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The main goals of this paper are an analysis and a simulation of selected basic 
structures of active EMI filters. The first part contains a presentation of selected 
structures of active filters, along with categorization by their properties in the field of 
detection and compensation of EMI noise and by the kind of feedback. Each structure's 
description is accompanied by an analytical discussion of their properties such as 
insertion loss (IL) and the impedance increase (ΔZn). The second part contains results of 
simulations of the presented structures, with the aim being a comparison of their 
characteristics and determining proper operation conditions. 
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1. Introduction 
 

The first publications about the active EMI filters were presented in mid '80's 
[10, 11] but the development of new converters that operate at high frequencies 
increased their significance [3, 8, 10]. The high level of EMI noise generated by 
modern converters [1] renewed interest in this subject [4, 13]. The systems that 
are most commonly used for attenuation of the conducted ripple are passive 
filters, made up mainly of RLC components, but their drawback are size and 
cost [15]. For many years research was being conducted on the use of active 
filters for suppressing EMI by replacing passive filters or improving their 
performance [2, 5, 6, 9]. Significant progress in the technology that allowed 
construction of light converters operating at high frequencies, paradoxically led 
to the fact that the weight of EMI filters can be greater than the weight of the 
inverter [7, 12]. 

The goal of an active filter is detecting and rejecting noise generated by a 
source (receiver) so that it does not propagate to the mains (Figure 1). There are 
several different filter configurations which differ in the type of feedback and a 
way of detecting and cancelling noise. Due to the type of feedback the active 
filters can be divided into two groups: feedback type and feedforward type. 
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Fig. 1. Equivalent circuit with EMI filter 
 

The ratio of reduction of the EMI noise is an insertion loss IL, defined as (1) 
the ratio of a RMS voltage on the receiver terminals without any filter and the 
RMS voltage on these terminals with a filter: 
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and in the logarithmic scale (2): 
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where: Us
0 - the RMS voltage on the receiver terminals without any filter, Us - 

the RMS voltage on the receiver terminals with a filter. 
The second parameter specifies a filter property known as impedance 

increase ∆Zn [14]. This parameter represents the difference between the receiver 
impedance with a filter Zin, and the pure receiver impedance Zn (3): 

ninn ZZZ           (3) 
 

2. Structures of the active EMI filters 
 

This chapter discusses derivation of the basic parameters of the active EMI 
filters that will be used in next chapter for simulations. 

 
2.1. Feedback type active filters 
 

The main tasks of the feedback filter are detecting noise at the noise source 
(receiver) and generating a compensating signal so that it suppresses the ripples 
generated by the source (closed loop). In Figure 2 there are shown four basic 
structures of the feedback type active filters [11], and the type number proposed 
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them in [14]. These types differ from each other a way of detecting and 
cancelling noise . 

 
 

Fig. 2. Feedback type active filters[11] 
 
Type I: current detecting and voltage compensating filters 

 
Insertion loss of type I filter may be determined by assuming that the voltage 

controlled current source (a current that flows through it) is an impedance 
proportional to the filter gain A1. In Figure 3 a circuit for determining the IL1 (7) 
has been presented (Figure 3a - measurement of voltage at the receiver with a 
filter and 3b - without a filter). 

 

a)    b)  
 

Fig. 3. Equivalent circuit to determine the IL1: a) receiver with a filter,  
b) receiver without any filter 
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Fig. 4. Equivalent circuit to determine the impedance increase ∆Zn1 

 
To determine the impedance increase ∆Zn1 (8) the same circuit as in the 

insertion loss case can be used, where controlled current source is impedance of 
A1 value (Figure 4). 
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Type II: current detecting and current compensating filters 

 
For determining the insertion loss IL2 (11) of type II filters, a schematics 

shown in Figure 5 can be used (Us
0 has the same meaning as in type I filters). 

 

a)    b)  
 

Fig. 5. Equivalent circuit to determine the IL2: a) receiver with a filter,  
b) receiver without any filter 
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To determine the impedance increase ∆Zn2 (14) the schematics shown in 
Figure 6 can be used. Gain A2 in this figure is negative because the current Is is 
marked in the opposite direction in regard to Figure 5a. 

 

 
 

Fig. 6. Equivalent circuit to determine the impedance increase ∆Zn2 
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Type III: voltage detecting and current compensating filters 

 
The insertion loss of type III filter can be determined by using an analogy to  

type I filters and replacing the controlled current source with an admittance of 
value A3. Figure 7a presents a schematics for determining IL3 (15). 

 

a)    b)  
 

Fig. 7. Equivalent circuit to determine the IL3: a) receiver with a filter,  
b) receiver without any filter 
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Figure 8 shows a circuit for determining the impedance increase ∆Zn3 (16). 

