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ABSTRACT 

 

In conjunction with the advancement of wireless communication technology, 5G can 

be considered as an upcoming new generation in the field of wireless mobile systems. 

Within this project, an antenna array with coaxial feed has been designed and 

simulated at Ka band (35GHz). The purpose of designing an antenna array is that it 

has better gain & bandwidth as compared to the microstrip patch antenna. Further, 

the designed antenna array which comprises of 8 antenna elements with a consistent 

spacing conformed on a cylindrical, conical and spherical curvature surface. A study 

on parametric analysis by varying the radius of curvature, thickness of substrate and 

relative permittivity has been done in terms of return loss and gain. By modelling and 

simulating the design, observations were made that return loss of the conformal array 

is less than -10ⅆ𝐵 , narrow bandwidth and better gain has been achieved which meet 

the requirement of enhancing the antenna performance. The proposed antenna design 

and its parametric analysis is simulated through HFSS 3D simulation tool. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

 

In conjunction with the advancement of wireless communication technology area, 5G 

can be considered as an upcoming new generation in the sphere of wireless mobile 

communication systems. Conformal Microstrip antenna [1] [2], can be of compact 

size and it can be considered a new area of research for military, aircraft and 

navigation applications. Conformal antennas are implantable [3] and can be used for 

ISM band applications. Multiple Input Multiple Output conformal antenna with an 

antenna array conformed on cylindrical [4] and spherical surface [5] provides broad 

bandwidth and better value of return loss. Due to excellent performance parameters, 

these antennas can be expected as the modern technology in the area of 5G 

communication systems. Antenna have better radiation efficiency when wrapped 

around a cylindrical surface [6]. They play a supreme role in the advancement of 

mobile and automobile applications. When we vary the radius of curvature, then it is 

observed that HPBW remains constant and there is a very little distinction in the value 

of return loss [7] [8]. Understanding the mathematical concept is crucial for the 

proper modelling of an antenna.  

 

 

 In [9] [10] a proper theoretical and mathematical concept has been given 

which is useful to design any type of antenna with proper dimensions and a suitable 

material that has to assigned and also for the best choice of antenna for different 

frequency bands and their applications. With the recent advancement, slotted 

conformal antenna can be made wearable to different parts of the body by considering 

the distance between antenna and human body part on which antenna has to be 
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wrapped [11]. The accuracy of global positioning system is very important. Slotted 

conformal antenna is designed for global positioning system [12]. It is observed that 

radiation pattern is omnidirectional and value of gain is high which makes it suitable 

for global positional system applications. Analysis of wearable conformal antenna 

[14] with ultrawide band is done by the varying the radius of curvature. To conform 

on any shape and size of body part, antenna should be flexible. 

  

 

 When slots are etched from ground planes where material assigned to latter is 

metal then the calculated radiation efficiency is more that 60% and bandwidth 

achieved is about 4-6% at the centre frequency [15]. These unidirectional antennas 

are considered to best choice for designing conformal antenna. Microstrip patch 

antenna [17] and an array of microstrip patch conformed on cylindrical curvature [18] 

are designed and analysed. The peak gain is observed as 24.5 ⅆ𝑩  from gain vs 

frequency curve for cylindrical conformal antenna. Method of moment [20] has been 

used for the numerical analysis of a flexible conformal antenna array. The simulated 

and numerical results are verified successfully for mobile wireless applications. 

Our present work focuses on the software simulation of antenna array on different 

curvature surfaces. It also includes the parametric and comparative study among the 

conformed antenna array.  

 

 

1.1 ANTENNA  

 

An antenna is a system of conductors which mainly consists of transmitter and 

receiver. 
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                                        Figure 1.1: Basic Communication System 

 

1.1.1 Antenna Gain   

 It is termed as a potential of the antenna to radiate in any direction which can be 

more or less in comparison to a theoretical antenna.  

 

1.1.2 Antenna Efficiency   

An antenna efficiency will be high when the power which is present at input radiates 

away at most while it will be low when it will get absorbed or reflected away. It can 

be due to impedance mismatch. 

 

1.1.3 Effective Area   

                                             𝑃 = 𝑝𝐴𝑒                                                                     (1.1) 

𝑤ℎ𝑒𝑟𝑒 𝑃 = 𝑝𝑜𝑤𝑒𝑟 𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙𝑠 𝑜𝑓 𝑎𝑛𝑡𝑒𝑛𝑛𝑎 𝑖𝑛 𝑊𝑎𝑡𝑡 

                              p = power density of antenna 

                              Ae = effective aperture 

1.1.4 Return Loss    

It indicates the amount of power that is lost to the load and does not come back as a 

reflection.  

