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Abstractð In this study, a MATLAB computer  program has been 

prepared and developed in three dimension views for computing 

the total shielding effectiveness (SE) as a function of both shield 

thickness and incidence angle to evaluate the optimum shield 

thickness that provide (90 and 120 )dB shielding effectiveness for 

both transverse electric (TE)  and transverse magnetic (TM) field, 

respectively. This investigation has been done using two sets of 

good conductor materials including non-magnetic materials 

[Copper and Aluminum] and a set of magnetic materials [Nickel 

and stainless steel] to identify which of them provide a thinner 

shield requirements for both TE and TM ï modes at center 
frequencies of (3 and 3000) MHz. 

Keywords-component; Electromagnetic wave shielding effectiveness. 

I.  INTRODUCTION  

Todayôs society is one that relies heavily upon technology. It 

could be said that todayôs society is living in an information 

age. Living in this information or technology age means that 

there is an ever increasing use of advanced technology on a 

daily basis for personal as well as professional use. This not 

only means computer technology and smart phones, but even 

some of the appliances used to prepare food. The increasing use 

of advancing technology can create problems. One big problem 

is called Electromagnetic Interference or EMI [1].  

       Common examples of EMI include disturbances in 

television reception, mobile communication equipment, 
medical, military, and aircraft devices, in which interference 

could disturb or jam sensitive components, destroy electric 

circuits, and prompt explosions and accidents [2]. Therefore, as 

the development in commercial, military, scientific electronic 

devices and communication instruments become more 

complex, the need to protecting them against unwanted 

electromagnetic interference (EMI) becomes more urgent [3]. 

The shielding materials prevent interference, from external 

fields, with the operation of the devices under design [4]. 

Recently, the shielding effectiveness of multilayer metallic thin 

film on plastic substrates and composite materials were 
performed theoretically and experimentally in a wide range of 

frequencies by [5-9]. Also the shielding effectiveness of 

different shield layer against plane wave incidence angle was 

studied with the use of conductors and conductive polymers 

using plane-wave theory [10, 11]. The shielding effectiveness 

of a laptop casing has been studied by [12] in the frequency 

ranges from 10 KHz to 1 GHz. The effect of the direction and 

polarization of the incident plane wave on the shielding 
effectiveness of the enclosure in the frequency band UHF were 

also studied theoretically by [13].In addition, the EM-SE for 

plane conductor sheet materials with different thicknesses and 

characteristics have been tested in the frequency range from 

30Hz to 10 MHz by [14]. Most of the difficult shielding 

problems occur in mobile systems in which many transmitters, 

receivers, and other sensitive equipment must be mounted 

closely together, and weight is minimized [15].  

 

        In this work, the shielding effectiveness for obliquely 

incident plane electromagnetic wave has been studied in the 

frequency operation of HF and UHF bands using transmission 
line field theory. For this calculation, various conductor 

materials concerning (Copper, Aluminum, Nickel and Stainless 

Steel) which have different physical properties were tested and 

their behavior under the action of various parameters were 

evaluated and their thickness that achieve (90 and 120) dB- SE 

for transverse electric TE and transverse magnetic TM- modes 

have been evaluated at center frequencies of (3 and 3000)MHz.     

  
 

II.  SHIELDING  THEORY  

  The electromagnetic shielding is based on the reflection (R), 

absorption (A) and transmission phenomena of an 

electromagnetic wave. Single layer conductor sheet is the best 

example of electromagnetic shield as shown in Figure 1 [16].  

As indicated in the Figure 1, the electromagnetic wave can be 

attenuated by absorption and multiple internal reflections inside 

the materials and also by reflection from the outer surface of 

the shield. Shielding effectiveness SE of such a conductor 
shield depends upon conducting material, shield thickness, 

incidence angle and frequency operation. Table 1, below shows 
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the conductivity, permeability and their relative product and 

divisions of the conductor materials that are used in this 

investigation which may provide different level of shielding 

effectiveness. 
 

 

Figure 1. Representation of wave propagation through a 

material shields     [16]. 
 

Table 1. Characteristics of some conductor shield materials. 

 

The shielding effectiveness (SE) of an electromagnetic shield 

is typically defined as the ratio of a field magnitude (electric or 

magnetic) without the shield in place to the field magnitude 

with the shield in place [17], usually the ratio is expressed in 

decibel unit as: 

3% ρπ ÌÏÇ
0

0
              Ä"                                       

Where, 0  is the incident power to the material, and 0  is the 

transmitted power which penetrates through the material. So 

the total shielding effectiveness can be expressed as:   

3%Ä" ! Ä" 2 Ä" -2 Ä"                                  

Where, A(dB), R(dB) and MR(dB) are, respectively, the 

absorption, reflection and multi-reflection losses. The general 

mathematical expression of the total shielding effectiveness for 

normal incidence electromagnetic wave is given by [18 ]: 
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Where, (Ŭ) is attenuation constant, while,  –ȟ–ὥὲὨ ὸ, are air 
impedance, shield impedance and shield thickness respectively. 

