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ABSTRACT 

This paper discusses a passive method of suppressing conducted electromagnetic interference (EMI) on 
various pulse width modulation (PWM) DC/DC converters. Snubbers are circuits which are placed across 
semi conductor devices for protection and to improve performance. In this paper, passive snubber such as 
RLD and RCD snubber is experimented and a new combined snubber is proposed. The combined snubber 
is designed to support the buck, boost, buck boost and cuk converters. The common mode noise (CM) and 
differential mode noise (DM) is simulated using PSPICE version 9.0 software. The conducted noise is 
measured for with and without connecting the RLD, RCD and the proposed snubber. The simulated results 
were compared to recommend low emission converter among the various DC/DC converter topologies. 

Keywords: Electromagnetic Interference, Snubber Circuits, Switching Frequency, Duty Cycle, Common 
Mode Noise,  Differential Mode Noise. 

1. INTRODUCTION 

DC-to-DC converter is an electronic 
circuit, which converts a source of direct current 
(DC) from one voltage level to another. DC-to-DC 
converters are important in portable electronic 
devices such as cellular phones and laptop 
computers, which are supplied with power from 
batteries primarily. The output voltage in DC-DC 
converters is generally controlled using a switching 
concept. This conversion can be done by two 
methods. They are: (i) LINEAR conversion and (ii) 
SWITCH MODE conversion. 

The main effects of power device switching are: 
 common mode currents flowing through 

the stray capacitance of the system; 
 conducted electromagnetic interference 

that 
eventually can propagate also by radiation; 

 lifetime reduction of the motors and 
transformers insulation; 

 Interference with communication systems 
or other electronic equipment placed in the 
proximity of the drive [1]. 

Conducted EMI occurs by the physical contact 
of the conductors due to induction. This is of two 

types. They are: (i) Common mode (CM) noise and 
(ii) Differential mode (DM) noise. 

Conducted EM1 problems have assumed a great 
importance in the field of both industrial and 
domestic ones, owing to the possible presence of 
very susceptible electric appliances operating in the 
same environment of the drives and to the more and 
more stringent standard limits. 
The investigation of Electromagnetic Compatibility 
(EMC) problerns in power electronic systems is of 
relevant importance in order to define their 
electromagnetic behavior. A snubber is a circuit 
connected around a power semiconductor device 
for the purpose of altering its switching trajectory. 
The main objective of snubber is to reduce power 
losses in the semiconductor device. It prevents fast 
change of voltage or current during switching, so 
that commutation process can become more nearly 
linear.  

 Suitable model of the converter topology have to 
be defined to make predictions of high frequency 
noises. In this paper the comparative study of EMI 
analysis is made on various DC-DC converters. 
 In this paper, a combination of RLD and 
RCD snubber is proposed and its effects on the 
mitigation of conducted electromagnetic 
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interference were analyzed. Simulation results are 
compared for various converters in the EMI point 
of view. 
 
2. LISN CIRCUIT 

 A Line Impedance Stabilization Network 
(LISN) is used to standardize the input impedance 
seen from the input of the device under the test [2]. 
LISN consists of inductors, capacitors and resistors. 
The inductor and capacitor are for filtering the 
noise and the inductor also separates the unwanted 
high frequency noises. 
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               Fig1. LISN Circuit 

 

It fulfills three main functions: 

 It filters the voltage of the mains and 
blocks the frequencies, which are higher   than 
the mains frequency. 

 It does provide characteristic impedance to 
the device under test (DUT). 

 The device under test (DUT) produces 
EMI, which transferred to a meter    generally 
the spectrum analyzer or an EMI receiver, so 
that measurement is made easy [3]. 