When a graph shows a dip at the operating frequency of the antenna with a minimum 

ⅆ𝐵 value at this frequency then it can be considered as better performance of an 

antenna. 
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                                    Figure 1.2: Return loss curve of an antenna   

 

1.1.6 Radiation Pattern   

 

Figure 1.3: 3D Polar Plot for a rectangular microstrip patch antenna 
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1.1.7 Beamwidth    

   

Figure 1.4: Determination of HPBW from 2D radiation pattern 

 

1.2 CLASSIFICATION OF ANTENNAS   

 

They can be categorised on the basis of various factors that are entangled in the 

working of an antenna. It can be the frequency band in which antenna is operating or 

the physical structure and design. They can be nondirectional such as dipoles or 

monopoles which are simple or directional antennas which are more complex such as 

microstrip antenna, array etc. With the advancement of wireless communication 

technology, 5G can be considered as an upcoming new generation in the area of 

wireless mobile communication systems. And it has developed a new type of antenna 

which are referred as conformal antenna in which an antenna or antenna array are 

wrapped around the surface of curvature. These type of antennas shows better results 

and can be used in aircraft and missiles applications. 
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CHAPTER 2 

 

OVERVIEW OF MICROSTRIP PATCH ANTENNA 

 

 

 

2.1   INTRODUCTION  

  

Microstrip antennas as patch antennas are used in an extended variety of applications 

from navigation to satellites and non-satellites systems such as medical applications.  

 

 

2.2 MICROSTRIP PATCH ANTENNA   

 

Microstrip antennas which has a simple design and structure as shown in Figure 2.1. 

It comprises of a rectangular patch which acts as a radiator, a dielectric substrate, and 

a ground plane.  
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Figure 2.1: Microstrip Patch Antenna 

Many substrates are used for the designing of microstrip antennas. The relative 

permittivity (𝜀r) generally ranges 2.2 ≤ 𝜀r ≤ 12. The patch and ground are generally 

can be constructed of perfectly electric conductor.  

 

Figure 2.2: Different shapes of patch 

 

2.2.1 Radiation Pattern  

A microstrip patch antenna radiates energy via its patch (which act as a radiator) in 

certain directions and we termed this parameter as the antenna’s directivity.  
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2.2.2 Bandwidth  

The bandwidth depends on various parameters like quality factor Q, type of feed, 

substrate height etc. The patch antenna shows narrow bandwidth in comparison to 

antenna array. 

 

2.3 FEED TECHNIQUES   

 

There are many feeding techniques which are used to feed a microstrip patch antenna.  

 

2.3.1 Microstrip Line Feed   

 

Figure 2.3: Microstrip Line Feed 

 

2.3.2 Coaxial Feed   

It can be attached to any desirable spot which should be within the patch where it can 

achieve impedance matching.  
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Figure 2.4: Coaxial Feed 

 

2.3.3 Aperture Coupled Feed    

 

Figure 2.5: Aperture Coupled Feed 
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2.3.4 Proximity Coupled Feed   

 

Figure2.6: Proximity Coupled Feed 

 

Table 2.1: Comparing Feed Methods 

 

2.4 ADVANTAGES OF MICROSTRIP PATCH ANTENNA 

 

• Light weight, low volume, low fabrication cost and conformable. 

• Can be easily Integrated on microwave IC’s. 

 

Characteristics Microstrip 

Line Feed 

Coaxial Feed Aperture 

Coupled feed 

Proximity 

Coupled 

Feed 

Spurious 

emission 

More More Less Minimum 

Reliability 

 

Better Poor dur to 

soldering 

Good Good 

Impedance 

Matching 

Simple Simple Simple Simple 

Bandwidth 3-7% 4-8% 4-8% 13-15% 
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2.5 DISADVANTAGES OF MICROSTRIP PATCH ANTENNA 

 

• Narrow bandwidth   

• Low efficiency   

• Low Gain   
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CHAPTER 3 

 

OVERVIEW OF CONFORMAL ANTENNA 

 

 

 

3.1 INTRODUCTION  

  

With the technology development, there is an improvement in the area of 

communication systems and navigation systems as well. New technologies are 

developed and new approaches are coming in picture. By simulation and 

optimisation, there can be an improvement in the overall system performance such as 

lower interference signals, high bandwidth, increased gain, better accuracy, better 

aerodynamics, light weight, 360 beam coverage etc. Conformal antennas can be 

easily installed on any curvature which finds its applications in the area of aircraft, 

radar and navigation systems. It is required to follow the performance characteristic 

of the antennas. It will also help to find the best applications for their use. 

