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Abstract 
This paper considers the effect of copper shields placed between differential-mode CLC filter 
components and the effect of the component placement on conducted electromagnetic interference of a 
switch-mode power supply. The study is based on comparative measurements of a power supply 
conducted electromagnetic interference for different configurations of the differential-mode filter. It is 
shown that using printed circuit board with two metal layers and shields can improve electromagnetic 
interference attenuation introduced by the filter.   

Introduction 
Nowadays switch-mode power supplies (SMPS) are integral parts of almost all electronic devices 
including TV sets, computers, printers and so on. Owing to rapidly switching semiconductor devices 
(transistors and diodes) with high dv/dt and di/dt they are major sources of electromagnetic 
interference (EMI) which can be both conducted and radiated [1]. With the introduction of stringent 
electromagnetic compatibility (EMC) directives EMI is of key concern when designing SMPS. 
Adding EMI filter to SMPS input is almost inevitable solution to reduce conducted EMI significantly 
[2]. However EMI filters increase weight and size of SMPS [3]. With an ever increasing demand for 
miniaturization of electronic devices SMPS and in their turn EMI filters should also be miniaturized 
[4]. To reduce the size of EMI filters components (such as capacitors and inductors) should be placed 
as close to each other as possible. However this leads to degrading filter insertion loss at higher 
frequencies of conducted EMI spectrum due to increased parasitic mutual couplings between the 
components [5] – [8]. This is why in [5] and [9] metal (copper) layers and copper (Cu) shields were 
proposed to be used to reduce parasitic mutual couplings between the components.  

Despite the fact that the effect of the copper layers, copper shields and components placing on EMI 
filter transmission coefficient S21 was studied in [5] and [9], there are no any papers studying the effect 
on conducted EMI of a SMPS. This paper deals with this issue. The main original contribution of the 
paper is detailed experimental study of the effect of copper shields and components placing on 
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differential-mode (DM) EMI filter performance not only in terms of S21 but also in terms of reduction 
of conducted EMI.   

Description of experimental setup 
In the experiments simple DM EMI filter which schematic diagram shown in Fig.1 is used. Two 
printed circuit board (PCB) for the filter was designed and created. The created PCBs can allow us to 
study the filter performance for different distances (d) between the components with and without 
upper copper layer and copper shields. As an example the DM EMI filters with two different 
configurations are shown in Fig.2. Vertical Cu shield thickness in the experiments is 0.25 mm. 

Initially the filter transmission coefficient S21 for different cases was measured using a vector network 
analyzer (VNA) Rohde&Schwarz ZVRE. Then the filter was connected to the input of a 40 W laptop 
power supply and conducted EMI using high-quality EMI test receiver and line impedance 
stabilization network (LISN) was measured. The measurements were done in semi-anechoic chamber 
(Fig.3) for different distances between the filter components with and without upper copper layer and 
copper shields. Fig.4 shows block diagram of the experimental setup. 

C1 C2

L1

Fig.1: Π-type DM EMI filter schematic diagramm. 

(a) (b)

FR4 glass epoxy vertical copper shields

upper copper 
layer

Fig.2: Different configurations of DM EMI filter used for the measurements: (a) the filter with single 
(bottom) copper layer PCB when distance (d) between the adjacent components is 3.5 mm; (b) the 
filter with double (top and bottom) copper layer PCB and two vertical copper shields when d=3.5 mm. 

Fig.3: Picture of the experimental setup to measure conducted EMI of the power supply with EMI 
filter under test. 
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Fig.4: Block diagram of the experimental setup. 

Experimental results 
Magnitudes of complex transmission coefficients S21 versus frequency for different configurations of 
the filter are shown in Fig.5. But Fig.6 shows measured conducted EMI of the power supply with the 
filter for different cases.   

Fig.5: Transmission coefficient S21 magnitudes versus frequency for different configurations of the 
filter. 

Analysis of the experimental results 
As it can be seen from S21 measurement results, attenuation introduced by the filter with e.g. single 
copper layer PCB (when d=3.5 mm) is ranging from 40 dB to 90 dB. However this does not coincide 
with the measurement results shown in Fig.6. Because as we can see in Fig.6 real attenuation 
introduced by the filter (e.g. with single-layer PCB when d=3.5 mm) is ranging approximately 
between 0 dB and 28 dB. The same is also true for other filter configurations. So we can conclude that 
measured magnitude of filter transmission coefficient S21 cannot give us a possibility to predict 
attenuation of conducted EMI of a SMPS introduced by the filter. What is an explanation for this? The 
problem is that measurements of EMI filters S21 were done using VNA with the source and load 
impedances of the EMI filters of 50 Ω. However, when making conducted EMI measurements, EMI 
filter load and source impedances can highly differ from 50 Ω [10] (because DM noise source 
impedance and LISN output impedance for DM noise can highly differ from 50 Ω). 
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PCB with 1 Cu layer; d=3.5 mm;
PCB with 1 Cu layer; d=13 mm;
PCB with 1 Cu layer; d=22.5 mm;
PCB with 2 Cu layers + Cu shields; d=3.5mm
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0.15 1.5 15

Bez_CLC dBuV 77.99086979 77.01826172

CLC_1S_1 dBuV 37.76424625 35.29558255

CLC_1S_2 dBuV 31.79396191 38.47771908

CLC_1S_3 dBuV 29.49420383 28.79510956

CLC_2S_CU_1 dBuV 32.50223759 25.4140823

Fig.6: Conducted EMI spectra of SMPS under test for different scenarios. 

From conducted EMI measurement results we can also see that for higher distances between the filter 
components conducted EMI attenuation is higher. Maximum difference between attenuations achieved 
by EMI filter with single copper layer PCB when d=3.5 mm and d=22.5 mm is ≈6 dB. This can be 
explained by the fact that as the distance between the components increases the parasitic inductive 
couplings between the components decrease. However for frequencies higher than 15 MHz, 
component placement does not have any influence on conducted EMI, probably because of increased 
capacitive couplings between the components and PCB traces. 

Adding upper copper layer to the EMI filter PCB and two vertical copper shields can improve EMI 
attenuation noticeably (when d=3.5 mm) as it can be seen in Fig.6. This can be explained by the fact 
that the parasitic mutual couplings between the filter components become lower due to induced eddy 
currents in the metal layer and shields. But using the upper metal layer and the shields can improve the 
attenuation for frequencies below 10 MHz because parasitic capacitive couplings between the 
components and PCB traces become more pronounced at frequencies > 10 MHz. 

EMI attenuation achieved by the filter with single copper layer PCB (only with bottom layer) when 
d=22.5 mm is approximately the same as for the EMI filter with double copper layer PCB (with 
bottom and upper copper layers) and shields when d is approximately 6.4 times lower (d=3.5 mm). 
From this follows that from EMI filter miniaturization point of view it is better to use double copper 
layer PCB with shields (Fig.2b), because in this case the parasitic mutual couplings can be rather weak 
even if the components are placed very close to each other. Economic point of view, of course, should 
also be considered. 

Conclusion 
As show the experimental results obtained in the paper, attenuation of conducted electromagnetic 
interference introduced by differential-mode EMI filter cannot be predicted accurately based on the 
filter transmission coefficient S21 measurement or modeling results. Attenuation of conducted 
electromagnetic interference can be improved by placing the filter components at higher distances one 
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from another. However this leads to increasing size of the filter. Adding upper copper layer and 
shields between EMI filter components can reduce parasitic mutual couplings between the components 
and as a result electromagnetic interference attenuation can be improved. This is why from EMI filter 
size point of view it is better to use printed circuit boards with upper and bottom copper layers and 
shields between the components.  
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