J Electr Eng Technol.2018; 13(4): 1539-1548
http://doi.org/10.5370/JEET.2018.13.4.1539

ISSN(Print)  1975-0102
ISSN(Online) 2093-7423

A New High Power Factor ZVT-ZCT AC-DC Boost Converter

Naim Suleyman Ting’

Abstract — This paper introduces a new soft switched AC-DC boost converter with power factor
correction (PFC). In the introduced converter, all devices are turned on and off under soft switching
(SS). The main switch is turned on under zero voltage transition (ZVT) and turned off under zero
current transition (ZCT). The main diode is turned on under zero voltage switching (ZVS) and turned
off under zero current switching (ZCS). Meanwhile, there is not any current or voltage stress on the
main devices. Besides, the auxiliary switch is turned on under ZCS and turned off under ZVS. The
detailed theoretical analysis of the converter is presented, and also theoretical analysis is verified by a
prototype with 100 kHz and 500 W. Also, the proposed converter has 99.8% power factor and 97.5%

total efficiency at soft switching operation.

Keywords: Power factor correction, Zero voltage transition, Pulse width modulation, Hard

switching, Soft switching.

1. Introduction

In recent years, the use of the electrical element is
increasing more and more. So, the energy demand is
increasing in direct proportion to the energy consumption
with advancing technology. Thus, energy usage should be
more efficient and economical. Besides, nonlinear power
supplies cause impairment the current drawn from grid. For
this reason, the high quality energy usage is very important
in terms of energy efficiency [1-4]. Power factor correction
(PFC) is a demanded feature for AC-DC power supplies.
PFC means to near zero reactive power and harmonics
essentially. PFC circuits are used between bridge rectifier
and output load for eliminating high harmonic content of
the line current. The harmonic current causes some issues
such as higher total harmonic distortion, poor power factor
at input line voltage and current [5-7]. The classical PFC
circuits are usually composed two stages. They need to two
switches and controllers. So, the cost is higher and the
control is more complex in the two stage PFC circuits [8, 9].
For solving these problems, the single-stage PFC converters
have been proposed in literature [10-12].

The single-stage PFC circuits have a common switch for
regulation and power factor correction. So, their costs are
lower and the controls are simpler. PFC circuits should
be operated at high frequency in order to reduce harmonic

current, increased power density and fast dynamic response.

However, their switching losses are increased in high
frequency since they usually operate under hard switching
(HS) [13-15]. To reduce and/or eliminate the switching
losses, soft switching (SS) techniques have been presented
in literature [16-32]. SS techniques are zero-voltage-
switching (ZVS), zero-voltage-transition (ZVT), zero-
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current-switching (ZCS), and zero-current-transition (ZCT).
ZVT and ZCT techniques are modern SS techniques and
they compose active snubber cells. In these techniques,
the switching power losses are eliminated. To reduce the
switching losses of MOSFET at turning on, ZVT
techniques are preferred; ZCT techniques are preferred to
eliminate tailing current losses of IGBT at turning off [16].

In [17, 18], two snubber cells are used to achieve ZVT.
So, this case causes to increase the cost. To solve this
drawback, some passive snubber cells are proposed in
[19-21]. So, the cost is reduced since the auxiliary switch
has not been used in the passive snubber cells. But, the
converter in [19] is not suitable for PFC applications
because of frequency modulation usage. In [20, 21], there
are the extra voltage and current stress across the switches.

In [22, 23], the switches operate under HS. So, the
switching power losses cannot be reduced. In [24], although
the main switches are turned on under ZVT without
additional current or voltage stress, the auxiliary switch has
been operated with HS. Thus, the switching power losses
of snubber cell are fairly high. In [25], the main switches
are turned on with ZVT and the auxiliary switch is turned
off with ZCS. But, the number of components in the circuit
is more. So, the cost of the converter is increased. In [26],
the design and implementation of converter is difficult
since the coupled inductor is used in the snubber cell.
Additionally, the leakage inductance losses cause to decrease
the efficiency of converter.