3. SNUBBER CIRCUITS 

Hard switching exposes the switch to high 
stress because the maximum voltage and maximum 
current must be supported simultaneously [4]. This 
also leads to high switching loss. In practical 
circuits the switch stress will be even higher due to 
the unavoidable presence of parasitic inductance 
(Lp) and capacitance (Cs). Cp includes the junction 
capacitance of the switch and stray capacitance due 
to circuit layout and mounting. Lp is due to the 
finite size of the circuit layout and lead inductance. 
Lp can be minimized with good layout practice but 
there may be some residual inductance which may 

cause a ringing voltage spike at turn-.The most 
common reasons for using a snubber are to limit the 
peak voltage across the switch and to reduce the 
switching loss during turn-off.  Snubber is an 
essential part of power electronics. Snubbers are 
small networks of parts in power switching circuits 
whose function is to control the effect of circuit 
reactance. Snubbers are classified as active 
snubbers and passive snubbers. Mostly the passive 
snubbers are used in practice. Because an extra 
switch is required for active snubbers, thereby 
increasing the power loss [5]. The snubber circuits 
are implemented for reducing the average power 
dissipation. Passive snubber network elements are 
limited to resistors, capacitors, inductors and 
diodes. Active snubbers include transistors or other 
active switches. 
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Fig 2. A Simple RLD Snubber 

For high value of Cs greater the loss in Rs 
when the switch turns on and Cs is discharged 
through Rs and the switch. Depending on the size 
of Cs the switch voltage may reach Eo. The case 
where E = Eo at the instant that I = 0 is defined as a 
“normal” snubber and Cs = Cn. 

 

In above equation ts is the fall time of the 
switch current.  When small value of snubber is 
used (Cs < Cn) the switching loss drops quickly. As 
Cs is made larger however, the improvement in 
switch loss decreases. There are different types of 
passive snubbers. We have selected resistor-
inductor-diode (RLD) turn-on snubber, resistor-
capacitor-diode (RCD) turn-off snubber and 
combined (RLD+RCD) snubber. The combination 
snubber, using both RLD and RCD, produced very 
good results with low losses 
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4. ANALYSIS 
 
4.1. Buck Converter 

There are many different types of 
converter topologies. Of those converters, buck 
converter is the basic converter topology 
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Fig 3. A Simple Buck Converter 
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Fig.4 Buck converter with RLD+RCD snubber. 

Figure 3 and 4 shows the simulation 
circuit of buck converter with and without 
combined snubber. A LISN circuit is introduced 
between the source and the converter [10]. A virtual 
simulation software version 9.0 of PSPICE is used 
for the simulation and the factors used are as 
follows: 

Power MOSFET : IRF840 
Diode              : MUR480 
Starting time       : 10ms 
Step size             : 0.01us 
Circuit Details  : Cmain= 1000uF, Lmain=5mH, Ls 
(RLD)= 10uH, Rs(RLD) =50 ohm, R (RCD)= 
250ohm, C (RCD)= 3.3nF, C (heat sink)=200pF. 

The common mode and differential mode 
voltage is measured. The measurements were taken 
by connecting RLD, RCD and combined snubber 
respectively. The drain to source voltage and drain 
current is also observed to calculate the power loss 
of the switch. 

 

 

Table 1. Noise measurements on Buck Converter 

Description VCM 

(mv) 
In dBµV VDM  

(mv) 
In dBµV 

Without 
snubber 

0.2845 49 dBµV 3.2297 70 dBµV 

With RLD 0.2012 46 dBµV 3.0001 69 dBµV 

With RCD 0.2416 47 dBµV 3.1381 70 dBµV 

Combined 0.1932 45 dBµV 2.121 66 dBµV 

 
Table 1 shows the peak noise level on 

buck converter for with and without passive 
snubbers. Different types of passive snubbers are 
connected and the noise levels were measured. 
From the Table 1 it is ascertained that CM noise is 
lesser than the DM noise for all types of snubber 
and it is also observed that combined snubber 
results in low common mode and differential mode 
conducted noise. The common mode noise was 
reduced by 4 dBµV when compared with a buck 
converter without snubber. The differential mode 
noise is mitigated by 3 dBµV when compared with 
buck converter without snubbing.  

