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Abstract: - In this paper, antireflection coating is designed for helical and loop antennas depending on the 
variable of refractive indices for microwave  region of electromagnetic spectrum by use characteristic matrix 

method in computer program MATLAB version 7. helical antenna works within the range({3.12-6.66}x108nm ( 

it has copper as a substrate . The results shows that, for the normal incidence, the reflectance of copper reduced 

from (17.38%)  to (0.1065%) when coated by two layer MgO and BeO as low and high index coating materials 

respectively according to the design [Air/LH/Cu]. Also the effect of angle of incidence on the reflectance 

spectrum of this design are investigate.And loop antenna works within the range({3.48-9.67}x108nm  ( it has 

zinc as a substrate . The results shows that, for the normal incidence, the reflectance of zinc reduced from 
(11.11%)  to (0.06242%) when coated by the layer SiO2according to the design [Air/L/Zn].  The results shows 

that the reflectance are increases with shifting toward shorter wavelengths. 
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I. INTRODUCTION 

    Microwaves are a form of electromagnetic radiation with frequencies ranging from several hundred 

MHz to several hundred GHz and wavelengths ranging from approximately 1 to 20 centimeters. Because of 

their high frequencies, microwaves have the advantage of being able to carry more information than ordinary 

radio waves and are capable of being beamed directly from one point to another[1].The majority of today’s 

applications of  microwave technology are to wireless networking and communications systems, wireless 

security systems, radar systems, environmental remote sensing, and medical systems[2]. antennas are considered 
the device used in wireless communications, A metal device used for the transmission and receiving of 

electromagnetic waves, and this device one of the most commonly used devices and widespread because his 

applications in military and peaceful purposes. Antennas made of metals that have a high conductivity, such as 

aluminum, copper, iron, gold, etc., and gold is used in small antennas, such as those used in mobile and satellite 

working in the frequency range of the microwave (Microwave Band)When the transmitter is antennas converts 

electrical waves coming forth to electromagnetic waves spread from there to the outer perimeter and when the 

receiver is receiving antennas to receive electromagnetic waves and convert them after a number of operations 

to electric waves [3] , and lead antennas its highest efficiency and less loss of signal, and classified antennas 

based on factors, including the frequency and polarization and radiation and design,There are several types are 

used for different purposes, including antenna parabola (Parabolic antenna), grid (Grid antenna), spiral (Helical 

antenna), loop (Loop antenna), yagi (Yagi antenna) and horn (Horn antenna) and other types[4] .  

When the electromagnetic wave is incident on plane surface bonding two substances of indices n and n¯, this 
wave suffer absorption A, reflection R, dispersion S and transmittance T , according to Equation (1)[5]: 

T+R+A+S=1                                                    (1) 

This is the law of conservation of energy, when the materials are homogeneous and flat surfaces, the dispersion 

can not happen and when use thin films,  the absorbance neglected because  small thickness of films and the 

equation(1) becomes[6]: 

                           (2) T = 1                            + R 

The phenomena of reflection and transmission are important for many scientific applications ,the 

amount of radiation reflected or transmitted  based on a set of optical properties such as the refractive index of 

the two mediums and the wavelength of the incident beam and the angle of incidence in addition to the quality 

of the surface material (metal or dielectric)[7,8]. Designed to reduce the  transmitted waves reflective coatings, 

multilayer optical thin film coating has extensively been used for reflectivity modulation in various optical and 
optoelectronic components [9] , It’s has a wide range of applications, such as displays; camera lenses, mirrors, 

and filters; eyeglasses; mirrors, laser windows, and polarizes; optics of photocopiers and compact disks; optical 

communications; home appliances, such as heat reflecting oven windows [9,10], to reduce the large losses in the 

amount of transmitted radiation designed anti-reflective coatings and with use  thin-film technology to reduce 

the energy lost,The areas of application for ARCs can be divided in two main categories: applications in which 

the ARC is used for aesthetic purposes and applications in which the ARC is used to improve the efficiency of 

devices. Examples of the first category are eye glasse,   museum and picture glass and displays [11–14]. 

Examples of the second category are lenses and devices that convert electromagnetic waves to electricity and 
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vice versa, like antennas [11,12,15–20]. Much attention has been paid in recent literature to the use of ARCs in 

such solar and lighting devices [21].increase or decrease the reflectivity depends on the principle of constructive 

and destructive interference respectively, interference construction occurs when the rays reflected from the 
surfaces of thin films in the same phase, constructive interference occurs when the rays reflected  in the different 

phases[1]. 

