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Abstract

A new single-stage/single-switched forward con-
verter with magnetic coupled nondissipa-tive
snubber is proposed. The proposed converter
gives the good power factor correction (PFC),
low current harmonic distortion, and tight out-
put voltage regulation. The prototype shows the
TEC 555-2 requirements are met satisfactorily with
nearly unity power factor. This proposed con-
verter with magnetic coupled nondissipative snub-
ber is particularly suited for low power level power
supply applications.

1. Introduction

With the adoption of standards such as IEC555-
2, there is a need to look for a converter which can
do harmonics rectification, power factor correction,
isolated dc-dc conversion, and tight output voltage
regulation [1-3]. Such a converter needs to meet
the TEC555-2 requirements without adding many
components, especially in a low power level system
such as computer power supplies. The conventional
PWM boost rectifier, operating in a continuous con-
duction mode(CCM) for power factor correction,
is widely used because of its continuous line cur-
rent, smallest choke, minimum current distortion,
and lowest current stress tham other methods [4-
5]. However, a conventional boost converter requires
an additional de/de converter in order to provide
the output isolation and to give the output voltage

lower than the peak input voltage. Therefore, this
scheme with its reactive elements, power switches,
controllers, and switch drivers, is generally expen-
sive and complex. These prevent the application of
a boost converter from low power level power sup-
plies.

Recently, several power conversion topologies have
been suggested as a simple high power factor rec-
tifier/regulator. These include a single-ended pri-
mary inductance converter (SEPIC) and a flyback
converter which perform the power factor correc-
tion and isolated output voltage regulation in a
single-stage at the expense of the increased high
frequency line current distortion [6-7]. Further-
more, the output voltage regulation has a low band-
width in order to minimize distortions in the in-
put current. Those problems can be overcome with
the Integrated High Quality Rectifier/ dc Regula-
tor(THQRR) and Boost Integrated Flyback Rectifier
Energy De-de converter(BIFRED) [1-2], which offer
a low cost alternative to more conventional meth-
ods of power factor correction while providing a well
regulated output voltage and an isolated power con-
version. The drawback of BIFRED or THQRR is,
however, a relatively high voltage stress suffered by
its switching component and dec-link capacitor due
to the load dependent characteristics. In addition,
there is a high current stress in a switching compo-
nent because both the large input current in a dis-
continuous conduction mode (DCM) operation and
the primary current of the transformer flow together
into a power switch. These result in a significant
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voltage ripple at twice the line frequency in the out-
put voltage. The converter in [11] eliminates this
problem, features an excellent output voltage regu-
lation. The main disadvantages in [11] are consid-
erable losses in the voltage-clamp circuit due to its
dissipative snubber operation.

In this paper, a new converter based on a for-
ward de-de converter with nondissipative LC snub-
ber is introduced. The proposed converter is ca-
pable of drawing high quality current waveforms
from the ac power source by using a magnetic cou-
pled nondissipative snubber, successfully reducing
the surge generation without increasing the power
dissipation. Furthermore, a regulated dc output
with the fast transient response can be obtained in
a single-stage/single-switch with the relatively re-
duced device stress suffered by a power switch. The
basic principle of operation is analyzed and a design
procedure is developed. Experimental results are
then presented, which illustrate the converter func-
tion and verify the analysis presented.

II. Operational Principles of the
Proposed Converter

Fig.1 shows the proposed high power factor con-
verter with a magnetic coupled snubber stage. This
converter resembles after the forward converter with
nondissipative LC snubber, where Lj; represents
the total transformer leakage inductance reflected
o the primary side. The most obvious difference is
the magnetic coupled stage in an input side section
wound on the inductor core of the nondissipative
snubber. This magnetic coupled winding generates
a switching frequency modulated voltage V; which
is the reflected voltage from the primary side of a
nondissipative snubber inductor during the turn off
time of the power switch Q. This high frequency
content of V; is filtered by the inductor L; to pro-
duce an output V; which adds to V;. The dc link
capacitor Cpe is the energy storage capacitor re-
quired to store the 120Hz ripple energy needed in a
single-phase high power factor converter.

