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ABSTRACT 

Passive Electromagnetic Interference (EMI) filters are being 

replaced with active EMI filters these days for dealing with 

high-frequency noise interference. Based on the measured 

values of noise source and noise termination impedances of 

equipment under test, a practical example of the design of an 

EMI filter to comply with the regulatory limits of conducted 

EMI is demonstrated. The elimination of Common-mode 

(CM) noise considering the design of both passive and active 

EMI filters is exhibited in the frequency range of 150 KHz-

1MHz and although both of these filters allow the SMPS to 

pass the EMI limits, designing active EMI filters leads to 

optimal component values and eliminates CM noise over a 

wider frequency range.    
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Active electromagnetic interference filter, common-mode 

noise, conducted interference, electromagnetic interference, 

insertion loss, passive electromagnetic interference filter. 
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1. INTRODUCTION 
Electromagnetic Interference (EMI) filters are used in 

electronic equipment to enable them to comply with the EMI 

specification limits [1]. Passive EMI filters are bulky, heavy 

and exhibit a poor compensation and are not very efficient in 

eliminating high frequency noise components. A new class of 

power line filters overcoming these limitations is ceramic 

filters, lossy line filters and active filters [2]. Several 

systematic analyses of EMI filters have appeared recently that 

have evaluated an active EMI filter for CM noise reduction 

[3-5]. Filter performance characteristics depend on several 

parameters: insertion loss, input and output impedances, cut-

off frequency etc [2]. The insertion loss as a function of 

frequency is the most fundamental characteristic of a filter 

defined as, 

               (1) 

where, 1 is the output voltage of signal source without filter 

in setup and 2 is the output at filter terminals with the filter 

in the setup. For filter designs in the conducted emissions 

range that is typically from 150 KHz-3MHz, the filters are 

designed to satisfy the EMI regulatory limits. Table1 shows 

the CISPR 22 EMI regulatory conducted emission limits. For 

filter designs of microwave applications, the source and noise 

impedances are generally specified to be 50Ω. Some EMI 

filter design methods do not consider these impedances but 

few methods do take into account these values to avoid 

overdesign [6].  

 

Table 1. Conducted Emission limits for Class A and Class 

B devices 

CISPR 22 Conducted Emissions Limits for Class A Devices 

Frequency (MHz) µV QP  (AV) dB(µV) QP 

(AV) 

0.15 - 0.5  8912.5 (1995) 79 (66) 

0.5  - 30 4467   (1000) 73 (60) 

CISPR 22 Conducted Emissions Limits for Class B Devices 

Frequency (MHz) µV QP  (AV) dB(µV) QP (AV) 

0.15 - 0.5 1995-631 (631-

199.5) 

66-56 (56-46)  

(limit varies 

linearly) 

0.5  - 5 631 (199.5) 56 (46) 

5    - 30 1000  (316) 60 (50) 

 

In this paper, based on measurements performed in AWR-

Microwave Office using circuit schematics of conducted 

emission setup, suitable passive EMI filters are designed for 

the EUT and the results are validated through simulations in 

MATLAB. With these obtained results, the limitations of 

using LC inductor or choke filter are discussed and a simple 

active EMI filter design has been proposed to overcome these 

limitations [7]. The active filters are small, compact and the 

CM interference levels and insertion losses after including 

these filters are demonstrated and the results are compared to 

exhibit the effectiveness of using active EMI filters at 

microwave frequencies.   

2. MEASUREMENT PROCEDURE 
The circuit configuration of the measurement setup consists of 

a basic 2-transistor SMPS acting as the noise source, a Line 

Impedance Stabilization Network (LISN), noise separator to 

separate CM and DM noises and passive/active EMI filters 

designed to eliminate CM interference. 
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2.1 Impedance measurements 
Precise information of the CM noise source and noise 

termination impedances over the desired frequency of interest 

is necessary to decide on an appropriate EMI filter 

configuration to meet a specific conducted EMI limit and to 

maximize filter performance [5]. In this paper, this 

measurement is done through circuit schematics by following 

the below procedure. 

2.1.1 CM noise termination impedance 
The input from the ac power supply is fed to the EUT (SMPS 

acting as the noise source) through LISN that acts as the 

termination impedance for CM noise source. To measure this 

CM noise termination impedance, a 1-µF capacitor is 

connected between the line and ground nodes and another 1-

µF capacitor is connected between the neutral and ground 

nodes of the LISN [6] and the SMPS is removed. For 

commercial purposes, this LISN impedance is usually around 

50Ω over the conducted emissions frequency range. 

