “impedance matching” among the antenna input point and feeding line, sometimes we 

need to join feed line not at the edges but somewhere close to the midpoint of the radiating 

section (fig. 1.1). This is so, because, at the edges of the patch, it acts as an open circuit, 
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giving infinite impedance. While on the other side at mid of the patch, due to short circuit, 

it will behave as zero impedance. So, we connect this feed line between these two points. 

The reason behind inset cut with the patch is for “impedance matching” of the feed line with 

MPA without supplementary matching factor. This is accomplished by appropriately 

adjusting the inset site. Hence this is a stress-free feeding scheme, due to comfort of 

assembly and ease in modeling as well as impedance matching. 

1.2.2.  Co-Axial Feed 

For feeding an MPA the “coaxial feed” may be a quite common practice being used. Here the 

innermost conductor of the “coaxial” connector is pierced/encompasses thru the “dielectric 

substrate” (fig. 1.3) and is coupled to the radiating section, while the external conductor is 

coupled to the ground surface. One of the convenience of using “co-axial feed” is that this 

can be placed/located at any preferred position on the patch exterior, for input impedance 

matching. The scheme is stress-free during fabrication along with low unauthentic radiation. 

However, its major shortcoming is: “narrow bandwidth” and difficulty to model due to 

drilling of a hole in the substrate along with the connector sticks out exterior to the ground 

plane, thus not building it wholly planar for dense substrates (“h > 0.02 λ0”).  

 

“Figure 1.3 Co-axial feed of microstrip patch antenna” 
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1.2.3.  Aperture Coupled Feed 

Here, the “radiating patch” along with the “microstrip feed line” is disjointed by the ground 

plane (fig. 1.4). The twinning (or coupling) within the radiating patch and the above 

mentioned “feed line” is prepared thru a slot or an aperture in the said ground exterior. The 

twinning aperture is most often pored within the patch, consequential in less cross-

polarization due to the regularity of the conformation. The twinning quantity (i.e. among 

“feed line” & “patch”) is estimated by the “shape”, “size” etc., along with the aperture 

location. As the radiating patch and the feed line are separated via ground plane, thus 

spurious radiation is minimalized and provides constricted bandwidth. Usually, separate 

“dielectric” material (having prominent “dielectric constant”) is used for the back-side 

substrate and another substrate (having large thickness with a low “dielectric constant”) is 

castoff for the upper-side substrate for the augmented radiation from the said radiating 

section. The foremost shortcoming of this feed procedure is the struggle while assembly due 

to numerous layers, resulting in increased thickness of the MPA. 

 

“Figure 1.4 Aperture coupled feed” 
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.  

“Figure 1.5 Geometry of proximity coupled feed” 

1.2.4.  Proximity Coupled Feed 

Proximity coupled (or “electromagnetic coupling system”) comprises two dielectric substrates 

(fig. 1.5) i.e. the feed line among said 2-substrates, while the radiating section is on to the 

top of the upper-most substrate. It basically abolishes “spurious feed radiation” and offers 

larger bandwidth (as great as “13%”), due to a whole growth in the complexity of the 

“MPA”. This arrangement also offers varieties among dual dielectric materials, solitary for 

the radiating section and one for the “feed line” to improve the distinct acts. 

1.3 Methods of Analysis 

There are numerous methods of analysis for MPA. Few of them are [7]: 

 “Transmission-Line (TL) model” 

 “Cavity Model” 

 “Method of Moments (MoM)” 

 “Finite Element Method (FEM)” 

 “Finite-Difference Time Domain (FDTD)” 
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The “transmission-line model” is the easiest among all, giving worthy physical understanding, 

but less precise & is more problematic to ideal twinning. The “cavity model” is more precise 

when equated with the “transmission-line model”, but more difficult. Though, it also gives 

worthy physical understanding and is somewhat problematic to model twinning. In wide-

ranging, when useful appropriately, the “full-wave models” (which comprise principally 

“Moment Method”) are very truthful, very flexible, and can treat single elements, “finite 

and infinite arrays”, “stacked” elements, “arbitrarily shaped” elements, and “coupling”. Still, 

they remain the supreme difficult prototypes and typically contribute to fewer physical 

understanding. 

1.3.1. Transmission Line Model 

The “Transmission Line (TL)” model demonstrating the “rectangular patch” as two slots, 

separated by a low “impedance (Zc) transmission line” of length L. The TL method is the 

easiest way to analyse the “MPA”. Results we acquire are not the finest precise associated 

with other methodologies but it is worthy abundant to scheme the antenna. In this model, 

the “rectangular microstrip antenna” comprises of a “microstrip transmission line” with a 

pair of loads. An “MPA” with a four-sided metallic radiating section of width (“W”) and 

length (“L”), disconnected by a distance h with a “dielectric” material between the ground 

plane and the patch (fig. 1.6). The radiation invents from the “fringing” electric field at either 

terminal of the radiating section of the antenna. These terminals are called radiating 

ends/terminals & the former two sides (parallel to the y-axis) are non-radiating 

ends/terminals. “Fringing” fields due to two radiating edges can be viewed as the two ends 

of the antenna of dimensions between ‘0’ and ‘W’ and non-radiating dimensions lying 

between ‘0’ and ‘L’. The patch antenna is fed with the feed point located such that it is 

picked to tie the antenna with desired impedance. 

 Fringing Effects 

The determination of the “MPA” are inadequate alongside the width & length, so the fields at 

the ends of the radiating section undergo “fringing”. This is demonstrated beside the length 

(“fig. 1.6”) for the two radiating slots of the “MPA”. The quantity of “fringing” is a role of 

the various constraints of the radiating section and the thickness/height of the substrate. For 

the primary E-plane (“xy-plane”) fringing is a function of ratio for the length of the radiating 

section to the height of the substrate (L/h) and the “dielectric constant (εr)” of the substrate. 

Since for MPA the “L/h >> 1”, thus fringing is contracted and it affects the resonant 
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frequency of the antenna. Due to the “fringing effect”, some of the waves travel in the 

substrate and some in the air, an effective dielectric constant “εeff” is familiarised to account 

for this influence. The effective “dielectric constant” is defined for a constant dielectric 

substance so that the electric field lines have the same electrical appearances, mainly 

propagation constant, as the authentic field line. The operative “dielectric constant” is 

ultimately invariant for low frequencies. At midway frequencies, its values begin to upsurge 

monotonically and ultimately approach the beliefs of the “dielectric constant” of the 

substrate. 

1.3.2. Cavity Model 

The “cavity model” is centered on the hypothesis that the section amid the radiating section 

and ground plane is a resonance opening constrained by ceiling and floor of electric 

“conductors” and magnetic parapets beside the terminal/edge of the “conductor” (fig. 1.3). 

The hypothesis overhead is constructed on the opinion of: a). there are only 3-field 

constituents in the district encircled by the opening: E-component in the z-axis (“Ez”) and 

2-constituents of “H” along the x and y-axis (“Hx”, “Hy”). b). since h (“height of the 

substrate”) is very tinny (“h<<λ”), this field in the central section do not fluctuate with “z-

coordinates” for all frequencies. c). the electric current in the MPA has no section normal to 

the end of the radiating section at any point. This model is reasonable in learning the 

microstrip resonators with the end spreading somewhat to an explanation for the “fringing” 

field.  

 

“Figure 1.6 Rectangular microstrip patch antenna” 
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During coupling of MPA with a “microwave” origin, charge spreading will be recognized on 

the top-most as well as down-most plane/surface of the antenna. The charge spreading is 

typically organized by “attractive” and “repulsive” ways. The strength of attraction is amid 

the dissimilar charges on the radiating section and on the ground section, a “current density” 

is created at the lower-most side of the said radiating section and within the said dielectric. 

The repulsive strength amid the like charges drive the charges from the lower-most of the 

radiating section around the ends of the radiating section to the top of the said radiating 

section, this will craft the current density. 

In case of MPA (“W>>h”) the attractive force supervises and charges focus within the dielectric 

below the radiating section, and the flow of current nearby the end can be abandoned as it 

falls as the ratio (“height to width”) falls down. This would permit the 4-sidewalls to be 

modeled as pure magnetic conducting sections which preferably would not disrupt the 

magnetic field and in turns the electric field spreading below the radiating section. This good 

estimate to the “cavity model” leads us to deal with the side walls as flawless magnetic 

conducting walls. 

The “cavity model” is further realistic than the “transmission line model”. For substrate depths 

superior to “0.03 λ0” it is intensely endorsed not to use either estimated scheme as invalid 

forecasts are normal. Yet again the “cavity model” is beneficial for attaining “ball-park” 

figures on what material should be used and expected quantities of the radiating section. 

Classically we practice any of these probable means (if possible the “cavity model”) as a 

formerly policy iteration earlier using a supplementary demanding investigation tool. The 

“cavity model” does grip contactless feed radiating section solutions (e.g. “aperture coupled 

patch”) more precisely as associated with thru contact fed (e.g. “probe fed”) radiating 

section. 

1.3.3.  Method of Moments (MoM) 

In the “MoM”, the outward current is castoff to model the MPA, and volume divergence 

currents in the dielectric segment are castoff to model the fields in the dielectric segment. 

An essential equation is expressed for the unidentified currents on the MPA and the feed 

lines alongside with their pictures in the ground sections. The integral equations are 

converted into arithmetic equalities that can be certainly explained using a CPU. This 
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method profits into account the “fringing fields” exterior the physical boundary of the 2-

dimensional radiating section, accordingly providing a supplementary precise resolution. 