For the analysis of a circuit operation, the follow-
ing assumptions are made:

s all power semiconductors are ideal.
e the circuit operates in a steady state.

e the output filter inductance L, is sufficiently
large to be approximated by a current source
with a value equal to the load current I,.

e ;. is much less than the transformer magne-
tizing inductance L.

e dc link capacitor volotage V. is larger than the
rectified peak input voltage V.

e V, is considered as constant during a switching
cycle because the switching frequency is much
higher than the line frequency.

» prior to turning the switch Q on, the snubber
capacitor is charged to the voltage V. mqe, Which
is less than the de link capacitor voltage Vpe.

¢ 2/ L,C > Tp.

The last assumption simply states that one-
quarter of the resonant period formed by Lp and
C is larger than the maximum on-time of the switch
Q, which is not the usual case of a forward converter
with nondissipative LC snubber (see Ref[10]). Actu-
ally, the stored electromagnetic energy in L, during
the on-time of the switch Q is transferred to the
input side section to form the voltage V;. In this
sense, the magnetic coupled snubber stage forms an
another power conversion circuit, in which the out-
put voltage is V,, and the input source is the stored
electromagnetic energy in L,, or the magnetizing
energy in L.

Fig.2 shows the five topological states and the key
waveforms are shown in Fig.3 for the proposed con-
verter in which the magnetic coupled stage operates
discontinuously. The detailed description of each
topological state is given in the next:

Mode 1 (17— T, : My ) : As can be seen in
Fig.3, the operation of mode 1 is the same as that of
on-time mode in a conventional forward converter.
Thus, the currents in the primary winding of a trans-
former and the output inductor L, rise linearly. Ax
T}, the magnetizing current iz, can be expressed as

iLm(Tl) = Z-Lm,pk = %DTS (1)
m

where D is the duty ratio and T is the switching
period. In mode 1, the stored energy in the snubber
capacitor C is transferred through the diode Dis
to the snubber inductor L, in a resonant manner.
Therefore, the current flowing through Ly, if,, and
the voltage across (', v,, can be written as

2)

in(t) = ‘/c,ma.:r — sin
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Ve(t) = Vo maz €Os \/;70_. (3)

On the other hand, the diode D; in the magnetic
coupled stage is reverse biased because the undotted
end of the primary winding of the snubber inductor
L, is negative with respect to the dotted end. Thus,
the current flowing through the inductor L; is zero.
It is noted that the switch Q should be off before
v,(t) goes to negative. Otherwise, immediately after
v, goes to negative, the diode [); will be forward
biased and the current i;; will flow, which results
in a significant low frequency ripple at the output
stage. Therefore, the assumption that %./L,C >
Ton 1s needed in the proposed converter to assure
v.(t) is always positive.

Mode 2 (T: — T3 : M3) : Mode 2 begins when the
switch Q is turned off at T7. Since the current flow-
ing through the primary winding of a transformer
is now interrupted, the voltage across the primary
winding reverses its polarity to oppose this change.
Ag such, the voltage at the dotted end of a trans-
former winding is now negative with respect to the
undotted end. The clamp diode D;; connected be-
tween the dotted end of the primary winding of a
transformer and the snubber capacitor C' prevents
this voltage from falling below —u,.(t). Hence, the
rectifier D,; is reverse biased. At the same time,
the freewheeling diode D, is forward biased and al-
lows the output inductor L, to discharge its stored
energy to satisfy the load requirements.

In mode 2, the stored energy in the magnetiz-
ing inductance L, and the leakage inductance Ly
is transferred through the diode Dy, to the snub-
ber capacitor C in a resonant manner. This energy
shift finishes at 7y, when the magnetizing current
becomes zero. Since the diode Dj; conducts, the
voltage across the primary winding of a snubber in-
ductor L, is clamped to —Vpc and remains there
throughout mode 2. Since L, and L, are wound on
the same core as shown in Fig.1, the undotted end in
s is positive with respect to the dotted end. This
voltage (Vi = nVpo) forces to increase the current
ir7 lineary as shown in Fig.3, with the positive slope
of (Vi + nVpc — Vpe)/Lys. To explain the modes 2
and 3, the switching waveforms of various currents
with their slopes are depicted in Fig.4. As can be
seen in Figs.2 and 4, the current flowing through the
diode D;q is

