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Abstract: In this study, numerical analysis of scattering from a dielectric-coated metallic reflector is presented. The reflector has a 

parabolic cross-sectional cylindrical geometry. Radiation patterns and aperture efficiency parameters are analyzed using physical 

optics. A complex source point located at the focal point of the parabolic reflector is used as the source of radiation. The dielectric-

coated metallic reflector is considered as an antenna, and an impedance boundary is utilized. The effects of coating on radiation 

patterns are analyzed in terms of dielectric thickness and dielectric permittivity. Numerical results are presented for various 

parameters, including dielectric permittivity, dielectric layer thickness, complex source point width, and focal distance. 
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1. Introduction 
In antenna design, reflector antennas have been widely 

used in applications such as satellite communications, 

radio astronomy, remote sensing, and radar (Rahmat-

Samii and Haupt, 2015; Lu and Qu, 2023). Among 

reflector antennas, the parabolic reflector is the most 

preferred type due to its improved overall radiation 

characteristics (Balanis, 2016). Parabolic reflectors 

exhibit lower sidelobes and higher beam efficiencies 

compared to other reflectors (Wu et al., 2016). 

However, in parabolic reflector antennas with fixed 

geometry, the performance depends on the feeder 

located along the focus axis of the reflector. Adjusting the 

focal length is crucial for achieving higher gain. 

Unfortunately, locating the feeder causes aperture-

blocking effects, negatively affecting the radiation 

patterns and gain of the antenna (Qudrat and Shafai, 

2012). To increase the gain of the antenna, a common 

and simple approach is to add a perfect electric 

conductor (PEC) on the reflector surface (Ge et al., 2018; 

Chang et al., 2021; Wu et al., 2021). Additionally, a high 

focal-to-diameter (f/D) ratio enables a high aperture 

efficiency for the reflector antenna (Galuscak et al., 2018; 

Granet  et al., 2005; Wang et al., 2020). 

It is worth mentioning that the characteristics of reflector 

surfaces also significantly impact the radiation properties 

of antennas. Impedance surfaces find considerable 

applications in the modeling of reflector antennas in 

optics and electromagnetics studies (Bhattacharyya, 

1995). Many studies have presented the scattering from 

impedance surfaces (Kuyucuoglu et al., 2014; 

Maliuzhinets, 1959; Tiberio et al., 1985; Volakis, 1986; 

Umul, 2006; Umul, 2007, Bie et al., 2023). 

In this study, scattering from a dielectric-coated perfectly 

electric conductor (PEC) cylindrical parabolic reflector 

antenna is analyzed. The complex source point is used as 

the feed and is located at the focus of the reflector. 

Impedance boundary conditions are utilized, and the 

physical optics (PO) method is used to obtain the 

radiation pattern, as explained in (Umul, 2008). The 

impedance of the surface is evaluated using the 

expressions given in (Bleszynski et al., 1993) as 

impenetrable thin layer systems. 

By using the PO method, the surface integrals are 

evaluated asymptotically. The performance of the 

reflector is analyzed for several dielectric thickness and 

focal length parameters. Throughout the paper, a time 

factor exp(-jt) is used and omitted. 

 

2. Materials and Methods 

The cylindrical parabolic reflector antenna shown in 

Figure 1 is fed by a complex source point (CSP), with the 

feed located precisely at the focus (f) of the parabolic 

reflector. The aperture of the reflector is represented by 

the symbol D. The antenna is constructed using infinitely 

thin PEC (Perfect Electric Conductor) material, and this 

PEC material is coated with a dielectric material. The 

antenna lies on the x-y plane and extends infinitely in the 

z-axis direction. The cross-sectional shape of the reflector  

is parabolic, and the feed is precisely placed at the focus 

of this parabolic geometry. 
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Figure 1. Problem geometry 

 

In the case of E-polarization, electric and magnetic field 

components are taken as Ez, Hx and Hy respectively. If we 

choose Ez as the basic component and denote it, complex 

source point can be expressed as (equation 1): 
 

𝑈𝑖𝑛(𝑟) = 𝐻0
(1)

(𝑘0𝑟 − (𝑟0⃗⃗⃗⃗ + 𝑖�⃗⃗�)) (1) 
 

where 𝐻0
(1)

 is the Hankel function of the first kind, 𝑟 is the 

position vector,  𝑟0⃗⃗⃗⃗  is the real source   position vector of 

the CSP, b is the aperture width of the CSP and 𝑘0 is the 

wavenumber in free space.   

