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Abstract 
The present article is a theoretical contribution to the comparative study of a single layer electromagnetic 

shielding efficiency of high density polyethylene/trioxide of vanadium (HDPE/V2O3) and low density 

polyethylene/trioxide of vanadium (LDPE/V2O3) conductive polymers composites in near and far field. This 

study was realized over a wide range of frequency (50MHz-50GHz). To this effect, the volume fraction of the 

conductive inclusions is fixed. This volume fraction leads an electrical conductivity which verifies the condition 

of a good conductor (ζ/ωε0>>1).The thickness of the shield was chosen superior to the depth of penetration of 

the electromagnetic wave. In these conditions the multi- reflections are neglected. 

 

Keywords:Conducting polymer composites, electromagnetic shielding, attenuation due to the absorption, global 

efficiency, attenuation due to the refletion. 

 

Introduction 
Due to their low specific mass, easiness of synthesis, the possibility to modulate easily the electronic properties 

from insulating to conducting materials through chemical process, low cost and processability, conducting 

polymers composites are attractive materials for use in many fields of engineering such as solar cellule, 

antistatic media, light-emitting diode (LED), thermal fuses, shielding for electromagnetic interference of 

electronic devices [1-5].The development of digital communication technologies in modern industry has led to 

the use of high performance electrical apparatus and the use of them has been causing electromagnetic 

environmental pollution called electromagnetic shielding [6-11]. 

Electromagnetic interferences have become an important problem due to the proliferation military, commercial 

and scientific electrical devices. The problem of protection against electromagnetic radiation has a very 

important technical aspect concerning a reduction in the level of reciprocal interference of electronic 

instruments [12,13]. Furthermore, an even more important element of protection against electromagnetic 

radiation is the social aspect: the health protection of persons present in vicinity equipment emitting EMR with 

an appropriate power and frequency, and exposed to its prolonged effects [1, 14-18]. Conducting polymers 

composites like polyaniline-polyurethane (PAni/PU), polypropylene filled with copper particles (PP/Cu) and 

polyethylene high and low density filled with trioxide of vanadium inclusions conducting are very promising for 

applications in electromagnetic interference shielding [19-23]. 

The present work is a theoretical contribution to the comparative study of electromagnetic shielding efficiency 

of polyethylene high and low density filled with trioxide of vanadium conducting inclusions (HDPE/V2O3) and 

(LDPE/V2O3) in near and far field. 

 

1. Theoretical background 
When an electromagnetic wave arrives to the surface of a shield material, three physical phenomena can occur: 

reflection, absorption and transmission of the incidental electromagnetic wave (figure 1).  

Reflection is often the primary mechanism of shielding. To shield by reflection, the material must have mobile 

charge carriers. The second important mechanism is the absorption it depend on the thickness of the shield. For 

absorption of the radiation by the shield, the shielding materials have electrical or magnetic dipoles which 
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interact with the electromagnetic wave [3,4,8,9,11]. The last mechanism is the multiple-reflections; it represents 

the internal reflection within the shielding material. 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

  

  

 

Figure1: Schematic showing electromagnetic shielding. 

 

The plane wave shielding theory defines the shielding efficiency SE (dB)[1,25-31] as 

 

𝑆𝐸 𝑑𝐵 = 𝑆𝐸𝐴 𝑑𝐵 + 𝑆𝐸𝑅 𝑑𝐵 + 𝑆𝐸𝑀(𝑑𝐵) (1) 

 

Where 𝑆𝐸𝐴 is the absorption loss, 𝑆𝐸𝑅is the reflection loss and 𝑆𝐸𝑀  is a term which takes into account the loss 

caused by multiple reflections inside the shield. 

 

2. Results and discussion 
In this work, we have examined the effect of frequency source on the electromagnetic shielding in near and far 

field. This study was realized over a wide range of frequency (50 MHz-50 GHz). To this effect, the volume 

fraction of the conductive inclusions of trioxide of vanadium is fixed to 34.4% in the case of (HDPE/V2O3) 

composite conducting polymer and to 42.4% in the case of (LDPE/V2O3). This volume fraction leads, 

respectively, an electrical conductivity of 25.84 s/cm and 5.52 s/cm which verifies the condition of a good 

conductor (ζ/ωε0>>1) [24-27]. The thickness of the shield (d=3.10
-3

 m) was chosen superior to the skin depth δ. 

In these conditions, the loss due to the multiple reflections is neglected. The electromagnetic interference 

shielding efficiency se can be expressed as summation of the initial reflection loss (R) and absorption loss (A). 

