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CHAPTER 7 

 

 

CONCLUSIONS AND  

FUTURE WORK 

7.1 Summary and Conclusions 

The thesis focuses on the design of singly-fed DRAs with a wideband 

circular polarization. Two new single-point excitation schemes have been 

introduced that can be easily used to excite an arbitrarily shaped DRA. The 

proposed feeding methods are based on employing conformal conducting metal 

strips on the DRA surface.  The generated broad CP bands have been achieved in 

conjunction with sufficient impedance matching bandwidths. The studied 

geometries have been modeled using a self developed MoM code, and the 

computed results have been validated against those obtained from measurements 

or CST simulations.  
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In chapter one, the theory of circular polarization has been discussed 

together with a concise literature review of dual and singly-fed CP DRAs.  

Additionally, the basic characteristics of several CEM modelling methods have 

been described. The second chapter provides details of the employed modelling 

method, where the steps involved in MoM computations, in conjunction with 

specialized basis and testing functions, have been described comprehensively. 

In the third chapter, a new feeding scheme based on using a conformal 

square spiral has been employed to excite a rectangular DRA. The feeding spiral 

parameters have been optimized using an iterative design procedure to establish 

a travelling wave current distribution. This approach has produced a CP bandwidth 

of ~7%, which is considerably wider than the typical bandwidth of < 3% reported in 

earlier studies for singly-fed rectangular DRAs. Additionally, the frequency tuning 

ability of the wideband CP rectangular DRA has been demonstrated, where 

shifting the spiral from the centre to the right of the DRA surface has reduced the 

antenna operating frequency from 4.10 GHz to 2.93 GHz. This shift in the 

resonant frequency corresponds to a change in the excited mode from TEy111 to 

TEx111. However, the achieved CP bandwidth is comparable to those obtained 

using a centrally located feeding spiral. 

In Chapter 4, the versatility of the spiral excitation has been assessed by 

employing the feed to a cylindrical DRA to generate a wideband circular 

polarization radiation. Once more, using optimized parameters to achieve a 

travelling current distribution has generated a CP bandwidth of ~4% compared to 

~2% reported in literature for singly-fed CP cylindrical DRAs. Additionally, the CP 

bandwidth of the cylindrical antenna has been enhanced further by employing a 

multilayer DRA configuration, where a smaller dielectric cylinder of different 
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permittivity has been embedded within the cylindrical DRA. This has provided an 

increase of more than 66% in the AR bandwidth compared with that using a single 

layer cylindrical DRA. 

Despite the advantages of utilizing a square spiral excitation, it has been 

observed that the achieved CP radiation is very sensitive to the spiral dimensions.  

Furthermore, the required precise dimensions are particularly difficult to achieve 

when the spiral needs to be placed on a conformal surface. Therefore, a simpler 

feeding method that is capable of generating wideband CP radiation, without the 

aforementioned limitations, has been proposed in chapter 5. The new feed is 

based on exciting the DRA using a rectangular half-loop that consists of three 

metallic strips.  The flexibility of this feeding method has been demonstrated by 

employing the half-loop to excite regular shaped DRAs such as rectangular, 

cylindrical and hemispherical geometries.  Again, the achieved CP bandwidths are 

considerably higher than those reported in the literature for singly-fed DRAs of the 

same shapes and dimensions. 

A further CP bandwidth enhancement has been achieved by incorporating 

a parasitic half-loop inside the driven element. Employing the optimized 

dimensions of the two concentric half-loops have produced two AR minima 

frequency points that are close to each other. Consequently, merging these two 

AR bands leads to a significant enhancement in the overall circular polarization 

bandwidth. The inclusion of a concentric parasitic element has approximately 

doubled the CP bandwidths compared to those obtained using only the driven 

half-loop for rectangular and cylindrical DRA configurations. 

Tables 7.1-7.3 summarize the achieved CP bandwidths and the 

corresponding resonance frequencies for the studied DRAs configurations. The 
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results from published literature are included in the reference column for 

comparison purposes. From the tables, it is evident that the DRAs fed using 

introduced excitation schemes have produced considerably wider CP bandwidths 

compared to those reported in the literature for identical singly-fed DRAs. 