In order to model the surface of the reflector, 

impenetrable boundary condition is utilized. We can 

write the impedance of the sheet face in (equation 2) as 

described in (Bleszynski et al., 1993) for nonmagnetic 

materials. 
 

0
0tan( )r

r

Z
Z i k d


 

 
(2) 

 

In equation (2), the variable d is defined as the thickness 

of the dielectric coating, and εr is the relative dielectric 

constant of the material. 

After defining the feed and antenna impedance, the next 

step is to write the sum of the scattered field and the 

incident field using the physical optics as in Equation (3). 

The integral for the electrical line source and impedance 

surface in this equation is described in detail in (Umul, 

2008). However, for the current study, this theory is 

being modified to account for a complex source point 

feed and several coatings on the PEC reflector. 

The physical optics method takes into consideration the 

effects of the complex source point feed and the multiple 

dielectric coatings on the reflector's surface. These 

modifications allow for a more accurate representation 

of the radiation pattern and characteristics of the 

reflector antenna. The scattering and radiation behavior 

are now computed considering the presence of the 

complex source point and the interactions with the 

impedance surface of the dielectric-coated reflector. 

By incorporating these modifications into the theoretical 

framework, the study aims to obtain a comprehensive 

understanding of the antenna's performance when fed by 

a complex source point and coated with various dielectric 

materials. The detailed analysis presented in (Umul, 

2008) for the electrical line source and impedance 

surface is extended and adapted to suit the current 

scenario with a complex source point and multiple 

coatings on the PEC reflector. 
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In equation (3), total field expression is given where 

𝛼 = (
𝜋

2
) − (

∅′

2
) , 𝑟′(∅′) = 𝑓/𝑐𝑜𝑠2(

∅′

2
), f is the focal length 

of reflector, Z0 is the free space impedance, ∅0 is the 

angle of the aperture of the reflector. CSP is located at the 

focus where we can write 𝑟0⃗⃗⃗⃗ = 0. 

After obtaining total fields, forward directivity (D0) is 

calculated taking the integral of total field given in 

Equation (3).  Besides, aperture efficiency can be 

calculated as in Equation (4) easily. 
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In the following section, antenna performance is 

presented with several coating thicknesses, CSP width, 

focal distances. 

 

3. Results and Discussion 

In the analysis, an impenetrable, impedance surface, 

parabolic reflector antenna is studied under E-polarized 

CSP (Complex Source Point) illumination. All metric 

parameters are given in terms of free space wavelength 

(λ0). 

Initially, the total radiated field is calculated for a PEC 

reflector with dielectric coatings with various 

thicknesses. The variation of the total field is presented 

in dB scale in Figure 2. For this calculation, the width of 

the CSP (kb) is chosen as 3 and the aperture width of the 

antenna (D) is selected as 10. The focus of the parabolic 

reflector is set at 5. 

Several coatings are considered for the reflector antenna. 

Specifically, tantalum oxide with εr=20 and silicon with 

εr=11.7 are investigated. This study examines the impact 

of different dielectric thicknesses (d) on the levels of 

backside radiation. 

