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Abstract—A new soft-switching boost converter with 
simple-structure passive lossless snubber is proposed in 
this paper. It shows various advantages as low cost, few 
auxiliary elements, and low voltage stress on the switch. 
The passive snubber circuit consists of an inductor, two 
capacitors, and two diodes. It provides zero current 
switching (ZCS) turn-on and zero voltage switching (ZVS) 
turn-off for the switch. The main diode turns on under ZVS 
and turns off under zero-voltage zero-current switching 
(ZVZCS), therefore reverse recovery problem is solved. 
Also, total efficiency and conducted electromagnetic 

interference (EMI) of the proposed converter compared to 
the conventional boost converters are improved. To prove 
it, a 220 W prototypes are implemented. The experimental 
results along with the theoretical analysis confirm an 

increase of 3% in efficiency of the proposed converter. 
 
Index Terms—passive lossless snubber, soft switching, 

zero current switching, zero voltage switching. 

I. INTRODUCTION 

ulse width modulated (PWM) converters have been widely 
used in various applications due to their fast transient 

response and high power density. Although, a high power 
density can be achieved by increasing the switching frequency, 
switching losses and electromagnetic interference (EMI) would 
be limiting factors. Therefore, the efficiency of the converter 
decreases as the frequency increases. To alleviate the hard 
switching issues, soft switching techniques have been proposed 
for dc-dc switching converters, where snubber circuits with 
active and passive type can be utilized. 

The active snubber contains a switch together with passive 
elements [1-7]. In [1], the auxiliary circuit only consists of an 
active switch and a clamp capacitor to provide zero-current 
switching (ZCS) condition for the main switch. In [2], the main 
switch turns on and off under ZCS and zero-current transition 
(ZCT) condition. Although active snubber circuits work better 
than passive snubber circuits in switching loss point of view,  
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they suffer from high cost of the auxiliary switch and the 
complexity of control and power circuits. 
On the other hand, passive snubber circuit can achieve a soft 
switching by using passive components such as resistors, 
inductors, capacitors, and diodes. The RCD (resistor-capacitor-
diode) circuit is the simplest type of a passive snubber circuit 
[8], [9] and reduces the voltage-stress across the switch during 
turn-off period. Despite these two advantages, power 
dissipation of resistors in RCD snubbbers limits low power 
applications and thus reduces the efficiency. So, the non-
dissipative LCD (inductor-capacitor-diode) snubbers are 
introduced to achieve high efficiency, low switching loss and 
capablility for higher power conversion [10-23, 26].  
In [10-14], [23] the number of components are relatively high 
in snubber circuit. The proposed snubber in [10] and [11] uses 
two seperate cores for implementing the inductors which affects 
the size of the converter. The proposed passive snubber in [13] 
uses a saturable inductor that leads to voltage ringing when the 
switch turns off. In [14], the switch and auxiliary diodes are 
suffering from voltage and current stress, respectively. In [15], 
a simple passive snubber is used to provide a soft switching 
condition. However, due to the presence of series coupled 
inductors with the switch, the voltage ringing results in the 
switch turn off. In [16], the current passes through the coupled 
snubber inductors freewheels through the converter switch 
resulting in high conduction losses. The coupled inductors in 
[15], [17], make undesired resonances.  
On the other hand, there are lossless passive snubber circuits 
with few numbers of elements for dc-dc boost converters, but 
their main problem is that  soft switching condition is not 
provided for the switches at turn-off instant [19], [20]. In some 
cases, the proposed passive snubber introduces extra voltage 
stress on the switch during the operating range [14-17]. For 
instance, in [22], the circulation loss has been increased since 
the stored energy in the capacitor of the snubber is delivered to 
the input voltage.  
In this paper, a new lossless passive snubber is proposed for dc-
dc boost converters without increasing the voltage stress. The 
proposed converter has a few number of components with no 
coupled inductors. The ZCS turn-on and ZVS turn-off of the 
switch has been achieved. All diodes including main and 
auxiliary ones turn on and off under a soft switching condition. 
The presented converter is comprehensively analyzed and 
meanwhile the operating modes are discussed in section II. 
Section III describes the design procedure. In section IV, the 
experimental results are presented. Conducted EMI of the boost 
converter with proposed snubber cell is evaluated in section V. 
Finally conclusions are given in Section VI. 
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II. CIRCUIT ANALYSIS  