1.3.4.  Finite Element Method (FEM) 

The “FEM” is appropriate for volumetric engagements. Here the region of concern is distributed 

into any numeral restricted planes/volume components reliant upon the 2-D or 3-D 

constructions to be investigated. These discretized elements mostly denoted to as restricted 

fundamentals, can be any well-defined conformation frameworks such as prismatic sections 

for 3-D conformation and triangular sections for 2-D configurations and tetrahedral, and are 

proper for curved frameworks. It comprises the incorporation of approximately simple 

functions over the complete conducting section, which is spread into numeral subsets. The 

problem of resolving wave equations with inhomogeneous margin circumstances is 

attempted by disintegrating it into 2-edge value difficulties, one with Laplace’s equation 

having inhomogeneous borderline while other methodologies inhomogeneous wave 

equivalence beside with homogeneous margin form. 

1.3.5.  Finite Difference Time Domain (FDTD) Method 

The “FDTD” process is well-suited for MPAs, as it can suitably model plentiful organizational 

inhomogeneity stumble upon in these conformations. It can also anticipate the reaction of 

the MPA over the widespread bandwidth thru a solitary model. Here, spatial as well as a 

time lattice for the electric and magnetic fields are twisted over which the resolution is 

mandatory. The spatial discretization besides “Cartesian coordinates” are reserved to be 

indistinguishable. The E-cell restrictions are conglomerated with the edge of the 

conformation and H-fields are acknowledged to be located at the intermediary of each E-

cell. Each cell encirclements data about significant personalities and the cells incorporating 

the basics are whole-hearted with an appropriate excitation means, which propagates 

sideways the structure. 

The discretized time dissimilarities of the fields are determined at anticipated points. Using a 

line integral of the electric field, the voltage thru the two (2) localities can be accomplished. 

The current is computed by a loop integral of the magnetic field immediate the conductor, 

where the Fourier transform produces a frequency comeback. 
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1.4 Advantages and Disadvantages 

Due to the low-profile structure of the MPA, it is raising in reputation for practice in wireless 

claims. Therefore, they are tremendously well-matched with entrenched antennas in 

“handheld wireless devices” such as “cellular phones”, “pagers”, etc. The telemetry & 

“communication antennas” on “missiles” requisite to be tinny and conformal so are MPA. 

MPA has been fruitfully used in “satellite communication”. Few of the benefits [2-3] and 

drawbacks [6-7] are given below. 

Advantages: 

 “Light-weight & low volume” 

 “Low profile planar configuration” 

 “Low cost” 

 “Supports linear as well as circular polarization” 

 “Ease of integration with microwave integrated circuits (MICs)” 

 “Dual and triple frequency operations” 

 “Mechanically robust” 

Disadvantages: 

 “Narrow bandwidth” 

 “Low efficiency” 

 “Low Gain” 

 “Extraneous radiation from feeds and junctions” 

 “Poor end-fire radiator except tapered slot antennas” 

 “Low power handling capacity” 

 “Surface wave excitation” 

1.5 Shared Aperture Antenna 

The demand for progressively more sophisticated antenna has grown while space and weight 

restrictions have become more rigid. These two factors resulted in a strong need to diminish 

the number of linked antennas by aggregating the performance of multi-arrangements into a 

solitary antenna. The core objective is the “multifunctionality” of the antenna classifications, 

which led to the involvement of aperture. The “aperture sharing” has been the topic of 
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investigation readings in modern ages. It comprises of a gathering of fundamental radiators 

that can be unified simply or in an antenna array conformation. In aperture sharing, one can 

use alike radiators or dissimilar radiators. However, the whole design rest on our elementary 

necessity, i.e. approach of operation or application foundation. 

 As “shared aperture” scheme collaborates the functionality of a several of antennas on a 

solitary aperture, thus grants a sum of nominal experiments. The numeral ways can be 

executed for “aperture sharing” (such as “time-multiplexing” or “frequency-multiplexing”, 

etc.) one can elect any of these ways based on the existence of twinning/coupling amid 

antennas. However, if the twinning is insignificant, then the “aperture sharing” can be 

applied independently, i.e. we can use all antennas at the same time. For example, in 

“RADAR” tasks, which comprises periodic, automated broadcasts and receptions: 

consequently, when the “RADAR” is not functioning, the aperture could be used for other 

functions (time/frequency permitting). This is previously realistic in modern “RADAR’s” 

where single apertures performing numerous responsibilities such as searching, tracking, 

illumination, etc. Another straightforward methodology is to fragment a superior aperture 

into sub-apertures, each executing a definite part. “Shared aperture” improvement was 

primarily discussed in the 1990s [9]. In 1998 [10] another “dual-Frequency and Dual-

polarization MPA” was presented for space-based “Synthetic Aperture Radar” (SAR) 

applications. Since then same technology is being used for many claims, such as “dual-

polarization” [11], “broadband array antennas” [12], mobile “DBS” applications [13], 

“wideband” applications [14], etc. Some of which are discussed below: 

“Dual-band and dual-polarized” [15-20] antenna were presented based upon shared aperture 

method. In [21-23] shared aperture method based antennas were presented for “Synthetic 

Aperture Radar” (SAR) application. The sparse antenna approach was also presented using 

shared aperture method for wideband applications [24] and broadband arrays [25] antennas. 

In [26] a cavity-backed patch shared aperture antenna array approach for mobile DBS 

applications was presented. In [27] differently sized elements were presented in the form of 

shared aperture antennas. In [28], a humble practice was unfilled to cultivate “dual-feed dual-

polarization” based aperture coupled MPA for L-Band. A circularly polarized [29-30] 

antenna configuration was also proposed using the same technique. A unique “self-similar 

antenna” design for “dual-band phased array” configuration [31] is also available in the 

literature. Another “shared aperture” millimeter-wave antenna using “3D SIW technology” 
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[32] is also available resonating at 28 GHz and 75 GHz. A few years ago two wideband 

MPA arrays [33] sharing a common aperture were designed for GSM and UMTS 

deployments. 

In 1996 Axness, T.A., et al. [9] firstly disclosed the development in the “Shared Aperture 

Technology” (SAT) and exposed the benefits of the same for the future purpose such as size, 

weight, cost, etc.  The author described radiating as well as receiver module while using 

SAT. Where the “radiating element” is the wideband dual-polarized tapered notch element 

(radiate in between of 7 to 14 GHz) and the receiver module is a dual-channel monolithic 

microwave integrated circuit. In addition, to which, the author also described the shared 

aperture array-based receiver concept (arrangement of 64-element receive array for 7 to 10 

GHz) resulting in maximum functionality of the “SAT” concept. In addition to that, the 

separate array concept was also proposed by the author for the radiating elements with some 

isolation in between of them (i.e. receiver and the radiator). 

In 2001 Pozar, D.M., et. al., [15] represented a “shared-aperture based multilayer geometry of 

microstrip array structure for dual-band and dual-polarization”. The designed structure 

comprises aperture coupled patches for X-band (i.e. 8.0 - 12.0 GHz) along with proximity 

coupled perforated patches for L-band (i.e. 1.0 - 2.0 GHz). The whole structure was designed 

using multiple subarray based structures, resulting in a larger design. The basic layout of the 

antenna comprises L-band patches (“2*2 array”) and X-band patches (“12*16 array”). 

In 2009, Meng. M., et.al. [34] represented the design of a “multilayered shared-aperture based 

dual-band dual-polarized (DBDP) microstrip antenna” for L and C bands. The elements for 

L-band are nominated as perforated sections to empower the settlement of C-band sections 

within them such as perforated L-band sections are enclosed by 16 C-band radiating sections, 

forming a unit cell. The center frequencies of the designed antennas were of the ratio of 1:4 

(i.e. resonating at 1.25 GHz and 5.3 GHz respectively) along with good performance on both 

bands. 

In 2011, Chakrabarti. S., [28] represented a “simple and broadband dual-polarized shared 

aperture antenna comprising a uniformly excited 4*2 shared aperture dual-feed array antenna 

resonating in L-band”. The designed antenna achieved a high gain (up to 14 dBi), a high 

degree of isolation amid the ports beside with a great degree of cross-polarization due to 

which the antenna is suitable for different communication applications. 



  CHAPTER-1 

17 
 

In 2012, Dastkhosh, A.R., et.al., [35] represented a “wideband high gain dual polarized slot 

array patch antenna for WiMAX applications resonating at 5.15–5.9 GHz frequency band”. 

The elementary assembly of the antenna comprises an array of the 8*8 antenna and two four-

sided slots are used for coupling the “microstrip feed lines” to the radiating section. Some 

optimization was accomplished with the measurements of the radiating section such as slots, 

feed lines, “circular patch”, and spaces amid them to attain finest radiation characteristics, 

wide impedance bandwidth, and high isolation between two ports. The designed antenna 

achieved a high gain (up to 26 dBi) and wide bandwidth (i.e. 14%). 

In 2013, Naishadham, K., et.al. [36] represented a “dual-band planar array with self-similar 

printed folded dipoles based on shared aperture technique”. The designed antenna structure 

comprises a nested element printed dipole (with individual feeds) array along with “self-

similar elements” for dual-band phased array job. The structure provides adequate isolation 

between the channels. The resonating frequencies of the designed antenna are 1GHz (with a 

gain of 12 dBi) and at 2 GHz (with a gain of 16 dBi) and comprises the cross-polarization 

superior to -25 dB. 

In 2013, Sharma, D.K., et.al., [19] represented a “dual-band dual polarization microstrip patch 

antenna using a shared aperture technique for L&S bands”. A “square ring-shaped radiating 

element” is aimed for L band (1.25 GHz) and alternative square formed radiating element 

printed on different dielectric substrate films is retained within the square ring resonates at 

S-band (2.5 GHz). The performance of the intended antenna is elevated for 10 dB return loss 

bandwidth of 28.8% and gain of 7.22 dB for L band and return loss bandwidth of 29.4% and 

gain of 7.11 dB for S-band. 