 
4.2. Boost Converter. 

Figure 5 shows a model figure of a Boost 
Converter. Its main application is in regulating DC  

5mH

220V

MUR480

2
5

IR
F8

4
0

 

Fig 5. Simulation circuit of Boost converter 

power supplies and regenerative braking of DC 
motors. When the switch is on, the diode is 
reversed-biased, thus isolating the output stage 
[12]. The input voltage source supplies energy to 
the inductor. When the switch is off, the output 
stage receives energy from the inductor as well as 
the input source. Output voltage can be obtained as 
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Fig 6.  Boost converter circuit with RLD+RCD 
snubber 

Figure 5 and 6 shows the simulation circuit [16] of 
boost converter with and without connecting 
combined snubber. From Table 2 it is evident that 
for the buck converter Without snubber, the 
measured common mode noise 

Table 2. Noise measurements on Boost Converter 

Description VCM 

(mv) 
In dBµV VDM  

(mv) 
In dBµV 

Without 
snubber 

1.1437 61 dBµV 4.155 72 dBµV 

With RLD 1.0361 60 dBµV 4.2291 72 dBµV 

With RCD 0.8992 59dBµV 3.0381 70 dBµV 

Combined 0.6884 56 dBµV 3.0221 69 dBµV 

and differential mode noise is in higher level when 
compared with converter connected with passive 
snubber. For the boost converter with RLD 
snubber, it is found that the differential mode noise 
is in same level as converter without snubber and 
there is a common mode noise attenuation of 1 
dBµV. The combined snubber has achieved a very 
good level of attenuation for both common mode 
and differential mode noise by 5 dBµV.  

4.3 Buck Boost Converter 
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Fig 7. Buck boost converter 

Buck boost converter is the cascaded 
connection of two basic converters of buck and 
the boost. In steady state the output to input 
voltage conversion ratio is the product of the 
conversion ratios of the two converters in 
cascade. This allows the output voltage to be 
higher or lower than the input voltage based on 
the duty ratio [21]. The output voltage can be 
obtained as  
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Fig 8. Buck boost converter with RLD+RCD 

snubber 
 

Table 3. Noise measurements on Buck Boost 
Converter 

 

Description VCM 

(mv) 
In 
dBµV 

VDM  

(mv) 
In dBµV 

Without 
snubber 

2.6439 68 
dBµV 

5.8945 75 dBµV 

With RLD 1.9096 65 
dBµV 

4.8931 74 dBµV 

With RCD 2.4343 67 
dBµV 

4.924 74 dBµV 

 Combined 0.3513 51 
dBµV 

2.801 68 dBµV 

 

From Table 3 it is observed that the buck boost 
converter attained a differential mode noise level of 
75 dBµV. It is noticed that the RCD snubber is 
better in common mode noise mitigation when 
compared with RLD snubber. There is a reduction 
of 5 dBµV in both and CM and DM noise when 
compared with the buck converter without snubber. 
 
4.4 Cuk Converter 
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Fig 9. Cuk Converter 
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Figure 9 shows a simulation circuit of 
typical Cuk converter. The converter is obtained by 
using the duality principle on the circuit of the buck 
boost converter [15, 19]. The cuk converter 
provides a negative polarity regulated output 
voltage with respect to the common terminal of the 
input voltage. The output voltage can be obtained 
as 
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Fig 10. Cuk converter with RLD+RCD snubber. 
 

Figure 9 and Figure 10 is the PSPICE circuit 
diagram of cuk converter and cuk converter with 
RLD+RCD snubber. [6, 7, 8, 9]  
 
 
 

Table  4. Noise measurements on Cuk Converter 
 
Description VCM 

(mv) 
In 
dBµV 

VDM  

(mv) 
In 
dBµV 

Without 
snubber 

1.105 61 
dBµV 

6.244 76 
dBµV 

With RLD 0.9072 59 
dBµV 

5.57 75 
dBµV 

With RCD 1.062 60 
dBµV 

6.325 76 
dBµV 

Combined 0.8131 58 
dBµV 

2.712 68 
dBµV 

 
From Table 4 it is observed that the cuk converter 
has high level of differential mode noise. For the 
converter without snubber, the peak value of the 
differential mode noise reaches up to 76 dBµV. It is 
evident that the differential mode noise level is 
higher when compared with common mode noise 
[12]. 
 