In [27], these switches do not have common ground and
this case causes difficulty of application. In [28], the
main switches are operated with SS but there are the extra
current and voltage stress across the main switches. For
this reason, the conduction losses of the switches are
increased. In [29, 30], all devices are turned on and off
with SS without additional current or voltage stresses.
However, the auxiliary resonance inductors are on the
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path that the main current flows. So, the cost and weight
of converter is increased. Also, this case causes the
oscillations between the resonance inductors and the
parasitic capacitances of the switches.

In this paper, a new ZVT-ZCT PWM AC-DC PFC boost
converter is introduced. In the proposed converter, the
main switch is turned on under ZVT and is turned off under
ZCT as well as the main diode is turned on under ZVS and
is turned off under ZCS without the extra current or voltage
stress. Also, the auxiliary switch is turned on under ZCS
and turned off under ZVS. The proposed converter
eliminates the switching power losses compared classical
PFC boost converter. The aim of the presented converter
is to reduce the switching losses and achieve the high
efficiency and unity power factor at high frequency
operation. The basic circuit scheme of the proposed
ZNVT-ZCT AC-DC PFC boost converter is shown in Fig. 1.
Additionally, this new snubber cell has been presented with
simulation results by me in a conference. Conference paper
is given in ref. [31]. Besides, my conference paper is
extended and improved by me. This paper presents my
conference paper’s extended version with mathematical
analysis, experimental results, the efficiency analysis etc.
in detail.

2. Operation Modes of Proposed Converter

In the presented AC-DC PFC boost converter shown in
Fig. 1., V;is AC input voltage source, S; is main switch, L
is main inductor, Cy is output capacitor, D is main diode,
S, is auxiliary switch, L, and L, are resonance inductors,
D, is auxiliary diode, C; is resonance capacitor and C, is
the sum of the parasitic capacitors.

The following assumptions are made to facilitate
theoretical analysis.

* Cr is large enough because the output voltage can be
kept constant.

* Ly is assumed large enough to keep input current constant.

* The reverse recovery currents of diodes are neglected.

There are eleven operation modes in a switching cycle.
The equivalent circuits of operation modes are shown in
Fig. 2. The key waveforms of the operation modes are
shown in Fig. 3.

Mode 1 [t, <t <t;: Fig. 2 (a) ]
Before this mode, the switches are in off-state. Att=t,,
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Fig. 1. The basic circuit scheme of the proposed converter
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151 =0, ipp =Ip, iy = 11, = 0, i, = 0, Ve, = Vy and v = -V
are valid. In here, I ¢ is the current of main inductor, v, is
the voltage of C, parasitic capacitor, v is the voltage of C
snubber capacitor and V, is the initial voltage value of
the C, snubber capacitor. After a PWM control signal is
applied to auxiliary switch, the current of the main diode
decreases. Also, the current of auxiliary switch and the
voltage of C, capacitor increase. The current of lower
resonant inductance i;, and the voltage of resonant
capacitance v, are

) V.+V,. .
th =—Csll’l(a)1 (t_to)) (1)
wl b
Ve, = Vepcos(o,(t—1,)) )
where
o= — (3)
! LC,

At the end of this mode, the current of main diode falls
zero and the current of Ly reaches input current level. Also,
the voltage of the snubber capacitor reaches -V, value.
Thus, the auxiliary switch is turned on under ZCS and the
main diode is turned off under ZCS. V¢, is the voltage
value across the C, snubber capacitor at the end of Mode 1.

Mode 2 [t; <t<t, : Fig. 2 (b) ]

Att=t, 15, =0, ipp = 0, ig; = ipp, = Ipp, 1, = 0, v, =V,
and v, = -V are valid. In this mode, the energy of C, is
transferred to snubber cell by a resonance beginning
between C, and the snubber cell. So, the voltage of Cp
decreases while iy, current and the voltage of C, are
increasing. For this mode, the current of lower resonant
inductance i, and the voltage of snubber capacitance v,
are

V. +V,

Iy =1+ < sin(,(t—t,)) 4
a)Z b

Veop = (Vy +Vey)cos(o, (t -4 )) Ve )

where

1
0, = |——————
’ Lb (C/J +‘C's (6)

At the end of this mode, the voltage of C, falls zero and
iy, current reaches the maximum value. Also, the voltage of
C; is equal to zero.