In 2013, A. B. Smolders, et.al., [30] represented a “dual-frequency circularly polarized 

microstrip array antenna using shared aperture”. The basic prototype of the antenna 

comprises a 2x2 array of “aperture coupled microstrip antennas (ACMAs)” with conforming 

feed grid functioning at 4.1 GHz (gain of 5.1 dBi) and 6 GHz (gain of 5.4 dBi) and isolation 

superior to 26 dB. The antenna can be cast-off as a structure block in “full-duplex wireless 

communication” claims e.g. wireless connectors as well as “focal-plane arrays for satellite 

internet (VSAT)”. 

In 2013, Shi-Gang Zhou, et. al., [37] represented a “wideband, low profile P- and Ku-band 

shared aperture antenna with high isolation and low cross-polarization”. The basic structure 
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comprised a P-band (330-420 MHz) microstrip patch antenna along with an 8x8 aperture 

coupled patch array structure for Ku-band (14.27-16.20 GHz). The P-band antenna 

(bandwidth of 24%) was fed via L-shaped probe feeding and acted as a ground surface as 

well as a reflector for the Ku-band antenna, whose bandwidth is 13%. The cross-polarization 

was superior to -20 dB & -26 dB for P-band and Ku-band respectively. The overall gain was 

6.5 dBi to 7.5 dBi for P-band and from 22.5 dBi to 23.5 dBi for Ku-band. 

In 2016, Mingde, Du., and Songlin, Shuai., [38] filed a patent (US publication number: 

10,003,132) which described a shared-aperture antenna and a base station, to resolve the 

problem of aperture sharing. The basic structure of the antenna comprising a first and second 

“microstrip antenna array” configurations. The first antenna array conformation comprised 

rows of “microstrip patch antenna” units. The second antenna array encompassed parallel 

placed antenna units (double-frequency antennas) and was disposed in between the first 

microstrip antenna array. The “microstrip patch antenna” units of the first and second array 

structures were configured to fit on to the surface of the dielectric substrate resulting in 

aperture sharing based configuration. Both the configurations were designed to resonate in 

two different frequencies. 

In 2017, P.H. Rao, et. al., [39] represented a “multiband multi-polarization shared-aperture 

antenna”. The configuration comprised numerous planar antennas positioned side by side in 

a single footprint, such as (a) L “probe-fed”, suspended-plate and horizontally polarized 

antenna resonating in a 900-MHz band. (b) An “aperture-coupled”, vertically polarized, 

MPA resonating at 4.2 GHz. (c) a 2x2 MPA array resonating in X-band. (d) low “side-lobe 

level (SLL)” corporate-fed, 8x4 MPA planar array resonating in X-band for SAR. And (e) a 

printed “single-arm”, circularly polarized, titled-beam spiral antenna functioning at the C 

band were integrated into a single aperture for concurrent tasks. The antenna positions were 

optimized to obtain a coupling coefficient of better than -30 dB in all the cases. 

In 2017, V. K. Kothapudi, and V. Kumar, [40] represented a “single layer dual-band dual-

polarized (DBDP) S/X-Band series-fed shared aperture antenna for SAR applications”. A 

configuration comprised four-groups of 2x2 subarrays were designed to resonate in X-band. 

The inner element of the 2x2 subarray was etched off and the structure was transformed into 

a 1x2 array. Thus the space available after removing the element was further utilized to 

design another structure of a single square-shaped element fed with microstrip line 
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resonating in S-Band. The inner square-shaped antenna was resonating at 3.2 GHz with a 

bandwidth of 9.3% along with the gain of about 8.42 dBi and the outer structure was 

resonating at 9.3 GHz having a bandwidth of 1.72% along with the gain of around 10.6 dBi. 

The isolation was better than 30dB. 

1.6 Statement of Problem 

 Since MPA has numeral benefits when compared with conventional microwave antennas. 

Thus, cover many applications, i.e., broad frequency ranges from a few MHz to GHz with 

few advantages such as light-weight and low cost. In addition to that MPA also have some 

limitations if we compare with conventional microwave antennas. Such as narrow bandwidth 

and poor efficiency (for a substrate thru great dielectric constant), low gain, high cross-

polarization and joint twinning in case of array structures. In addition to these, one more 

problem while working with MPA is, we need a separate antenna for separate applications, 

since it is not easy to use the same MPA for another application. To cover this problem, we 

can refer to the shared aperture technique as discussed above. Using this technique we can 

design a number of MPA’s on the same substrate and use them simultaneously as per our 

requirement. Which leads to less space requirement and low cost. From literature, we come 

to know that MPA resonating at L/S bands were designed by few researchers [19, 22, and 

31], working with L/S band simultaneously using the aperture sharing. This is due to various 

difficulties such as narrow bandwidth and low frequency range in the L/S band, as L-band 

ranges from 1-2 GHz, while the S-band from 2-4 GHz adjacent to each other. 

The scope of the thesis is to design a shared aperture method based MPA for L/S Band. It first 

deals with the characteristics of MPA resonating in L and S-band separately. Since the range 

of L-band is very less (1 GHz only), giving less bandwidth. On another side, S-band is 

adjacent to L-band, with 2 GHz frequency range again giving less bandwidth. If we design 

antenna resonating in these two bands, the biggest problem is the antenna size due to 

adjacent frequency bands, which provides significance difference in the size of MPA. 

While, the same is beneficial too, because of comparative sizes, giving almost the same 

sized substrate area. The size of the overall patch antenna depends on the wavelength and 

another factor, so it is easy to design patch antenna with a larger frequency ratio. But, here 

we represented MPA with a frequency ratio of 1:2, which was not designed till now while 

using the same aperture. In literature, the stacked patch antennas were represented, which 
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are easy to design, for the resonating frequencies in two different bands. But they are not 

truly based on aperture sharing, because not using the same surface. In the present thesis, 

all the structures are using the same surface for the frequency of operation in L/S-band 

simultaneously and separately for different patches. The outline of the thesis comprises 

various chapters including the 1st chapter (named as Introduction), which represents 

preliminary work based on dollar shaped MPA along with other work, which is represented 

in the next chapters. The detailed work is represented in thesis as under. 

Chapter 2nd presents the Y-shaped patch antenna designed using the same surface, which is in 

the continuity of the preliminary work. Further, the effect of the parasitic patch using 

shared-aperture method for “Swastika” shaped patch and notch loaded rotated square shapes 

patch antenna is also discussed in this chapter. Effect of the parasitic patch is observed on 

both bands. 

Chapter 3rd presents analysis and study of two topics consisting of shorted MPA based on shared 

aperture method. One of these shorted MPA consisting of notch loaded patches, while other 

is without notches. 

Chapter 4th present the 2x2 array-based MPA, where two different arrays are designed and 

analyzed for L/S bands. One array designed inside the other one following the shared 

aperture technique.  

Chapter 5th presents the conclusion and future scope. 

 

 

 

 

 

 

 

 

 

 

 



  CHAPTER-1 

21 
 

1.7  Preliminary Work Done 

In this section the feed point location of the proposed antenna is described along with 

simulated design of a Dollar shape MPA for L & S-band. 

1.7.1 Feed Point Location of the Designed Antennas 

Feed Location plays an important role in MPA specially for impedance matching of the feeding 

element with the resonating structure. The normalized impedance (i.e. “50 ohm”) can be 

achieved by defining a proper feed location in MPA. In this thesis, the antenna feed location 

was calculated for an equivalent square shape based patch antenna using standard equations. 

In this work, we have designed all antennas using coaxial feed. The “MPA” can be fed by a 

diversity of means and are categorized into two types: contact-based and non-contact based. 

In the contact-based scheme, the RF power is fed directly to the radiating patch by means of 

a connecting feed. “Electromagnetic field” coupling is finished to transfer power amid the 

“microstrip line” and the radiating patch in the non-contact based arrangement. In this 

procedure, a conducting strip is straight associated with the radiating section which is 

reduced in measurement as associated to radiating section. It is very easy to assemble, very 

modest in demonstrating and matches with characteristic impedance “50 Ω”.  

 

This can accomplish by appropriately monitoring the insertion situation. “Microstrip line feed” 

is revealed in below fig. 1.1 & the structure of “coaxial feed” is shown in fig. 1.3. In this 

technique, the exterior conductor of the “coaxial” cable is associated to the ground plane, 

and the epicenter conductor is protracted up to the radiating section. The feed can be 

positioned anyplace privileged the patch to match with its input impedance. The effective 

length and width of the substrate can be premeditated using eq. (1) & (2). Initially, feed 
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location was calculated for a square as well as a circular patch antenna with defined 

dimensions. Later on, some optimization was performed to obtain the final desired structure 

and shape along with the feed point situation to obtain the final feed locality. The optimized 

feed location of various designed structures (as represented in the next chapters) is shown 

in table 1.1. 

“Table 1.1 Feed–point location of various configurations” 

 

1.7.2 Dollar Shaped Shared Aperture Antenna 

While working on MPA using aperture sharing antenna size and shape need to be chosen 

carefully, because the frequency ratio of different bands/antennas plays an important role. 

