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Abstract — DC/DC power converters with galvanic isolation
and using only one power transistor need elements that limit the
voltage peaks at the beginning of the transistor turn off. These
elements are called clamp snubbers. Its placement and design are
well known for power converters with two reactive elements (e.g.
flyback). However, different placements can be considered for
those clamp snubbers in converters with higher number of reactive
elements. Moreover, if the converter works as a Resistor Emulator
(RE) in a Power Factor Corrector (PFC), the snubber must take
into account the continuous variation of some of the electrical
variables. This paper presents the study of four different
placements for a passive clamp snubber network in a SEPIC
converter working as an automatic RE, i.e., working in the
Discontinuos Conduction Mode (DCM) and with a constant duty
cycle during a line period. The value of the clamp snubber resistor
needed to achieve a specific clamp voltage for these four options is
determined in this paper. Moreover, the four options are
compared in terms of the dissipated power in the snubber resistor.
Consequently, it is possible to determine which one is going to be
the best snubber option, in terms of efficiency. This study has been
carried out for a SEPIC topology, and it is also valid for the Cuk
one. Finally, all the study developed in this paper has been
validated considering PSIM simulations and experimental results
using a SEPIC prototype working as an automatic PFC.

Keywords — SEPIC converter, Clamp snubber, Power factor
corrector, Resistor emulator.

1. INTRODUCTION

Galvanic isolation between input and output is very
common in AC/DC and in DC/DC converters, which implies
the use of several-winding magnetic components. Introducing
galvanic isolation in switching-mode DC/DC converters always
implies some problems due to the abrupt interruption of the
current passing through the leakage inductance that the
magnetic component always has. If the voltage across the
transistor is clamped to a certain value by the converter
topology (e.g., half-bridge and full-bridge cases), then the
leakage inductance only causes parasitic oscillations. However,
it can cause serious damage for the transistors in topologies
such us flyback, forward, push-pull, SEPIC, Cuk, Zeta and
current-feed converters, if the voltage across the transistor is not
properly clamped. In these cases, it is necessary to use a snubber
network [1] to limit the voltage across the transistor and to
reduce the parasitic oscillations. Snubbers can be active or
passive networks. Active snubbers include transistors, diodes
and capacitors [1],[2]. All the energy stored in the leakage
inductance is recovered when active snubbers are used, thus

avoiding losses in the snubber. However, its use increases the
converter complexity and cost due to the additional transistor
used, including its control and its driving circuitry. Therefore,
simple passive and dissipative snubber networks are preferred
for low-power and low-cost converters. A very well-known
passive clamp snubber is shown in Fig.1 for a flyback converter
with leakage inductance L. This clamp snubber is in charge of
limiting the drain-source peak voltage across the transistor. In
this snubber, the electric charge injected into capacitor C., has
to be compensated with the electric charge that flows from C.
to another point in the circuit (whose voltage must be lower).
The balance of these electric charges is reached for a specific
voltage across C., which in fact is the clamp voltage. The value
of the clamp snubber resistor, R, and its placement in the circuit
determines the clamp voltage. It should be noted that the
position of resistor R. is not irrelevant, because it determines
whether a part of the energy stored in C. is returned to the input
port, or, if it is completely wasted. For example, one of the R,
terminals is connected to the positive terminal of V, in Fig.1.
With this placement of R, current iz, flows through both R. and
V,. Therefore, there is a partial return of energy to the input
voltage source V. If R. were connected in parallel with C.

Clamp snubber
Fig. 1. Right connection of a passive clamp
snubber for a flyback converter.

Clamp snubber

Fig. 2. Wrong connection of a passive
clamp snubber for a flyback converter.



(Fig.2) this energy would not return to V. Therefore, the
position of R, in the circuit is not irrelevant.