'I:Dlg (t) = ?:Lp(t) — ’l‘l?;Lf(t) (4)

where it is assumed that i7,(f) =~ ig(T1) =

V'c,ma,:” / %Sin—-—“—p L_ during mode 2 interval since L,

IuC
is large enough to neglect the variation of ir,(t). At
T3, the current ir; can be written as

V; + TLVDG — VDC’
Ly

irf(T2) = irppe = te (5)
where t, is the duration of mode 2. From Fig.4, the
current slope of ip1s during mode 2 can be obtained
as

) Vi V; + nVpc — V,
slope of 1p12|medes = —( fc+n gc DYy,
P f

(6)

During mode 2, the stored energy in the primary

snubber inductor L, is transferred to the magnetic

coupled stage.- Mode 2 ends when the diode Dq;

stops conducting. Using the equations (5) and (6),

the duration of mode 2,t.,can be easily obtained as
follows:

DT,
t LyLsVemaay/ £ sin Jis -
¢ LfVDC -+ n(V + nVDc — VDC)L

Mode 3 (I3 —T5 : M3) : After the current ipjz is
reduced to zero, the voltage V; = nVpe can not force
irs to increase since the clamped voltage across the
primary snubber inductor Vpe is not reflected to the
magnetic coupled stage. Thus i;; decreases to zero
during mode 3. This current has the negative slope
of (Vi = Vpg)/(Ls+ Ly). Using the current slopes
shown in Fig.4, the duration of mode 3, ¢;, can be
eagily obtained as follows:

L5+Lf Vi

ty =
e Ly Voe-V

te. (8)

Mode 4 (T3-T, : My) : After mode 3, the discon-
tinuous current mode in the magnetic coupled stage
is occurred. On the other hand, the stored energy in
the magnetizing inductance is being shifted to the
snubber capacitor via the path Dy — L, — C. Mode
4 ends when the magnetizing current iz,, becomes
Zero.

Mode 5 (T, —T; : M;) : At Ty, when the magne-
tizing current becomes zero, the diode Dy; is turned

off. The voltage across the snubber capacitor at Ty
can be obtained as

[ Ly .
'UC(T4) = Vpc,ma.a: = ?ZLTH.(T'I) (9)

or, more precisely, including the transformer leakage
inductance Ly, it becomes
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| Lm. o Lu I\
Vrc,ma.z =~ \/'?ZLm(Tl) + 'E('Iv) - (10)

This is derived from the fact that the stored electro-
magnetic energy in the magnetizing inductance L,
and the leakage inductance Ly finishes shifting to
the soubber capacitor at Ty. In practice, a numeri-
cal calculation is nessesary to find Ve at various
load condition. Note that in the proposed converter,
the snubber capacitor C must be large enough so
that the maximum voltage across the snubber ca-
pacitor V,mey is less than the dc link voltage Voe.
Otherwise, the diode Dz will conduct at Tj, result-
ing in an unwanted mode of operation of the pro-
posed converter. During mode 5, the voltage across
the snubber capacitor v, remains V. m.r. When the
switch Q is turned on at 75, another switching cycle
starts.

Tt is noted that the output current influences only
during mode 1 and the PFC by using a magnetic
coupled snubber stage is achieved only during modes
2 and 3. During modes 2,3,4,and 5, the output
stage is not influenced by the rectified input volt-
age since the freewheeling diode D, is forward bi-
ased. Hence,the proposed converter is independent
of the output voltage regulation and power factor
correction which is not possible in a BIFRED. As a
result, the output voltage ripple at twice the line fre-
quency appeared in a BIFRED can be eliminated in
the proposed converter. Usually, the dc link voltage
Vpe is designed to be higher than the peak line volt-
age in the proposed converter. The voltage across
the magnetic coupled stage in an input side section
V, should be equal to the de link voltage minus the
ac line rectified voltage. In order to achieve a high
power factor, the peak value of ip; should be a recti-
fied sinusoidal form. Then, the rectified line current
lis| will also be a rectified sinusoidal form due to
the DCM. operation of the magnetic coupled stage
in an input side section. The required characteristics
of the magnetic coupled stage in an input side sec-
tion are shown in Fig.5. In the proposed converter,
since V; is nVpe during mode 2, the average voltage
of V; over one switching cycle V, is proportional to
nVpet.. When V; is close to a zero voltage, ¢ has its
maximum value as can be seen in equation (7) for
given parameters and V, becomes a high voltage.
When V; is close to the peak voltage Vi, (. has
its minimum value, and V; becomes a low voltage.
Moreover, the peak values of iz will follow the high
frequency voltage pulses V(= V; + nVpe — Vo)

