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Abstract 
In this paper, a solution for electromagnetic compatibility guarantee based on 
the combination of metal shielding and circuit components distance estima-
tion methods is presented. The electromagnetic noises generated from a 
working radio-electronic unit can expand into the space and act on other 
around radio-electronic units. An EMC guaranteed radio-electronic unit by 
the suitable technique method will not cause the electromagnetic noise to 
others. In opposition, it will not be under electromagnetic action from 
another one. Due to the power of electromagnetic noise, the metal shielding, 
distance estimation or other technique methods should be used to guarantee 
EMC. Every method has own advantage as so as weakness for detail ra-
dio-electronic unit, so it is necessary to choose a suitable method to guarantee 
EMC for them, the combination of metal shielding and distance estimation is 
a choice, for example. The proposed solution has been evaluated by using 
CST (Computer Simulation Technology) software and EMxpertEHX analyzer 
in oscillator circuit context. The simulated results on CST show that the pro-
posed solution decreases the electromagnetic radiation about of 39.1 dB at 
frequency 500 MHz in comparison to results when nothing electromagnetic 
compatibility methods are not used. The experimental results on the oscilla-
tor circuit are presented. The electromagnetic radiation reduction of the oscilla-
tor circuit is about of (25 - 30) dB. In comparison to individual metal shiel-
ding and distance estimation methods, the effectiveness of the proposed solu-
tion for electromagnetic compatibility guarantee is significantly increased. 
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Distance Estimation 

 

1. Introduction 

Nowadays, with the huge development of science and technology, the radio- 
electronic units (REUs) must be in guarantee not of the desired operation effi-
ciency but electromagnetic compatibility (EMC) also before to use (refs. [1] [2] 
[3] [4] [5]). EMC is the capability to normally operate in the electromagnetic 
field (EMF) and do not influence the operation of another of the REUs. Some 
standards of EMC as CISPR-22, EN55022 (in Europe), FCC-15 (in USA), IEC61000 
(international) well as TCVN-7189 (in Vietnam) equivalent to CISPR-22 have 
been popularly using. Although between mentioned standards there is a little of 
ignorable differences, but all of them are one to other equivalent, so the 
CISPR-22 will be chosen for this study (ref. [6]). There are a lot of methods used 
to guarantee EMC for REUs as the electric or electronic circuit design, mechani-
cal processing, print circuit, ... well as the metal shielding (ref. [7] and ref. [8]). 
Although every method has own advantage and weakness, but for this study, we 
are only interested in the solution to guarantee EMC of available electronic 
modules without interfering in the design process of them. A popular technique 
to guarantee EMC of individual REU or system of modules is the EMF shielding 
by the metal sheathed box (ref. [9]). By this technique the shielding effectiveness 
(SE) is very high if the metal sheathed box is designed closed tigth, consequently, 
the EMF generated from it can be blocked. However, in the real, there are always 
slits or small holes and apertures for air ventilation or for cable installation in 
the metal sheath (ref. [10] and ref. [11]). If the slits and holes have not optimally 
chosen, the SE is significantly reduced. In works (ref. [4] and ref. [5]), authors 
have simulated and evaluated the influence of slits and holes on the SE and then 
optimized by choice the suitable collection of their size, shape and distribution 
in metal sheath. The results in works (ref. [9] and ref. [10]) have shown that it is 
very difficult and complex to manually control the parameters of holes in the 
metal sheath for the EMC guarantee. The other method to guarantee EMC is the 
distance estimation of the electronic components. It is based on the decrease of 
EMF with propagation distance (ref. [11]). However, there is a weakness of this 
method that in a distance of some centimeters the decrease of EMF is ignorable 
small, while in a long distance the decrease of EMF will be significant, but that 
consequences the REU is bigger and uncomfortable. It is clear that one of two 
mentioned above methods has own advantages as well as weaknesses to guaran-
tee EMC. 

In this paper, we propose a solution to combine both mentioned above me-
thods to guarantee EMC. Before investigation the SE of proposed solution, the 
metal shielding as well as distance estimation are investigated individually in de-
tail by the CST software (ref. [12]) and EMC guarantee is tested by EMxpertEHX 
analyzer (ref. [13]).  
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2. Background of Metal Shielding and Distance Estimation  
for EMC Guarantee 

2.1. Metal Shielding (MS) 

The main parameter to determine the influence of the metal sheath on EMF is 
SE related to the ratio of the incident and transmitted electric (magnetic) inten-
sities, which are given as (ref. [11] and ref. [14]): 

20lg i
e

t

E
SE

E
=                         (1) 

20lg i
h

t

H
SE

H
=                        (2)  

where iE , tE  ( iH , tH ) are the incident and transmitted electric (magnetic) 
intensities, respectively. 