Mode 3 [t, <t <t,: Fig. 2(c)]

In this mode, a new resonance starts via L, — L, — C, and
the energy of L, is transferred to L, and C, through internal
diode of the main switch. This mode is called ZVT interval.
In this mode, a PWM control signal is applied to the main
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Fig. 2. Equivalent circuit schemes of the operation modes in the proposed boost converter. (a) Mode 1, (b) Mode 2, (c)
Mode 3, (d) Mode 4, (e) Mode 5, (f) Mode 6, (g) Mode 7, (h) Mode 8, (i) Mode 9, (j) Mode 10, (k) Mode 11

switch; so the main switch is turned on under ZVT.

At t = t;, the current of L falls the input current level
and D, diode is turned off under ZCS. Later, the current of
the main switch increases; the current of inductance L,
continues to decrease. For this mode, the currents of lower
and upper resonant inductances i, i, and the voltage of
resonant capacitance v are

L
iLa =L_E[L/72 (1—COS(C()3 (I_IZ))) (7)

a

L
I = L_E[Lhz (1 —cos (0)3 (t ) ))) +1,,,cos (0)3 (t -1 )) (8)

a

Ve, =4, ([L/JZ 1}, )Sin (w3 (t ) )) ©

where

LE
Z, = C (10)
1
0y = |7 (1)
LECY
LL
[ =—+b
¢ L +L, (12)

Mode 4 [t, <t <ts: Fig. 2(d) ]

At the beginning of this mode, the current of main
switch reaches the input current level and the auxiliary
switch is turned off under ZCS because its current falls to
zero. During this mode, the energy stored in upper snubber
inductance L, is transferred to capacitor C, via resonance.
For this mode, the current of upper resonant inductance i,
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and the voltage of resonant capacitance v are

v
iy, =1,,4c05 (@, (t—1,)) +?sin(a)4 (t—t,)) (13)
2

Ve, =V, c08 (a)4 (t -, )) +7,1,, ,sin(o,(t—t,)) (14)
where

La
Z,= C (15)

s

[1
0, = |—— 16
" SVLC (16)

At the end of this mode, the voltage of capacitor C,
reaches to maximum voltage value in adverse direction and
the current of the snubber inductor L, falls to zero.

Mode 5 [t; <t <tz : Fig. 2(e) ]

This mode is on-mode of classical boost converter. This
mode ends when a PWM control signal is applied to the
auxiliary switch.

Mode 6 [t; <t <tg: Fig. 2(f) |

At the beginning of this mode, a PWM control signal is
applied to the auxiliary switch and it is turned on under
ZCS owing to inductance L,. Then, a resonance starts
between the snubber capacitor C; and the snubber
inductance L,. The current of the main switch begins to
decrease while the current of snubber inductance L, is
increasing.

At t = t;, the current of main switch falls to zero when
the current of L, reaches the level of input current. The
internal diode of main switch conducts the excess of input
current. This mode is called ZCT interval where D, is at
on-state. The control signal of the main switch is removed
when its internal diode is in on-state. Thus, the main switch
turns off under ZCT. For this mode, the current of lower
resonant inductance i;, and the voltage of resonant
capacitance v, are

. . V smax_ =
i, =i, =Cz—szn(a)1 (t—t(,)) (17)
3
vCS = VCSmm‘COS (wl (t - t(v )) (1 8)
where
L
Zy= F[ (19)

At the end of this mode, the current of L, reaches the
maximum value when the voltage of snubber capacitor C,
falls to zero.