Most of the design represented in literature is with the frequency ratio of 1:4 or more (while 

using aperture sharing), where antenna sizes are comparatively large. But while working on 

frequency ratio 1:2, MPA size is comparatively almost same or with little bit difference. 
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Which creates difficulty while designing antennas for the frequency ratio of 1:2 such as for 

antennas resonating L/S-Bands simultaneously. Firstly we tried to design a dollar shape-

based patch antenna for study/testing purpose and to check whether it is feasible to design 

antennas for L-band and S-band using aperture sharing or not. Two “Dollar” shape-based 

patch antennas with different size were placed beside each other on the same surface to study 

the frequency of resonance along with coupling. 

The basic design comprises “Dollar” shapes placed parallel in a horizontal arrangement on the 

surface of the substrate. The antenna was designed and investigated using “copper” as 

conducting medium and FR-4 (“εr=4.3”) as a dielectric substrate. The distance among two 

shapes directly disturbs the coupling between them, so an appropriate gap was maintained 

after optimization for minimum coupling. The elevated measurements of the antennas are 

exposed in table 1.2. The feed point location was initially calculated for annular ring-shaped 

patch antenna using equations 1.8 & 1.9, and then some optimization was performed to 

obtain the final feed point locations. The final feed point locations are. (x= 18.56; y= -11.5) 

for feed location 1 and (x= -19.5; y= 6.61) for feed location 2. 

 

“Figure 1.7. Basic geometry of Dollar shape-based microstrip patch antenna” 
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 “ 

Table 1.2 Basic parameters of Dollar shape-based patch antenna” 

 

The inner radius for large circular shape is c mm and for small circular shape is d mm. One 

additional strip is placed at the center for larger dollar shaped patch antenna, to join them 

together and also to improve the overall results. Similarly, for small dollar shaped patch 

antenna two vertical strips are positioned, with some space away from the focus. The width 

to length ratio of the substrate is of 1:2. “Co-axial probe feed” is used for both antennas 

whose locations are shown in fig. 1.7 for both antennas. The right “Dollar” outline is 

intended to resonate in L-Band and the left one is designed for S-Band. Various parameters 

as obtained from simulated data are discussed in the next section. 

1.7.3 Results and Discussion 

Various parameters such as scattering, co/cross-polarization and coupling as obtained from 

simulated data are discussed below. Fig. 1.8 shows the scattering parameters for both the 

antennas giving return loss values better than 30 dB for S-band along with isolation better 

than 10 dB for both shapes as exposed in fig. 1.9. Fig. 1.10 (a); (b) and 1.11 (a); (b) shows 

co/cross-polarization values for E/H-planes. Details results are discussed in table 1.3.  
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“Figure 1.8 Scattering Parameters for Dollar shape-based patch antenna” 

 

“Figure 1.9 Isolation for Dollar shape-based patch antenna” 
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“Figure 1.10 (a) Co-Polar plot for E-Plane” 

 

“Figure 1.10 (b) Co-Polar plot for H-Plane” 
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“Figure 1.11 (a) Cross-polarization plot for E-Plane” 

 

“Figure 1.11 (b) Cross-polarization plot for H-Plane” 
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“Table 1.3. Parameters as obtained from simulated results” 

 

The “Dollar” shape-based patch antenna was successfully designed and verified for L and S-

band. Two different sized Dollar shaped based structures placed beside each other were 

represented here, both of them were resonating in L/S-band simultaneously and separately. 

The preliminary proved that we can design two antennas on the same surface for both L-

band and S-band simultaneously. Thus, this preliminary work was considered as the base for 

the design of other alternative MPA structures and the same are represented in next chapters.  
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2.1 Introduction 

In continuation of the preliminary work, which was described in the previous chapter, another 

Y-shape based patch antenna is proposed in this chapter. Although various-shaped 

“Microstrip Patch Antennas” (MPA) are available in literature including “rectangular” 

shaped [1-4], “circular Disk” shaped [5], etc. Basically, the main structure or design of MPA 

depends upon the resonating frequencies. However, the base of all MPA structures is a 

square or rectangular structure. Which is usually transformed into unique and different 

design after some optimization. Different unique shapes of MPA are also available [6], 

basically, due to ease of design of the unique shape when working on single MPA. But while 

working on MPA using “shared aperture” technique [7-15], antenna size and shape need to 

be chosen carefully, because of the frequency ratio of different bands antennas plays an 

important role. Most of the design present in literature are based upon shared aperture 

technique with frequency ratio 1:4 or more, where antenna sizes are comparatively large 

enough. But while working on frequency ratio 1:2, MPA size is comparatively almost same 

or with little bit difference. Here in this chapter, we have designed two different designs for 

the study/testing purpose. Each one based on aperture sharing comprised of unique and 

different shapes. The MPA comprises a combination of Y-shaped MPA. Two Y-shapes were 

placed in two different configurations i.e “horizontally” and “vertically” adjacent to each 

other. The effect of placement of these Y-shapes on antennas was analyzed and reported 

here.  

The chapter further described the influence of the parasitic element on the resonating frequency 

using two non-conventional shape-based MPA. In literature, significant work is represented 

on “parasitic” elements based MPA [16-18] and “shared aperture” technique [19-21]. 

Although both of the above-described techniques were reported distinctly but still have 

extensive applications such as for the improvement of “bandwidth” and/or “gain” etc. The 

patch antennas with parasitic elements can be implemented in any shape or size [22-28]. 

This can reduce the “coupling effect” too [29]. On the other hand, the “aperture sharing” was 

used most of the time for the multifunctionality of the system [30, 31]. 

Although multifunctionality of the system can be achieved either using frequency/time 

multiplexing during the frequency of operation of both the antennas. Most of the literature 

represents patch antennas comprising interconnected structures forming an array type 
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assembly, thus resulting in radiation pattern for collective array assembly solitary, while in 

the current strategy two MPA were located individually (i.e. not coupled to each other) 

working independently in the existence of two parasitic patches, thus the radiation pattern is 

obtained separately for each of them. The selection of parasitic elements depends upon the 

resonating antenna and availability of space. In this chapter, we investigated both of 

techniques at the same time and represented the effect of parasitic elements on resonating 

patches using an aperture sharing method. Multifunctionality of the system is done for the 

utilization of space because two antennas were proposed while using the same plane/surface. 

Here two different configuration of MPA is described. First one consist of “Swastika” 

shaped patch and 7-shaped patch. Another one comprises notch loaded rotated square-

shaped patch. MPA consist of Swastika shaped patch presents two different configurations, 

without parasitic element & with the parasitic element (having variable length). MPA with 

rotated square-shaped presents only with the presence of the parasitic element. 

2.2 Y-Shaped Patch Antennas 

The basic structure consists of two Y-shaped patches placed (nearby each other) in two different 

orientation while using the same surface. The effect of placement of these Y-shapes on 

antenna performance was observed. Whole designs were investigated on “FR-4 substrate (εr 

=4.3)” and copper is used as a conducting medium for patches as well as the ground. Two 

different configurations of placement of Y-shapes were performed here named vertically and 

horizontally placed Y-shapes. While changing the orientation, some variation in resonating 

frequency, as well as cross/co-polarization, was observed due to the coupling effect between 

both of them. Two different arrangements of Y-shapes, i.e. horizontally and vertically 

arranged Y-shapes are exposed in fig. 2.1 and fig. 2.2 correspondingly for simulated and 

fabricated structures, whose dimensions were calculated using standard formula considering 

equivalent to a rectangular shape (fig. 2.3). 

All the optimized dimension/parameters and values are shown below in table 2.1. Y-shape is 

equivalent to a rectangular shape & basic dimension calculation is shown in fig 2.3, whose 

length and width are given in equations 2.1 and 2.2. The square shape is further transformed 

into Y-shape after optimization. Firstly feed location was calculated for the square-shaped 

antenna, and later on, the feed location was optimized to attain the desired parameters. The 

optimized feed location for different configurations is shown in table 1.1. Results are 
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discussed in the next sections. 

 

 

“Figure 2.1 Basic configuration of horizontally placed Y-shapes” 

 

“Figure 2.2 Basic configuration of vertically placed Y-shapes” 
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“Figure 2.3 Equivalent rectangular patch of Y-shapes” 

 “Table 2.1. Parameter values for patch antenna” 
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2.2.1 Results and Discussion 

Basic parameters including scattering, co-cross polarization, and isolation are shown and 

discussed below. Fig. 2.4 (a & b) and 2.5 (a & b) shows the “scattering parameters” for 

horizontally and vertically placed Y-shapes respectively, including measured and simulated 

data. Fig. 2.6 (a & b) giving isolation values better than 25 dB. Co/Cross-Polarization 

parameters for horizontal & vertical arrangements are shown in fig. 2.7 (a to d) and 2.8 (a to 

d) respectively. Comparative study of various parameters is given in Table 2.2 briefly. 

 

“Figure 2.4 (a) Scattering parameters (S11) for horizontally placed Y-shapes” 
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“Figure 2.4 (b) Scattering parameters (S22) for horizontally placed Y-shapes” 

 

“Figure 2.5 (a) Scattering parameters (S11) for vertically placed Y-shapes” 
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“Figure 2.5 (b) Scattering parameters (S22) for vertically placed Y-shapes” 

 

 

“Figure 2.6 (a) Isolation of horizontally placed Y-shapes” 



Non-Conventional Shaped Patch Antennas   

38 
 

 

“Figure 2.6 (b) Isolation of vertically placed Y-shapes” 

 

“Figure 2.7 (a) E-plane Co-polarization of horizontal arrangement” 
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“Figure 2.7 (b) H-plane Co-polarization of horizontal arrangement” 

 

“Figure 2.7 (c) E-plane Co-polarization of vertical arrangement” 
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“Figure 2.7 (d) H-plane Co-polarization of vertical arrangement” 

 

“Figure 2.8 (a) E-plane cross-polarization of horizontal arrangement” 
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“Figure 2.8 (b) H-plane cross-polarization of horizontal arrangement” 

 

“Figure 2.8 (c) E-plane cross-polarization of vertical arrangement” 
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“Figure 2.8 (d) H-plane cross-polarization of vertical arrangement” 

“Table 2.2 Parameters values for Y-shape patch configurations” 
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Table 2.2 described that the “resonating frequency” for both the antennas is almost with the 

frequency ratio of 1:2. The “scattering parameters” are better than -20 dB in all the cases and 

the maximum value of -35.45 dB (S22) is achieved in S-band corresponds to the resonating 

frequency of 3.19 GHz in the vertical arrangement. A reasonable change in the “scattering 

parameters” was observed when the configuration of Y-shape was changed from horizontal 

to vertical. This may be due to comparative distance among two feed locations, which 

reduced the coupling between both of them and thus improved the overall performance. 