A DC/DC converter can be placed between a line rectifier
and a low frequency filter capacitor Cs, (as shown in Fig.3). In
this case, an AC/DC converter with high power factor and low
input harmonic distortion can be implemented. This is achieved
by forcing the converter input current, averaged in a switching
cycle, to be proportional to the converter input voltage. Once
this behavior is achieved, the converter will be working as a
Resistor Emulator (RE), performing a Power Factor Corrector
(PFC). In the case of the converters belonging to the flyback
family of converters (such as flyback, SEPIC, Cuk and Zeta
converters), the easiest way to achieve RE behavior is by
designing the converter as follows:

a) The converter must always operate in Discontinuous
Conduction Mode (DCM).

b) The converter switching frequency must be constant.

¢) The converter duty cycle must remain almost constant
during each line period [3].
The RE thus obtained is called "automatic RE" in this paper.

The overall converter (line rectifier + RE) is called "automatic
PFC".

Fig.3 shows a flyback converter working as an automatic
PFC, with the same snubber placement as the one shown in
Fig.1. However, the way to compute the value of the R, will be
different for several reasons:

a) The converter input voltage, called ve(¢) in this case, is not
constant now. It changes according to line angle ¢, because it
is a rectified version of the line voltage.

b) The energy stored in L also changes according to ¢.

¢) The connection of R, could introduce some distortion in
i¢(¢), especially in the line voltage zero crossing. This effect
is, in practice, negligible.

The main objective of this paper is to evaluate the clamp
snubber placement for the SEPIC (Fig.4) and Cuk converters
operating as automatic PFC [4]-[8]. Therefore, they must
always work in DCM, operating at constant switching
frequency and maintaining their duty cycle almost constant
each line period. Although the study is focused on the SEPIC
topology, the study carried out is also valid for the Cuk one.

This paper is organized as follows: Section II describes the
SEPIC converter working as an automatic PFC. Section III
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Fig.3. Flyback converter used as an automatic PFC.
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Fig.4. SEPIC converter working as an automatic PFC.

describes the four different options for a clamp snubber
placement in the automatic SEPIC PFC. Simulation and
experimental results are presented in Section IV. Finally, the
conclusion is presented in Section V.

II. SEPIC CONVERTER WORKING AS AN AUTOMATIC PFC

Fig.4 shows a SEPIC converter working as an automatic
PFC. In this converter the intermediate capacitor C is designed
to have a negligible switching frequency ripple, but allowing
variations of twice the line frequency [9]. Analyzing the
average voltage (averaged in a switching period) in the loop
made up of the rectifier output, inductance L, capacitor C and
magnetizing inductance L,,, we easily obtain:

ve(@) = vy(¢P). (1

The waveform corresponding to the current passing through
transistor S, is, is represented in Fig.5. For the sake of clarity,
the switching period 7, and the line period 7; have not been
represented in the proper scale. The line-rectifier output voltage
can be expressed as follows:

v ($) = Vylsin(P)l, @

where Vg is the peak line voltage. As the converter works as an
automatic PFC, the low frequency component of i,(¢) will be:
ig(@P) = Iylsin(P)I, 3)
where I, is the peak value of iy(¢). It should be noted that ig(¢)
is the average value, averaged in a switching period, of the
actual current passing through inductor L. Finally, the
normalized conversion ratio at the peak line voltage is:

M= o “)
n

In order the SEPIC converter to achieve sinusoidal line
current, the following conditions must be satisfied [9]-[11]:

a) In order to avoid the Continuous Conduction Mode
(CCM), the converter duty cycle must verify:

iS
lSpeak

..o
o

T, /2

Fig.5. Transistor S current waveform.
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b) In order to avoid operation in other discontinuous
conduction modes, different from the classic one, L:
Ly < ML (6)
According to [11], the value of /g is:
d?(L + L,)T.
< L LT
2LL,,
A power balance in a line half-period, allows us to relate /g,
V, and R, as follows