Mode 7 [ty <t <t, : Fig. 2(g) |
In this mode, a new resonance starts via L, — L, — C,. So,
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the energy of the L, is transferred to L, and C,. Then, the
voltage of C, begins to become positive and the current of
L, begins to increase. For this mode, the currents of lower
and upper resonant inductances i, i, and the voltage of
resonant capacitance v, can be expressed as follows:

L

iLa = L_EIL/mzwc (1 - COS(C()3 (t - t8 ))) (20)
L
iL/: =L_;[L/7mwc (1—C0S(w3 (t_t8))) (21)
+1 (l - cos(a)3 (t — 1t )))
Ve, =%sin(a)3 (t—1,)) (22)

3%s

At t =ty, D, is turned off after the current of L falls to
the input current level and this mode ends.

Mode 8 [ty <t <t : Fig. 2(h) ]

In this mode, a resonance occurs via C,—L,~L,~C, under
the constant input current. So, the current of the L, and the
voltage of the C; increase while the current of L, is
decreasing. In this mode, the following equations are
written:

di,
4 =y 23
a dt Cs ( )
di,
Lb st[ =VC/J _VCS (24)
Vst ;:1‘:: - l. —
Ve L1 [T1 0
e I f—°—*\/ L
S A A
IpF——— P
i LN
v, \ Lo
Voo 4o &/
Ryl
Vegpb—L i/t 4L
Vol /AL L/NL
S 1IN
PRI

PN N

-
i
7

Fig. 3. The key waveforms concerning the operation
modes of the proposed boost converter
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dv., . .

CS 7: = th - lLa (25)
dv

Cp d:p = [[ - iL/: (26)

At t = t,, the current of L, falls to zero and the control
signal of auxiliary switch is removed. So, it is turned off
under ZCS.

Mode 9 [t;p <t <t : Fig. 2(1) ]

In this mode, the parasitic capacitor C, is linearly
charged under the constant input current and the energy
stored in the L, is transferred to the C, via L, - D, - C,
resonance. For this mode, the current of upper resonant
inductance i, and the voltage of resonant capacitances v,
and v, can be expressed as follows:

. Vo .
Iy = Lalocos(w4 (t —lty )) + ;10 sin(@, (1 —1,)) 27)
2

Ves = chlocos(a% (t —1y )) = Z,1,,05in(@,( = £,y))" (28)

I
Vep = C—‘(t —ty) (29)

P

At t = t;;, the main diode is turned on under ZVS when
the voltage of C, reaches the output voltage.

Mode 10 [t;; <t <t :Fig. 2 ()]

During this mode, the resonance between L, and C, goes
on. For this mode, the current of upper resonant inductance
i, and the voltage of resonant capacitance v, can be
expressed as follows:

V
Iy, = [Lallcos(w4 (t _tn)) - ch

sin(w,(t—1,))) (30)

2
Vey = _Vcncos(w4 (t - tn)) + 2,1, sin(w,(t - 1,,)) (3D

At t = t;,, the current of L, falls to zero and the voltage
of C, reaches -V value. So, this mode is finished.

Mode 11 [t;, <t <t;;: Fig. 2 (k) ]

This mode is off-mode of classical boost converter.
During this mode, the input current is transferred to the
output through the main diode. When a control signal to
the auxiliary switch, it is returned to initial conditions and

the modes expressed is repeated in the next switching cycle.

3. Design Procedure and Soft Switching
Conditions

In this section, the design considerations and the soft
switching conditions of the presented converter are
explained. The experimental circuit parameters of the
presented converter are given in Table I. An example of

ZVT-ZCT PWM boost PFC converter is designed and
realized. Its specifications are listed below:

* Input AC voltage: vi(t) = 200 sin(2w x 50t).

* Output DC voltage: V, =400 V.

* Maximum output power: P, .., = 500 W.

* Switching frequency: f, = 100 kHz

Be sure that the symbols used in your equation have

been defined before the equation appears or immediately
following.

3.1 Design curves

The characteristic curves of the proposed PFC boost
converter are shown in between Fig. 4 and Fig. 7. These
curves will be considered when the elements of converter
are determined. In these curves, the value of snubber
inductance L, is kept constant at 3 uH and the variations of
L, and C, are graphically shown. In the figures, L, is
changed between 4puH and 8 pH when C, is changed
between 3 nF and 8 nF. So, the optimum values for L, and
C, are determined from these figures.