Although bandwidth is not much in all cases, due to which the application area for the 

designed antennas are limited to particular areas only, where multiple antennae are capable 

to resonate at the same frequency. Maximum isolation of about -25 dB is achieved in L-

band, and -40 dB for S-band (corresponds to horizontal arrangement). The gain (co-polar) is 

better than 5 dBi in all cases and an extreme gain of 6.88 dBi (S-band) is accomplished for 

horizontal arrangement again due to comparative distance among two feed locations. The 

maximum cross-polarization of -30.44 dBi (L-band) is achieved again for horizontal 

arrangement.  

2.3 Swastika Shaped Patch Antenna 

Here a “Swastika” shaped MPA is presented using aperture sharing. The “Swastika” shaped 

patch is designed by using equivalent square-shaped MPA for calculation purpose. Here the 

“Swastika” shaped of the patch is achieved by using different rectangular strips (joined 

together). The unallocated space in the top-right angle of the said designed “Swastika” 

shaped MPA was covered with another MPA of seven (7)-shape having equally shaped 

rectangular strips on both sides. The antenna functioning is fully reliant on its dimension 

parameters which auxiliary hinge on the resonating frequency as well as other constraints. 

To attain the expected outcomes the dimensions parameters were optimized after giving 

some tuning, such as length reduction was performed for small strips of the “Swastika” 

shaped patch and for the placement of dot-shaped parasitic elements around the gap. Another 

L-shaped parasitic element was also placed in the lower-left side of the antenna to attain 

better performance of the overall structure. Some variation in the length of this parasitic 

patch was performed for the analysis of the effect on resonating antennas. The Swastika 

shaped patch antenna was recovered from a simple square-shaped MPA, while two 

rectangular patches were engaged at the top-right corner & joined together (forming a “7-
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shaped” structure) acting as another MPA. The said “7-shaped” antenna was 

aimed/fabricated for space employment or to attain the multi-functionality of the antenna.  

The above described “Swastika” shaped MPA was designed & fabricated for L-band (i.e. for 

1-2 GHz) and exterior antenna comprising “seven (7)” shape was aimed & fabricated for 

resonating frequency in S-band (2-4 GHz) on commercially available dielectric substrate 

FR-4. Firstly “Swastika” shaped patch and “7-shaped” MPA were studied simultaneously, 

later on, the influence of above mentioned parasitic patch (comprising L-shape) with the 

adjustable shape/length at the bottom-left angle of the substrate was witnessed. The basic 

configuration for the overall MPA without and with “parasitic” element is shown below in 

fig. 2.9 (a) and (b). 

The optimized length (L)/width (W) proportion for the said dielectric substrate (i.e. “1:1”) and 

that of external patch i.e. amid Lt and Lr was the same i.e. “1:1”. The length of parasitic 

patches (i.e. Ll and Lb) is equal to that of Lt and Lr. The adjustable dimension of the coupling 

patch (Lv) was used for the optimization purpose and to attain required results; also to 

observe the effect of the said “parasitic” element. The effect of this adjustment of this length 

was detected on several parameters of both the antennas/structures. The width or gap 

(denoted by ‘a’) of all the radiating sections are of 10 mm and the optimized diameter of the 

“circular patches” is 3 mm for all. 

The numeric values of the designed prototype are given in table 2.3. After variation in Lv, three 

different prototype of antenna system are fabricated named as: (i) without the parasitic patch, 

(ii) with a parasitic patch of length 113.84 mm and (iii) with a parasitic patch of length 

117.84 mm as shown in 2.10 (a), (b) and (c) respectively. The length of the parasitic patch 

was optimized by simulating and designed for the best case. The feed point location was 

calculated (fig. 1.1.) and optimized for the designed cases. The as-obtained results are 

discussed in the next section. 
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“Figure 2.9 (a) Basic configuration of Swastika shape-based MPA without parasitic” 

 

“Figure 2.9 (b) Swastika shape-based MPA with parasitic element” 
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“Figure 2.10 (a) Layout of fabricated Swastika shape-based MPA without parasitic” 

 

“Figure 2.10 (b) Layout of fabricated MPA with a parasitic element (Lb+ Lv=113.84 mm)” 
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“Figure 2.10 (c) Layout of fabricated MPA with a parasitic element (Lb+ Lv =117.94 mm)” 

“Table 2.3 Description and numeric design values of the MPA” 
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2.3.1 Results and Discussion 

The antenna system was analysed for different design parameters. Three different 

configurations of antennas were analysed for both L and S-band named as: without the 

parasitic patch & with parasitic patch having two optimized length values. Scattering 

parameters were acquired from simulated and measured data. Co/Cross-polar results were 

obtained using “CST microwave studio”. Scattering results are shown for various 

configurations in fig. 2.11 (a) to (f), along with the isolation as shown in 2.12 (a) to (c). The 

Co/Cross-polar results for all configurations comprising E/H-planes are shown in fig. 2.13 

(a) to 2.13 (f) & 2.14 (a) to 2.14 (f). The comparative study of different configurations are 

briefly described in Table 2.4 (a) and (b). 

 

“Figure 2.11 (a) Scattering parameters (S11) of MPA (without parasitic element)” 
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“Figure 2.11 (b) Scattering parameters (S22) of MPA (without parasitic element)” 

 

“Figure 2.11 (c) Scattering parameters of MPA (S11) (parasitic length =113.84 mm)” 
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“Figure 2.11 (d) Scattering parameters of MPA (S22) (parasitic length =113.84 mm)” 

 

“Figure 2.11 (e) Scattering parameters (S11) of MPA (parasitic length =117.94 mm)” 
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“Figure 2.11 (f) Scattering parameters (S22) of MPA (parasitic length =117.94 mm)” 

 

“Figure 2.12 (a) Isolation between two MPA (without parasitic element)” 
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“Figure 2.12 (b) Isolation between two MPA (parasitic length =113.84 mm)” 

 

“Figure 2.12 (c) Isolation between two MPA (parasitic length =117.94 mm)” 
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“Figure 2.13 (a) Co-polar data of E-plane (without parasitic element)” 

 

“Figure 2.13 (b) Co-polar data of H-plane (without parasitic element)” 



Non-Conventional Shaped Patch Antennas   

54 
 

 

“Figure 2.13 (c) Co-polar data of E-plane (parasitic length =113.84 mm)” 

 

“Figure 2.13 (d) Co-polar data of H-plane (parasitic length =113.84 mm)” 



  CHAPTER-2 

55 
 

 

“Figure 2.13 (e) Co-polar data of E-plane (parasitic length =117.94 mm)” 

 

“Figure 2.13 (f) Co-polar data of H-plane (parasitic length =117.94 mm)” 
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“Figure 2.14 (a) Cross-polar data of E-plane (without parasitic element)” 

 

“Figure 2.14 (b) Cross-polar data of H-plane (without parasitic element)” 
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“Figure 2.14 (c) Cross-polar data of E-plane (parasitic length =113.84 mm)” 

 

“Figure 2.14 (d) Cross-polar data of H-plane (parasitic length =113.84 mm)” 
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“Figure 2.14 (e) Cross-polar data of E-plane (parasitic length =117.94 mm)” 

 

“Figure 2.14 (f) Cross-polar data of H-plane (parasitic length =117.94 mm)” 
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“Table 2.4 (a) Various parameters obtained from Swastika shaped MPA” 

 

“Table 2.4 (b) Various parameters obtained from Seven (7) shaped MPA” 
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The comparative study shows that the resonating frequencies are almost the same in all 

configurations i.e. for antenna without and with parasitic elements. However, significant 

changes were observed in scattering parameters for both the antennas corresponds to both 

bands. The S11 values changed from -28.41 dB to -41.55 dB for simulated data and from -

29.75 dB to -49.73 dB for measured data corresponds to L-band (i.e. for the “Swastika” 

shaped patch) due to the presence of the parasitic element. Similarly, the S22 values changed 

from -28.90 dB to -40.45 dB for simulated data and from -37.87 dB to -52.78 dB for 

measured data corresponds to S-band (i.e. for 7-shaped patch). The maximum bandwidth of 

8.07% was obtained in measured data corresponds to “Swastika” shaped patch antenna (L-

band), due to presence of parasitic element of length 117.94 mm. Where the “parasitic” 

element affected the overall impedance due to the change in capacitance closed to Swastika 

shaped patch along with isolation value of better than -15dB. Cross-polarization was 

improved among all the antennas due to parasitic elements, but overall gain performance 

was not good when compared with antenna in the absence of parasitic element. Which may 

be due to the presence of both the resonating elements in proximity of each other.  