Furthermore, the bandwidth can be significantly enhanced by placing a parasitic 

element, with appropriate dimensions, inside the driven half-loop or by adding 

another dielectric layer. 

  
Reference 

[1] 
Square 
spiral 

Shifted 
square spiral  

Rectangular 
half-loop  

Rectangular half-
loop with parasitic 

Effective AR 
Bandwidth (%) 2.7 6.6 6.4 6.5 12.71 

Resonance 
Frequency (GHz) 3.55 4.1 2.93 3.5 3.53 

Table 7.1: Effective AR bandwidth and the corresponding resonance frequency for 

various rectangular DRA configurations 

 
Reference 

[2] 
Square 
spiral 

Square 
spiral, multi 

layer 

Rectangular 
half-loop 

Rectangular half-
loop with parasitic, 

multilayer 
Effective AR 
Bandwidth (%) 2.2 3.48 5.63 3.63 7.35 

Resonance 
Frequency (GHz) 6.38 5.89 6.25 5.76 6.74 

Table 7.2: Effective AR bandwidth and the corresponding resonance frequency for 

various cylindrical DRA configurations 

  
Reference 

[3] 
Rectangular 

half-loop 
Rectangular half-
loop, multilayer 

Effective AR 
Bandwidth (%) 4.5 7.61 8.5 

Resonance 
Frequency (GHz) 3.98 5.66 4.09 

Table 7.3: Effective AR bandwidth and the corresponding resonance frequency for 

various hemispherical DRA configurations 
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7.2 Future Work 

This research has demonstrated the ability of the proposed new excitation 

schemes to obtain wideband circular polarizations in conjunction with sufficient 

impedance matching bandwidths for each of the considered DRA configurations.  

For the future work, the following topics are worthy of further investigations; 

Due to limited cost and time constraint, each of the excitation schemes 

have been employed for the excitation of regular shaped DRAs. Thus, it would be 

interesting to see how the feeding methods fare in comparison with other 

published excitation schemes when used to excite irregular shaped DRAs such as 

staircase and trapezoidal geometries. Furthermore, it is possible to investigate the 

design of CP DRA using a square spiral slot excitation. From extensive review of 

earlier studies, this DRA configuration has never been done in contrast to the 

open loop slot excitation schemes.  Although this requires additional development 

of the existing complex MoM code, there is a very good potential of such feeding 

method to generate a wideband CP.  

The proposed excitation methods can also be used to feed DRAs with 

higher permittivities to investigate the possibility of achieving a CP radiation from a 

reduced size DRA. It is expected that such DRAs will offer narrower CP 

bandwidths in conjunction with a lower profile. Additionally, a further measure to 

reduce the CP DRA profile is to employ an artificial magnetic conducting (AMC) 

surface in conjunction with the proposed excitation approaches.  

Additionally, a better representation of curved geometries can be obtained 

using higher order RWG and SWG basis functions. The application of a more 

refined triangle and tetrahedron elements, as opposed to the flat elements used in 
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the first order basis function, leads to higher accuracy and less memory 

requirements for the solution of problem in 3-D. 
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APPENDIX A 
1. Code execution flowchart 
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2. Code segments of core modules 

2.1 Calculation of Surface Integrals 

 

i) Calculation using analytical formula 

Variables required for calculation of self integrals using analytical formula are 

shown in eq. (2-100) to (2-111) in chapter 2. For ease of understanding, the code 

is shown for each equation separately. 

_
ˆ

ii

ii
il 














          (2-100) 
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  ll ii
ˆ  


          (2-101) 

 

 

  iii uP ˆ0   


           where iii nlu ˆˆˆ                 (2-102) 

 

 

 

   220   iiii lPP 


        (2-103) 
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 
0

0
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ˆ
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ii
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ll
P

 
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


          (2-104) 

 

 

  2200 dPR ii            (2-105) 

 

 

  22 dPR ii  

                   (2-106) 

 

 

  ii rrnd ˆ                    (2-107) 
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The calculations of eq. (2-108) and (2-109) are not required since the eq. have 

already been determined in terms of 
i
 , 

i
  and  . Finally, using the variables 

derived previously, the self-integrals can be calculated by eq. (2-110) and (2-111) 