The schematic of the proposed boost converter is shown in Fig. 
1.It includes a boost converter and an auxiliary circuit, 
consisting of a snubber inductance Ls, a snubber capacitor C2, 
a buffer capacitor C1, and two auxiliary diodes D1 and D2. The 
LS provides ZCS condition at turn-on and C2 with C1 provide 
ZVS condition at turn-off instant of the switch. Also C1, D1 and 
D2 recover the stored energy of the snubber to the output. The 
main operation waveform and equivalent circuit schemes of the 
proposed converter are given in Fig. 2 and Fig. 3 respectively. 
To analyze the circuit, the following assumptions are 
considered during on switching cycle: 

a) The boost inductor Lin is large enough, thus the input 
current Iin is constant in the switching cycle. 

b) The output capacitor Co is large enough, thus the 
output voltage Vo is constant. 

As is seen, different modes occur in the steady state of one 
switching cycle as below.  

Mode 1 [t0−t1]: Before this mode, the switch is off and Do is 
conducting input current and VC2=Vo, VC1=0. At t=t0 the switch 
turns on with zero current condition because Ls limits the rate 
of rising of the switch current. The current of the inductor LS 
increases linearly whereas the current of diode Do decreases. Vo 
is placed across Ls so the current of the Ls and Do are given by 

𝑖𝐿𝑠 = 𝑖𝑠 =
𝑉𝑜

𝐿𝑠

(𝑡 − 𝑡0) 
(1) 

 

𝑖𝐷𝑜 = 𝐼𝑖𝑛 −
𝑉𝑜

𝐿𝑠

(𝑡 − 𝑡0) (2) 

This mode ends when the switch current reaches Iin. Hence,  

𝑡 − 𝑡0 =
𝐿𝑠𝐼𝑖𝑛

𝑉𝑜

    (3) 

Mode 2 [t1-t2]: At t1, the current of the main diode is equal to 
zero and because of C2, Do turns off under zero voltage zero 
current switching (ZVZCS). A resonance begins between Ls 
and C2, so the current of Ls increases while the voltage of C2 
decreases in sinusoidal. The current of Ls is the total current of 
IC2 and Iin. Assuming the initial condition of VC2 (t1) =Vo and iLs 
(t1) =Iin, the following equations are obtained. 

𝑖𝐿𝑠 = 𝑉𝑜√
𝐶2

𝐿𝑠

𝑠𝑖𝑛(𝜔1(𝑡 − 𝑡1) + 𝐼𝑖𝑛  (4) 

𝑉𝑐2 = 𝑉𝑜 𝑐𝑜𝑠(𝜔1(𝑡 − 𝑡1) (5) 

𝜔1 =
1

√𝐿𝑠𝐶2

 (6) 

This mode ends when VC2 (t) equals zero. Thus, the duration of 
this mode is 

∆𝑡2 = 𝑡2 − 𝑡1 = 𝜋
√𝐿𝑠𝐶2

2
 (7) 

Mode 3 [t2-t3]: At the beginning of this mode, as the voltage 
of C2 equals zero, D1 starts conducting at ZVS condition. The 
resonance between C2 and Ls continues which discharges C2 
voltage. Also, a new resonance between C1 and Ls occurs which 
increases C1 voltage. At t=t2, is=iLs, VC2 (t2) =0 and VC1 (t2) =0. 
The following equations are established. 

𝑉𝐶1 = −𝑉𝐶2 ,   𝑖𝐶1 =
−𝐶1

𝐶2

𝑖𝐶2 (8) 

𝐼𝑖𝑛 + 𝑖𝐶1 − 𝑖𝐶2 = 𝑖𝐿𝑆 (9) 

𝐼1 = 𝑖𝐿𝑠(𝑡2) = 𝑉𝑜√
𝐶2

𝐿𝑆

+ 𝐼𝑖𝑛  (10) 

This mode ends when the switch turns off. Since the total 
voltage of C1 and C2 is equal to zero at this instant, the switch 
turns off at ZVS condition. The equations of this mode can be 
written by using the initial condition of (8) and (9). 