  

 This present work is of conformal antennas. The purpose is to design antenna 

array and do the analysis by making it conformal by wrapping it around different 

curvature surface.  

 

The objectives of this project include designing of  

➢ Conformal antenna array on different curvatures. 

➢ Comparison between conformal and planar antennas.  

3.2 OVERVIEW OF CONFORMAL ANTENNAS  
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So far if we consider the design process of conformal antennas then it follows the 

process of conforming patch antenna or an array on a fixed shape which makes them 

effective for airplanes and navigation systems. Radiation characteristics are 

signifying features of these antennas. Conformal antennas have broader beams than 

planar antennas. Conformal antennas can be wearable on different parts of body. As 

they are integrated in the system, they are less visible. It has usefulness for military 

environments.  

 

 

 Arrays are conformed on single and double curved surfaces. Till now 

investigation of conformal antennas shows that cylindrical, cone and spherical 

surface are the most analysed conformed surface. 

 

Figure 3.1: Examples of conformal antennas 
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3.3 LITERATURE REVIEW  

 

Some works from the literature which has done research in this area are shown in this 

section.  

  

 Conformal Microstrip antenna [1] [2], can be of compact size and it can be 

considered a new area of research for military, aircraft and navigation applications. 

“5G MIMO Conformal Microstrip Antenna Design” concentrates on wrapping an 

antenna array on cylindrical curvature for 5G applications. Conformal antennas are 

implantable [3] and can be used for ISM band applications “Analysis of conformal 

antennas for avionics application” [4] done analysis on conforming patch on single 

curved surface such as cylindrical and double curved surface such as toroidal for 

avionics application.  

 

 

 It can be observed that cylinder is mostly used as carrier for conformal 

antennas. References found are on similar type of geometry. We will find very few 

literatures when design and analysis is done on conical, elliptical or other geometries. 

 

  

 However, we gave designed and analysed an antenna array which is 

conformed on cylindrical, conical and spherical surface of curvature. Afterwards a 

comparative study is done to observe the performance characteristics of various 

simulated antennas by return losses, bandwidth and 3D polar plot.  
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CHAPTER 4 

 

ANTENNA DESIGN 

 

 

 

4.1 A RECTANGULAR MICROSTRIP PATCH ANTENNA 

 

To design a rectangular microstrip patch antenna, firstly we chose the material for 

substrate. To minimize the loss, substrates with low loss tangent dielectric reduces 

the dielectric loss. And to minimize the radiation loss, small substrate height is 

preferred.  

Considering these factors, following dimensions have been taken into account. 

 

               Figure 4.1: The model of rectangular microstrip patch antenna 

Table 4.1: Dimensions of Rectangular Microstrip Antenna 
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Microstrip line feeding, coaxial feeding and electromagnetic coupling are used to 

feed the microstrip antenna. 

     

                             Figure 4.2: Simulated Microstrip Patch Antenna 

 

The line width is taken as 0.46mm and the characteristic impedance is 50 Ω. 

S.No. Parameters Dimensions 

1. P (Length of substrate) 6mm 

2. Q (Width of substrate) 6mm 

3. A (Length of patch) 2.45mm 

4. B (Width of patch) 3.32mm 

5. K (Length of microstrip feed) 1.57mm 

6. T (Width of microstrip feed) 0.46mm 

7. H (Height of substrate) 0.5mm 

8. Relative permittivity of dielectric material 2.2 
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Figure 4.3: S-parameter vs Freq curve of rectangular microstrip patch antenna. 

 

The simulation is performed on HFSS simulation software. Figure 4.3 is a 

representation of S-parameter vs Frequency (GHz) curve of rectangular microstrip 

patch antenna. It clearly shows that return loss has been found to be -28 ⅆ𝐵  at 35 

GHz. So consequently, the relative bandwidth for |𝑠11| < −10ⅆ𝐵 is evaluated from 

the Figure 4.3 as 5.74%. 