 
 

Fig. 8. Equivalent circuit to determine the impedance increase ∆Zn3 
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Type IV: voltage detecting and voltage compensating filters 

 
To simplify the calculation of the insertion loss IL4 (17) for type IV filters, 

the noise source model has been changed from a current to a voltage one. Such 
modified circuit diagram has been shown in Figure 9 and can be considered an 
analogy to the filter type II. 

 

a)    b)  
 

Fig. 9. Equivalent circuit to determine the IL4: a) receiver with a filter,  
b) receiver without any filter 
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Figure 10 shows a circuit for determine the impedance increase ∆Zn4 (18). 
 

 
 

Fig. 10. Equivalent circuit to determine the impedance increase ∆Zn4 
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2.2. Feedforward type active filters 
 

The feedforward type active filters generate a signal opposite to the noise 
generated by the receiver, so that the two signals cancel out each other. The 
effectiveness of the attenuation is greater when the filter gain is close to unity. 
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In contrast to feedback type filters, only two configurations can be singled out, 
both of which has been illustrated in Figure 11 with the type number proposed 
them in [14]. 

 
Fig. 11. Feedforward type active filters 

 
Type V: current detecting and current compensating filters 

 
To analyze the insertion loss IL5 (22) of a type V filter a circuit shown in 

Figure 12 has been proposed. In the analysis a current Ix, which represents the 
noise current between the filter and the receiver (the source of noise), has been 
added. 

a)    b)  
 

Fig. 12. Equivalent circuit to determine the IL5: a) receiver with a filter, 
 b) receiver without any filter 
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Figure 13 shows a circuit for determining the impedance increase ∆Zn5 (23). 

 
 

Fig. 13. Equivalent circuit to determine the impedance increase ∆Zn5 
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Type VI: voltage detecting and voltage compensating filters 

 
The difference in analysis of the type VI filter from the previous type 

consists of replacing the noise source model from a current to a voltage one. A 
circuit for determining the IL6 (24) has been shown in Figure 14. 

 

a)    b)  
 

Fig. 14. Equivalent circuit to determine the IL6: a) receiver with a filter,  
b) receiver without any filter 
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Figure 15 shows a circuit for determining the impedance increase ∆Zn6 (25). 

 

 
 

Fig. 15. Equivalent circuit to determine the impedance increase ∆Zn6 
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3. Simulations of active filters 
 

This chapter discusses the results of simulation analysis of previously 
obtained equations to investigate their behavior, depending on changes in 
individual parameters such as the impedance module of noise sources |Zn| and 
filter gain module |A|. 

 
3.1. Simulations of the feedback type filters 
 

In the previous chapter the basic parameters of active feedback filters have 
been presented. Their summary can be found in Table 1: I - current detecting 
and voltage compensating filters, II - current detecting and current 
compensating filters, III - voltage detecting and current compensating filters, IV 
- voltage detecting and voltage compensating filters. 

Figure 16 shows changes in the insertion loss module |IL|, depending on the 
ratio of noise source impedance module (|Zn|) and the network impedance 
module (|Zs|) for a constant gain module |A| and for a different types of filters. 

 
Table 1. Summary of basic parameters of the feedback filters 

 
Type Filter gain Insertion loss Impedance increase 
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Analyzing the Figure 16, it can be concluded that for the correct operation of 

the filter type I and IV, which perform voltage compensation of noise, the noise 
source impedance modulus |Zn| is required to be smaller than the mains 
impedance modulus |Zs|. In contrast, for Type II and III, the noise source 
impedance module need to be much larger than the mains impedance module. 
The gain module of the filters is the same for all types and equals |A| = 100. 

Figure 17 shows diagrams of changes of the insertion loss module |ILdB| in 
regard to the filter gain module |A| for various values of noise source impedance 
module |Zn|. From these graphs the behavior of filters with different values of 
the source impedance module can be evaluated. The common denominator for 
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obtaining high effectiveness of noise suppression is the largest possible value of 
the filter gain module. 

10-3 10-2 10-1 100 101 102 103
0

5

10

15

20

25

30

35

40

45

|Zn|/|Zs|

|IL
dB

|, 
dB

|ILdB| = f(|Zn|/|Zs|), |A|=100

 

 

Type I, IV
Type II, III

 
 

Fig. 16. Changes in the insertion loss module depending on the ratio of noise source impedance 
module and the network impedance module for a different filter types 
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Fig. 17. Changes in the insertion loss module depending on change the gain module  

for a different filter types 
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By analyzing impedance increase module |∆Zn| as shown in Table 1 it can be 
seen that for current detecting filters (type I and II) it has a positive value, but 
for filters that detects voltage (type III and IV) it is negative. 