2.4 Parasitic Patch Antenna 

Here, In this design “multifunctionality” of the system is done using an aperture sharing 

technique. A hollow “square” shape (after rotation) is used as a base element for patch 

antenna. The said structure was transformed into four parts after removing two “rectangular” 

notches (horizontally and vertically). The said resulted configuration was comprising two 

probe fed radiating elements/patches along with two parasitic elements/patches. “Probe 

feeding” using a vertical port thru the dielectric substrate was accomplished. The complete 

assembly was designed and fabricated using a square-shaped substrate (having adjusted 

measurements). Some reduction in coupling was observed due to the existence of “parasitic” 

elements/patches. The length/width of the above-mentioned radiating sections was close to 

half of the wavelength, though, approximately optimization was accomplished in the 

structures of the said antenna. The proposed prototype of the antenna was designed to work 

in L/S bands concurrently.  
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“Figure 2.15 (a) Configuration 1 & 2 of the designed structure” 

 

“Figure 2.15 (b) Configuration 3 & 4 of the designed structure” 

 

“Figure 2.15 (c) Configuration 5 & 6 of the designed structure” 
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“Figure 2.15 (d) Configuration 7 & 8 of the designed structure” 

As the basic design was started from a square shape, so the antenna performance of both the 

antennas was observed separately. Firstly, we observed each antenna performance in the 

presence as well as the absence of parasitic elements. Then the performance of both the 

antennas was observed in the absence of parasitic elements, to observe the effect on antenna 

performance.  

 

“Figure 2.16 Basic configuration of the proposed parasitic patch antenna” 
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Finally, for comparative study overall performance was carried out in the presence of both the 

parasitic elements. A reasonable change was observed in the performance of both the 

antenna when compared with antenna performance separately. The basic steps for 

measurement are shown in fig. 2.15 (a to d). The basic configuration of the final proposed 

antenna is shown in fig. 2.16 along with basic parameters (table 2.5). The “L” and “W” are 

the length/width of the substrate, “d” and “t” are the thinness of substrate & patch 

respectively. The feed location was calculated using the basic equation and are shown in 

table 1.1.  

“Table 2.5 Description and numeric design values of the MPA” 

 

2.4.1 Results and Discussion 

The MPA structure was designed by using commercially available “FR-4 (dielectric 

substrate)”. The upper-left MPA was designed to resonate in L-band and MPA placed on the 

lower-right side was designed to resonate in S-band. The basic parameters as obtained from 

different configurations of fig. 2.15 (a to d) are exposed in fig. 2.17 (a to h) and 2.18 (a to h) 

corresponds to scattering as well as far-field parameters respectively. The as-obtained 
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measured/simulated scattering (S11 & S22) parameters for the finally designed antenna are 

shown below in fig. 2.19 (a & b). The measured data/results were comparatively similar to 

the simulated results/data. Isolation better than 18 dB was achieved (fig. 2.20) due to the 

existence of two “parasitic” elements. The Co/Cross-Polarization of both the antennas in 

E/H-planes (separately) and are shown in below-mentioned fig. 2.21 (a) to (d). Table 2.6 

giving a brief description of the comparative analysis for all obtained data. 

 

“Figure 2.17 (a) Scattering parameters for configuration_1” 
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“Figure 2.17 (b) Scattering parameters for configuration_2” 

 

“Figure 2.17 (c) Scattering parameters for configuration_3” 
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“Figure 2.17 (d) Scattering parameters for configuration_4” 

 

“Figure 2.17 (e) Scattering parameters for configuration_5” 
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“Figure 2.17 (f) Scattering parameters for configuration_6” 

 

“Figure 2.17 (g) Scattering parameters for configuration_7” 
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“Figure 2.17 (h) Scattering parameters for configuration_8” 

 

“Figure 2.18 (a) Realized gain for configuration_1” 
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“Figure 2.18 (b) Realized gain for configuration_2” 

 

“Figure 2.18 (c) Realized gain for configuration_3” 



Non-Conventional Shaped Patch Antennas   

70 
 

 

“Figure 2.18 (d) Realized gain for configuration_4” 

 

“Figure 2.18 (e) Realized gain for configuration_5” 
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“Figure 2.18 (f) Realized gain for configuration_6” 

 

“Figure 2.18 (g) Realized gain for configuration_7” 
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“Figure 2.18 (h) Realized gain for configuration_8” 

 

“Figure 2.19 (a) Scattering parameters (S11) of MPA” 
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“Figure 2.19 (b) Scattering parameters (S22) of MPA” 

 

“Figure 2.20 Isolation between two MPA” 
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“Figure 2.21 (a) Co/Cross polar plot for E-Plane” 

 

“Figure 2.21 (b) Co polar plot for H-Plane” 
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“Figure 2.21 (c) Cross polar plot for E-Plane” 

 

“Figure 2.21 (d) Cross polar plot for H-Plane” 
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“Table 2.6 Parameter as obtained from parasitic patch-based MPA” 

 

Here, the designed antennas are separated by a distance via two parasitic elements. The 

scattering parameters are comparatively the same in simulated as well as measured data and 

having the ratio of almost 1:2. The S11 better than -30.20 dB and S22 better than -43.32 was 

obtained for measured data. Due to the presence of “parasitic element” the isolation better 

than -40dB was achieved for L-band and almost better than -20 dB for S-band. The parasitic 

elements here enhanced the comparative gain of both the antennas, where the maximum gain 

of 6.44 dBi and 6.78 dBi is achieved for L-band and S-band along with cross-polarization of 

-14dB for both. The overall change was observed due to the change in normalized impedance 

near/close to the radiating zoned because of the presence of parasitic elements. Where the 

change in overall capacitance closed to the radiating zone resulted in better impedance 

matching & also resulted in enhancement of antenna performance.  
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2.5 Conclusion 

Different configurations for Y-shape based patch antennas along with the influence of the 

parasitic patch on the resonating frequency and the isolation among two MPA was 

successfully investigated. Two different configurations named as horizontally, as well as 

vertically placed Y-shapes, were represented in this chapter. The effect of placement of Y-

shape on resonating frequency was successfully observed. 

In another configuration, the MPA based on “Swastika” shape (resonating in “L-Band”) and 

another patch antenna of 7-shape (resonating in “S-Band”) was denoted and analysed 

fruitfully. Further, the influence of coupling of another non-resonating section (or “parasitic 

element”) of L-shape was likewise investigated. It was witnessed that the coupling can shake 

the antenna act in a twin way. The overall antenna performance is influenced by upon 

proportions of the afresh positioned radiating section/element/patch. Some modification on 

the performance of the swastika-shaped patch was observed due to the existence of the said 

“parasitic” element, due to the placement of the said parasitic element near the swastika-

shaped patch. 

Another configuration represented in this chapter was based on “parasitic patch antenna” 

comprising a “2x2” matrix-like structures with 4-elements placed beside each other on the 

same surface. The said 4 elements were not connected to each other, and two of them were 

acting as resonating elements while others were acting as parasitic elements. Due to the 

existence of the said “parasitic elements” some reduction in coupling was observed along 

with the enhancement of other parameters. Three different configurations were designed and 

represented successfully for L and S-band using aperture sharing. The “parasitic element” 

basically affect the overall impedance of the nearby surface, thus affecting the overall 

performance of the resonating elements in that particular area. The variation of better 

experimental results than simulated are mostly attributed to the simulation parameters on the 

space constraint of the simulator. 

 

 

 

 



Non-Conventional Shaped Patch Antennas   

78 
 

 

 



 

 

 

 

 

 

 

 

CHAPTER 3 

CONVENTIONAL SHAPED PATCH ANTENNAS 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



  CHAPTER-3 

81 
 

3.1 Introduction 

For multifunctionality and multiband operation, arrays of patch antenna are mostly used [1] to 

overcome the problem of space constraint. Instead of using antenna array for multi-band 

operation, one can choose either notch loaded patch antennas [2] or shared aperture patch 

antennas [3-7] for the utilization of available space. Notch loaded patch antennas can be 

castoff for a solitary band or multi-band task. A number of authors already reported notch 

loaded MPA consisting of different shapes and size, such as E-shape [8, 9], H-shaped [10], 

etc. Few of them also reported shorted MPA for multi-band wireless communication 

systems [11]. The shared aperture method is also the best systems because multi-antennas 

uses the same aperture for communication without band interferences. Shared aperture 

method works for multiband operation as reported for L/C [6, 7], L/X [8] and for L/S [9] 

band, etc. In aperture sharing, the number of the patches are placed on the same aperture, 

which can resonate simultaneously or separately (based on time/frequency multiplexing), it 

supports multiple frequency bands for different applications resulting in the reduction of 

size, weight, and cost [11]. The realization of aperture sharing results in the minimization 

of the volume & weight for the antenna system. The base of shared aperture antenna design 

is the availability of unallocated space for both bands of operation which in turn is the direct 

consequence of the frequency ratio of both bands. Lower the frequency ratio, higher is the 

ease to design the antennas, as for lower ratios the variations in dimensions for both bands 

is high. The common designs are based on the frequency ratio of lower than 1:4, while for 

adjacent bands, the design ratio is quite higher and the design of such antennas are 

challenging. These two methods are independent of each other. So, shorted MPA and 

aperture sharing based MPA would give multi-band frequency of operation and it will be 

beneficial if we combine both of these methods. Which is discussed in this chapter. 

Basically, here we applied both of these techniques simultaneously. Two structures with a 

square shape as a base are presented here. In the first structure, a circular notch is created 

within a square MPA, and utilization of this notched area is done by placing another MPA 

of 7-shape. Thus whole design (comprised of two MPA’s) resulted in same substrate 

resonating in L/S- bands. In the second structure, the shorted square shape was transformed 

into plus shape, after creating notches at four corners, rest remains the same. Resulted in 

MPA resonating again in the same band with a decrease in 10 dB bandwidth. Both of these 

structures are described here separately. However, due to notch creation, the overall 
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impedance of the structure was changed, which further affects the coupling among both of 

them. So the feed location was optimized to achieve better performance along with less 

coupling while having matched input impedance & the normalized feed location values are 

shown in table 1.1. 