III.  MATHEMATICAL MODEL OF THE OBLIQUE 

INCIDENCE PLANE EMW  

For oblique Incidence, the shielding effectiveness 

of a plane electromagnetic wave incident upon the 

interface between two different media is dependent of the 

polarization of the incident wave. A wave with any 
specified polarization may be described as the 

superposition of two orthogonally polarized waves, one 

with its (E-field) perpendicular to the plane of incidence 
and it is called Perpendicular polarization or TE-mode 

and another with its (E-field) parallel to the plane of 

incidence and it is called Parallel polarization or TM -

mode. According to this theory, the shielding 
effectiveness for planar shield varies significantly with 

wave polarization and angle of incidence.  

    The perpendicular polarization means that the electric 
field has no component in the propagation direction and 

is perpendicular to the plane of wave propagation. 

Consider Figure (2-a) below for perpendicular polarized 

incident EM plane wave which propagate along the ὼ  

direction in the first medium. The incident (╔ᴆ░ïfield) 

point along the y-direction and the associated magnetic 

field ╗ᴆ░  is pointed along the ( ώ -axis)  as indicated in 
the figure below. The incident, reflected, forwarded, 

reversed and transmitted E - and H field components in 

all regions are given by: 
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Applying boundary conditions at both sides of the shield i.e at 

ᾀ π ὥὲὨ ᾀ ὸ, the tangential components of the electric and 

magnetic fields are continuous through which the final form of 

the SE_TE is obtained as expressed below is given by [19] as: 

╢╔̂  ςπ ÌÏÇ
ρπ
 

†ρ†ς Ὡ
‎ρὧέί—ὸ ὸ
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No. Materials 

Conductivity  

relative to 

that of 

Copper 

        Ἲ 

Permeability  

relative to 

that of 

Copper 

 Ἲ 

Production 

of   

       Ἲ Ἲ 

Division of 

  Ἲ Ⱦ Ἲ 

1 Copper 1 1 1 1 

2 Aluminum 0.61 1 0.61 0.61 

3 Nickel 0.2 100 20 πȢππς 

4 
Stainless 

Steel (430) 
0.02 500 10 πȢππππτ 
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Where,(t)  is shield thickness, (ⱥt and ⱥ+) transmitted and 

forwarded angle,( 1 and  2)are propagation constant for the air 

and shield medium,(”1  and ”2) are the reflection coefficients 

and (ʐ1 and ʐ2 ) transmission coefficients from the first and 

second boundaries, respectively. This equation is used for the 

computation of the TE- mode shielding effectiveness under the 

action of various parameters.  

 

The parallel polarization wave or TM-mode means that the 

magnetic field has not component in the direction of wave 

propagation. In this case the direction of the incident magnetic 

field is considered as perpendicular to the plane of wave 
propagation as shown in Figure (2-b). The incident, reflected, 

forwarded, reversed and transmitted E - and H field 

components in all regions are given by: 
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Again, Applying boundary conditions at both sides of the shield 

i.e at ᾀ π ὥὲὨ ᾀ ὸ, the tangential components of the 

electric and magnetic fields are continuous through which the 

final form of the SE_TM is obtained as expressed below: 
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Equations (14) and (25) which is used by our computer program 
have been further simplified for calculating the shielding 

effectiveness for both TE- and TM- mode waves. For TE-mode 

the final form of the total shielding effectiveness can be 

expressed as: 
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 Also, for TM-mode, the final form of the total shielding 

effectiveness can be simplified to an expression as given below: 
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Figure 2. Schematic representation of the oblique incidence plane 

electromagnetic wave for (a).TE-and (b).TM-Polarization modes. 
 

The above derived equations that contribute to the computation 

of the total shielding effectiveness have been coded in a 

MATLAB computer program for both TE- and TM- wave 

modes. 

In order to insure the accuracy and validity of our programs and 
the formulas used to express the total (SE) parameters, the total 

SE for both modes were computed for Copper and Aluminum 

shields at frequency operation of (300 MHz) and with shield 

thickness of (40 mils). The results of these computations are 

compared to the previously measured and theoretically 

(a) 

(b) (b) (b) (b) 

(b) 
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calculated SE values that have been done by [20 and 21] and 

the results are graphically presented in Figures (3-a) and (3-b), 

respectively, for Copper and Aluminum. These figures displays 

that our computed results are in very good agreement with those 

reported in mentioned references. 