As shown in Figure 2, for the tantalum oxide coating 

(εr=20) with 0/200 thickness case, minimum backside 

radiation occurs. However, as the magnitude of the 

impedance of the dielectric coating increases, higher 

levels of backside radiation are observed between 120° 

and 180°. Front side radiation levels are nearly the same 

for all the cases under investigation. In order to prove the 

correctness of the backside radiation of PO, method of 

analytical regularization (MAR) results are used for 

comparison purposes. It can be seen that, front side 

radiations are nearly same for PO and MAR as expected 

but small deviations are observed at the backside region.    

The results of the analysis highlight the importance of the 

dielectric coating and its thickness in shaping the 

radiation pattern of the reflector antenna. Different 
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dielectric materials with distinct permittivity values yield 

varying levels of backside radiation, while the front side 

radiation remains relatively consistent. These findings 

contribute to a deeper understanding of the antenna's 

performance and may guide the selection of suitable 

dielectric coatings for desired radiation characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Total radiated fields (normalized) of the reflector in dB versus observation angle in degrees (f=5, D=10, kb=3) 

 

If we wish to observe the effect of the dielectric coating 

for various parameters, we can refer to Figure 3. In this 

figure, the total radiated fields are plotted for several 

cases with different dielectric and coating thickness 

values.  

The problem parameters are chosen as follows: the focal 

length (f) is 5 or 7, the aperture width (D) is 10, the width 

of the complex source point (kb) is 5 or 7, and the 

dielectric thickness (d) is 0/50 or 0/25 . 

As depicted in Figure 3, the back radiation levels of the 

coated cases (PEC coated with silicon and PEC coated 

with tantalum oxide) are different from each other. This 

difference is because the impedances of the surface with 

these coatings, kb values and focal lengths are different. 

As expected, choosing thin and higher permittivity 

coating reduces radiation at the backside of the reflector 

antenna. MAR results are also plotted to prove the 

correctness of PO results. Small deviations occurred at 

the backside as expected. Front side sidelobes are nearly 

same for PO and MAR.   

These results provide valuable insights into the impact of 

dielectric coatings on the antenna's radiation pattern, 

particularly with regard to tune backside radiation. The 

difference of the impedance values for the two coatings 

may indicate that, under the specified parameters, the 

choice of either silicon or tantalum oxide as the dielectric 

material will yield different back radiation reduction 

effects. Further analysis and parameter exploration may 

help in understanding the nuances and optimizing the 

performance of the reflector antenna for specific 

applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Total radiated fields (normalized) of the reflector in dB versus observation angle in degrees 

 

After obtaining the directivity of the antenna using the 

radiation pattern distribution, the aperture efficiency is 

calculated as described in equation (4). In this context, 

the antenna is coated with tantalum oxide, with a relative 
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permittivity of εr=20. The antenna aperture width is 

D=10, and the thickness of the coating is chosen as 1/100 

of the wavelength (d=0/100). 

The analysis explores how changing the focus of the 

reflector affects the aperture efficiency, and the results 

are presented in Figure 4. Three different values of focal 

length (f) are considered: f=3, f=5, and f=7. 

When f=3, the aperture efficiency slowly increases and 

reaches its maximum value around kb=1, then it starts to 

decline as kb increases. On the other hand, when f=5, the 

antenna exhibits low aperture efficiencies at low kb 

values, but the maximum aperture efficiency is higher 

than that of f=3, occurring around kb=2. The highest 

aperture efficiency is obtained when f=7, and it gradually 

increases up to kb=5. 

These results indicate that the focal length of the 

reflector significantly impacts the aperture efficiency of 

the antenna. Different focal lengths lead to distinct 

patterns of aperture efficiency variation with respect to 

kb. The focal length of f=7 yields the highest overall 

aperture efficiency, while different focal lengths may 

exhibit varying trends in aperture efficiency behavior as 

a function of kb. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Aperture efficiency versus CSP width (kb) (D=10, r=20, h=0/100) 

 

We present the variation of aperture efficiency versus 

focal distance for several CSP widths (kb) in Figure 5. 

Problem parameters are D=10, d=0/100 and εr=20. 