3.2 Notch loaded square-shaped MPA 

A square-shaped patch was designed using commercially available substrate “FR-4” having a 

dielectric constant of “4.3” with optimized dimensions. A circular notch is created at the 

center of this patch. This notched area was used to create another patch antenna of “7-shape” 

for the utilization of the notched area, designed to resonate in L-band. Outer notch loaded 

square patch resonates in S-band simultaneously. The basic geometry for the simulated 

along with fabricated patch antennas (fig. 3.1) along with dimension parameters (table 3.1) 

is shown below. The patch antenna was designed using with copper as the conducting 

material for the radiating patch as well as for the ground surface. Other parameters are 

discussed briefly in the next section. 

“Table 3.1. Basic parameters of the patch antenna” 
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3.2.1 Results and Discussion 

The designed antennas were analysed using different parameters, such as scattering parameters, 

Cross/Co- polarization. The scattering parameters based upon simulated as well as measured 

data are shown in fig. 3.2 and 3.3 for L/S band respectively. Measured results show a 

reasonable shift in frequency of resonance for both the antennas. Fig. 3.4 shows that the 

isolation value is better than 25 dB. Fig. 3.5 (a & b) and 3.6 (a & b) giving Co/Cross-

polarization for E/H-planes separately. Results are briefly described in Table 3.2 

 

“Figure 3.1 Basic geometry of notch loaded patch antenna (a) simulated (b) fabricated” 
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“Figure 3.2 S11 parameters of notch loaded patch antenna in L-band” 

 

“Figure 3.3 S22 parameters of notch loaded patch antenna in S-band” 



  CHAPTER-3 

85 
 

 

“Figure 3.4 Isolation between patch antennas (S12)” 

 

“Figure 3.5 (a) Co-polarization for E-plane” 
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“Figure 3.5 (b) Co-polarization for H-plane”

 

“Figure 3.6 (a) Cross-polarization for E-plane” 
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“Figure 3.6 (b) Cross-polarization for H-plane” 

“Table 3.2 Basic parameters obtained from MPA” 
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The ratio of resonating frequency for both the antennas is close to 1:2 and almost the same for 

both simulated and measured data. The scattering parameters are better than -20 dB for both 

the antennas & S11 better than -39 dB and S22 better than -48 dB was achieved. Isolation 

was better than -30 dB and -25 dB for L & S-band. Overall gain was also better than 5 dBi 

for both the antennas and a maximum gain of almost 9 dBi was achieved corresponds to S-

band. Bandwidth was also approximately equal to 9% for S-band. However, due to the 

mutual coupling effect, the resonating parameters for inner antennas are restricted thus 

limited to low values. However, the cross-polarization was better than -19 dBi for both the 

antennas. 

3.3 Plus shape-based shorted MPA 

The new design is the modification of the previous one and originally designed from a square-

shaped patch. But here we have removed square shapes from all outer four corners, resulting 

in the change of overall impedance due to decrement in overall capacitance, which further 

lead to change in port location for outer patch too. This resulted in impedance change due 

to change of port location further resulted in reduction of mutual coupling among both the 

antennas. The resulted patch looks like a plus shape. “Copper” with a thickness (t) of 0.06 

mm was used for ground surface/plane as well as for the patch and “FR-4” (ε = 4.3; d = 1.6 

mm) as the dielectric material. The antenna was fabricated (fig. 3.7) on a general-purpose 

PCB (Printed Circuit Board). All the dimension are shown in terms of ‘a’, whose value is 

10 mm. The proposed antenna was excited using “50 Ω co-axial feed”. 

3.3.1 Results and Discussion 

The designed antennas were analysed using different parameters, such as scattering parameters, 

Cross/Co- polarization. The scattering parameters were represented by simulated and 

simulated as well as measured results for L/S band respectively (fig. 3.8). Fig. 3.9 shows 

that the isolation value is better than 30 dB. Fig. 3.10 and 3.11 giving Cross/Co-polarization 

for E/H-planes separately. Results are briefly described in Table 3.3. 
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“Figure 3.7 Basic geometry of shorted MPA”  

 

“Figure 3.8 (a) Scattering parameters (S11) of shorted MPA” 
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“Figure 3.8 (b) Scattering parameters (S22) of shorted MPA” 

 

“Figure 3.9 Isolation (S12) between shorted MPA” 
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 “Figure 3.10 (a) Co-polarization of notch loaded MPA (E-plane)”  

 

“Figure 3.10 (b) Co-polarization of notch loaded MPA (H-plane)” 
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“Figure 3.11 (a) Cross-polarization of notch loaded MPA (E-plane)” 

 

“Figure 3.11 (b) Cross-polarization of notch loaded MPA (H-plane)” 
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“Table 3.3 Basic parameters obtained from shorted MPA” 

 

Here, the ratio of resonating frequency for both the antennas is more than 1:2 but almost same 

for both simulated and measured data. Again, the scattering parameters are better than -20 

dB for both the antennas where S11 better than -26.94 dB and S22 better than -37.97 dB 

was achieved. Isolation was better than -30 dB for L & S-band. Here also, the overall gain 

was better than 5 dBi for both the antennas and a maximum gain of almost 8.10 dBi was 

achieved corresponds to S-band. However reduction in bandwidth was reported when 

compared with previous structure and is approximately equal to 2.77 % for S-band, & the 

cross-polarization was better than -10 dBi for both the antennas. 
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3.4 Conclusion 

Two different configurations of shorted MPA are discussed here. Both the structures are almost 

alike to each other and resonating in L/S-Bands. It has been observed that when we place 

two patch antennas side-by-side, affecting the working of both the antenna depends upon 

internal patch width as well as the width of the notch. The overall antennas were designed 

with less cross-interference and reduced coupling. The designed antenna configuration 

shows reasonable validation between simulated and measured data for S-band. The antenna 

system is suitable for multifunctional systems like “Synthetic-Aperture Radar (SAR)” 

applications. Due to narrow bandwidth in L-Band, the antenna can be used in application 

areas where multiple devices operate at the same frequency such as “GPS” systems. Some 

improvement in isolation, as well as cross-polarization, was also observed due to notch 

creation in the patch structure. This was because of the change in overall capacitance of the 

antenna around the corners of the substrate. The variation of better experimental results than 

simulated are mostly attributed to the simulation parameters on the space constraint of the 

simulator. 

 



 

 

 

 

 

 

 

 

CHAPTER 4 

Microstrip Antenna Array 

 

 

 

 

 

 

 

 

 

 

 

 



 



  CHAPTER-4 

97 
 

4.1 Introduction 

In some cases, a single “Microstrip Patch Antenna (MPA)” is not appropriate for numerous 

application, where high gain, “beam scanning” or “bandwidth” enhancement are the 

requirements. Gain enhancement and beam steering capability can be achieved using arrays 

of the antenna. The antenna arrays may be linear, planar or conformal based on applications. 

Such as for radar communication schemes where the fine beam is preferred and henceforth 

planar array assembly are preferred. 

The scheme of restricted arrays demands the engagement of the patches in a systematic 

arrangement/configuration so that the radiation in the preferred route can be accomplished 

while bearing in mind the edge influence. The fields due to different patches should get 

amalgamated in the segment towards the desired co-ordinates/directions and must cancel 

each other towards other co-ordinates/directions for better performance. In other words, the 

output of the individual patch is unified to acquire the fields radiated by the whole array 

arrangement. It is essential to footnote that radiation pattern of distinctive patch in the array 

is comparable when it functions in unconnected mode. Hereafter the whole resulting outline 

of the distinctive patch gets replicated by the array influence. 

Some interaction between the elements was also observed due to the presence of both the 

element in close proximity. The element spacing along with the location among the array 

structures also affects the overall radiation pattern and other parameters. Thus the spacing 

among the radiating patches or components in the array is enforced, in relationships of 

wavelength for E/H-planes. 

In Feb 2000, the “SIR C/X SAR” scheme fixed on the “American Space Shuttle Endeavor 

(ASSE)” accomplished the primarily high-resolution 3D imaging thru the globe, which 

engaged three dual-polarized sub-array operatives distinctly at “L/C & X-bands” [1, 2]. This 

resulted in huge and large arrangement weighing over 300 Kg or more. The method of 

“shared aperture” conformation basically reduce the overall volume along with weight of 

the antenna structure and comfort the distribution of collective subsystem rallies behind the 

array. The “shared aperture” based antennas are already present in literature such as 

perforated-patch [3, 4], ring/patch [5, 6] interlaced patch with dipole/slots [7-10]. The 

“shared aperture” method is nothing but applying numerous radiation utilities inside the 

same physical aperture, a concept referred to as “multifunctional array” [11]. Because it 
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reduces the overall cost and time, and number of elementary radiators can be integrated on 

same aperture. The individual radiators can be used for transmitting or receiving purpose 

simultaneously or separately. 

In aperture sharing, radiators can be identical in shape and size or can be different. For multi-

band operations, the size of radiators will always be different from each other. Again, critical 

issue while performing multi-band operation is the requirement of wide range of radiators. 