 
 
 
 

5. COMPARISON BETWEEN VARIOUS 
CONVERTERS 

5.1 WITHOUT SNUBBER 

Figure 11 and 15 illustrates the simulation 
results of the common mode noise and differential 
mode noise with different converter topologies. For 
the duty cycle of 0.6 the simulation is completed 
without connecting the snubber circuit. It is evident 
from the figures that the noise magnitude for all the 
converters is high in the range of 0-8 MHz. The 
magnitude of the differential mode noise is high 
compared with common mode noise in the high and 
low frequency ranges for all the converters. It is 
observed that for the buck converter the CM and 
DM noise levels are less compared to other 
converter noises and particularly in the range 0-
8MHz [11].  The reduction in noise lies in the range 
2dBµv-20dBµv. From Table 5 it is observed that 
the average conducted noise level for buck 
converter is less when compared with other 
converters [23]. The switching loss is around 
8.1675 w for the buck converter which is high 
when compared to other type of converters. 

5.2 WITH RCD SNUBBER 

The simulation results of CM and DM 
noises are shown in figure 13 and 17. The 
simulation is conducted for duty ratio D = 0.6. It is 
observed that for the buck converter the attenuation 
level is good  at nearly 2dBµv-20dBµv in the low 
frequency and high frequency ranges. In case of 
boost converter attenuation in the noise is nearly 
1dBµV to 4 dBµV in the frequency range 0 to 
1.5MHz. In buck boost converter the noise is 
reduced about 1 dBµV -14 dBµV. In case of cuk 
converter the noise is attenuated approximately by 
1-6 dBµV and it is observed in the range of 0-
4.5MHz. For the cuk converter the noise reduction 
is about 5-15 dBµV and is observed in the range of 
4-27MHz.The differential mode noise is attenuated 
in the frequency range of 6-8MHz and the 
reduction is about 3-20 dBµV. From Table 7 it is 
observed that the average conducted noise level for 
buck converter is less when compared with other 
converters. The switching loss is around   6 W for 
the buck converter which is low when compared to 
other type of converters [13]. It is evident that the 
switching loss is reduced by 2 watts by connecting 
the RCD snubber. 
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5.3 WITH RLD SNUBBER 
Similarly, figure 12 and 16 shows the CM 

and DM noise comparison of different DC/DC 
converters. It is observed in the frequency ranges of 
0-10MHz and 18-20MHz, the reduction is about 20 
dBµV. Buck-boost converter is better in the 
particular frequency range 4-14MHz than the cuk 
converter and the noise is attenuated by 3-8dbuv. 
For Cuk converter the noise attenuation is observed 
in the frequency range  0-4MHz and also 14-
20MHZ and is about 1 dBµV -10 dBµV. The 
mitigation of differential mode noise for the buck 
converter is good [18] when compared to other 
converter and also reduction is found in the 
frequency range of 1 MHz to 15 MHz. From Table 
6 it is observed that the average conducted noise 
level for buck converter is less when compared 
with other converters. The switching loss is around 
6 W for the buck converter which is low when 
compared to other type of converters [17]. It is 
evident that the switching loss is reduced by 1.5 
watts by connecting the RLD snubber. 
5.4 WITH COMBINED SNUBBER 

 For a duty cycle of 0.6 [20], the 
simulation results of the CM and DM noises are 
shown in figure 14 and 18.By connecting 
RCD+RLD snubber [14], buck converter has least 
noise than other converters. This reduction is about 
5-20 dBµV particularly in the frequency range 1-
4MHz, 8-14MHz, and 16-18MHZ. From Table 8 it 
is observed that the average conducted noise level 
for buck converter is less when compared with 
other converters [22]. The switching loss is around 
6 W for the buck converter which is low when 
compared to other type of converters. It is evident 
that the switching loss is reduced by 3 watts by 
connecting the RLD + RCD snubber. 

