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ABSTRACT: In this study, radiated immunity and emission of a metallic box with apertures have been 

evaluated through a fast approach. The influence of printed circuit boards inside the enclosure has been 

studied and also the effect of placing conductive polymer sheets in the housing in order to characterize 

the behaviour of these materials used nowadays for shielding cabinets. Measurements have been carried 

out in anechoic chamber in order to evaluate the approximated technique showing its limitations and 

advantages. Since good agreement has been found between simulations and measurements, this approach 

can be used for design or optimization purposes with the main advantage of reduced time calculations. 

 
Key words: Shielding effectiveness; enclosure; radiated interference; printed circuit board; conductive 

composite 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 1 of 16

John Wiley & Sons

Microwave and Optical Technology Letters

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

mailto:antonio.lozano@upct.es


For Peer Review

1. INTRODUCTION 
 
Electronic systems are generally housed in an enclosure with many functions: physical 

protection, aesthetic image, electromagnetic shielding; this last feature is of particular 

relevance in environments where the electromagnetic spectrum is polluted by many 

radiating sources, being high speed digital circuitry one of the most important sources 

of interferences. 

Many authors have analyzed the effect of apertures on a metallic enclosure surface with 

the presence of electromagnetic interferences (EMI) using different techniques. In [1] an 

analytical shielding theory for metallic enclosures with apertures for frequencies below 

the first cavity resonance was obtained. Another analytical model [2] provides fast 

results for empty cavities but it also has frequency limitations. Analytical solutions are 

very fast but cannot deal with inner arbitrary elements. Full wave simulations through 

numerical methods allow arbitrary configurations with various apertures and inner 

elements to evaluate the effect of printed circuit boards (PCBs) or absorbers, but 

computational cost is too high and optimization or design procedures require long 

computation times. In [3] the Method of Moments was applied to obtain the shielding 

effectiveness of a metallic enclosure with more than one aperture, taking into account 

the effect of inner contents as metallic plates or absorbers. The Finite-Difference Time-

Domain (FDTD) method for the study of the shielding effectiveness of a metallic box 

with apertures is evaluated in [4-5]. The analysis of inner elements, especially PCBs, 

has been realized through several tools. In [6] results obtained through a semi-analytical 

tool show how it can be modelled as a homogeneous lossy material backed by a metallic 

plate. In [7-8] the PCBs are evaluated as metallic plates. The study of damping cavity 

resonances through lossy materials has been carried out in [9]-[11]. In [12] a previous 

work to study the damping of resonances through conductive polymers was presented. 

The use of conductive polymers in the manufacturing of enclosures to protect electronic 

devices from electromagnetic interferences has become a very interesting alternative to 

traditional metallic cabinets. However little information has been reported regarding the 

behaviour of these materials in enclosure configurations. Plastic materials have many 

advantages over metallic ones: plastics are lighter, there are no problems associated 

with corrosion and, for mass production, the fabrication process and the final product 

becomes cheaper. In this paper, the insertion of conductive polymers in a metallic 

enclosure has been analyzed.  

In this study a 2-D approximated method is used to evaluate the radiated immunity and 

emission of empty enclosures and with inner elements. The 2-D technique is able to 

model any content of the cavity as long as vertical invariance of the structure under 

study remains unchanged. 
 

2. THEORY 
 
Shielding effectiveness for a particular shielding configuration is defined as the ratio 

between the field in the selected placement without enclosure and the field with the 

enclosure. In this study the shielding effectiveness has been obtained for the electric 

field: 

t

i

E

E
SE 10log20)dB( =                                                             (1) 

For radiated immunity analysis a plane wave impinges on the enclosure and the electric 

field is measured inside the housing. For radiated emission analysis an infinite wire has 

been modelled. This wire has been located inside the enclosure and acts as the emitting 
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source of interferences. SE for this case is obtained as the ratio between the electric field 

level produced by the wire without the shield 3 m from the source and the electric field 

level obtained with the protecting structure at the same point.  

As stated before, to evaluate the shielding effectiveness of a metallic enclosure with 

various apertures in one of its sides a 2-D method is used. This method involves the 

study of the transversal cut of the structure. In Figure 1 it is depicted the plane under 

study. The studied case is the most critical for SE due to the horizontal aperture 

orientation and the vertical incident polarization. The effect of the width of the aperture 

w is evaluated through the following simple and empirical factor: 










⋅
+= − 2102 log10)dB()dB(

nw

b
SESE D

                                                  (2) 

 

where b is the height of the cavity, w is the width of the aperture, n is the number of 

apertures and )dB(2 DSE −
is the shielding effectiveness obtained for the 2-D configuration 

through any numerical method. This approach is based on the vertical invariance of the 

fields and the coupling level is provided by the ratio in (2) between the height of the box 

and the width of the aperture. The coupling factor assumes the vertical superposition of 

w
b  apertures infinitely close. The influence of n apertures in (2) has been taken from 

the rule of thumb given in [3], doubling the number of apertures decreases the SE in 6 

dBs approximately. 