Beyond Equation (1) and Equation (2) given above, as shown in Figure 1 the 
SE can be formed as the sum of the reflection, R [dB], absorption, A [dB] and 
re-reflection (multiple-reflection), B [dB] which are given follows: 

[ ] [ ] [ ] [ ]dB dB dB dBSE R A B= + +                 (3) 

where,  

( )dB 10168 10log r rR fσ µ= +                   (4) 

is the reflection in far field (ref. [14]),  

( )3 2
,dB 10322 10loge r rR f rσ µ= +                (5) 

( )2
,dB 1014.57 10logm r rR fr σ µ= +                (6) 

are the reflections of electric and magnetic sources in near field, respectively (ref. 
[14]), 

dB 10 1020 log 20 log 1.314t
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tA e e t fδ µ σ
δ

= = =          (7) 

is the absorption (ref. [14]), 

( )220 lg 1 tB e δ−= − ,                     (8) 

is the re-reflection (ref. [15]), ( ) 1
fπ µσδ

−
=  is the skin depth of the material. 

rµ  is the reversible permeability relative to air. rσ  is the conductivity relative 
to copper. µ  is the magnetic permeability of material. σ  is the conductivity 
 

 
Figure 1. SE description of metal sheath. 
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of material. [ ]cmt  is the thicknees of material. [ ]cmr  is the distance between 
radiation source and metal sheath. The re-reflection B will be meaningful if 

[ ]15 dBA ≤  (ref. [14]), only, consequently it is always really ignored, since  
[ ]15 dBA > . 

2.2. Distance Estimation between Modules (DE) 

All the results above show that the metal shielding is easy to design, but it needs 
to eliminate slits and to choose suitable size of holes if they are that depends on 
technology. So to enhance or perfectly guarantee EMC it is necessary to use dis-
tance estimation between RE modules or units combined to metal shielding. As 
know, the EMF changes with propagation distance, but differently for near and 
far fields. For the far field, Inverse Distance Method (ref. [15]) is used to deter-
mine radiation noice at distance R and R' (Figure 2), which is given as follows:  

( )[ ] ( )[ ] ( )dB dB 20lgE R E R R R′ ′= +                (9) 

The near field is more complex than far field. The field parts change inversely 
not linear to distance as 1 r , but nonlinear as 2 31 or 1r r  (Figure 3). 
 

 
Figure 2. Principle of inverse distance method. 

 

 
Figure 3. Field parts in near and far fileld. 
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The boundary between near and far fields is where the ratio wE H Z=  
called wave impedance is approximately equal to internal impedance of free 
space 0η  (ref. [15]).  

3. Results and Discussions 
3.1. The Investigation Model 

Consider an aluminium (Al) sheathed box (ASB) with size of 16 10 3cm× ×  and 
thickness of sheath of 2 cm (Figure 4). The coaxial cable with copper core of 
0.16 cm diameter and impedance of 50 Ω is used to put a radiation source placed 
inside ASB so that the radiation distribution in the upper space around it is ho-
mogeneous (ref. [10]). 

A second ASB with size of 10 10 3cm× ×  is placed in distance of d from the 
first one. The CST will be used to evaluate SE for different cases as: single ASB, 
single ASB with holes in the sheath, two ASBs with different distance one from 
other. The EMC will be simulated and evaluated at frequency changing from 1 
MHz to 1 GHz. Beside using CST to evaluate the SE of proposed solution, the 
oscillation circuits and power supply with output voltage of 5V is experimentally 
evaluated using measurement equipment EMxpertEHX consisting from EMx-
pert software and EMSCAN scanner (Figure 5). 
 

 
Figure 4. ASB for investigation. 

 

 
Figure 5. Measurement set-up using EMxpertEHX. 
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3.2. EMC by MS 

Using Equation (3) and aluminium sheath with [ ]0.2 cmt = , 1rµ =  and  
0.61rσ =  at frequency from 500 kHz (ref. [15]) the SE-frequency characteristic 

is calculated and presented in Figure 6. The distribution of electric field inside 
ASB is simulated and shown in Figure 7. 

From Figure 6, we can see that in the frequency band from 30 MHz to 1 GHz 
of CISPR-22 standard (ref. [6]), the SE speedily increases, event till 1000 dB. It 
results that any part of electric field (EF) transmitted outside ASB as shown in 
Figure 7.  

However, the ASB is not always closed tight; instead, there are slits or small 
holes and apertures used for air ventilation or for cable installation, really. If the 
slits and holes are not suitble designed, the radiation signal leakage may over-
come the standard limit as of CISPR-22 then causes inexpectant effects. Figure 8 
and Figure 9 are the distribution of the electric field around the ASB with aper-
ture of 1 0.5cm×  size. It is clear that with hole there is the leakage outside of 
radiation signal (Figure 8). The minimum inside electric intensity is about 100 
dBμV/m while outside electric intensity is lower than 80 dBμV/m. Specially, the 
electric intensity at aperture is equivalent to that inside ASB, meanwhile, it is 
only about 20 - 60 dBμV/m otherwhere (Figure 9). 