𝑉𝐶1 = 𝑉𝑜

√𝐶1𝐶2

𝐶1 + 𝐶2

𝑠𝑖𝑛(𝜔2(𝑡 − 𝑡2)) (11)) 

𝑉𝐶2 = −𝑉0

√𝐶1𝐶2

𝐶1 + 𝐶2

𝑠𝑖𝑛 (𝜔2(𝑡 − 𝑡2)) 
 

(12) 

𝑖𝐿𝑠 = 𝑉0√
𝐶2

𝐿𝑆

𝑐𝑜𝑠(𝜔2(𝑡 − 𝑡2)) + 𝐼𝑖𝑛 

 
(13) 

𝜔2 =
1

√𝐿𝑆𝐶1

 
 

(14) 

inV
+

-

inL

sL

S

1D

1C
2C

oD

2D

oC LR oV
+

-
si

ini
Lsi

1CV
+ -

+

-2CV

 
Fig. 1 Circuit scheme of the converter with the proposed passive 
snubber 
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Fig. 2 Key waveforms of the proposed soft switching boost  
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Fig. 3 Equivalent circuit schemes of the operation modes  
 

At the end of this mode, when the switch turns off, iC1 and iC2 
are zero and iLs =Iin. So, the duration of this mode can be 
obtained. 

∆𝑡3 = (𝑡3 − 𝑡2) =
𝜋√𝐿𝑆𝐶1

2
 (15) 

The voltage of C2 is negative in the mode 3 (t2<t<t3) and in t3, 
it reaches its maximum value. The sum of this voltage with the 
output voltage is the maximum voltage of diode D0. 

Mode 4 [t3-t4]: After the switch turns off at t3, the resonance 
between Ls and C2 stops, Iin passes through C2 and thus the 
voltage of capacitor C2 increases in a linear manner. The 
resonance started between Ls and C1 continues; so, the current 
of Ls decreases while the voltage of C1 increases in a resonant 
manner while iLs is equal to iC1. When the sum of the total 
voltage of C1 and C2 reaches to the voltage of Vo, D2 turns on 
and this mode ends. For this mode the initial conditions at t=t3 
are 

𝑉𝐶1(𝑡3) = 𝑉𝑜

√𝐶1𝐶2

𝐶1 + 𝐶2

 (16) 

𝑉𝐶2(𝑡3) = −𝑉𝑜

√𝐶1𝐶2

𝐶1 + 𝐶2

 (17) 

 
𝑖𝐿𝑠(𝑡3) = 𝐼𝑖𝑛 (18) 

The values of Vc1 and Vc2 voltage and iLs current at this mode 
are as follow  

𝑉𝐶1 =
1

𝐶1

𝐼𝑖𝑛(𝑡 − 𝑡3) +
𝑉𝑜√𝐶1𝐶2

𝐶1 + 𝐶2

𝑐𝑜𝑠 (𝜔2(𝑡 − 𝑡3) (19) 

𝑉𝐶2 =
1

𝐶2

𝐼𝑖𝑛(𝑡 − 𝑡3) −
𝑉𝑜√𝐶1𝐶2

𝐶1 + 𝐶2

 (20) 

𝑖𝐿𝑠 = 𝑖𝐶1 = 𝐼𝑖𝑛 − 𝑉0

𝐶1√
𝐶2

𝐿𝑠

𝐶1 + 𝐶2

𝑠𝑖𝑛(𝜔2(𝑡 − 𝑡3)) 

 
(21) 

At the end of this mode, at t4 the following equation is 
established. 

𝑖𝐶2

𝑖𝐶1

=
𝐶1

𝐶2

 

 

(22) 

So, the duration of this mode can be calculated as:  

∆𝑡4 = (𝑡4 − 𝑡3) =
1

𝜔2

𝑠𝑖𝑛−1(
𝐼𝑖𝑛(𝐶1 − 𝐶2)

𝐶1
2𝑉𝑜

√
𝐶2

𝐿𝑠

𝐶1 + 𝐶2

) 

(23) 

Mode 5 [t4-t5]: This mode starts when D2 turns on under ZVS 
condition. The total voltage of C1 and C2 is clamped by D2. In 
this mode, the inductor of Ls resonances with both capacitors 
C1 and C2. The voltages of both capacitors increase while the 
current of Ls decreases. This mode ends when the energy of Ls 
is transferred completely so, iLs becomes zero. At t=t4, iLs=Iin 
(C2/C1). The equations of this mode are: 
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𝑉𝐶1 + 𝑉𝐶2 = 𝑉𝑜 (24) 
𝑖𝐶2