2.1.2 CM noise source impedance 
The impedance of the noise source, which is the EUT can be 

measured by connecting a CM inductor (28mH) in series with 

the source/load and removing the LISN. The values obtained 

for the CM source impedance across 150 KHz-1MHz is 

shown in Figure1. The impedance increases almost linearly 

with frequency until 1MHz and remains constant above that. 

 

Figure 1. Common-mode noise source impedance curve 

2.2 CM noise measurement 
Once the noise impedances are measured, the CM noise 

measurement setup is connected as in Figure2. The EUT is 

powered by 220V ac power supply that is fed through the 

LISN and the CM noise produced due to the switching 

elements in the EUT are tapped at the ‘line’ and ‘neutral’ 

terminals of the LISN and measured across the output of the 

CM noise separator [8]. This noise separator rejects the 

differential-mode form of conducted emissions and gives only 

the common-mode noise as output. This output is given by, 

                (2) 

The CM noise voltage obtained was simulated in MATLAB.  
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Figure 2. Common-mode noise measurement schematic in 

AWR-Microwave Office 

These noise levels when compared with the CISPR 22 EMI 

specified standards (as in Table1), are found to exceed them 

and this has been shown in Figure4. 

 

Figure 4. CM noise voltage exceeding EMI limit when 

filter is not used 

The EMI filter is required to reduce these emissions and make 

the EUT comply with the EMI limits. The amount by which 

the CM noise is above the EMI limit is the minimum required 

insertion loss required for the design of the filter. Hence, the 

filter should satisfy the below condition in order to comply 

with the EMI limits: 

      (3) 

where,  is the designed insertion loss and 

 is the obtained CM noise voltage without using 

filter and  is the CISPR 22 EMI regulatory 

limit for conducted emissions. 

2.3 EMI Filter design process 
Passive EMI filters are found in almost all electronic 

equipment these days to comply with emission standards of 

commercial purposes.  

2.3.1 LC Inductor filter 
The choice of EMI filter depends on the noise source and load 

impedances and in the example considered in this paper, the 

CM noise source impedance (shown in Figure1) is much 

greater than the CM noise load impedance which is 

approximately 50Ω. For such configurations, LC inductor 

filter is appropriate [6] and the adopted filter configuration is 

depicted in Figure5. 
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Figure 5. LC inductor filter 

 
To increase the attenuation and to realize a steep skirt 

response, several LC stages may be cascaded. Capacitors Cy 

bypass the CM current to ground. When the source and load 

impedances are unequal, the largest insertion loss will usually 

be achieved when the capacitor shunts the higher impedance 

(load or source) [9]. The filter is placed between the LISN and 

EUT and the filter is composed of two CM inductors (L1 and 

L2) and two CM capacitors (each Cy). The total capacitance, 

Ct  is,  

                 (4) 

The value of CM capacitance is usually constrained by safety 

requirements and hence, the maximum capacitance connected 

to ground should not exceed about 4700pF on each phase for 

250Vac 50Hz power supply [10].  

                   (5) 

So, each capacitance of 1pF is chosen for the design and 

hence, 

                   (6) 

Using these known capacitances, the CM inductors are tuned 

to the required value such that they could provide the CM 

filter insertion loss indicated in equation2. The tuned values of 

CM inductors are, 

                 (7) 

With these inductances the obtained CM noise was in 

accordance with the levels mentioned in Table1. The results 

obtained are shown in Figure6.  

 

Figure 6. CM noise voltage with and without LC inductor 

filter 

The cut-off frequency of this filter is given by,  

    where,  is the resonant frequency of 

the filter, L, C are the designed inductance and capacitances 

of the filter. At high frequencies, this filter gives poor 

attenuation and the resonance effects caused by lead 

inductance of the capacitors are of critical importance. 

2.3.2 Choke filter  
For the LC inductor filter, the desired results were confined 

only from 250 KHz-1.05MHz. Hence, a CM choke inductance 

was employed instead of two inductors. The most important 

design consideration in power line filter designs is the method 

of winding CM inductor choke [2].  

The winding should be done with minimum 

interwinding capacitances and the CM chokes perform well 

because the permeability to common-mode currents is much 

larger [11, 12]. The circuit is similar to that shown in Figure5 

but, a single choke inductance is used here. The CM 

capacitances were 1pF each and the tuned CM choke 

inductance was about 2mH that produced almost negligible 

CM noise across the output of noise separator. 