 

II. THEORETICAL BASIS 

The Fresnel amplitude reflection coefficient (r) for an interface between two Non-absorbing media at normal 

incidence can be represented by the following equation [22]: 

 

(3                     )=
𝑛°−𝑛1

𝑛°+𝑛1
 𝑟 

where no is the refractive index of the incident medium and ns is the refractive index of the substrate. The 

reflectance R, given by[23]: 

 
R=rr*                                  (4) 

 

from equation (3), equation (4) becomes: 

𝑅 = (
𝑛°−𝑛1

𝑛°+𝑛1
)2

                        (5)          

Became possible expression about system consists of several layers by Characteristic matrices , a square matrix 

(2x2), which describes the characteristics of the each flim and the angle of incidence and polarization pattern, of 

the form: 

 𝑀𝑗  =  
𝑐𝑜𝑠 𝛿𝑗 𝑖 𝑠𝑖𝑛 𝛿𝑗 /𝜂𝐿

𝑖𝑛𝐿 𝑠𝑖𝑛 𝛿𝑗 𝑐𝑜𝑠 𝛿𝑗
                                         (6) 

where ηj is the effective refractive index of the layer, δj is its phase thickness,for assembly of layers (Z) , the 

characteristic matrix become[24]: 

                  

                 𝐵
𝐶
 =   𝑍

𝑟=1  
𝑐𝑜𝑠 𝛿𝑟 𝑖 𝑠𝑖𝑛 𝛿𝑟 /𝜂𝑟

𝑖𝑛𝐿 𝑠𝑖𝑛 𝛿𝑟 𝑐𝑜𝑠 𝛿𝑟
  1

𝜂𝑆𝑢𝑏
                          )7)          

 

where  𝜂𝑟 =  𝑛/ 𝑐𝑜𝑠 𝜃    for P-polarization ,𝜂𝑟 =  𝑛 𝑐𝑜𝑠 𝜃   for S-polarization , B and C are the total electric and 

magnetic field amplitudes. 

 

𝛿
𝑟

=   
2𝜋𝑛𝑟𝑑𝑟 cos 𝜃𝑟

λ
                                             (8) 

nrdr: optical thickness for layer. The multilayer can be replaced by a single surface, which has an input optical 

admittance Y given by (Y= B / C) ,Y is the admittance presented to the 

incident wave by the coating. equation(8) include all information for assembly of multilayer, reflectivity and 

transmittance can obtained for oblique incident of wave from two following equation[25]: 

 

𝑅 = (
𝜂𝜊𝐵−𝐶

𝜂𝜊𝐵+𝐶
)(
𝜂𝜊𝐵−𝐶

𝜂𝜊𝐵+𝐶
)*                                                       (9) 

  

 

𝑇 =
4𝜂𝜊  𝑅𝑒 (𝜂𝑠𝑢𝑏 )

 𝜂𝜊𝐵+𝐶  𝜂𝜊𝐵+𝐶  ∗
                              (10)                   

 

III. RESULTS AND DISCUSSION 
We design a computer program using MATLAB version 7 to calculate and reduce the reflectivity for 

helical and loop antenna which works as receiving antenna within microwave. This program depends on 

refractive index of materials (coating), number of layers and incident angle. 

At first for helical antenna, it works within the range({3.12-6.66}x108nm  ( . we use copper as a substrate .For 

the normal incidence, the reflectance of Cu as a function of wavelength are shown in figure (1). It show that the 
reflectance (R~17.38 %). MgO and BeO using as low and high index coating materials, the design [Air / LH 

/Cu]  have minimum reflectance (high transmittance) at design wavelength as show in figure(2). So, we using 

this design to study the effect of angle of incident and on the performance of this design. Figure (3-6) shows the 

effect of angle of incident on the reflectance as a function of wavelength. 
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Figure 1: Reflectance as a function of wavelength of Copper from air. 

 
Figure 2: Reflectance as a function of wavelength of the design Air / LH /Cu , nL =1.71, nH=2.58, nsub=2.43, 

λo=5x108 nm, normal incidence (θo=0 ͦ). 
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Figure 3: Reflectance as a function ofwavelength of 

the design Air / LH /Cu, nL =1.71,nH =2.58 , 

nsub=2.43, λo=5x108 nm, oblique incidence (θo=15 ͦ). 