 

Figure 4.4: 3D Polar plot of rectangular microstrip patch antenna 

From Figure 4.4, patch element’s maximum gain is 7.96 ⅆ𝐵.  
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Figure 4.5: VSWR of rectangular microstrip patch antenna 

 

VSWR should be less than 2 for the better antenna performance. Figure 4.5 shows 

that VSWR is approx. 0.95 for the above simulated antenna. 

 

 

 It seems that calculated bandwidth is not enough for the best output of the 

system. Therefore, we will now analyse the array antenna with different position of 

feed to meet the best outcome of frequency bandwidth. 

 

4.2 AN ANTENNA ARRAY WITH ONE-END FEEDING 

 

A rectangular microstrip series fed array is designed to reduce the return loss as less 

than -10 ⅆ𝐵  and to achieve high gain & bandwidth.  It is an eight-element antenna 

array which is connecting a microstrip line. The first patch element is fed with a 

coaxial line. 
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Figure 4.6: Model of Antenna Array with One-End Coaxial Feed 

 

 

Figure 4.7: Simulated an eight-element array with one-end coaxial feed 

 

The rectangular microstrip patches are of same shape and the spacing between them 

is same. The array is attached to the 50ohm coaxial line feed.  
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Figure 4.8: 𝑆 Parameter Plot of a rectangular array 

 

The 𝑆-parameter vs Frequency (GHz) curve of above designed array having coaxial 

feed at one end of the array as depicted in Figure 4.8. It is clearly seen in the Figure 

4.8 that the value of resonant frequency is 35.5 GHz where the return loss is −23.50 

ⅆ𝐵. So consequently, the relative bandwidth for |𝑠11| < −10ⅆ𝐵 is evaluated from 

the Figure 4.3 as 20.29%. 

 

 

Figure 4.9: 3D Polar plot of a rectangular array 

From Figure 4.9, patch element’s maximum gain is 13.5 ⅆ𝐵.  
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Figure 4.10: VSWR of a rectangular array 

From the fig 4.10, it can be seen that the VSWR value is equal to 1 at the centre 

frequency 35GHz. It is good value of VSWR as it shows that transmitted waves are 

not reflected to the source. 

 

 

 

 

 

 

4.3 AN ANTENNA ARRAY WITH INTERMEDIATE FEEDING 

It is also an eight elements antenna array which is attached via a microstrip line. Here 

we have assigned position of the feed at the centre of the array to a 50ohm coaxial 

line. The spacing between antennas element is the same.  
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             Figure 4.11: Model of Antenna Array with intermediate coaxial feed  

 

       Figure 4.12: Simulated an eight-element array having intermediate coaxial 

feed 

 

Rectangular microstrip patches has similar dimensions can be used to design eight 

element arrays. It is a symmetric structure.  
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                                 Figure 4.13: 𝑆-parameter plot of a rectangular array 

The 𝑆-parameter vs Frequency (GHz) curve of above designed array having coaxial 

feed in the middle of the array as depicted in Figure 4.13. It is clearly seen in the 

Figure 4.13 that the value of resonant frequency is 35 GHz where the return loss is 

−26.50 ⅆ𝐵. So consequently, the relative bandwidth for |𝑠11| < −10ⅆ𝐵 is evaluated 

from the Figure 4.3 as 11.30%. 

 

 

                                     Figure 4.14: 3D polar plot of a rectangular array  

From Figure 4.14, the patch element’s maximum gain is 13.4 ⅆ𝐵  .  
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                  Figure 4.15: VSWR of rectangular array with intermediate feeding 

From the figure 4.15, it can be seen that the VSWR value is equal to 1 at the centre 

frequency 35GHz. It is good value of VSWR as it shows that transmitted waves are 

not reflected to the source. 

4.4 PROPOSED ANTENNA DESIGN  

The conformal array is designed and the conformal carrier is taken as cylinder, cone 

and sphere surface of curvature. 

In this section, the focus is to determine the effect of parameters of a single antenna 

array which is conformed on a cylindrical, conical and spherical structure such as 

radius of carrier, thickness of substrate and the substrate permittivity. We have taken 

return loss, gain and bandwidth into consideration for the comparative study of 

different curvatures.  
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4.4.1 THE MICROSTRIP ANTENNA CONFORMAL ARRAY ON 

CYLINDER CURVATURE SURFACE 

 

Figure 4.16: Conformal antenna array on cylinder surface 

 

• By Varying the radius of curvature 

We have varied the radius of curvature from 30mm to 50mm and observed the 

following results. 