As shown in Fig. 4, the duration of ZVT increases while
the value of L, is decreasing and the value of C, is
increasing. Fig. 5 illustrates that the duration of ZCT is
constant while the value of L, is increasing. On the other
hand, the duration of ZCT increases when the value of C,
increases.

In Fig. 6, as expressed in fourth interval, it is shown that

140

—4—30F
E M = 41F
5 60 M= T —i—50F

\7 —— G
40

——T7nF

- —8—580F

3uH 4uH SuH 6uH TuH 8uH
La (uH)

Fig. 4. The wvariation of main switch ZVT duration
depending on L, - C,.

— - . = ——31F
300 I

s o= —B—4nF

=i 5nF

i 611 F

== T7nF

=@—8nF

3uH 4uH S5uH 6uH TuH 8uH
La (uH)

Fig. 5. The wvariation of main switch ZCT duration
depending on L, - C,.
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Fig. 6. The variation of resonance duration between L, - C
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Fig. 7. The variation of the auxiliary switch peak current
depending on L, - C;

the variations of resonance duration between L, and C,.
This duration is more important because it affects to total
time of resonance between Mode 8 and Mode 10. It is
possible to see from curves that t;, - duration increases
depending on increasing of the values L, and C,. t;, 1S
resonance duration between L, and C,.

Finally, Fig. 7 illustrates the variation of resonance peak
current that the auxiliary switch S, conducts. This peak
value is fairly important in order to be provided ZVT and
ZCT conditionals. It is shown from curves that the
variation of L, does not change the peak current of S, but
the decreasing of C, is increased the peak value of this
current. As shown in figure, the resonance current reaches
to twice of the input current.

3.2 Design procedure

The main inductor is selected from the following
equation:
VO

Al = D(1-D)=> (32)

where D is the duty cycle of the main switch’s control
signal. Also, the ripple of boost inductor is accepted by
A% = 20%. In this case; the value of main inductor is
selected by 1 mH from Eq. (32).

The main capacitor is selected from the following
equation:
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AV, =—2 (33)

where the ripple of output capacitor is accepted by AV % =
1%. In this case; the value of output capacitor is selected
by 470 pF from Eq. (33).

The parasitic capacitor C, consists of sum of the
parasitic capacitor of main switch, diode and the other
parasitic capacitors. This value is almost 1- 2 nF. Therefore,
it does not require an extra capacitor. The snubber
inductance L, must choose to provide ZCS at turning-on
for auxiliary switch S,. It is considered the turning-on
duration t, of S, to be determined this value.

ey 34
Lb r — Timax ( )

At the same time, the value of snubber inductance L,
should be at least twice as bigger than L, because the
auxiliary switch S, is turned off under ZCS.

L,> 2L (35)

In this case, the value of snubber inductance L, is chosen
3 puH then La is 6 pH.

As a shown in Fig. 4 and Fig. 5, a smaller snubber
capacitor means to less ZCT and ZVT durations. Less ZVT
and ZCT durations are undesirable. If the value of C; is
increased, ZVT and ZCT durations increase. But in this
case, the resonance duration between L, - C, and the other
resonance durations will be extend. Consequently, the
transient resonance intervals increase in a period and an
undesirable case occurs. Because the total transient
resonance intervals should be less than 20% of total time of
a period in order to assure PWM operation. For this reason,
the value of C, cannot be increased over a determined
value. Finally, the peak value of resonance current should
be twice of the peak value of main inductance current
because the soft switching should be ensure even in the
worst conditions that the input current has maximum value.
The Fig. 7 can be used for determining this current value. It
is seen that the most suitable value for C,is 4.7 nF.