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S R
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
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ii) Calculation using Gaussian quadrature 

The Gaussian quadrature formula for surface integrals is shown in Table 2.1. As 

calculation of surface integrals does not significantly affect the computational time 

compared to volume integrals, maximum number of source points (i.e. np=7), has 

been used to maintain computational accuracy. The following code shows the 

calculation of surface integrals, based on the formula given in the table. 
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2.2 Calculation of Volume Integrals 

 

i) Calculation using analytical formula 

Variables required for calculation of self integrals (for volume integration) using 

analytical formula are shown in eq. (2-100) to (2-109) and (2-112) to (2113). The 

codes to calculate variables in eq. (2-100) to (2-109) have been shown previously. 
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ii) Calculation using Gaussian quadrature 

The Gaussian quadrature formula for volume integrals is shown in Table 

2.2. In order to ensure efficient calculation of the integrals, the formula is applied 

based on the separation distance between the source point, r ,and the 

observation point, r , i.e. rrR 


. In order to maintain the required accuracy, 

more number of points, np, is needed for smaller R. In this case, the number of 

points, np used in the calculation is 11. For the integrals calculation involving 

points separated by larger R, it is more efficient to use a smaller np since the 

solution yields results just as accurate as that obtained using a higher np. The np 

used for such cases are 1 and 5. 

 

 If R > 0.2 λ, then np=1 is used 

 



 
 
Appendix A                                                                                                                      210 
 
 If 0.1 λ <R < 0.2 λ, then np=5 is used 

 

 

 If R < 0.1 λ, then np=11 is used 
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3. Instructions on running the programs   

Mesh antenna structure using GiD 

 

Run a FORTRAN program called ‘RWG SWG.for’ to obtain  

the antenna’s input impedance and current distribution 

 

Run a FORTRAN program called ‘Far Field.for’ to obtain  

the far-field antenna parameters  

 

i) Mesh antenna structure using GiD 

o Mesh dielectric volume into small tetrahedrons and surface metal into small 

triangles. 

o Collect information about the mesh. Record the data describing  

 nodes and coordinates as ‘I – <DRA shape> <Number of tetrahedrons> 

Nodes.dat’ 

Node number  Coordinate in x  Coordinate in y  Coordinate in z 
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 metal triangles and nodes as ‘I – <DRA shape> <Number of 

tetrahedrons> Metal.dat’ 

Triangle Number                 Node Numbers 

 

 boundary triangles and nodes as ‘I – <DRA shape> <Number of 

tetrahedrons> Boundary.dat’ 

Triangle Number                 Node Numbers 
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 tetrahedrons and nodes as ‘I – <DRA shape> <Number of tetrahedrons> 

Dielectric.dat’ 

Tetrahedron Number                 Node Numbers 

 

ii) Run a Fortran program called ‘RWG SWG.for’ 

o Ensure the mesh input files are located in the same folder as this Fortran 

program. 

o Run the program. Enter inputs as requested by the program such as the 

operating frequency range, permittivity of dielectric and antenna mode of 

operation. 

o The important outputs from this program are the antenna’s 

 Input impedance, saved as ‘O – Zin.dat’ 

       Real part of Zin      Imaginary part of Zin 
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 Current Distribution, saved as ‘O – Current.dat’ 

Real part of current  Imaginary part of current 

 

 

 

 

 

 

 

ii) Run a Fortran program called ‘Far field.for’ 

o Ensure the output files from the previous program, i.e. ‘O – Zin.dat’ and ‘O – 

Current.dat’ are located in the same folder as this Fortran program. 

o Run the program. Enter inputs as requested by the program such as the 

operating frequency, permittivity of dielectric and far-field plane orientation. 

o The outputs from this program are the far-field parameters of  

 Eθ and EΦ, saved as ‘O – Eth(polar).dat’ and ‘O – Eph(polar).dat’ 

 ER and EL, saved as ‘O – ER(polar).dat’ and ‘O – EL(polar).dat’ 

 Axial Ratio, saved as ‘O – AR.dat’ 

 Gain, saved as ‘O – Gain.dat’ 

 

 

Current 
associated 
with each 
basis function 