 

 

 

Figure 3. Comparison between the present and previously calculated values 

of SE for both modes with (t=40)mils and at a frequency od (300)MHz (a). 

Copper  (b).Aluminum 

 

IV.  RESULT  AND DISCUSSION   

        As previously mentioned that the main goal of this study 

will focus on the evaluation of the optimum shield thickness 

that provide (90 and 120) dB shielding effectiveness for both 

TE-and TM-waves in the (HF and UHF) frequency bands. 

These two shield values have been specified due to the fact that 

the (90 dB) is required for mobile phone and (120 dB) is 

required for military devices application [22]. For this the 

shield thickness have been varied in the range of 1 µm to 0.5 

mm, for each shield materials and at a mention center 

frequencies .The results of these examination test have been 

displayed in Figures (4) and (5) for frequency (3) MHz.                          

It is clearly seen from these figures that the conductor non-

magnetic materials provide (90) dB TE-SE with a few 

micrometers, while for (120) dB TE-SE Nickel and Copper are 

favorable due their thin shields. On the other hand, these 

calculated results verify that, the Nickel shield provide (90 and 

120) dB TM-SE with thicknesses values (t90-TM = 48 µm and 

t120-TM = 78 µm), which are much less than that the thicknesses 

of the other shield materials.  

     Finally, according to the computed results presented in 

Figures (6) and (7), it is obviously seen that the shield 

thicknesses, of the order of (10 µm) and less are sufficient with 

the use of each materials used in this work to obtain (90 dB) SE 

for both mode waves and (120 dB)-SE-TE mode. While a 

shield thickness of slightly higher than (10 µm) is required for 

obtaining (120 dB) SE-TM for conductor non-magnetic 

materials which are (tCu= 11.5 µm,  and  tAl= 15 µm). In 

addition, these figures reveal that the conductor materials 

(magnetic and non-magnetic) with a shield thickness of the 

order of (t=1 µm to t=10 µm) would provide (90 and 120) dB 

SE-TE for both mode waves at operation frequencies higher 

than (3 GHz) or generally in the gigahertz ranges. Thus, 

according to the summarized calculated results presented in 

Table 2, one concludes that the use of Nickel and Copper will 

provide this task in a good performance. 

Table 2: Optimum thicknesses value for (90 dB and 120 dB)-SE with the 

use of different conductor shield materials for both TE- and TM- modes at 

center frequencies 3 MHz and 3000 MHz. 

Operation 

Frequency 

MHz  

Shield  

Material  

Optimum 

thicknesses value in 

(µm)  

TE- Shielding 

effectiveness  

at  Ᵽ Ј  

Optimum 

thicknesses value 

in (µm)  

TM - Shielding 

effectiveness  

 at  Ᵽ Ј  

90 dB 120 dB 90 dB 120 dB 

3  

Copper 5 74 98 230 

Aluminum 7 107 136 304 

Nickel 14 43 48 78 

Stainless Steel 43 85 92 133 

3000  

Copper 2.4 6.5 7.25 11.5 

Aluminum 3.4 8.7 9.75 15 

Nickel 1.4 2.3 2.5 3.4 

Stainless Steel 2.7 4 4 5.3 

(a) 

(b) 
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Figure 4: 3D Variation of TE-mode SE as a function of incidence angle 

and shield thicknesses at frequency (3 MHz) for different conductor  

material shields: (A)- Copper, (B) - Aluminum, (C) - Nickel and (D) - 

Stainless Steel. 

 

 

 

 

Figure 5: 3D Variation of TM-mode SE as a function of incidence angle 

and shield thicknesses at frequency (3 MHz) for different conductor 

material shields: (A)- Copper, (B) - Aluminum, (C) - Nickel and (D) - 

Stainless Steel. 
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Figure 6: 3D Variation of TE-mode SE as a function of incidence angle 

and shield thicknesses at frequency (3000 MHz) for different conductor 

material shields: (A)- Copper, (B) - Aluminum, (C) - Nickel and (D) - 

Stainless Steel. 

 

 

 

 

 

 

Figure 7: 3D Variation of TM-mode SE as a function of incidence angle 

and shield thicknesses at frequency (3000 MHz) for different conductor 

material shields: (A)- Copper, (B) - Aluminum, (C) - Nickel and (D) - 

Stainless Steel. 

TE - mode TM - mode 