 

Figure 4.17: 𝑆 Parameter vs Frequency Plot of Cylindrical Curvature 
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In Figure 4.17, it can be clearly seen that there is a very little variation in the value of 

return loss when we have varied radius of cylinder from 30 mm to 50 mm.  

 

 

(a) 

 

(b) 
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(c) 

Figure 4.18: 3D Polar Plot for radii (a) 30 mm (b) 40mm (c) 50mm 

It can be observed that maximum gain is achieved at radius of 50mm of about 13.6 

ⅆ𝐵. 

Table 4.2: Comparative Results at different radius of curvature 

 

• By Varying the relative permittivity of dielectric material 

We have assigned different dielectric material to substrate and observed the following 

results. 

 

Radius Return Loss Bandwidth Relative 

Bandwidth 

Gain 

30 mm -26.2953 2.575 10.45% 12.3 

40 mm -27.5336 3.65 10.68% 13.3 

50 mm -23.6023 3.90 11.46% 13.6 



      28  

   

 

Figure 4.19: S-parameter vs Frequency plot for different dielectric material 

 

From Figure 4.19, it can be easily observed that when relative permittivity is 

increased, bandwidth has been become narrow and value of return loss has also 

shown significant variation. Resonance frequency has also decreased as we increase 

the value of relative permittivity. Hence, while manufacturing the conformal antenna 

all the factors should be considered equally important. 

 

Table 4.3: Comparative Results for different dielectric material 

 

• By Varying the thickness of substrate 

We have varied the thickness of substrate and observed following results. 

Relative 

Permittivity 

Return 

Loss 

Resonant 

Frequency 

Bandwidth Gain 

1 -31.58 34.9 3.875 13.9 

2.2 -26.29 34.7 2.575 12.3 

4.4 -12.89 31.2 .5251 3.6 
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Figure 4.20: S Parameter vs Frequency plot for different thickness of substrate 

 

In Figure 4.20, it is seen clearly that when there is increment in the value of substrate 

thickness, there is a shift in resonant frequency and also bandwidth increases.  

 

(a) 
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(b) 

Figure 4.21: Gain Plot for substrate thickness (a)0.5 mm (b)1.6 mm 

It is also observed that when we increase the thickness the substrate, then there is an 

increment in the value of gain of antenna. 

 

Table 4.4: Comparative Results at different substrate thickness 

 

 

 

 

 

Substrate 

Thickness 

Resonant 

Frequency 

Bandwidth Gain 

0.5 34.9 2.575 12.3 

1.6 35.7 7.5250 13.41 
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4.4.2 THE MICROSTRIP ANTENNA CONFORMAL ARRAY ON CONICAL 

CURVATURE SURFACE 

 

Figure 4.22: Conformal antenna array on conical surface 

 

• By Varying the radius of curvature 

We have varied the radius of curvature from 30mm to 50mm and observed the 

following results. 
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Figure 4.23: S Parameter vs Frequency plot for conical curvature 

 

In Figure 4.23, it can be clearly seen that there is a very little variation of about 0.5 

to 1 ⅆ𝐵 in the value of return loss when we have varied radius of cone from 30 mm 

to 50 mm.  

 

(a) 
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(b) 

 

(c) 

Figure 4.24: 3D Polar Plot for radii (a) 30 mm (b) 40mm (c) 50mm 

Just like a cylindrical curvature, while using a conical curvature maximum gain has 

also shown when radius=50mm which is about 13 ⅆ𝐵. 
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Table 4.5: Comparative Results at different radius of curvature. 

 

• By Varying the relative permittivity of dielectric material 

We have assigned different dielectric material to substrate and observed the following 

results. 

 

Figure 4.25: S Parameter vs Frequency plot for different dielectric material of 

substrate 

 

From Figure 4.25, it can be easily observed that when relative permittivity is 

increased, bandwidth has been become narrow and value of return loss has also 

shown significant variation. Resonance frequency has also decreased as we increase 

Radius Return Loss Bandwidth Relative 

Bandwidth 

Gain 

30 mm -24.0674 7.2250 20.09% 12.7 

40 mm -24.8283 7.4000 20.58% 13.0 

50 mm -26.5604 7.6000 21.02% 13.3 



      35  

   

the value of relative permittivity. Hence, while manufacturing the conformal antenna 

all the factors should be considered equally important. 