𝑖𝐶1

=
−𝐶1

𝐶2

 (25) 

𝑉𝐶1 =
𝐼𝑖𝑛

𝐶1 + 𝐶2

(
𝐶2

𝐶1

)[
𝐶2

𝐶1
√𝐿𝑠𝐶2 𝑠𝑖𝑛(𝜔1(𝑡 − 𝑡4))

− (𝑡 − 𝑡4)] 

(26) 

𝑉𝐶2 = 𝑉𝑜 −
𝐼𝑖𝑛

𝐶1 + 𝐶2

(
𝐶2

𝐶1

)[
𝐶2

𝐶1
√𝐿𝑠𝐶2 𝑠𝑖𝑛(𝜔1(𝑡 − 𝑡4)

− (𝑡 − 𝑡4)] 

(27) 

𝑖𝐿𝑠 = 𝐼𝑖𝑛

𝐶2

𝐶1

𝑐𝑜𝑠(𝜔1(𝑡 − 𝑡4)) (28) 

 The duration of this mode is: 

∆𝑡5 = 𝑡5 − 𝑡4 =
𝜋√𝐿𝑠𝐶2

2
 

(29) 

Mode 6 [t5-t6]: At t5 the current of Ls becomes zero, and D1 
turns off under ZCS in this mode, C1 and C2 are discharged and 
charged respectively with Iin in a linear manner. At the end of 
this mode, the voltages of C1 and C2 equal to zero and the 
voltage of output capacitor Co respectively. For this mode   
𝑖𝑙𝑆(𝑡5) = 0, VC1 and VC2 can be calculated with the following 
equations. 

𝑉𝐶1(𝑡5) = −
𝐼𝑖𝑛

𝐶1

(𝑡 − 𝑡6)

+
𝐼𝑖𝑛

𝐶1 + 𝐶2

(
𝐶2

𝐶1

)√𝐿𝑠𝐶2 (
𝐶2

𝐶1

−
𝜋

2
) 

 

(30) 
 

𝑉𝐶2(𝑡5) =
𝐼𝑖𝑛

𝐶1

(𝑡 − 𝑡6) + 𝑉𝑜

− [
𝐼𝑖𝑛

𝐶1 + 𝐶2

(
𝐶2

𝐶1

) √𝐿𝑠𝐶2 (
𝐶2

𝐶1

−
𝜋

2
)] 

 

(31) 

At the end of this mode VC1=0 thus the duration of this mode is:  

∆𝑡6 =
𝐶2

𝐶1 + 𝐶2
√𝐿𝑠𝐶2 (

𝐶2

𝐶1

−
𝜋

2
) 

(32) 
 

Mode 7 [t6-t7]: At t6, Do is turned on under ZVS and the 
voltage of C2 is clamped by the output voltage, so D2 turns off 
under ZVS. The operation of the converter in this mode is the 
same as that of a conventional boost converter when its switch 
is off 

III. DESIGN PROCEDURE  

The procedure of selecting the filter inductor Lin and capacitor 
Co is the same as that of a conventional method. 

TABLE I  
Voltage and current stresses of the switch and diodes of the proposed 

boost converter 

Item Voltage stress Current stress 
S 
 

Vo 
 

I1 

 

Do 

 
Vo(1 +

√C1C2

C1 + C2

) 

 
Iin 

D1 
 

Vo 
 

Iin 

D2 
Vo 

 Iin 

In this section, a procedure to design the proposed snubber 
circuit is presented. It is important to properly select C1, C2, and 
Ls.  

 Snubber inductor Ls 
The inductor L1 provides ZCS condition for the switch S at the 
turn on instant and is designed like any turn-on snubber 
inductor [24]. LS can be calculated as  

𝑳𝒔 >
𝑽𝒔𝒘,𝒐𝒏𝒕𝒓

𝑰𝒔𝒘,𝒐𝒏

 
(34) 

Where, Isw,on is the amplitude of the input current after turn on 
and tr is the rise time of the switch current and Vsw,on is the 
switch voltage before turn on. 
 Snubber capacitor C2 
The capacitor C1 provides ZVS condition for the switch S at the 
turn off instant and is designed like any turn-off snubber 
capacitor [24]. It can be calculated as  

𝐶2 >
𝐼𝑠𝑤,𝑜𝑓𝑓𝑡𝑓

2𝑉𝑠𝑤,𝑜𝑓𝑓

 

 

(35) 

where Isw,off is the amplitude of the input current before turn-off 
instant and tf is the fall time of the switch current and Vsw,off is 
the switch voltage after turn-off. 