Based on the results, we can observe that for all kb cases, 

the aperture efficiencies are low when the focal distance 

is f=1. As the focal distance increases, the aperture 

efficiency gradually improves, reaching its maximum 

value at certain focal distances, and then it starts to 

decrease. 

This trend indicates that the focal distance plays a critical 

role in determining the antenna's aperture efficiency. For 

focal distances less than the optimum value, the antenna 

performance suffers, resulting in lower aperture 

efficiencies. However, as the focal distance increases 

beyond the optimum, the antenna's performance also 

degrades, leading to decreased aperture efficiency. 

It is essential to identify the optimal focal distance for a 

specific CSP width (kb) to achieve the highest aperture 

efficiency for the reflector antenna. Understanding these 

trends enables antenna designers to make informed 

decisions in selecting the appropriate focal distance, 

ensuring optimal performance for their intended 

applications. 

To examine the influence of relative permittivity on 

directivity and aperture efficiency, Figures 6(a) and 6(b) 

are instructive. In Figure 6(a) and (b), variations in 

directivity and aperture efficiency are presented for 

different thicknesses concerning the relative dielectric 

constant of the coating material. 

It's evident from these figures that higher thickness 

values result in lower directivity and aperture 

efficiencies. Conversely, reducing the coating thickness 

leads to higher directivities and enhanced aperture 

efficiencies. Furthermore, it can be noted that as the 

relative dielectric constant of the material increases, 

there is a significant decrease in directivity and aperture 

efficiency, particularly when the thickness is high. 

However, the effect of dielectric constant on directivity is 

relatively small when the thickness is low. 
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Figure 5. Aperture efficiency versus focal distance (f) (D=10, r=20, h=0/100) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Directivity and aperture efficiency versus relative dielectric constant (D=10, f=3, kb=3) 

 

In the final analysis, the impact of coating thickness is 

assessed for various dielectric constants, focal distances, 

and CSP width values, as illustrated in Figures 7(a) and 

(b). It is evident from these figures that the dielectric 

constant's effect on the coating becomes more dominant 

when the thickness is high. Reducing the thickness 

results in nearly identical directivity and aperture 

efficiency values for two different dielectric coatings. 

The highest directivities and aperture efficiencies are 

achieved when the focal distance (f) is set to 5 and the 

CSP width (kb) is 3, using a specific thickness. Decreasing 

the focal distance (f) while keeping kb constant leads to 

the expected results of reduced directivity and aperture 

efficiencies. 

In summary, these observations highlight the interplay 

between coating thickness, dielectric constant, focal 

distance, and CSP width in determining the performance 

of the system, with certain configurations yielding higher 

directivity and aperture efficiency values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Directivity and aperture efficiency versus thickness of coating 
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4. Conclusion 
The numerical investigation of a parabolic, cylindrical, 

dielectric-coated PEC reflector antenna's radiation 

performance yielded promising results. The study 

utilized the physical optics method to calculate radiated 

fields, total fields, and antenna efficiency parameters. The 

results demonstrated high aperture efficiency and 

tunable backside radiation levels achievable by changing 

the coating material on the reflector. 

One notable advantage of the study was the use of the PO 

method, which allowed for obtaining fast and accurate 

results in a significantly reduced computing time. This 

efficiency in computation is crucial in antenna design and 

analysis, as it enables researchers and engineers to 

explore various scenarios and optimize antenna 

performance effectively. 

The findings from this investigation can be leveraged in 

future studies to analyze the effects of different coatings 

on antenna performance. The ability to control backside 

radiation levels by varying the dielectric coating opens 

up possibilities for tailoring the antenna characteristics 

to suit specific applications. 

In conclusion, the research presented in this study 

provides valuable insights into the radiation behavior of 

dielectric-coated PEC reflector antennas. The use of the 

physical optics method contributes to faster and accurate 

simulations, making it a powerful tool for future antenna 

design and analysis studies involving coatings and other 

parameters. 
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