Figure 10 presents EMC test is measured at distance 3 m followed to CISPR-22 
standard (ref. [6]). Consider that there is a unshielding signal overcomes limit 
line of EMC standard (dark line). In the case of closed tight ASB, the EF intensi-
ty is very small about −200 dB which is the minimum value of simulation.  

 

 
Figure 6. SE-frequency characteristic of Al sheath. 
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Figure 7. EF distribution in 3D space of ASB. 

 

 
Figure 8. EF distribution around ASB with hole. 

 

 
Figure 9. EF distribution on the metal sheath with small aperture. 
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Figure 10 EMC tested 3 cm for different shielding cases. 

 
For the case of ASB with three apertures of different size of 3 1.5cm× ,  

2 1.0cm×  and 1 0.5cm×  the EF intensity decreases about 23.1 dB, 48.2 dB and 
57.3 dB in comparison to that of inshielding case measured at 500 MHz fre-
quency. This situation is similar to the case measured at a distance of 2 cm 
(Figure 11). 

3.3. MEC by DE 

Using Equation (9) and what described in Figure 2 and Figure 3, the field dis-
tribution around the ASB is simulated and presented in Figure 12 and the EF 
intensity-frequency characteristics at different distances are presented in Figure 
13.   

From Figure 13, we can see that the electric intensity decreases with the in-
crease of distance till 10 cm at wide frequency range to 1 GHz, but nonlinear if 
distance is longer than 10 cm. In the distance longer than 10 cm, the electric in-
tensity increases with the increase of frequency. This situation is absolutely sim-
ilar to that shown in Figure 10 and Figure 11. We can say that the results ob-
tained in Figure 13 are too high, because they are measured in free space. It 
means the receiver is not EMC guaranteed. The situation will be different for the 
EMC guaranteed ASB.       

3.4. EMC by Combination of MS and DE  

Let a second ASB with size of 10 10 3cm× ×  is placed in distance of d from the 
first one. The distribution of the EF around both ASBs is simulated and illustrated 
in Figure 14. It is clear that the EF generated from the radiation source inside the 
first ASB overlaps a part of the space around the second ASB. Changing  
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Figure 11. EMC simulated at 2 cm for different shielding cases. 

 

 
Figure 12. EF distribution around ASB in far field. 

 

 
Figure 13. EF intensity-frequency characteristics with different distances.  
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the distance between two ASBs, the EF intensity inside second ASB-frequency 
characteristics with different distances are simulated and illustrated in Figure 
15. From Figure 15, we can see that the EF intensity reduces significantly by 
shielding and linearly decreases with the increase of distance between ASBs, and 
consequently the metal shielding, as well as the distance estimation, affects di-
rectly on the EMC guarantee.  

Although EF intensity decreases with the increase of distance, but it does not 
reject the influence one on other if both of ASBs are in operation regime. This 
phenomenon is proved when observing the power supply is placed close to the 
oscillator circuit without shielding (Figure 16). 

From the EF distribution in the plane of scanner (Figure 17), we can see the  
 

 
Figure 14. EF distribution around both ASBs. 

 

 
Figure 15. EF intensity inside second ASB-frequency characteristics with different dis-
tances between ASBs. 
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Figure 16. Two inshielded circuits closed one to other.  

 

 
Figure 17. EF distribution in scanner plane in the case without EMC guarantee. 
 
EF intensity is relatively hight and unhomogeneous depending on the circuit power 
of the individual electronic elements. At some positions, it rises to 90 dBuV. 

However, the EF intensity reduces significantly when both units are metal 
sheilded and placed in distance of 10 cm one from other, i.e. is under the EMC 
guarantee (Figure 18).           

From Figure 19 illustrated EF distribution in scanner plane, we see that the 
EF attenuation is about (25 - 30) dB in comparison to that without EMC guar-
antee.    

It is clear that the electromagnetic noises from radio-electronic units should 
not act one on other, means the EMC is guaranteed when they are shielded with 
high SE and placed in a suitable distance.   
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Figure 18. Two shielded circuits in diastance 10 cm.  

 

 
Figure 19. EF distribution in scanner plane in the case with EMC guarantee. 
 

4. Conclusions 

Based on Computer Simulation Technology, EMxpertEHX equipment, Inverse 
Distance Method, the EMC is simulated and tested followed to CISPR-22 standard. 
The EMC guarantee is investigated by two methods, metal shielding, distance 
estimation and then combination of them. The EMC is also experimentally eva-
luated for power supply and oscillator circuit. Although both methods are not 
new, but combination of them enhances the effectiveness to guarantee EMC, 
moreover the obtained results give us clear image about EMC, which can be used 
to test the capability to guarantee EMC of REUs in detail.  

The results give us a hint to combine simulation and testing tools to automat-
ically evaluate EMC of the REUs with different mechanical configurations, elec-
tronic designs at different estimated distances in the future.  
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