The minimum value of Ls and C2 to ensure considerable 
reduction in switching losses can be calculated as (34) and (35) 
[24]. However, higher value of these elements results in better 
reduction of switching losses. 

 Buffer capacitor C1 
The buffer capacitor C1 should be selected to ensure the 

recovery of the stored energy of the inductor LS. It can be 
calculated as: 

𝟏

𝟐
𝑽𝑪𝟏,𝒎𝒂𝒙

𝟐 𝑪𝟏+
𝟏

𝟐
𝑽𝑪𝟐,𝒎𝒂𝒙

𝟐 𝑪𝟐 <
𝟏

𝟐
𝑳𝑳𝒔,𝒎𝒂𝒙

𝟐 𝑳𝒔 (36) 
Also, the voltage stress of C1 can be calculated by using (36). 
The value of C1 is normally larger than the value of C2. The 
voltage and current stresses of the semiconductor components 
of the proposed boost converter are shown in Table I. 

IV. EXPERIMENTAL RESULT 

A prototype of a 220W boost converter with the proposed 
passive snubber cell has been implemented. The switching 
frequency is 100 kHz. The input and output voltages of the 
proposed converter are 48 and 96 V, respectively. IRF640 is 
used for the converter switch and MUR820 are chosen for all 
diodes.  

 
TABLE II 

Design parameters of the proposed converter 
Parameter  value 

Input voltage (Vin) 48V 
Output voltage (Vo) 96V 

Switching frequency (fsw) 100kHz 
Power MOSFET (S) IRF640 
Power diodes MUR820 
Inductor Lin 200µH 

Inductor Ls 25µH 
Capacitor C1 100nF 
Capacitor C2 47nF 

 

∆𝑡7 = 𝑡7 − 𝑡6 = (1 − 𝐷)𝑇 − ∆𝑡4 − ∆𝑡5 − ∆𝑡6 (33) 
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The design parameters of the proposed converter are shown in 
Table II. Fig. 4 shows the switching waveforms of the switch, 
including the switch voltage and current which confirm that S 
is turned on under ZCS and turned off under ZVS condition. 
The Voltage and current of Do is shown in Fig. 5. As shown in 
this figure, the diode is turned on at ZVS and is turned off at 
ZVZCS condition. The voltage and current of D1 and D2 are 
shown in Fig. 6 and 7, respectively. Fig. 8 shows the current of 
D1 and D2 under same time frame. The experimental results 
confirm the operation of the proposed converter. The 
comparison of some of the soft switching converters with the 
proposed converter is presented in Table III. It should be noted 
that these efficiency values have been obtained in simulation. 
The proposed converter has a few numbers of components in 
comparison to converters of [13-14], [16], [18], [23] and the 
switch voltage stress is less than converters of [14-16]. In table 
IV, the losses of the proposed boost converter in comparison 
with a hard switching boost converter is presented. In this table, 
ton and toff are the turn-on and turn-off times of the converter 
switch, respectively. Also, Irr is its reverse recovery current and 
trr is the diode reverse recovery time. Furthermore, Cout is switch 
output capacitance, Rds is the switch on state resistance, Iave is 
average current of main and auxiliary diodes, VF is forward 
voltage of diodes. RLin and RLs are resistance of Lin and Ls 
respectively, and B is the flux density. Since the converter is in 
continuous conduction mode, core loss of Lin is negligible. The 
efficiency diagrams of the proposed boost converter and a hard 
switching boost converter are shown in Fig. 9. As shown in Fig. 
9. The proposed efficiency is 96.4%. In comparison to the hard 
switching boost converter, the efficiency is improved by 3%. 
The efficiency diagram of the proposed boost converter versus 
input voltage is shown in Fig. 10. 