                 (9) 

But, choke filters have a poor compensation and they too 

operate well only over a narrow range of frequencies due to 

parasitic affect of the passive components and the limitations 

of the leakage inductance. Several published papers [11, 13-

16] have investigated and analyzed CM currents. Keeping in 

view all these drawbacks of passive EMI filters, the design of 

a simple active EMI filter was considered a good alternative 

and the schematic employing an active EMI filter is shown in 

Figure7. 
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Figure 7. Active EMI filter schematic connected in PSPICE

2.3.3 Active EMI filter  
The active EMI filter consists of a 741 op-amp along with 

some resistors and capacitors. A coupled transformer was 

used between the LISN and the EUT and the high-voltage 

capacitors C1 and C2 should not be too large to meet the 

leakage current safety specifications. Hence, the capacitances 

chosen were, 

               (10) 

The Coupled transformer was tuned to specific values such 

that it produced reduced CM noise satisfying the condition in 

equation2. The designed internal parameter values of the CM 

coupled transformer are,  

 

   (11) 

With these component values, the active EMI filter produced 

desired results over a wider range of frequencies until about 

3MHz unlike the passive EMI filters designed previously and 

this reduced CM noise using active EMI filter is shown in 

Figure8. 

3. RESULTS AND COMPARISONS 
The comparison of CM noise voltages obtained by employing 

LC inductor and choke filter as can be seen in Figure8, are 

below the specified CISPR conducted emission EMI limit. By 

employing a LC inductor filter, desired results are obtained 

only from about 250 KHz and for frequencies lower than 250 

KHz, larger passive component (Zseries or Zshunt) is needed to 

acquire required insertion loss. So, the noise impedance   

cannot be measured accurately below 250 KHz while for 

frequency   higher  than  1MHz, the  high-frequency   parasitic 

parameter of the passive component will also affect the 

accuracy of measurement result.  

 
 

Figure 8. CM noise voltage comparisons using passive and 

active EMI filters 

 

Hence, the designed LC inductor filter gives desired outputs 

only from 250 KHz-1.05MHz.Common-mode chokes perform 

well due to large permeability to common-mode currents.  By 

employing a single CM choke inductance instead of two 

separate inductors, the noise is cancelled and this choke filter 

produced desired outputs from 150 KHz-1.05MHz as shown 

in Figure8. The active EMI filter produced CM noise lower 

than that of the LC inductor filter, but greater than that of the 

choke filter. The active filter produces desired results over a 

wide range of frequencies unlike the passive EMI filters and 

the reduced CM noise was obtained until around 3MHz as 

shown in Figure9.  
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Figure 9. CM noise voltage of active EMI filter across a 

wide frequency range 

 

 

Figure 10. Insertion loss curves 

The insertion losses for both the designed passive and active 

EMI filters were simulated in MATLAB and the graph 

showing these comparisons is visible in Figure 10. 

Table 2. Comparison of results between passive and active 

EMI filters 

Measurement 

in 150KHz-

1.05MHz 

LC 

inductor 

filter 

Choke 

filter 

Active EMI 

filter 

Maximum 

Common-

mode noise 

-60.3dB -294.6dB -174dB 

Maximum 

Insertion loss 

90dBµV 310dBµV 200dBµV 

Frequency 

range in which 

desired output 

is obtained 

250KHz-

1.05MHz 

150KHz-

1.05MHz 

150KHz-

3MHz 

From this figure, it can be clearly observed that for 

frequencies below 250 KHz, the LC inductor filter is not 

satisfying the condition in equation1. The comparison of 

results between the passive and active EMI filter is tabulated 

in Table2. 

4. CONCLUSIONS 
The measured and simulated results in this measurement 

process show that over a narrow frequency range of 150KHz 

– 1MHz, the passive EMI filters could be used to reduce the 

common-mode noise levels below the regulatory limits but as 

the frequency increases  beyond  1MHz, the affect of parasitic 

components on the measured values increases and the passive 

EMI filters become bulky and heavy. On the other hand, the 

active EMI filters are compact, light and could be used over a 

wider range of frequencies and over the entire conducted 

emission range, from 150 KHz-3MHz producing reduced 

common-mode noise that is compliant with the CISPR 22 

EMI limits. The use of active EMI filters are hence a better 

alternative to passive EMI filters for reducing the unwanted 

common-mode noise form of conducted interference.  
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