whose amplitudes are modulated by a line voltage
with dc offset (n — 1)Vpe. If the turn ratio of a
coupled snubber inductor n is set to one, only the
rectified input voltage V; is applied across the in-
ductor Ls. Thus, the peak values of izy follow the
rectified input voltage V; in this proposed converter.
Therefore, the characteristics of the magnetic cou-
pled snubber stage in the proposed converter are the
sarne as those shown in Fig.5.

III. Analysis and Design
Consideration

In this section, the effort is focused on the se-
lection of important parameters such as the mag-
netic coupled nondissipative snubber, input induc-
tor, switching frequency, magnetizing inductance,
and turn ratio of transformer required in the pro-
posed converter operation. The detailed analysis of
the proposed converter will be described

To further simplify the analysis, it is assurned that
the turn ratio of the magnetic coupled inductor 1s
onee.g., L, = L, = L, and Vemar < VDo for any
load conditions.

3.1. Selection of snubber capacitor and
snubber inductor

In general, the snubber capacitance is selected
such that the power loss of the switch will be mini-
mized. The power loss has been estimated as a func-
tion of snubber capacitance using a simple switch
model. Refer to Appendix for a detailed analysis.

Some examples based on a 900-V, 30-A IGBT are
shown in Fig.6 as a function of snubber capacitance
for a switched current of 5 A, which is the currens
needed for the proposed topology of a 100 W con-
verter. Based on these results, it has been found
that a switching frequency of around 100 KHz can
be obtainable with a snubber capacitor of 22 nF.
This gives the power loss of approximately 3.1W.

During the switch conduction period, a quarter-
wave resonance arises through the snubber capac-
itor, magnetic coupled inductor, diode D;s, and
switch Q. The magnetic coupled snubber induc-
tor can be obtained from the assumption that

2V LpC > Top as follows:
1 ,2Dmas T
L=gt== ") (11)

From this equation, the required snubber inductor
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L for Dy = 0.4 and T, = 10us is about 290 uH.

3.2. Charging and dischaging time of the
input inductor

It is essential to choose a switching period greater
than the sum of DT and ({,+t4) to ensure that the
coupled snubber inductor core is reset before start-
ing the next switching cycle and the discontinuous
current conduction occurs in the input current.

Substituting equation (9) into equation (7) gives
the duration of mode 2, (= T; — T3), as

B Lyim(Ty)vILpsinSk
c LiVpe + LV;

where it is assumed that the effect of the leakage
inductance is neglected to simplify the analysis. If
the influence of a parasitic resistance on the output
voltage V, is neglected, then V, can be obtained as
follows:

(12)

= Yoo
Vo= =D (13)

where N is the turn ratio of the transformer. Sub-
stituting equations (1) and (13) into equation (12)

gives
. NVT,/ sm——f-—- 14
7pk (.-y + QSZTLO)

where a = L/L¢, v = Vpg/V; pi, and 8 = wt. From
equation (8), the time interval ¢;(= T3 — T3) can be
rewritten as follows :

(x+1) y

—_— 1
v — sind © (15)

tg =

Then, I, + {5 as a function of @ can be expressed as

e I .. L
NVp'Ty 7—317— ¥

2 (1 = Dypean ) 16
¥; o 0y + aexind) 7 — asiml 5( maz )i (16)

(e Hg)0) =

where k = NV,

equality (16), &k should be designed to have a small
value and -« should be designed to have a large value.
The inequality (16) is less affected by « and T;. In
fact, o and T, are related to the maximum obtain-
able output power as will be shown in a later section.