As long as the field distribution is invariant with the vertical dimension, the field can be 

evaluated for the whole cavity. For locations near the aperture, where vertical invariance 

is not accomplished and where the approximation (2) is done to evaluate the coupling 

energy from the outer to the inner part of the cavity, the accuracy of the results 

decreases. The major drawback of this technique is the limitation to inner elements with 

invariant vertical distribution. Taking into account all these aspects the 2-D 

approximation can help to evaluate in a fast way for both immunity and emission 

configurations: box resonances, PCB effects, absorbing materials properties, etc. 

 
3. SET UP 

 
The aluminium enclosure used for all the simulations and measurements has the 

following dimensions: 30 x 12 x 30 cm
3
. Two apertures (10 cm x 0.5 cm

2
 and 20 x 3 

cm
2
) have been analyzed. Electric field values have been obtained in the center and 0.1 

cm from the back wall of the housing. 

For the immunity study a vertical plane wave excites the enclosure through the front 

aperture and the electric field is measured inside the cavity. The emission set up is 

obtained by implementing a cylindrical source with the radius of the exciting probe 

inside the enclosure. The field is measured 3 m away in the normal direction of the 

aperture. In Figure 2 the placement of the wire for the emission configuration is shown 

0.1 cm from de back wall. 

Measurements have been carried out in an anechoic chamber for the immunity case 

although reciprocal values can be obtained for the emission case [4]. A log-periodic 

antenna was placed 3 m away from the box. A 4 cm-long monopole with 0.065 cm in 

diameter was mounted in the center of the box. In order to study the influence of the 

metallic plates a 7.5 x 12 x 0.1 cm
3
 brass piece has been placed inside the box. For the 

conductive polymer study a polyamide-6 doped with carbon fiber sheet [13] with 7.5 x 

12 x 0.3 cm
3
 dimensions has been located in the same manner as the metallic plate.  
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Simulations have been carried out with Matlab


 6.5 PDE Toolbox with the aid of the 

empirical formula (2) to establish a direct comparison with 3-D measurements. It also 

takes into account the introduction of more than one aperture. Absorbing boundary 

conditions have been implemented for the simulations, and the values of the field have 

been taken at the place shown in Figure 2 in the transversal cut of the structure for 

immunity and emission and in the center of the enclosure for immunity simulations and 

measurements. 

 
4. RESULTS 

 
For Figure 3 the aperture dimensions are 20 x 3 cm

2
 and results have been taken for the 

inner position 0.1 cm from the back wall of the cavity. Both curves show reciprocal 

high SE levels as this placement is located far from the maximums and next to the 

metallic wall where the field must be zero. For the same aperture Figure 4 shows 

radiated immunity values taken in the center of the enclosure. SE levels have decreased 

specially for the first resonance frequency whose maximum is placed upon the 

measurement location. Measurements and simulations show good agreement. For the 

lower frequency measurements the noise floor produces poorer results [6]. 

If a metallic plate acting as a PCB is placed 7.5 cm from the back wall of the enclosure 

as shown in Figure 2 and the size of the aperture is 10 x 0.5 cm
2
 the first resonance will 

be shifted upwards due to the effective reduction of the housing. In Figure 5 results for 

the probe placed 0.1 cm from the back wall show shaper resonances due to the size 

reduction of the aperture and high levels of SE once again caused by the measurement 

location. In Figure 6 the radiated immunity comparison between measurements and 

simulation when the values have been taken in the center of the enclosure agrees. In 

Figures 7 and 8 instead of a metallic plate a conductive polymer sample of polyamide-6 

doped with carbon fiber has been introduced in the enclosure. To characterize the 

sample in the simulations the values 30' =rε  and 10=σ  have been obtained for the 

frequency range under study with the help of an impedance/material analyzer Agilent 

HP 4291A RF and checking inversely with the proposed tool. Once again immunity and 

emission produce reciprocal values of SE. The behaviour of this material stands 

between a dielectric without losses and a metallic plate. The first resonance has been 

damped due to the introduction of losses in the cavity. In figure 8 results for 3-D 

simulation with ANSYS
®
 commercial software have been included. A time of 0.9 

seconds per iteration was needed for the 2-D study and a time of 49.6 seconds per 

iteration was required for the 3-D study. Both tools work with the Finite Element 

Method (FEM). Although meshes are not comparable (2-D mesh refinement was 

higher) calculation times show clearly the benefits of the approximation. Finally a study 

of resonance suppression versus conductivity values has been carried out for Figure 9 in 

which minimums of SE for the first resonance taken from 600 MHz to 800 MHz have 

been depicted for radiated immunity. There is an optimum for resonance damping and is 

the same for emission and radiation as reciprocal values of shielding effectiveness have 

been obtained for immunity and emission configurations when the influence of the inner 

probe does not change the field distribution inside the enclosure. 
 

