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ABSTRACT

This paper compares different topologies of DC-DC
converters for levels of mitigation of EMI using a RCD
snubber for each. This paper proposes the design and
simulation of a Buck, Cuk and the Boost converter using the
software PSPICE. The circuit was constructed on PSPICE
and the output voltage of the converter is simulated for
different switching frequency. The simulated output was then
studied for different switching frequencies keeping duty cycle
constant, and EMI was found in the output due to switching
of the MOSFET. In order to minimize this interference a
RCD snubber circuit was designed in PSPICE across the
MOSFET of the converter. The output and simulations of
these three topologies were then studied in comparison to the
output of these converters without snubber circuit.

1. INTRODUCTION

All  power electronics equipments generate and emit
unwanted electrical signals (EMI noise) that can lead to
performance degradation of itself and other nearby
electrical/electronic  equipments. They generate high
frequency conducted and radiated EMI noise and draw
distorted line currents due to the sharp edges of the switching
waveforms with high dv/dt. The different topologies that are
used for the production of SMPS and other biomedical
instruments have more stringent EMC regulations. The ever
increasing use of off-line power supplies that have taken
place over the years has led to the adoption of standards in
order to achieve an adequate harmonic performance. These
standards contain regulations for low order harmonic content
(current distortion, e.g. IEC555-2) and high-order harmonics
(EMI, Electro Magnetic Interference). The most restrictive
commercial standard concerned with conducted EMI is the
VDEO871. This standard specifies the maximum allowable
conducted EMI generated by a piece of equipment.
Meanwhile, the requirements for measuring apparatus and
measurement methods are outlined by CISPR Publication 16.
This publication states that the bandwidth of measurement in
the range from I0kHz to 150 kHz is 200Hz. On the other
hand, this bandwidth is 9 kHz for frequency ranging from
150 kHz to 30MHz. This change in the bandwidth of
measurement affects strongly the EM1 performance.

2. ELECTROMAGNETIC INTERFERENCE

The switches with the high dv/dt and di/dt switching slopes
are the main sources of EMI. High rates of dv/dt and parasitic
capacitors to the ground are the reasons for common mode
interference. Electromagnetic Interference (EMI) is an
unwanted disturbance that affects an electrical circuit due to
conducted EMI emission is interference that propagates
through the metal conductors and cables. The interference

sources are coupled onto the power cable to the equipment. In
addition the interference may be coupled inductively or
capacitively from another cable to the power cable.
Conducted EMI emission is composed of two components
commonly known as the differential mode and the common
mode noise.

Conducted noise consists of two categories

2.1. Differential Mode Noise: It is measured between each
power line and ground. Differential mode is due to magnetic
coupling. Differential Mode noise attempts to dissipate its
energy along any path from line to neutral. The transmission
of the differential mode noise is through the input line to the
utility system and through the DC network to the load on the
power converter. Differential mode noise is present on both
the input and output lines.

2.2. Common Mode Noise: It is measured between Line and
ground. Common mode noise is due to stray capacitance. The
transmission of common mode noise is entirely through
parasitic or stray capacitors and stray electrical and magnetic
fields. Common mode noise is present on both input and the
common mode current flows into the parasitic capacitors
between the power converter components and the protection
earth. Since the common mode currents share most of their
paths with other equipment, the level of EM1 emission from
them is usually higher than that from the differential mode
currents.

For this research, the effect of snubber circuit in the power
loss reduction is analyzed for different switching frequency of
Buck, Boost and Cuk converter.

3. PSPICE SIMULATION CIRCUIT

Figure 1: Buck Converter Circuit on PSPICE



Figure 1 shows the simulation circuit of Buck converter in
PSPICE. To design a converter the value of inductor and
capacitor should be calculated, and the MOSFET and diode
need to be selected. In order to do this, the switching
frequency, duty cycle and the load resistance should be
known.

Figure 2. Simulation circuit of Cuk converter in PSPICE.
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Figure 3.Simulation circuit of Boost converter in PSPICE.
4. SNUBBER CIRCUIT

The application of DC-DC converters appear in
large numbers. Switching losses are high due to operation of
the converters in hard switching mode. [1], [3] and [4]. The
converter topologies could be realized as chip versions. For
these advanced technologies the power losses must be
properly evaluated and measures should be taken to reduce
the losses effectively. The snubber circuits are usually placed
in the converter structure to adjust the turn-on and turn-off
losses. The switching-on snubber circuit is connected in series
to limit the di/dt at turn-on. The switching-off snubber circuit
is connected in parallel to limit the dv/dt at turn-off.

The purpose of using Snubber circuits is to

»  Limit rate of rise of voltage across a switching
device

»  Limit rate of rise of current flowing through a
switching device

»  Modify the switching trajectory

» Reduce EMI

4.1. RCD Snubber circuit on Cuk Converter

The Cuk converter like all other hard-switched
converters faces the problem of Electromagnetic Interference
(EMI). In order to reduce the interference and hence increase
the efficiency of the Cuk converter a snubber circuit is
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applied to the MOSFET. A RCD Snubber is used on the
MOSFET, where the values of capacitor C and resistor R are
determined by the formulae that follow-
It
> C= dbf

ds
Where,
t; stands for Fall Time of the MOSFET,
V 4 stands for Drain to Source Voltage,

| 4 stands for Drain Current.

The value of C which is determined is then used to calculate
the value of resistor R as given below-

> Rzz
C

Where T stands for discharge time.
Here it is known that

> t,=100ns;
> Vg =100 V;
> |4=12318*1.1=1355 A

Hence capacitance C= 6.75 nf.