0

21,2
Iy = ViR
As capacitor C has been designed to have constant voltage
during a switching period, the average value of the current
passing through it during a switching period will be zero in
steady state. Therefore, the average value of iy(¢), averaged in
a switching period, will be the same as the average value of is(¢),
also averaged in the same switching period. Therefore, the peak
value of the current through transistor S, isyear(¢), can be easily
related to its average value, due to the triangular shape of is(@):
iSpeak (P) = ZLQT@ = % |sin(¢p)I )
The magnetic component that provides galvanic isolation in
the converter shown in Fig.4 is a two-winding inductor, L,
being the inductance corresponding to the primary winding. The
coupling between windings has been considered ideal so far.
However, the actual coupling will not be ideal, resulting in the
leakage inductance L. The presence of L justifies the use of a
clamp snubber network in this converter.

®)

III. PLACEMENT POSSIBILITIES FOR THE CLAMP SNUBBER IN A
SEPIC-BASED AUTOMATIC PFC

Fig.6 shows the four options for the clamp snubber
placement in an automatic SEPIC PFC. The main objective of
the paper is to compute the power dissipated in resistor R, for
each snubber option, forcing the condition that the maximum
voltage withstood by transistor S is the same in the four cases.
Consequently, the option with lower value of power dissipated
in R, will the best.

The transistor off-state voltage, without Ly, is given by:

sorr (§) = v (@) + - (10)

The maximum value of vsorr(¢p) takes place at ¢ ==

2
Considering (1), (2) and (10), we obtain:
vsore (5) =y + = an
Due to L, the actual transistor off-state voltage will be
higher than the value given by (11). In fact, the clamp snubber
is in charge of limiting this voltage to a safe value. At this point
parameter A is introduced in order to determine the increase of
the voltage across transistor S when both Z; and the clamp
snubber are considered. The actual transistor off-state voltage,
Vspear, Will be now:
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Fig.6. Different places for a clamp snubber in an automatic
SEPIC PFC. a) Option A. b) Option B. c¢) Option C. d) Option D

T v
Vspeak = AVsorr (E) =V + go) (12)
According to (4), (12) can be rewritten as follows:

VSpeak = /1[47(1 + M) (13)

Fig.7 (a) shows an equivalent circuit to analyze the four
clamp snubber options during the transistor off state. The value
of voltage sources, v, v> and v; are given in Table 1 for each
snubber option. As this Table 1 shows, the values of these
voltage sources do not change in a switching cycle.

From Fig.7(a), the waveform corresponding to current
ipc(t, @) (current passing through diode D. after turning the
transistor off) can be easily computed. As Fig.7(b) shows, the
value of ip.(t, @) coincides with isyear(@) just in the transistor turn
off (at ¢t = dTy). As D, starts conducting in this moment, the
values of Vspear and Ve, verifies:

T
Vspeak = Vee + 02 (E) (14)
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Fig.7. a) Equivalent circuit for the four snubber options during
the transistor off state. b) is(z, @ and ipc(t, @) waveforms.

Table 1. Different values for v, v2 and v; voltage
sources depending on the snubber option

VI V2 V3
Op. A | vg(d) 0 Ve(P)+Vo/n
Op.B 0 0 Ve(¢)+Vo/n

Op. C 0 V(@) Vo/n
Op.D | ve(d) | ve(d) Vo/n

Taking into account the actual values of L, current ipc(?, ¢)
reaches zero in a relatively short fraction of time, called #.(¢) in
Fig.7(b). Consequently, it is assumed that current i,(¢) does not
change significantly during #.(¢) and, therefore, can be
represented by a current source in Fig.7(a). Moreover, as the
values of voltage sources, v;, v> and v3 remain constant during a
switching cycle, the current waveform corresponding to ip.(t, @)
during the transistor off-state is a ramp, with a downwards
slope. Obviously, diode D, prevents a negative value for ip.(t, @)
(see Fig.7 (b)). Consequently, the value of #.(¢) can be easily
obtained from Faraday’s law:
Liispeak(P)

te(P) = Tr— (15)

The average value of ip.(%, @) in a switching period will be:

(ipc(t, ¢))T5 = iDc,Ts(d’) = %- (16)