 

 
Fig. 4 (top) voltage and (bottom) current of the switch (voltage: 60 V/div; 
current: 5 A/div; time: 1 µs/div) 
 

 
Fig. 5 (top) voltage and (bottom) current of the Do (voltage: 50 V/div; 
current: 4.5 A/div; time: 1 µs/div) 

 
Fig. 6 (top) voltage and (bottom) current of the D1 (voltage: 100 V/div; 
current: 3 A/div; time: 1 µs/div) 

 
Fig. 7 (top) voltage and (bottom) current of the D2 (voltage: 50 V/div; 
current: 3 A/div; time: 1 µs/div) 

 

 
Fig. 8 currents of the (top) D1 and (bottom) D2 (current: 4.5 A/div; time: 1 
µs/div 

 

 
Fig. 9. Efficiency of the proposed boost converter compared with    

conventional hard-switching boost converter. 

 
Fig. 10. Power efficiency as a function of input voltage. 
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TABLE III 

Comparison between the proposed soft switching with some soft switching boost converters 

conver
ters 

No. of 
auxiliary 
elements 

Voltage stress of 
switch 

Current stress of 
switch 

Voltage 
stress of Do 

Current stress of 
Do 

Efficiency  
in  

simulation  
 

[13] 9 VO Iin + Vo(√
Cs

Ls + Lst

√1 −
Cs

Cst

 
 

---- 
 

---- 
 

---- 

[14] 8 

Vo(1 + √
Ls2

Ls3

)

+ Io√
Ls1

Cs

) 

Vo(√
Cs

Ls

+ Io(1 + √
Ls1

Ls2

) 

 
 
 

VO 

𝑖𝑠𝑤 =
𝑃�̅�

𝜂𝑉𝑖𝑛𝐷
(1 + √

𝐿𝑠1

𝐿𝑠2

)

−
Δ𝐼

2
(1 − √

𝐿𝑠1

𝐿𝑠2

)

+ 𝑉𝑜√
𝐶𝑠

𝐿𝑠2

 

 
 
 
 
 

96.7 

[15] 4 Vo(1 +
1

n
) 

 

Iin +
Vo

√
Lr1

Cr

 
 

VO 
√

(
𝑛 + 1

𝑛
)2𝐼𝑖𝑛

2 +
2(𝑛 + 1)𝑉𝑜𝐼𝑖𝑛

𝑛2√
𝐿𝑟1

𝑐𝑟

 
 

97.8 

[16] 6 Vo(1 +
1

√
L3

L2

) 
Iin + 2Vo(√

C1 + C2(
L2

L1
)

L2 + L3

 

 
 

---- 

 
 

---- 

 
93.5 

 

[18] 6 VO 

𝐼1

=
𝑃𝑜

(1 − 𝐷)𝑉𝑜

+
(1 − 𝐷)𝐷. 𝑇𝑠𝑤

𝐿𝑙𝑘1 + 𝐿𝑙𝑘2 + [1 − (
𝑛2

𝑛1
)]2. 𝐿𝑚

 

𝑉𝑜 + (
𝑛2

𝑛1

)𝑉𝑖𝑛 𝐼1[1 − (
𝑛2

𝑛1

)]  
 

98.3 

[21] 5 
𝑉𝑜

𝑁 + 2
 𝐼𝑖𝑛 +

2𝑁𝐼𝑜

𝐷
 

 
(𝑁 + 1)𝑉𝑜

𝑁 + 2
 

 
2𝑁𝐼𝑜

𝐷
 

 

 
96.2 

[23] 8 𝑉𝑖𝑛

1 − 𝑑
 

3𝐼𝑜

1 − 𝑑
 

𝑉𝑖𝑛

1 − 𝑑
 

𝐼𝑜

1 − 𝑑
 ------ 

[26] 4 Vo(1 +
1

n
) 

 
1.5Ii 

 
Vo 

 
0.25 Ii 

 
98.3 

propos
ed 5 VO Iin + Vo√

C2

Ls

 

𝑉𝑜(1

+
√𝐶1𝐶2

𝐶1 + 𝐶2

) 

 

 
 

Iin 

 
 

97.6 
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Terminal 
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Fig. 11 a prototype circuit of CISPR22 LISN [25]. 

V. CONDUCTED EMI MEASUREMENT  

In this section, the experimental measurements of the 
conducted EMI for the proposed converter are presented. The 
measurement setup includes a CICPR 22 line impedance 
stabilization network (LISN) and GWINSTEK GSP-830 
spectrum analyser. The LISN and GWINSTEK GSP-830 
spectrum analyser are inserted at the input of the converter [25] 
and on Rs respectively as shown in Fig. 11. The measured 
conducted EMI of the proposed converter is shown in Fig. 12. 

