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Abstract : Active EMI filters appear as an alternative to classical EMI filters based on passive 
components. Active EMI filters can provide more compact, cheaper and lighter solutions than 
passive approach. In this paper we present a theoretical analysis of the 4 possible configurations. 
Expressions of the transfer function and insertion losses considering impedances of mains and 
source of noise are presented. The voltage-current topology is identified as the more convenient 
solution. Finally, preliminary experimental results of a prototype capable to provide attenuation 
up to 100MHz are shown. 
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1. INTRODUCTION 

Specifications of power converters for on-board 
applications are a high specific power (W/cm3, 
W/kg) and an excellent EMC performance. The 
classical way to fulfil the EMC requirements is the 
use of shielding and filtering techniques [1]. The 
commonly used EMI filters consist of bulky and 
heavy passive components (inductances and 
capacitors) that degrades the specific power of the 
converter+filter set. Some authors points that 
passive EMI filters represents about 20% of cost, 
weight and price of a power converter. Finally, the 
effective attenuation obtained with a passive filter is 
highly dependent of both the impedance of the 
mains and the source of noise. 

Active EMI filters appear as a worthy alternative to 
the classical approach based in passive filtering. 
They can provide similar attenuations with less 
board space. On the other hand, the effective 
attenuation in a real application is less dependent of 
the mains and source of noise impedances. For this 
reason, it has been a subject of research in the last 
10 years [2-7]. Nowadays some active EMI filters 
are commercially available [8]. Manufacturers claim 
for an attenuation above 20dB up to 30MHz. 

On the other hand, common mode (CM) is very 
often the dominant mode of disturbances 
propagation in switched power converters. 
Therefore, most of the research on active EMI 
filters is focused in CM attenuation. Finally, EMC 

standards consider that conducted disturbances must 
be limited up to 30MHz. However, it is a well 
known fact that conducted disturbances exists above 
30MHz and they are the origin of radiated 
disturbances up to frequencies of some hundreds of 
MHz. 

Here we show preliminary results of our research 
addressed to obtain a hard-less CM active filter 
capable to provide noticeable attenuation of 
conducted disturbances up to 100MHz. The paper is 
organized as follows. In section 2, the theoretical 
analysis of the four feedback topologies is 
presented. Relationships among mains and source of 
noise impedances and both insertion losses (IL) and 
transfer function are obtained. Section 3 describes 
the prototype that has been built. Section 4 shows 
experimental attenuation results. In this section, the 
paper is summarized and future works are outlined. 

2. THEORETICAL ANALYSIS 
 
The general simplified common mode equivalent 
circuit is depicted in Figure 1. 
 

 
Figure 1: General simplified equivalent CM circuit 



 

In Figure 1, Zs represents the mains impedance. In 
our research it was set equal to the LISN 
impedance. Current is is the disturbing current that 
reaches the mains and should be attenuated as much 
as possible by the filter. The source of noise is 
represented by means of a Norton circuit that 
consists of a current source in with an impedance Zn 
in parallel. 
 
The transfer function, FT(jω), of the active filter is 
calculated according to (1) 
 
 FT(jω)=is/in  (1) 
 
Insertion losses, IL(jω), are calculated according to 
(2) 
 IL(jω)=vs

0/vs (2) 
 
where vs

0 and vs are the disturbing voltage at the 
mains side without and with the filter attached, 
respectively. The relationship between IL(jω) and 
FT(jω) is given by (3) 
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Figure 2 shows the four possible topologies for 
feedback configurations. 
 

  
a) b) 

 

  
c)   d) 

Figure 2: Feedback topologies  

a)I-I ; b) V-I; c)V-V; d)I-V 

The transfer function and insertion losses of these 
topologies are summarized in Table I and II 
respectively. In Table I and Table II, parameter A 
represents the gain of the feedback loop. It is 
understood that A, Zn and Zs are frequency 
dependent functions. 

 

TABLE I.  TRANSFER FUNCTION 

Topology FT(jω) 

I-I 

 

V-I 

 

V-V 

 

I-V 

 

TABLE II.  INSERTION LOSSES 

Topology IL(jω) 

I-I 
 

V-I 
 

V-V 
 

I-V 
 

From results shown in Table I and in Table II the 
following conclusions can be derived regarding 
each topology. 

- Current-Current (I-I): it is especially suitable in 
case that Zn>>Zs and needs a high value of A. 

- Voltage-Current (V-I): it provides a better IL than 
topology I-I. 



 

- Voltage-Voltage (V-V): it is especially suitable in 
case that Zs>>Zn and needs a high value of A. 

- Current-Voltage (I-V): it provides a better IL than 
topology V-V. 

3. FILTER DESCRIPTION 

The filter prototype was implemented according to a 
voltage-current feedback topology, as it is shown in 
Figure 2b. This topology has several advantages in 
front of feed-forward topologies [9]. First of all the 
measurement and injecting stages are made with 
capacitors, which have a better frequency response 
than inductances. On the other hand, the volume, 
size and weight are also smaller than other options. 
Figure 3 shows the schematic of the implemented 
prototype. 

 

Figure 3: Active EMI filter schematics 

The amplifier is a current feedback amplifier 
EL5166 from Intersil [10]. The gain of this stage is -
1. It should be paid attention to the bandwidth and 
slew-rate of the amplifier. The values of these 
features are 1.4GHz and 6kV/μs, respectively. 

The prototype is shown in Figure 4. A LISN has 
been implemented in the same board to guarantee 
the repeatability of the measurements. 

Special attention has been paid to the PCB design in 
order to minimize stray inductances that could lead 
to a bandwidth reduction. The bottom plane of the 
PCB, which is connected to the middle point of the 
LISN, is the reference plane that is used to have a 
good coupling for CM disturbances. In this 
prototype, the amplifier was powered through 
external batteries in order to avoid stray couplings. 

 

Figure 4: Implemented prototype 

4. RESULTS AND FUTURE WORKS 

Figure 4 shows the CM attenuation up to 100MHz. 
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Figure 4: Attenuation plot up to 100MHz 

The attenuation performance has been tested 
injecting a sinusoidal waveform between the two 
live wires and the ground plane. As it can be seen in 
Fig. 4, a minimum attenuation of 10dB is obtained 
up to 50MHz. The behaviour of the filter in the 
range from 50MHz up to 100MHz should be 
improved. 
 
The next step in our research is to obtain a complete 
model of the active EMI filter. This model must 
consider all stray impedances of the prototype and a 
thorough description of the measuring and coupling 
sections of the filter and the amplifier as well in 
order to gain insight about the behaviour of the full 
system. 
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