Considering (9), expression (16) can be rewritten as:

. 2Ll [sin()]?

ipe 1(¢) = Sl T, (17)

The average value of ipc 75(¢) in a line half-period will be:
3 2Lyl in

(ipe.rs (e = Ipe = 2 [T L g (18)
From Fig.7(a), the value of ir.(¢) is:

ine () = 2 (19)

Its average value in a line half-period will be:

1 (V=
Gire (@ = [ 2 dp 20)
0

In steady state, the average currents given by (18) and (20)
must be equal, thus obtaining the general equation that allow us
to compute the value of R.:

2Lk15f [sin(¢$)]?
dsz VCC — U3

do = f(VcC —vy)dg. (21)
0

Once value of R. is known, the power dissipated in this
resistor can be computed from the rms value of the voltage
across it:

1 s
Pre == Of (Ve — v1)?] dp. 22)

Equations (21) and (22) are the key equations to compare
the four clamp snubber options shown in Fig.6. In the following
sub-section, a study of the four different clamp snubber options
will be presented. It should be noted that the equivalent circuit
and the waveforms of Fig.7 and the values given in Table 1 are
also valid for the Cuk converter. Therefore, all the study carried
out for the automatic SEPIC PFC is also valid for the Cuk case.

A. Option A of Clamp Snubber

As Table 1 shows, v; is zero in this case. According to (14),
the value of Ve, is equal to the value of Vspear, given by (13).
Taking into account the values of v; and v; (Table 1), (21)
becomes:

2Lk12 2Ly ooy = Vy

d>TsV, " Rea
where R._4is the value of R. for this snubber option and H(4, M)
is defined as follows:

HQAM) =

[rA(1+ M) - 2], (23)

[sin(¢)]*
fo AA+M)—M— |sm(¢)|d¢ (24)

The value of R. 4 obtained from (23) can be rewritten as:
[Aa+m)-2|n

Rc a4 = Rpase HAM) (25)
where Rpase 1s defined as:
d*TVZ

Rpase = 2412 (26)
According to (13) and (22), the power dissipated in R, 4 is:

/4 5 ,, 1 4
Prea =3 — [ +M)?+2=—A1+M)| 7)

c_A n

B. Option B of Clamp Snubber

In this option, v; and v, are zero. Taking into account (13)
and (14), (21) becomes in this case:

2Lids ooy =
Ty, 1AM =5

[rA(1 + M)] (28)

where R. pis the value of R, for this option. The value of R. 5
obtained from (28) can be rewritten as:

[A(1 + M)]=
Rep = base M) (29)
From (13), (14) and (22), the power dissipated in R. p is:
VZ
Prep = —[2(1+ M) (30)
c_B



C. Option C of Clamp Snubber

In this case, the values of V. and Vspear are different. Taking
into account (13) and (14), the value of V. is:

Vee = Vspear — Vg (5) = Wy (1 + M) =, 31)

Taking into account (31), (21) becomes:
2Ll o [sin(@)]? _ Vg (m _
7190 ianamm P =z M1+ M) —11de.  (32)
where R, cis the value of R, for this option. Its value, obtained

from (32), can be rewritten as:
R ¢ = Rpgse2[A(1 + M) —1](1 + M)(2 — 1). 33)

Once R. ¢ is known, the power dissipated in this resistor can
be easily computed from (22) and (31), the result being:

Prec = RV—gC A1 + M) - 1)2. (34)

D. Option D of Clamp Snubber
In this case, (31) also gives the value of Vc.. Taking into
account this value and the values of v, v> and v3, (21) becomes:
2Ly I3 fﬂ [sin(d)] d¢ _ R‘Zﬁf:[l(l +M)—1— |sm(¢)|] dd), (35)

d?Tg 0 m
where R, pis the value of R, for this option. Again, the value of
R. p obtained from (35) can be rewritten as:
Rep = Rpase2 [+ M) -1 =21+ m@-1). GO