Table 5. Converters without Snubber 

Converte
r 

Vds 
(V) 

ID 
(A
) 

VD(V
) 

VCM 

(mV) 
dbu
v 
(CM
) 

VDM

(mV)
dbu
v 
(CM
) 

Buck 
1.485

0 
5.5 

100.49
5 

0.284
5 

49 
3.229

7 
70 

Boost 
0.983

2 
5.4 

250.68
0 

1.143
7 

61 
4.185

0 
72 

Buck-
boost 0.737

5 
5.3 

227.83
0 

2.643
9 

68 
5.894

5 
75 

Cuk 
0.351

0 
5.4 

237.67
0 

1.105
0 

61 
6.244

0 
76 

Table 6. Converters with RLD Snubber 
 

Converte
r 

Vds 
(V) 

ID 
(A
) 

VD(V
) 

VCM 

(mV) 
dbu
v 
(CM
) 

VDM

(mV)
dbu
v 
(CM
) 

Buck 
1.273

0 
5.
2 

100.12
7 

0.201
2 

46 
3.00

0 
69 

Boost 1.881
9 

5.
3 

249.62
0 

1.036
1 

60 
4.22

9 
72 

Buck-
boost 

1.612
7 

5.
4 

223.79
0 

1.909
6 

65 
4.89

3 
74 

Cuk 
1.176

2 
5.
2 

227.37
0 

0.907
2 

59 
5.57

0 
75 

 
Table 7. Converters with RCD Snubber 

 
Converte

r 
Vds 
(V) 

ID 
(A
) 

VD(V
) 

VCM 

(mV
) 

dbu
v 
(CM
) 

VDM 
(mV)

dbu
v 
(CM
) 

Buck 1.193
0 

5.
0 

101.32 0.24
1 

47 3.138
1 

70 

Boost 1.811
2 

5.
2 

247.78 0.89
9 

59 3.038
1 

70 

Buck-
boost 

1.607
1 

5.
1 

232.85 2.43
4 

67 4.924
0 

74 

Cuk 1.197
3 

5.
3 

225.34 1.06
2 

60 6.325
0 

76 

 
 

Table 8. Converters with RLD+RCD Snubber 
 

Converter Vds (V) ID 
(A) 

VD(V)  VCM 

(mV) 
dbuv
(CM)

VDM 
(mV)

dbuv
(CM)

Buck 

0.975 5.20 103.570 0.193 45 2.121 66 

Boost 
0.873 5.23 243.582 0.688 56 3.022 69 

Buck-
boost 0.628 5.05 235.620 0.351 51 2.801 68 

Cuk 
0.2003 5.25 224.120 0.813 58 2.712 68 
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Fig11.Comparison of converters for common mode 
noise without snubber 

 

Fig 12.Comparison of converters for common mode 
noise with RLD snubber 

 

Fig 13.Comparison of converters for common mode 
noise with RCD snubber 

 

Fig 14.Comparison of converters for common mode 
noise with RLD+RCD snubber 

 

Fig15. Comparison of converters for differential 
mode noise without snubber 

 

Fig 16.Comparison of converters for differential 
mode noise with RLD snubber 
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Fig 17.Comparison of converters for differential 
mode noise with RCD snubber 

 

Fig18. Comparison of converters for differential 
mode noise with RLD+RCD snubber 

 

6. CONCLUSION 

This research paper aimed at simulation and 
comparison of different converter with and without 
RLD, RCD and combined (RLD+RCD) snubber 
circuits. The EMI was analyzed in the range of 9 
KHz to 30 MHz. The main cause for this EMI in 
this circuit is due to the high switching frequency of 
power MOSFET. Using passive snubber circuits 
such as RLD, RCD and RLD+RCD snubbers 
reduced this. The following are found through this 
analysis: 

  The conducted noise produced in buck 
converter is lesser for fixed duty cycle than other 
converters. The noise produced in cuk converter is 
greater than buck converter but less than that of 
other converters. Noise produced by buck boost 

converter is higher than all the other converters. It 
is therefore concluded that the combined snubber 
results in good mitigation of conducted EMI and 
reduced switching losses. 
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