5. CONCLUSION 
 
A fast 2-D tool has been evaluated to study radiated immunity and emission of metallic 

enclosures with apertures and inner elements. This tool can effectively work as long as 

enclosure contents remain invariant in the vertical dimension. The study has been 
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carried out for the empty cavity, a cavity loaded with a metallic plate implementing a 

PCB and a cavity loaded with a lossy material as a conductive polymer. For all the cases 

results of the approximated technique agree with measurements in anechoic chamber. 

An optimum value of conductivity has been obtained to damp the first resonance of the 

enclosure. This conductivity can be obtained through conductive polymers used 

nowadays in shielding configurations varying the concentration of doping additives. 

The study of the behavior of conductive polymers may help to obtain enclosures with 

advantages in EMI protection. 
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LIST OF CAPTIONS 

 

Figure 1   Enclosure under study in immunity configuration 

 

Figure 2   Position of the wire (emission) and the sample (immunity/emission) inside 

the enclosure 

 

Figure 3   Results for radiated immunity and emission for an empty enclosure with a 

20 x 3 cm
2
 aperture. Measurement/excitation position at 0.1 cm from the back wall 

 

Figure 4   Results for radiated immunity for an empty enclosure with a 20 x 3 cm
2
 

aperture. Measurement position in the center of the enclosure 

 

Figure 5   Results for radiated immunity and emission for a 10 x 0.5 cm
2
 aperture with 

metallic plate 7.5 cm from the back wall of the enclosure. Measurement/excitation 

position at 0.1 cm from the back wall 

 

Figure 6   Results for radiated immunity for a 10 x 0.5 cm
2
 aperture with metallic plate 

7.5 cm from the back wall of the enclosure. Measurement position in the center of the 

enclosure 

 

Figure 7   Results for radiated immunity and emission for a 10 x 0.5 cm
2
 aperture with 

a conductive polymer sample 0.3 cm thick placed 7.5 cm from the back wall of the 

enclosure. Measurement/excitation position at 0.1 cm from the back wall 

 

Figure 8   Results for radiated immunity for a 10 x 0.5 cm
2
 aperture with a conductive 

polymer sample 0.3 cm thick placed 7.5 cm from the back wall of the enclosure. 

Measurement position in the center of the enclosure 

 

Figure 9   SE minimum for the first resonance frequency for a 10 x 0.5 cm
2
 aperture 

with a conductive sample 0.3 cm thick, 30' =rε  and placed 7.5 cm from the back wall of 

the enclosure. Measurement/excitation position at 0.1 cm from the back wall 
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Enclosure under study in immunity configuration  
254x190mm (96 x 96 DPI)  
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Position of the wire (emission) and the sample (immunity/emission) inside the enclosure  
254x190mm (96 x 96 DPI)  
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Results for radiated immunity and emission for an empty enclosure with a 20 x 3 cm2 aperture. 
Measurement/excitation position at 0.1 cm from the back wall  

203x152mm (150 x 150 DPI)  
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Results for radiated immunity for an empty enclosure with a 20 x 3 cm2 aperture. Measurement 
position in the center of the enclosure  

203x152mm (150 x 150 DPI)  

 

Page 11 of 16

John Wiley & Sons

Microwave and Optical Technology Letters

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

 
  

 

 

Results for radiated immunity and emission for a 10 x 0.5 cm2 aperture with metallic plate 7.5 cm 
from the back wall of the enclosure. Measurement/excitation position at 0.1 cm from the back wall  

203x152mm (150 x 150 DPI)  
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Results for radiated immunity for a 10 x 0.5 cm2 aperture with metallic plate 7.5 cm from the back 
wall of the enclosure. Measurement position in the center of the enclosure  

203x152mm (150 x 150 DPI)  
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Results for radiated immunity and emission for a 10 x 0.5 cm2 aperture with a conductive polymer 
sample 0.3 cm thick placed 7.5 cm from the back wall of the enclosure. Measurement/excitation 

position at 0.1 cm from the back wall  
203x152mm (150 x 150 DPI)  
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Results for radiated immunity for a 10 x 0.5 cm2 aperture with a conductive polymer sample 0.3 cm 
thick placed 7.5 cm from the back wall of the enclosure. Measurement position in the center of the 

enclosure  
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Page 15 of 16

John Wiley & Sons

Microwave and Optical Technology Letters

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

 
  

 

 

SE minimum for the first resonance frequency for a 10 x 0.5 cm2 aperture with a conductive sample 
0.3 cm thick,   and placed 7.5 cm from the back wall of the enclosure. Measurement/excitation 

position at 0.1 cm from the back wall  
203x152mm (150 x 150 DPI)  
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