As in the previous cases, the power dissipated in R. p can be
calculated from (22) and (31), as follows:

Pren =3[+ -2 +1-2aa+m -] @)

E. Comparison Between the Four Snubber Options

In order to compare the four snubber options, a base power
value is selected as follows:
V2
Ppase = TZse' (38)
This base value is used to normalize the dissipated power
value corresponding to each option of clamp snubber.
Therefore, (27), (30), (34) and (37) become:

/12(1+M)2+§—§/1(1+M)

PNa = [Aa+m)-Z|n H(A, M), (39)
PNg = %H(Am, (40)

PNe = Zrnis @

PN, = AA+M)-1)245—2(A(1+M)—1) @)

Z[A(1+M)—1—%](1+M)(l—1) >

where PN, represents the normalized power dissipated in R. «
when Option x has been selected as clamp snubber.

Fig.8 shows these normalized losses, for each option of
clamp snubber, at different values of A and M. As this Fig.8
shows, Option D is the one that exhibits the lowest power loss.
However, for unusually low values of 4 and M, Option C is the
one that presents the minimum loss. By equaling (41) and (42),
we can deduce the point where the power loss of these options
coincide. The result is:

Mc_p = 72_;4 -1 (43)

i Normalized power loss in R,
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Fig.8. Normalized power loss in R. for different values
of fand M: (a) 1 =1.2. (b) A =1.3. (c) A=1.4. (d) 1 =L.5.

Therefore, snubber power loss in Option D is lower than the
corresponding loss in Option C if M > Mcp, which is the
common case. Otherwise, lower power loss is achieved in
Option C. Moreover, the option that generates the highest power
loss is Option B. Finally, power loss for Option A and for
Option C are quite similar for all cases.



IV. EXPERIMENTAL AND SIMULATION RESULTS

In order to verify the analysis carried out to determine the
value of resistor R, and the power dissipated in this resistor for
the four options of clamp snubber, an automatic SEPIC PFC has
been used. First, the four clamp snubber options shown in Fig.6
have been simulated using PSIM. The values for the main
SEPIC parameters are:

V,=169.71V  V,=48V  n=0318 M=0.89
I,=0742A  d=0413 T,=10ps Li;=146pH
L=319mH L,=207pH i=14

Bearing in mind these values, the maximum voltage
withstood by transistor S, without considering the voltage spike
due to Li, would be 320.7 V (11). However, a voltage spike
always appears due to L. The clamp snubber must limit this
spike to a desired value, determined by A. Taking into
consideration the value selected for A, the actual value of the
maximum voltage withstood by transistor S'is 450 V (12). The
converter input power, Pg, calculated from the values of V, and
Ig, 18 63 W.

A prototype, similar to the simulated one, has been built. In
this case, the input power is 71.3 W and the output power is 64.7
W. In order to have an output voltage of 48 V, duty cycle d was
adjusted to be 0.435. The values of snubber resistors R. i,
computed from (25), (29), (33) and (36), are:

R. 4=107.8 kQ R. 3=142.1kQ

Rec=75.8KkQ R. p=46.5kQ

Table 2 shows a comparison between theoretical, simulation
(using PSIM) and experimental results for each snubber option.
These results have been obtained at the peak line voltage. The
experimental values of Vsyear have been measured in the
waveforms of Fig.9. As Table 2 shows, theoretical and
simulated results fit very well, with errors lower than 7.2%.
Regarding the experimental results, the values of the power loss
and Vspear are lower than those expected from the theoretical
study. This is because the method proposed here does not
consider the electric charge transferred to the transistor output
capacitance, Cos. A fraction of the energy variation in Ly is not
transferred to capacitor C. (and finally dissipated in R.), but it
is transferred to Coy (and finally dissipated in the transistor
when it turns on).