 
Figure 4: Reflectance as a function of 

wavelength of the design Air / LH /Cu, nL 

=1.71, nH =2.58 ,nsub=2.43, λo=5x108 nm, 

oblique incidence (θo=30 ͦ). 
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Table 1: Varying effect angle of incidence on the design Air / LH /Cu for helical antenna 

Reflectance 

R% 

Wavelength 

 ) x10
8

 )nm 

Angle of 

incidence 

Substrate Coating 

materials 

Number of 

figure 

=0.1065 (4.578) 

 

0º Copper  BeO 

MgO 

2 

S=0.1647 

P=0.06103 

(4.84) 

4.84) )

15º Copper  BeO 

MgO 

3 

S=0.4648 

P=0.0008225 

(4.692) 

4.692)) 

30º Copper  BeO 

MgO 

4 

S=1.071 

P=0.1454 

(4.55-4.564) 

(4.55) 

40º Copper  BeO 

MgO 

5 

S=1.657 
P=0.4022 

(4.479) 
(4.472) 

45º Copper  BeO 
MgO 

6 

 

for loop antenna, it works within the range({3.48-9.67}x108nm(. we use zinc as a substrate. For the normal 

incidence, the reflectance of Zn as a function of wavelength are shown in figure (7). It show that the reflectance 

(R~11.11 %). SiO2 using as low coating materias, the design [Air / L /Zn]  have minimum reflectance (high 

transmittance) at design wavelength as show in figure(8). So, we using this design to study the effect of angle of 

incident and on the performance of this design. Figure (9-12) shows the effect of angle of incident on the 

reflectance as a function of wavelength. When angle of incidence increase the reflectance increase with shift 

toward shorter wavelengths, this shift may be as result of varying the optical thickness of layer due to the 

oblique incidence of plane electromagnetic wave. 

 
Figure 7: Reflectance as a function of wavelength of Zinc from air 
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Figure 5: Reflectance as a function ofwavelength of 

the design Air / LH /Cu, nL =1.71,nH =2.58 , 

nsub=2.43, λo=5x108 nm, oblique incidence (θo=40 ͦ). 

 

 
Figure 6: Reflectance as a function 

ofwavelength of the design Air / LH /Cu, nL 

=1.71,nH =2.58 , nsub=2.43, λo=5x108 nm, 

oblique incidence (θo=45 ͦ). 
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Figure 8: Reflectance as a function of wavelength of the design Air / L /Zn , nL =1.45,   nsub=2, λo=6.575x108 

nm, normal incidence (θo=0 ͦ). 

 

 
Figure 9: Reflectance as a function of wavelength of 

the design Air / L /Zn, nL =1.45, nsub=2, 

λo=6.575x108  nm, oblique incidence (θo=15 ͦ). 

 

 
Figure 10: Reflectance as a function of 

wavelength of the design Air / L /Zn, nL =1.45, 

nsub=2, λo=6.575x108  nm, oblique incidence 

(θo=30 ͦ). 
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Figure 11: Reflectance as a function of wavelength 

of the design Air / L /Zn, nL =1.45, nsub=2, 

λo=6.575x108  nm, oblique incidence (θo=40 ͦ). 

 

 
Figure 12: Reflectance as a function of 

wavelength of the design Air / L /Zn, nL =1.45, 

nsub=2, λo=6.575x108  nm, oblique incidence 

(θo=45 ͦ). 

 

 

Table 2: Varying effect angle of incidence on the design Air / L /Zn for loop antenna 

Reflectance 

R% 

Wavelength 

 ) x10
8

 )nm 

Angle of 

incidence 

Substrate Coating 

material 

Number of 

figure 

=0.06242 (6.575) 

 

0º Zinc SiO2 8 

S=0.09212 

P=0.03852 

(6.464) 

6.464) )

15º Zinc SiO2 9 

S=0.2471 

P=0.000218 

(6.166) 

6.191)) 

30º Zinc SiO2 10 

S=0.577 

P=0.06822 

(5.894) 

(5.894) 

40º Zinc SiO2 11 

S=0.09212 
P=0.03852 

(5.77) 
(5.733-5.746) 

45º Zinc SiO2 12 

 

IV. CONCLUSION 
The results obtained from this work are essential in the design of antireflection coating for helical and 

loop antennas  to minimize the reflectance of received radiation. coating of helical antenna MgO and BeO  as 

low and high index coating materials respectively according to the design [Air/LH/Cu] gives the best ruslt 

R=0.1065% at θ=0°, R=0.46480.2471 % for S-Pol and R=0.0008225 % for P-Pol at θ=30º. coating of loop 

antenna SiO2  low index coating material according to the design [Air/L/Zn] gives the best ruslt R=0.06242% at 

θ=0°, R=0.2471% for S-Pol  and R=0.000218% for P-Pol at θ=30º. when the incident angle of 

radiation increase the reflectance increase for both TE- mode (S- Polarization) and TM- mode (P- Polarization) 
due to oblique incidence which leads to varying in optical thickness of layers of suggested design with shifting 

to the reflectance spectrum toward shorter wavelength region. 
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