 
3.2. Simulations of the feedforward type filters 

 
Table 2 summarize the basic parameters of the feedforward filters. Unlike 

the feedback filter there only two configurations are possible: V - current 
detecting and current compensating filters, VI - voltage detecting and voltage 
compensating filters. 

 
Table 2. Summary of basic parameters of the feedforward filters 

 
Type Filter gain Insertion loss Impedance increase 
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Fig. 18. Changes in the insertion loss module depending on the ratio of noise source impedance 
module and the network impedance module for a different filter gain: a) |A| = 0,99; b) |A| = 1,01 

 
In the graphs in Figure 18 it can be seen that, as in the filters with feedback, 

for the voltage detecting filter (type V) the source impedance module is required 
to be much larger than the mains impedance module. Similarly for the filter VI, 
for effective suppression of noise high source impedance module is required. In 
contrast to the feedback filter, for obtaining a large damping factor the gain of 
the filters should be close to unity. The simulation assumed value of A ≠ 1, 
because when gain is equal to one, the equations of these filters do not make 
sense (division by 0). Assuming |Zn| >> |Zs| for the filter V, the insertion loss 
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equation can be simplified to (26) and for the filter VI, assuming |Zn| << |Zs|, the 
insertion loss can be simplified to (27). 
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Figure 19 shows changes in the insertion loss module |ILdB| depending on the 
filter gain module for different values of the noise source impedance modulus 
|Zn|. This gain is changed within a narrow range (0.1 to 10) because the larger 
value of its changes do not make sense. As mentioned, in the feedforward 
filters, the gain is required to be close to unity, and diagrams of Figure 19 show 
the sensitivity of the filter to its changes for different values of impedance 
modulus |Zn|. 
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Fig. 19. Changes in the insertion loss module depending on change the gain module  
for a different filter types 

 
Assessing changes of impedance increase modules shown in Table 2, it can 

be seen that it is positive for the filter with current detection, and negative for 
the filter that detect voltage. 

 
4. Selection of a filter type 

 
Analyzing the simulation results, it can be noticed that each of these filter 

types is adequate for reduction of a specific type of noise and that active filters 
affect the nature of the impedance of the receiver at the mains side. 

Type I, IV and VI filters that compensate voltage are adequate for systems in 
which the noise source can be modeled by a voltage source (where |Zn|→0). In 
contrast to that, the current compensating filters are a good option in systems 
where the noise source can be modeled by a current source (where |Zn|→∞). In a 
type II, III and V filters a method of reducing noise is to redirect the current 
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flow back to the receiver. As a result, current does not go to the mains, but 
comes back to the noise source. Similarly, in filters of type I, IV and VI, where 
the voltage is compensated, the system blocks the noise flow to the mains by 
trying to generate a voltage opposite to the noise voltage. This situation 
corresponds to a break in the circuit [13]. 

Analyzing the impedance increase module, it can be notice that filters of 
type I, II and V increase the impedance module of the receiver, and filters of 
type III, IV and VI reduce it. It is related to the noise detection method. When 
designing a filter, it should be ensured that operation of the filter begins with the 
frequency much greater than the mains frequency, which is particularly 
important for filter types III, IV and VI, which reduce the impedance of the 
receiver. Without proper low frequency cutout filter on the input, these types of 
filters may overload the active part of filter while trying to compensate the 
mains voltage [13]. 

Analyzing the graphs in Figure 17, it can be noticed that type III filters have 
the biggest insertion loss module. Compared to other filters, this module is 
much larger and less sensitive to changes both to gain of a filter and impedance 
module of the receiver (the noise source). Type I filters seem to have the worst 
parameters, as they have the lowest attenuation and highest sensitivity to 
changes in the source impedance module. 

In the feedforward filters, an important thing is to keep the gain value close 
to unity. Reducing this to less than unity results in a rapid decrease in the 
effectiveness of the filter. In contrast, the excess, even slight, can in some cases 
result in amplification of the noise generated by the receiver, which is obviously 
not allowed. 

 
5. Summary 

 
First part of this paper carries out a theoretical analysis of the feedback and 

feedforward active filters. Second part of the article focuses on simulation tests 
for selected variants of filters presented in the first part. Filters can be divided 
into six different base types, all of them analyzed in the paper. Parameters such 
as the insertion loss IL and the impedance increase ΔZn have been derived and 
described. Also, all types of the filters was assessed depending on the nature 
and type of the noise source.  

Eventually, the analyzed types of active filters have been compared in terms 
of practical applications, on basis of simulation studies. Additionally, possible 
problems and risks associated with their use have been put under consideration. 
Conclusions have been drawn, based on the theoretical analysis, literature, and 
simulation research. 
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