The discrepancy between theoretical and the simulated
results can be predicted according to the considerations
explained in [12]. Thus, total energy E. stored in a nonlinear
capacitor C, when its voltage v changes from 0 V to a given
voltage V. can be computed as follows:

Table 2. Comparison between theoretical, simulated and
measured values for the four snubber options.
A B C D

Theoretical loss (W) 1.104 1.421 1.03 0.69
Simulated loss (W) 0.956 1.347 0.93 0.63
Measured loss (W) 0.634 1.10 0.749 | 0.411

Vspear simulated (V) | 425.20 | 423.30 | 426.80 | 429.10

Vspear measured (V) 400 395 395 400

E.= fOVC v Cpdv. (44)

The transistor used in the converter prototype was a
STP18N60DM?2. Fig.10 shows the Cou-Vys curve for this
transistor, obtained from its datasheet. From the information
given in this Fig.10, the value of the energy stored in Co,s can
be estimated according to (44). Thus, a numerical approach to
(44) from 0 V to 400 V gives that the energy stored in Cy i
2.974 ul. This energy is wasted in the transistor during the
transistor turn on, instead of being transferred to C.. As the
switching period is 10 us, this energy means a power dissipation
of 0.2974 W. This power dissipation must be discounted from
the power transferred to C. and finally dissipated in R..
Therefore, the actual value of Ve, (and, consequently, of Vspear)

Fig.9. Experimental waveforms corresponding to the transistor
drain-source voltage at the peak of the line voltage: a) Option A,
b) Option B, c¢) Option C, and d) Option D.
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and of Pg. will be clearly lower than the one computed in the
theoretical analysis.

To quantify this effect, parameter « is defined as follows:
P, C_P 0SS
o= (43)
where Pcyss 1s the power transferred to C,s. The actual power
dissipated in R, taking into consideration Pcos is called Pg.". Its
value is:
PRC* = Ppe — Peoss = aPpe. (46)
It should be noted that Pg." is always lower than Pg.. As R,
has been calculated without taking into account Pc,ss, the actual
value of Ve, Ve.", will also be lower than Ve.. According to
(14), the actual value of Vspear, Vspear> Will be:

VSpeak* =Ve + v, (47)

From Vspeat”, @ new parameter 4'can be defined as follows:
* __ VSpeak*

T v1+M) (48)

The procedure to compute Vspewr™ (and, therefore, 1%) is
based on adapting (22) to the fact that the actual power
dissipated in R, is Pg.", instead of Pg.. Thus, (22) becomes:

A

1
Prc” = aPgc = ﬁf[(VCc* - V1)2] do. (49)
0

This equation allows us to obtain the value of V¢." for a given
value of a (and, therefore, of Pc,ss). Once Ve, is known, (47)
and (48) give us the values of Vpear” and A",

The results obtained for the four options of clamp snubber
applying this procedure are shown below. In all cases, 4." and
ax are the values of A* and o for snubber option x. The results
obtained are the following:

A. Option A:
Taking into account (27), (49) becomes:
1 4
a, |21+ M)? + 5 ;/1(1 + M)]

1 4 (50)
=121+ M)* + 5= A+ M).

Solving this equation, we obtain:

—by++/bZ—4
j= AT AT (51)

ay
where:
ay = (1+ M)? (52)
4

by=——(1+M) (53)

1 1 4
G =5-a 12(1+M)2+E—;/1(1+M)] (54)
In the prototype, Prc 4 = 1.104 W and Pcos = 0.3 W.
According to (45), a, = 0.728. From (51), 14" = 1.24.
B. Option B:

Taking into account (30), (49) becomes:
agA?(1+ M)? = 32(1 + M)2. (55)
This equation can be easily solved. The result is:
A =A-Vag. (56)
In the prototype, Pr. 5 = 1.421 W. Therefore, ag = 0.789.
From (56), we obtain Az" = 1.243.

C. Option C:
From (34), (49) becomes:
ac-[AA+M)—1]2 =21+ M) —1]% (57)
The solution of (57) is:
2= JacA@+m)-1]+1 (58)
¢~ M+1 )

In the prototype, Pr. ¢ = 1.03 W. Hence, a, = 0.709. Using
(58), we obtain Ac" = 1.262.