Attenuation due to the absorption 

In near and far field, the attenuation due to the absorption is given by[28]: 

 

𝑆𝐸𝐴 = 20 log  𝑒
𝑑

𝛿                                                                                          (2) 

 

Attenuation due to the reflection  

 

𝑆𝐸𝑅 = 10 log  
𝐶2𝜎

16𝜔𝜀 𝐾𝑟 2  near field                                                             (3) 

 

𝑆𝐸𝑅 = 10 log  
𝜎

16𝜔𝜀
 far field                                                                      (4) 

Global efficiency 

𝑆𝐸 = 20 log  𝑒
𝑑

𝛿 + 10 log  
𝐶2

16𝜔𝜀 𝐾𝑟 2  near field   (5) 
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𝑆𝐸 = 20 log  𝑒
𝑑

𝛿 + 10 log  
𝜎

16𝜔𝜀
  far field                                                (6) 

 

Where  

δ = (2/ωμζ)
0.5 

is the skin depth 

ω=2πf: angular frequency 

C=2.99 10
8
 (m/s): velocity of light 

d: thickness of the shield 

r: source to shield distance 

Z0=377Ω: free-space wave impedance 

K=(2π/λ): module of wave vector 

ε=εrε0: electrical permittivity 

εr: relative permittivity 

ε0 =8.854 10
-12

(F/m) permittivity of free space 

 

2.1. Case of (HDPE/V2O3) composite conducting polymer 

Figures (2a), (2b) and (2c) show evolutions of the absorption, reflection and overall efficiency of the 

electromagnetic shielding in the frequency range 50MHz-50GHz for an (HDPE/ V2O3) screen in near and far - 

field regions. These data confirm that magnitudes of overall efficiency due to the absorption increases in the 

range 18.54:586.51dB and unlike the reflection which decreases when the source frequency increases from 

50MHz to 50GHz. This is explained by the fact that when an electromagnetic wave penetrates a material 

medium, a part of its energy is transferred to the matter in a form of Foucault current. As a consequence, the 

heat of the screen creates decay in magnitudes of electromagnetic fields.  However, we can underline in this 

study that the attenuation of the reflection from 89 dB to 1 dB is more important in near-field than the one in 

far-field. The reflection being related to the index variation in the vicinity of an interface; i.e., it depends on 

impedances of the surface material and of the incident field defined by the ratio, E/H. In addition, the evolution 

of the overall efficiency in a dependence frequency specified below is clearly distinguished between the near-

field and the far-field. The synthesis reported to these results is that the screen is more efficiency in near-field 

than in far-field. Furthermore, in the two regions, the overall efficiency of the attenuation is more important than 

in the reflection. In low frequencies, and near-field, a screen shield in HDPE/V2O3 is more efficient, because it 

absorbs an electromagnetic radiation in a high proportion compared to the reflection.  
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Figure 2a: Variation of attenuation due to the absorption as a function of frequency for (HDPE/V2O3) 

conducting polymer composite in near and far field. 
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Figure 2b: Variation of attenuation due to the reflexion as a function of frequency for (HDPE/V2O3) conducting 

polymer composite in near and far field 
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Figure 2c: Variation of electromagnetic shielding efficiency as a function of frequency for (HDPE/V2O3) 

conducting polymer composite in near and far field. 

 

2.2. Case of (LDPE/V2O3) composite conducting polymer 

Figures (3a), (3b) and (3c) show respectively the variation of attenuation due to the absorption, attenuation due 

to the reflection and electromagnetic shielding efficiency as a function of frequency for (LDPE/V2O3) screen in 

near and far field regions over a wide range of frequency (50MHz-50Ghz). From these figures, we can see an 

increase of the attenuation due to the absorption, the electromagnetic shielding efficiency and a decrease of the 

attenuation due to the reflection. This is explained by the fact that when an electromagnetic wave penetrates a 

material medium, a part of its energy is transferred to the matter in a form of Foucault ‘current. As a 

consequence, the heat of the screen creates decay in magnitudes of electromagnetic fields. The heat of the shield 

creates decay in magnitudes of electromagnetic fields. However, we can underline in this study that the 

attenuation of the reflection from 83.20 dB to 0.22 dB is more important in near –field than the one in far-field. 
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Figure 3a: Variation of attenuation due to the absorption as a function of frequency for (LDPE/V2O3) 

conducting polymer composite in near and far field. 
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Figure 3b: Variation of attenuation due to the reflexion as a function of frequency for (LDPE/V2O3) conducting 

polymer composite in near and far field. 
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Figure 3c: Variation of electromagnetic shielding efficiency as a function of frequency for (LDPE/V2O3) 

conducting polymer composite in near and far field. 
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Conclusion 
In the present work, we have down a comparative study between electromagnetic shielding based on the 

conductor polymers composites in near-field and far-field. This study allows us to make the effect frequency on 

the shielding electromagnetic efficiency of a screen based on the composite polymers (HDPE/V2O3) and 

(LDPE/V2O3). The obtained results reveal that for the above screens the attenuation due to the absorption is 

important for high frequency waves. The attenuation due to the reflection depends on the frequency of the 

electromagnetic source, i.e., it is more important in near-field than in far-field. In the latter regions far-field), the 

contribution of the overall efficiency of the attenuation due to the absorption is more substantial than the one of 

the reflection. The tow screens investigated absorb all the electromagnetic radiation; the reflected one is weak. 

In high frequencies the discrepancy between the overall efficiency becomes weak in near and far-fields. 
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