According to CISPR 22 standard, the conducted EMI covers the 
frequency range of 150 kHz to 30 MHz. The main EMI peaks 
of the conventional boost converter and the proposed converter 
are about 84dBµV at 18MHz and 73dBµV at 16MHz, 
respectively. Therefore, the EMI peaks are reduced to 11dBµV. 
As shown in Fig. 12 the EMI is reduced in this frequency range 
by the use of the proposed lossless passive snubber. Also, the 
measured EMI shows that two main EMI peaks of the 
conventional boost converter are about 86.3dBµV and 
84.3dBµV. The corresponding values for the proposed 
converter are 81.3dBµV and 74dBµV, which proves the boost 
converter with the proposed lossless passive snubber reduces 
the main EMI peaks about 5dBµV and 10dBµV. The EMI 
levels of the proposed converter and its hard switching 
counterpart for this frequency range are shown in Fig. 13. 
According to this figure, the EMI is decreased in many 
frequency ranges by using the proposed lossless passive 
snubber. 
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TABLE IV  

Comparison of losses in hard switching boost converter and the proposed boost converter 
Type of loss Formula Hard switching boost Proposed converter  
switching loss in S 1

2
𝑉𝑜𝐼𝑖𝑛𝑓𝑠𝑤(𝑡𝑟 + 𝑡𝑓 + 𝑡𝑟𝑟) 

1

2
× 96 × 5.4 × 105(145 + 110 + 195)

× 10−9 

Zero 

Parasitic capacitance loss in S 1

2
𝐶𝑜𝑢𝑡𝑉𝑜

2𝑓𝑠𝑤 
1

2
×175×10-12×962×105 1

2
×175×10-12×962×105 

conduction loss in S 𝑅𝑑𝑠𝐼𝑅𝑀𝑆−𝑠
2  0.145×(2.9)2 0.145×(4.4)2 

conduction loss in diode Do 𝑉𝐹𝐼𝑎𝑣𝑔−𝐷𝑜 1 ×1.7 1 ×1.24 
conduction losses in D1 𝑉𝐹𝐼𝑎𝑣𝑔−𝐷1 N.A 1 ×1.15 
conduction losses in D2 𝑉𝐹𝐼𝑎𝑣𝑔−𝐷2 N.A 1 ×1.11 

Conduction losses in Lin 𝑅𝐿𝑖𝑛𝐼𝑖𝑛
2  23.68 ×10-3×(4.14)2 23.68 ×10-3×(5.4)2 

Conduction losses in Lin 𝑅𝐿𝑠𝐼𝑅𝑀𝑆−𝐿𝑠
2  N.A 3 ×10-3 ×(5.34)2 

Core loss of Ls 𝑓𝑠𝑤

[
1 × 109

𝐵3 ] + [
1.1 × 108

𝐵2.3 ] + [
1.9 × 106

𝐵1.65 ]
+ 1.9 × 10−13𝐵2𝑓𝑠𝑤

2  
0.0263 N.A 

total loss  14.55W 
 

7.16W 

 
 

 
 (a) 

 
(b) 

Fig. 12 (a) Measured conducted EMI of the conventional boost converter 
Vertical axis: 20-100dBµv; Horizontal axis: 15 kHz-30 MHz. (b) 
Measured conducted EMI of the boost converter with proposed snubber. 
Vertical axis: 20-100dBµv; Horizontal axis: 150 kHz-30 MHz. 

VI.CONCLUSION 

In this paper, a new simple passive lossless snubber for the 
boost converter with no voltage stress has been presented. This 
passive snubber uses a few components to provide ZCS turn-on 
and ZVS turn-off conditions for the power switch.  Therefore, 
as the experimental results show, the efficiency of the converter 
has been improved. The soft switching condition is achieved for 
another element and thus the reverse recovery problems of the 
diodes are eliminated. The proposed converter is analysed and 
its operating modes are discussed. The experimental results are 
also presented which matches the theoretical results. Moreover, 
the conducted EMI of the proposed lossless passive snubber is 

measured and is compared to its hard switching counterpart, 
which shows the EMI levels are significantly reduced in many 
frequency ranges. 

 
Fig. 13 EMI level of the proposed boost converter at different frequency 
ranges as compared to the hard-switching boost converter 
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