D. Option D:
Using (37), (49) leads to:
@ [(/1(1 + M) — 1) +%—%(z(1 +1M) - 1)]
=(MhA+M) -1 +5 (59)
—%(15(1 +M)—1).

Solving (59), we obtain:
_bD + bg - 4'aDCD

b= 2a, : (60)
where:
ap = (1+M)>?, (61)
bp = — (% + 2) (1+ M), (62)
cp =%+%—al) [[/1(1 +M) - 1]2+%
(63)

4

——A1+M) - 1]].
T

In the prototype, Pr. p = 0.69 W. Therefore, ap = 0.565.

From (60), we obtain Ap" = 1.253.

Table 3 shows a comparison between the value of Vpear
measured and Vspear~ for the four snubber options. The values of
Vspear” have been obtained from the values of A," already obtained
and (48). As this Table 3 shows, excellent agreement between
the results measured in the waveforms of Fig.9 and those
predicted after taking into account Pc, (the power transferred
to Coss) has been finally achieved.

Table 3. Comparison between Py, " losses, Vspeat measured and
Vspear” values for the four snubber options.

A B C D
Vspeak measured (V) 400 395 395 400
Vspeak™ (V) 397.78 | 398.82 | 404.86 | 401.86
Pr.* (W) 0.804 1.121 0.730 | 0.389




In some of the waveforms of Fig.9, some additional voltage
spikes can be observed over the value marked for Vpea. Thus,
the spike shown in Fig.9(a) achieves about 420 V. These spikes
are due to the parasitic inductance and resistance of diode D.,
capacitor C, and the connection between these elements and the
transistor. In the case of options C and D, the parasitic elements
of capacitor C must be taken into consideration too. Obviously,
a proper selection of the snubber devices and a proper design of
the converter PCB is of primary concern. Fortunately, these
additional spikes are quite narrow and do not exceed transistor
voltage rating.

Finally, the fact of existing more options for the placement
of the clamp snubber in the case of the SEPIC PFC represents a
practical advantage of this topology over the use of the flyback
PFC for the same application. In the case of the flyback PFC,
an input filter made up of an inductor and a couple of capacitors
must be placed at the flyback input to alleviate the differential-
mode noise without deteriorating the power factor (see Fig.11).
Therefore, the actual number of power eclements
(semiconductors and reactive elements) is similar in the case of
both the flyback and the SEPIC PFC (see Fig.12). However, the
SEPIC PFC has more options for the clamp snubber than the
flyback PFC due to capacitor C. As demonstrated in this paper,
lower power will be dissipated in snubber resistor R, if Option
D is selected. This option is not possible in the flyback
topology.

V. CONCLUSIONS

The placement of a passive clamp snubber in isolated SEPIC
and Cuk converters working as automatic PFC is not irrelevant.
This work presents four different options for the placement of a
passive clamp snubber, analyzing the value of snubber resistor
R. and of the power dissipated in this resistor for the four cases.
The theoretical analysis has been normalized by selecting
proper base values for resistance and power. According to the
normalized values of the power loss in R., the option that
exhibits the lowest power loss is option D, at least for common
design values of 4 and M. On the contrary, option B is the one
that exhibits the highest power loss. Options A and C present
similar values of power loss, higher than Option D, but lower
than Option B. The conclusions of this study have been
validated by simulation and with experimental results. The
results obtained by simulation agree very well the theoretical
study. Regarding the experimental results obtained for the
maximum voltage across the transistor and the power dissipated
in the snubber resistor, they are lower than the predicted by the
study. However, this discrepancy can be overcome by taking
into account the power transferred to the transistor output
capacitance (Co,s). Once this power is discounted from the
power dissipated in R., excellent agreement is observed
between the new predicted results and the experimental results.
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Fig.11. Flyback PFC with the best clamp snubber option.
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Fig.12. SEPIC PFC with the best clamp snubber option.
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