Which can’t be solved using regular radiators and in some cases, single-element are 

incapable to meet the desired parameters, so to solve this problem here array formation was 

intended. As a solitary element exhibits a definite radiation pattern, then the array 

configuration will exhibit distinct radiation pattern. Especially when applied in antenna 

array and aperture sharing technique simultaneously. This can support numerous isolated 

frequency bands for communication, telemetry or radar, etc. [12, 13]. For independent dual-

band or triple-band operations are obtained by designing and exciting the individual antenna 

elements for each band and placing the antenna elements in stacked configuration, thus 

increasing the overall size of antenna. In this chapter, an array antenna is designed for L and 

S-band using common aperture. One of the antennas shares the vacant space inside the other 

antenna on the same aperture. The designed antenna composed of 2×2 array of planar 

annular rings with smaller and larger radius in shape of C. The array of larger rings array 

surrounds the array of smaller rings. The optimized design is prototyped and tested for L 

and S-band. 

4.2 Antenna Design 

The basic configuration comprised four “circular” shapes forming an array of the larger shape. 

The same structure with reduced size was placed inside the large array (fig. 4.1). “Copper” 

(height 0.60 mm) is used as conducting medium and “FR-4” (dielectric constant 4.3 and 

height 1.6 mm) for a substrate. As we know that “shared aperture” based structures can be 

presented in any form [3-10]. Here we presented two array structures using planar 

configuration because the other arrangements cannot accommodate such design on a single 

footprint. Initially, each individual antenna was designed (simulated) and optimization was 

performed independently using “CST Microwave Studio” for L- & S-band. Optimization 

was achieved while discarding mutual coupling influence. Far ahead the antennas were 

incorporated into an aperture sharing based arrangement. After which each antenna was 

analysed to attain optimized feed locations for both of them (using “co-axial probe”) for 
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L/S-Band. Firstly, scattering parameters of both the antennas are verified at optimized 

locations (as described in table 1.1.) 

“Table 4.1. Basic parameters of the patch antenna” 

 

 

“Figure 4.1 Basic configuration of Microstrip antenna array” 

As the two bands are closely coupled the design represents noteworthy mutual coupling when 

incorporated into an array. Which needs to be controlled b/w radiating elements to avoid 

unnecessary inter-channel interference and it might not be used for parallel tuning of both 

the radiating elements. Considerable attention was given for the geometrical symmetry 
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maintenance and for better isolation of the feed lines, thus resulting in low cross-

polarization. Antenna design and results are described in the next sections. 

4.2.1 Results and Discussion 

As discussed earlier, scattering parameters were obtained from simulated data after optimization 

of feed location, the finally obtained results are discussed here. The scattering parameters 

are exposed in fig. 4.2 (a) & (b) for both the antenna arrays (as S11 & S22). Here simulated 

as well as measured results are presented simultaneously. 

 

“Figure 4.2 (a) Scattering parameters of smaller/inner MPA array” 

The scattering parameters of the antennas with a resonating frequency of 1.25 GHz and 3.14 

GHz for simulated data and 1.37 GHz and 3.06 GHz for measured data. The bandwidth of 

28.5 % is obtained in the L band with measured resonant the frequency of 1.37 GHz.  For 

S-band, about 6.9% bandwidth is obtained with the resonant frequency of 3.06 GHz. The 

measured results (using VNA) are almost in collaboration with simulated data with minute 

variation only. The cause of the change is due to uncertainty of the dielectric constant 

delivered by the dielectric producer and that of the dielectric constant used in the simulation. 

However it does not exactly match with the one provided in the material. Isolation is better 

35 dB for L-band and better than 20 dB for S-band (fig. 4.3). It is also observed that 

measured radiation patterns for L and S-band are in worthy promise with simulated radiation 
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pattern as exposed in fig. 4.4 (a) ; 4.4 (b) ; 4.5 (a) & 4.5 (b) with realized gain about 5 dBi 

and 7.16 dBi for L and S-band operation. The cross-polarization in between both the patch 

antennas was better than 35 dBi for E/H-planes. 

 

“Figure 4.2 (b) Scattering parameters of larger/outer MPA array” 

 

“Figure 4.3 Isolation between MPA arrays” 
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“Figure 4.4 (a) Gain for smaller/inner MPA array (E-plane)” 

 

“Figure 4.4 (b) Gain for smaller/inner MPA array (H-plane)” 
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“Figure 4.5 (a) Gain for larger/outer MPA array (E-plane)” 

 

“Figure 4.5 (b) Gain for larger/outer MPA array (H-plane)” 



Microstrip Antenna Array   

104 
 

 

“Figure 4.6 (a) Cross-polarization between two antennas (E-plane)” 

 

“Figure 4.6 (b) Cross-polarization between two antennas (H-plane)” 
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“Table 4.2 Basic parameters obtained from MPA” 

 

4.3 Conclusion 

Microstrip patch antenna array configuration was successfully designed and analysed for L- & 

S-band. The designed antenna present bandwidth up to 18% and cross-polarization up to -

38 dBi along with isolation better than 25 dB resulting in numerous applications such as 

devices enabled with Global Positioning System (GPS) along with mobile communication. 

Both the antennas can be used simultaneously or separately for different application 

purpose. However, due to adjacent bands, it is highly recommended to use time/frequency 

multiplexing for the frequency of operations giving better results. The overall structure was 

designed for the utilization of unallocated or available space. Due to narrow bandwidth, the 

designed array configuration can be used for application area, where multiple devices are 

operating at the same time such as “GPS”, etc. The variation of better experimental results 

than simulated are mostly attributed to the simulation parameters on the space constraint of 

the simulator. 
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5.1 Conclusion & Future Scope 

In this thesis, investigations are carried out using a shared aperture method for different 

configurations of “Microstrip Patch Antennas” or MPA resonating in L & S-band. Aperture 

sharing is one of the ways of studying the multifunctionality of the antenna system. A shared 

aperture MPA comprising “Dollar” was investigated for testing purpose as a preliminary 

work & to check the feasibility of L & S-band using aperture sharing. The designed antenna 

has been successfully tested for L & S-band. Two different sized “Dollar” based structures 

placed beside each other were represented here, both of them resonating in L/S-band 

simultaneously & separately. The effect of coupling was observed & studied in this chapter. 

In this chapter a detailed table was also reported for the feed point location of all the 

structures presented in the thesis work. Calculation of the feed point location of all the 

structures is also represented using standard equations. 

In the continuity of the preliminary work, we have further designed two different 

configurations comprising horizontally and vertically arranged Y-shapes as described in the 

2nd Chapter. The basic configuration consists of two Y-shapes placed on the same surface 

acting as a patch antenna, resonating separately. The effect of placement of Y-shapes (either 

vertically or horizontally) was observed on different parameters of both the antennas. One 

main thing about antenna design is that due to the design simplicity, it is easy to design these 

type of antennas. Due to the presence of two antennas on the same substrate, the design has 

wide applications. Such as one can use the same antenna for mobile communications as well 

as satellite communication at the same time. 

The influence of the “parasitic” patch element on resonating frequency as well as isolation 

among two MPA was productively examined & represented in the 2nd chapter. The proposed 

antennas were based on two different configurations. The first configuration was based on 

“Swastika” shape-based MPA & another configuration were based on notch loaded rotated 

square shape-based MPA. The effect of the presence of parasitic element on antenna 

parameters was successfully investigated and represented in “Swastika” shape-based MPA. 

The basic configuration comprises “Swastika-shape” (L-Band) and “7-shape” (S-Band) 

based structures placed on the same surface. The effect of coupling was also investigated on 

the antenna. Another structure based on parasitic elements was designed using notch loaded 

structure comprising a 2x2 matrix with/having 4 elements placed on to the same surface. 

Out of 4 elements, two were acting as radiating elements while rest two were substituted as 
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“parasitic elements” & all the elements were not associated with each other. Due to the 

presence of parasitic elements, better isolation was observed. 

Another configuration represented in this thesis was based on shorted/notch loaded MPA. Two 

different configurations were presented here and both the structures are almost alike to each 

other and resonating in L/S-Bands. It was observed that when we place two patch antennas 

side-by-side, affecting the working of both the antenna depends upon internal patch width 

as well as the width of the notch. The overall antennas were designed with less cross-

interference & reduced coupling. The designed antenna configurations represent excellent 

corroboration among simulated & measured data for S-band. Both the MPA represented 

here are adjutant to each other placed on the same surface.  

Finally, an array was designed with the aperture sharing to study the multifunctionality of the 

system, by using the unallocated space for the design of another antenna. A prototype of an 

array was successfully fabricated and represented. This prototype array achieves satisfactory 

measured results which are in agreement with simulated data along with better isolation. 

The antenna represented here has a smaller aperture when compared with independent 

antennas and exhibits robust characteristics comparatively. The proposed antenna is having 

large return loss and enhancement in bandwidth was also observed when compared with 

previous work. Due to the frequency of operation in L and S-Band, the designed antenna 

can be used for high-performance wideband communications as well as for wireless 

communications. Various configuration represented here can be further extended with more 

than three bands while using aperture sharing. 

This thesis has investigated some of the interesting application & design of shared aperture 

based structure for dual-band applications (i.e. L/S-band) operation with some future scope 

for a lot of research left in this field. The future scope of the design of aperture is sharing 

based antennas for L/S-band with reduced dimensions & multiple arrays. The overall 

dimension parameters can be reduced either using Defected Ground (DGS) Structures or by 

doing some comprise in dielectric materials as well as port location. Further, the concept 

can also be used further for triple/multi-band operation while same surface/aperture for 

multiple antennas. However, due to placement of the resonating elements adjacent to each 

other, the coupling among resonating elements is affecting the performance of the individual 

antenna, which can be reduced by using the parasitic elements with appropriate dimensions 

enclosed to the resonating elements, thus resulting in bandwidth enhancement too. 
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