3.3 Soft switching conditions of proposed converter

For ZVT and ZCT durations, the necessary values of
inductances and capacitors are determined from simulation
operation as showing in Fig. 4 - Fig. 7 of paper. If the sum
of the transient intervals is t...¢ duration, the minimum
and maximum durations of the turning-on signal of the
main switch should be as following:

on—min 2 tresnnant (36)

71()nfmax S 71/) - tremnanl (37)
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WhETE tegonant 1S the resonant period and T, is the switching
cycle. Also, if the sum of the transient intervals is allowed
to be equal to at most 20% of the switching cycle, for
possible the switching period should be as following:

71[) = 5 : tremnanl (38)

In this case, for the minimum and maximum values of
the duty ratio in the converter by using (36) and (37)

T .. t
D | — _on—min _ resonant — 0'2
" Tp 5 : tremnam (39)
T 4-¢
D — _on—max __ resonant  _ 0.8
" Tp 5 : tremnam (40)

are achieved. A lower operation frequency selected results
in a smaller minimum and a larger maximum duty ratio.

4. Experimental Results

A prototype of the presented PFC converter is realized at
500 W and 100 kHz and it is verified the predicted analysis
of the converter. In the experimental prototype, the value of
output capacitor is 470 pF, the values of main inductors are
1 mH and the values of resonance inductors are 6 pH and
3 uH. The value of resonance capacitor is 4.7 nF. To obtain
the control signals of the switches, the control circuit
associated with the UC3854 integrated circuit is designed
in the PFC converter as suggested in [33]. The control
circuit is given in Fig. 8 in which the input current, voltage
and output voltage are sensed. Then, UC3854 generates the
gate pulses for the switch with appropriate duty cycle. The
PWM controller has low bandwidth such that the duty
cycle remains almost constant in order to keep the input
current harmonics low. So, the power factor is improved.
UC3854 integrated circuit generates the control signal of
the boost switch. The auxiliary switch control signal is
produced by using the control signal of the boost switch
with the help of the analog card. IXGRS0N60C2D1 switch
is preferred as the main switch and BUP 203 switch is

Vi

Auxiliary Switch

]
1=
1V UC 3834 PFC| -»| Control Signal &
1 Controler .
- Drivers
' Vo . H

Fig. 8. Control circuit of the proposed converter

preferred as the auxiliary switch. Also, MUR860 diode is
used as the main diode and DESI8-06 diode is used as the

Gy
|
e
I il M
IREIN Il
@
Vs1 z
2
’—‘\‘ i51
1 l." \l/\“: \v\
ZVTh A ZCT
b)
sy
VSZ
A
%“V
) i)
TZVS
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©
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Fig. 9. Experimental results (a) Control signals of the
switches (10 V/div and 1 ps/div), Voltages and
currents of (b) Main switch, (c) Auxiliary switch,
(d) Main diode (200 V/div, 5 A/div and 1 ps/div),
(e) Output voltage (200 V/div and 5 ps/div)
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Table 1. Part number and nominal values of the elements
used in experimental circuit

Table 2. The switching of elements in the converter

Device Turning on Turning off

Element Part Number VV) | I(A) | t.(ns) | tr(ns) | tx (ns) Main Switch S, ZVT ZCT

Si IXGR50N60C2D1 600 40 45 40 140 Main Diode Dr ZVS ZCS

S> BUP 203 1000 23 30 20 - Auxiliary Switch S, ZCS ZVS

D MURS860 600 8 - - 60 Auxiliary Diode D, ZCS ZVS

D, DESI8-06 600 8 - - 50

100
feCroy
—t

/ \ /} \\ /f

/ \l/ \l/

Fig. 10. Current and voltage of ac input line (100 V/div, 5
A/div and 5 ms/div)

auxiliary diode. The part numbers and some major nominal
values of the semiconductor devices used in the presented
converter are given in Table 1.

Fig. 9 shows the experimental results of the proposed
PFC boost converter taken at nominal load. These results

verify the previously mentioned theoretical analysis. In Fig.

9 (a), PWM control signals of the switches are shown. In
Fig. 9 (b), the current and voltage of the main switch are
shown. As shown in figure, the voltage of main switch is
fallen to zero with the snubber cell before the main switch
is turned on. Then, the main switch is turned on under ZVT
while the internal diode of main switch conducts. Likewise,
the current of main switch is fallen to zero the snubber cell
before the main switch is turned off. Then, the main switch
is turned off under ZCT while the body diode of main
switch conducts. Also, it can be seen that there is not any
voltage or current stress across main switch.