Discharge time= 35 ns
Hence resistance R= 5.185=5 ohms (approx)
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Figure 5: Boost Converter with snubber circuit



Figure 6: Cuk Converter with snubber circuit

Figure 7: Voltage across drain and source of MOSFET and
current across drain (Buck Converter)
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Figure 8: Voltage across drain source of the MOSFET (Boost
Converter) without snubber circuit.

Figure 9: V4 for 30MHz without snubber circuit
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Figure 10: Voltage across drain and source of MOSFET and
current across drain with snubber (Buck Converter)
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Figure 11: Voltage across drain source of the MOSFET
(Boost Converter) with snubber.
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Figure 12: V4 for 30MHz with snubber circuit
(Cuk Converter)
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Irequeal/; Ve A v i I, #

o @MW m Al @M
QkHz | 71381 2126 | 151328 | 2001 | 72985 M| B3u
JCkHz | 72082 | 21182 | 53378 | 20057 | 503K 0631 | 1203
WIkHz | 7088 | 21731 | 1832k | 00T | 4932 | 0383837 3R

S kHz | (013 | A0 | WIAM | WD | 361 [l
1Nl R NTA

SEHL 132362

sNHz S| BT

el 4 oF | 20068 | JETR | 267 T2

TRHZ | 16HE | A | T000 | 43820 LR 2] 21
SHEby | 1¥5E | 2061 THM | A7 |0TEFN| 1] 2@
A i Al 1503 L
M WHe 2 B 0.770235 | 7 T02¢
24 Wz 1M1 ] 1ML
a7 Wiz J181 §711 | B
U Wiz 35 | s e | Nk

Table 2. Buck converter With snubber



Fregeenty

afl)

V.

4W)

L

Ll
—
&

o)

9kHz
50
100z
K
1MH:z
Iz
& MHz
9MH:z
120z
15
18 iz
il
URH
il
30 N

2 | vy
2 B3 e

B
=) vy | B2

—_ s
=
o=

4*.._.
R
e

P ¥,

20 %8

Hoe
A9
pik 3
a7
2651
5%
08)
b (L7
A3
il

A4

s
.l

A

=Yg
)
nik |
o7 &z}
40
0%
0%
04%

5%
il

B

X

455
45505

%18

4z

19

[r='s
2| B
AT
SRS

[

112

i

S

- e

0w
d

&

)

4
[
-
=

=

020
040365
05740
081

13t

10132

N3
0287019

s an
all

15306

19158

Table 3. Boost col

nverte

r Without snubber

fasinm

uv

L{A)

Yne ]
13 |V]

iz A) Nossiw

SLEN
b
10)EH:

538
5778

™

2l

€31
53
&5
£33
33733
1524
15557
1343
1453
1578
138
k5
3085
AN

£3%
&7
.78
240
234
2397
L2%|
L1503

-~

235
2965

735
841

34
33
B4
39
13904
126§

9.3¢

356

Vee [V | lsint]
3% 60
ih| Ty
37| en
1% 4n

439 5143
4i% 419
£36] 43564
4
54 a5
| e
58 ey
1568 808
1356 135.3
66 B
L R

Table 4. Boost Converter With snubber
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Table 5. Cuck Converter without Snubber
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Table 6. Cuk Converter With Snubber
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Figure 14: P4 without snubber
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Figure 18: V4 with snubber

5. Analysis

From Figure 13, the drain current of buck, boost and Cuk
converter is almost maintained for lower frequency ranges
from 9 kHz to 1MHz. In the range of 3 MHzto 30 MHz there
is a drastic reduction in the values of drain current. The di/dt
effect of Cuk converter is of high value in the frequency
range of 500 kHz to 3 MHz The operation of Cuk converter is
not suitable for the switching frequency ranges from 500 kHz
to 3 MHz, due to the high value of di/dt and power loss. The
sudden rise in the current level will generate EMI.

From Figure 16, the effect of snubber is visualized by the
significant reduction of drain current in the range of 500 kHz
to 3 MHz and overall reduction of drain current for all the
frequency ranges.

From Figure 15, it is identified that the voltage drop across
the switch (Vgs) is very high when compared to buck and
boost converter. It is also found that the Vs is almost constant
for the increasing switching frequencies of buck and boost
converter.
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From figure 18, it is found that by using RCD snubber the
voltage drop across the switch is reduced for the switching
frequencies ranges from 6 MHz to 30 MHz

It is evident from Figure 13 and 15 the Cuk converter is not
suitable for low frequency ranges, unless otherwise the
implementation of proper snubber circuit.

Comparing the Figure 14 and 17 it is proved that the power
loss is reduced by connecting a snubber circuit and it is also
inferred that the Cuk converter is much suitable for the
switching frequency ranges from 6 MHz to 30 MHz.

6. CONCLUSION

This paper aimed to simulate and compare the three
topologies namely the buck, Cuk, Boost and also compare the
effect of a RCD snubber on each of these topologies. The
converters were analyzed for different switching frequencies
ranging from 9 KHz - 30MHz.1t was also observed from
the analysis that EMI is produced due to high switching
frequency of the MOSFET. In order to reduce the EMI and
increase the efficiency the RCD snubber is used and the
following was found:

1. It was analyzed that the snubber was very much useful in
reducing both the current and voltage spikes efficiently in the
buck and Cuk converters.

2. It was found that the power loss of the converter with the
snubber was smaller than that without the snubber circuit.

3. It was analyzed that the RCD snubber was not that
effective in the mitigation of spikes of Vg, Iy and power loss
in the case of boost converter.
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