 

 

 It is also seen that there is a significant variation in the value of return loss of 

about 9 ⅆ𝐵 when we have varied the radius of conical curvature. 

 

Table 4.6: Comparative Results for different dielectric material 

 

• By Varying the thickness of substrate 

We have varied the thickness of substrate and observed the following results. 

 

Figure 4.26: Return loss for different substrate thickness 

Relative 

Permittivity 

Return Loss Resonant 

Frequency 

Bandwidth Gain 

1 -33.8395 36.25 7.987 13.5 

2.2 -24.0674 35.20 7.2250 12.7 

4.4 -15.9352 32.20 6.567 9.7 



      36  

   

From Figure 4.26, it can be clearly seen that when there is an increment in the value 

of substrate thickness, there is a shift in in resonant frequency and also bandwidth 

increases.  

 

(a) 

 

(b) 

Figure 4.27: 3D polar plot for substrate thickness (a)0.5 mm (b)1.6 mm 
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It is also observed that when we increase the thickness the substrate, then there is an 

increment in the value of gain of antenna. 

 

Table 4.7: Comparative Results for different substrate thickness. 

 

4.4.3 THE MICROSTRIP ANTENNA CONFORMAL ARRAY ON 

SPHERICAL SURFACE 

 

Figure 4.28: Conformal antenna array on spherical surface 

 

• By Varying the radius of curvature 

We have varied the radius of curvature from 30mm to 50mm and observed the 

following results. 

Substrate 

Thickness 

Return Loss Resonant 

Frequency 

Bandwidth Gain 

0.5 -24.0674 35.20 7.2250 12.7 

1.6 -24.9026 36.3375 9.5250 13.1 
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Figure 4.29: S Parameter vs Frequency plot for spherical curvature 

In Figure 4.29, it can be seen that there is a very little variation in the value of return 

loss in comparison to the cylindrical and cone curvature results when we have varied 

radius of sphere from 30 mm to 50 mm.  

(a) 
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(b) 

 

(c) 

                  Figure 4.30: 3D Polar Plot for radii (a) 30 mm (b) 40mm (c) 50mm 

It has been calculated that the fractional bandwidth has increased to a great extent in 

comparison to the relative bandwidth which has been achieved on cylindrical and 

conical curvature. 
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Table 4.8: Comparative Results at different radius of curvature. 

 

• By Varying the relative permittivity of dielectric material 

We have assigned different dielectric material to substrate and observed the following 

results. 

 

Figure 4.31: Return loss for different dielectric material of substrate 

From figure 4.31, it can be easily observed that when relative permittivity is 

increased, bandwidth has been become less narrow and value of return loss has also 

shown significant variation. Resonance frequency has also decreased as we increase 

the value of relative permittivity. Hence, while manufacturing the conformal antenna 

all the factors should be considered equally important. 

Radius Return Loss Bandwidth Relative 

Bandwidth 

Gain 

30 mm -34.2371 9.9000 36.675 12.60 

40 mm -37.3500 9.9375 36.589 12.81 

50 mm -38.4305 10.0125 36.581 13.27 
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It is also seen that there is a significant variation in the value of return loss of about 

5-7 ⅆ𝐵  when we have varied the radius of conical curvature. And also gain has 

decreased to a greater extent at a radius of 50mm. 

 

Table 4.9: Comparative Results for different relative permittivity. 

 

• By Varying the thickness of substrate 

We have varied the thickness of substrate and observed the following results. 

 

Figure 4.32: Return loss for different substrate thickness 

 

Relative 

Permittivity 

Return Loss Resonant 

Frequency 

Bandwidth Gain 

1 -43.7313 34.3875 11.7750 13.94 

2.2 -38.4305 34.3125 9.9000 12.60 

4.4 -29.6561 34.6125 8.8875 7.6 
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From figure 4.32, it is clearly seen that when there is an increment in the value of 

substrate thickness then there is a shift in in resonant frequency and bandwidth 

increases.  

 

 

 As far as we concerned about manufacturing of conformal antenna then if the 

thickness of the substrate is more, then it will hard to bend over the curvature and if 

it is too thin then it will very easily break while bending over the curvature. 

 

(a) 
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(b) 

Figure 4.33: Gain Plot for substrate thickness (a)0.5 mm (b)1.6 mm 

 

There is an increment in bandwidth and gain while varying the substrate thickness. 