In Fig. 9 (c), the current and voltage of auxiliary switch
are shown. As shown in figure, the auxiliary switch is
turned on under ZCS and turned off under ZVS.
Additionally, it can be seen from results that the value of
voltage stress across auxiliary switch is equal to 1.5Vo.

In Fig. 9 (d), the current and voltage of main diode
obtained from experimental results are given. As shown in
figure, the main diode is turned on under ZVS and turned
off under ZCS without any current or voltage stress. In Fig.
9 (e), the output voltage waveform is given. As shown in
figure, the output voltage is constant at 400 V.

The input voltage and current are given in Fig. 10. It is
clear that the power factor is near unity with 0.99 value.
Also, the current waveform shows that the presented PFC
converter operates in continuous conduction mode (CCM).
The current and voltage waveform of AC input has
sinusoidal shape.
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Fig. 12. The power factor graphic of the proposed
converter depending on output power

The efficiency graphics of the presented PFC converter
for soft switching and hard switching are shown in Fig. 11.
While the efficiency value of converter is 91% by hard
switching, it is measured about 97.5% for soft switching at
the nominal output power. Finally, the experimental
measured power factor is 99.8% and THD is 6.4% at full
load. Besides, the variation of PF depending on loads is
shown given in Fig. 12. As show in figure, when the output
power is increased, PF is increased.

Consequently, all devices are turned on and turned off
under SS. Any extra current or voltage stress does not
occur across the main devices. The SS operation of the
proposed converter is maintained for wide load ranges. The
results obtained by regarding the switching of devices are
mentioned in Table 2.

In the proposed converter, the type of load used is
resistive load. The best way to increase the power factor is
to reduce the phase difference between the input current
and the input voltage. To accomplish PFC, a control is
made based on the feedback of the input current. Firstly,
the inductance current is sensed and it is passed through
the current error amplifier. Then, the control signal of the
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semi conductor switch is generated accordingly. So that the
difference between the sinusoidal reference current and the
average input current is minimized. Also, the value of filter
inductance should be reduced. However, the decreasing the
filter inductance depends on increasing the switching
frequency. As a result, the switching frequency should be
increased to increase the power factor in the proposed
converter. Soft switching techniques are necessary at high
frequency since increasing the switching frequency leads to
the switching power losses. So, both PFC and SS in the
new converter are realized with a control circuit.

The features of the proposed ZCZVT - PWM boost
converter can be summarized as follows.

1) The main switch is turned on under ZVT and turned
off under ZCT. The main diode is turned on under ZVS and
turned off under ZCS. The auxiliary switch is turned on
and turned off under ZCS. Additionally, the other auxiliary
semiconductor elements operate under soft switching.

2) The extra current or voltage stress does not occur on
the main switch and diode.

3) The proposed converter operates under soft switching
for the overall load ranges. The snubber cell assures ZVT
turning-on and ZCT turning-off under the light loads.

4) The transient intervals compose a little part of period
and the circulation energy is very low.

5) The control of the converter is easy since the auxiliary
and main switches have a common ground.

This converter includes both ZVT and ZCT techniques
in a cell using quite a few elements because of that it is
cheap and simple compared to previous studies.

5. Conclusion

In this study, a new PFC boost converter with active
snubber cell is presented. Owing to the presented snubber
cell, the main switch is turned on under ZVT and turned off
under ZCT by lossless. Also, it provides that the main
diode is turned on under ZVS and turned off under ZCS.
Thus, it minimizes the reverse recovery losses of the main
diode. Also, it does not compose any extra voltage or
current stress on the main devices. Besides, the auxiliary
switch and diode operate under SS and so, they are turned
on under ZCS and turned off under ZVS. The power factor
of the new converter has been measured as 99.8%.
Additionally, total efficiency of converter is reached
approximately 97.5% at nominal output power.
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