Table 4.10: Comparative Results for different substrate thickness. 

 

4.5 CONCLUSION 

 

In this project, initially a microstrip patch antenna is designed & analysed it’s all 

parameters. Afterwards for having better bandwidth and gain, we have implemented 

an antenna array with coaxial feeding as well as intermediate feeding in the array 

itself. The intermediate feeding gives better results as compared to one end feeding. 

Substrate 

Thickness 

Return Loss Resonant 

Frequency 

Bandwidth Gain 

0.5 -38.4305 34.3125 9.9000 12.60 

1.6 -39.8976 35.7500 11.4987 13.5 
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The antenna array is analysed for different conformal surfaces which includes 

cylindrical, conical and spherical curvature surfaces. And among three of the 

curvature that we have simulated, spherical curvature has given best results. 
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CHAPTER 5 

 

RESULTS AND DISCUSSIONS 

 

 

 

5.1 COMPARATIVE STUDY   

 

Type Of Antenna Return 

Loss 

Resonant 

Frequency 

Bandwidth Gain 

Microstrip Patch 

Antenna 

-28 35 2.00 7.96 

Antenna Array with one 

end feeding 

-23.50 35.50 7.20 13.5 

Antenna Array with 

intermediate feeding 

-26.50 35 9.8 13.4 

Conformal 

antenna 

array on 

cylindrical 

curvature 

R=30mm -26.29 34.7 2.57 12.3 

R=40mm -27.53 34.8 3.65 13.3 

R=50mm -23.60 34.9 3.90 13.6 

 𝜀r=1 -31.58 34.9 3.87 13.9 

𝜀r=2.2 -26.29 34.7 2.57 12.3 

𝜀r=4.4 -12.89 31.2 0.52 3.6 
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 H=0.5mm -31.29 34.9 2.57 12.3 

H=1.6mm -35.72 35.7 7.52 13.41 

Proposed Design  

Conformal 

antenna 

array on 

conical 

curvature 

R=30mm -24.06 35.20 7.22 12.7 

R=40mm -24.82 35.40 7.40 13.0 

R=50mm -26.56 35.50 7.60 13.3 

 𝜀r=1 -33.83 36.25 7.98 13.5 

𝜀r=2.2 -24.06 35.20 7.22 12.7 

𝜀r=4.4 -15.93 32.20 6.56 9.7 

 H=0.5mm -24.06 35.20 7.22 12.7 

H=1.6mm -24.90 36.33 9.52 13.1 

Conformal 

antenna 

array on 

spherical 

curvature 

R=30mm -34.23 35.31 9.90 12.60 

R=40mm -37.35 35.35 9.375 12.81 

R=50mm -38.43 35.75 10.01 13.97 

 𝜀r=1 -43.73 34.38 11.77 13.94 

𝜀r=2.2 -38.43 34.31 9.900 12.60 

𝜀r=4.4 -29.65 34.61 8.88 7.6 

 H=0.5mm -38.43 34.31 9.900 12.60 

H=1.6mm -39.89 35.75 11.49 13.50 

 

It shows how return loss, bandwidth and gain varied with different curvature, radius 

of curvature, relative permittivity and thickness of substrate. 
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CHAPTER 6 

 

CONCLUSION 

 

 

 

6.1 CONCLUSION 

 

With the help of this present work, we are able to analyse the effect of different 

curvature surface for conformal antenna. The results of conformal antenna are far 

better than the results of microstrip patch antenna and antenna array. When an 

antenna array is conformed on cylindrical, cone and spherical curvature then 

performance of array has become better and it shows better results. Between 

cylindrical and conical conformed antenna, we can observe that conical has better 

return loss value and broad bandwidth and gain in comparison to cylindrical. And 

among three curvature surfaces, we can easily determine that spherical has shown the 

best results. And it can be the area of new research for wireless communication 

systems. The parametric analysis done on physical parameters is an important tool to 

analyse the performance of an antenna characteristics. We have successfully 

designed, simulated and analysed the different antenna designs in this project work.  

 

 

6.2 FUTURE SCOPE    

 

This project provides an opportunity to design conformal antenna on some other 

curvature surfaces such as elliptical and toroidal. We can also vary the feeding 
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techniques and compare with the existing research. Fabrication will give more 

realistic output hence we can try to fabricate conformal antennas. 

The investigation on conformal antenna arrays should be continued which will give 

more additional advantages over planar antennas.                                                                                             
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