\/ osintl \/— L /V; . To satisfy this in-

3.3. Line current distortions and power fac-
tor

It is noted that the input current waveform is
not purely sinusoid and contains harmonic distor-
tion due to the DCM operation. This can be repre-
sented by a function of k, ¢, and . From equation

(5) and Fig.4, the average inductor current I7,; . dur-
ing the time ¢, can be written as

1 V,sing

Tusel8) = T, Ly

Q_TSZLf,pktc ——t(0) (17)
while the average inductor current Ip;, during i,
can be written as

1 V,.sinf

T1ra(6) = T, Iy

1
3T, S infpkld = ——tqa(d). (18)

Then, the average current I7s.,(6)(= |[in(8)|) can

be found by the sum of Irs. and I;;4 over a switch-
ing period 7T as

1 V,.sind

IL_f,av(H) 2T L

Ippe+Insa = /1. (6). (19)

Using equation (19), the power factor can be ex-
pressed as

e

LSl vy (20)

where g
:;/ Vinsin0I s 0, (0)d6 (21)

T Jo

and
1 [/ Vi ok

V:irms-[in Tms — - I sz 6)de) —=E= . 99
ot \/(ﬂﬂu,m)ﬁ()

The rectified input current waveforms of i g, and
the corresponding power factors for several values
of k, o, and + are plotted in Fig.7 provided that
(tc + td)maa: S (]— - Dmaa:)Ts-

It can be concluded that the high power factor of
better than 0.98 for any specific parameter sets can
be obtained.

3.4. DC link voltage stress and ouput
power

By applying the input-output power balance prin-
ciple, the dec link voltage Vpe can be expressed as

N2 2T, san BT -
ViC ) - 1 (e
2L FPa (Ve /Vs Gk — .umﬂ)(VD( /1 ik + erwendl)
Jo

Fig.8 shows a plot of the de link voltage as a function
of the output power for different switching frequen-
cies. As can be seen in this figure, Vpo increases as
output power decreases. Hence, it is recommended
to use the variable switching frequency control de-
scribed in [12].
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Once the de link voltage is obtained, it is straight-
forward to determine the switch voltage/current
stress. From Fig.3, the peak switch voltage, Vs,
is expressed as

Viaspk = Voo + Vemez < 2Vpe (24)

and the peak switch current, 74, ., is expressed as

. Yoo

- In . lonar Y,
gk = 2L (T1) + vt M) £ T DinarTy + —7— +

oy L )

where I, 4. denotes the full load current.

To maximize the output power P,, it is desirable
to select N, T as large as possible and Ly and L,, as
small as possible. However, it is noted that there ex-
ist a maximum bound on /V and a minimum bound
on L., as indicated previously. Therefore, a low
switching frequency f; is to be selected to increase
the output power F,, which results in a reduced
overall effieciency and a increased converter size. A
small input inductance Ly should be designed with
large core geometry and air gap to avoid magnetic
saturation (see Ref[8]), which results in a reduced
overall effieciency.

1V. Experimental Results

To experimentally characterize the magnetic cou-
pled snubber technique in a single-stage PFC appli-
cation, a breadboard model has been constructed
using the following parameters listed in Table I
The controller is based on the integrated PWM chip
UC3823 from Unitrode, which is the same one used
for the conventional de/dc¢ converter.

Table 1: Proposed converter parameters list

T 10us R, | 3 ohm
L [ 250uH | C 22nF

L | 480uH | N 6

L; | 2000H | C; TuF
L, | 36uH C, | 330uF
L f 50uH C DC 220uF

Fig.9 shows the experimental waveforms of the
breadboard circuit operating at 60V dc input. All
the top traces in Fig.9 represent the gate drive volt-
age Vio(Q) with its duty ratio D of 0.3. Fig.9(a)
shows the switch voltage vy, and current 74,. The
peak switch voltage is limited to 200V, and the peak

switch current is 5 A. This peak switch current con-
sists of three parts: the magnetizing current iz, (77)
of 1.7 A, the primary side current reflected from the
load current Iﬁ" of 0.8A, and the peak value of the
snubber inductor current i7,(T%) of 2.5 A. Fig.9(b)
shows the snubber capacitor voltage v (%) and snub-
ber inductor current ir,(¢). It is noted that one-
quarter of the resonant period formed by L, and C
is equal to the on-time of Q (e.g. §/L,C = Ton) for
this operating condition. Fig.9(c) shows the voltage
across the input inductor vrf(t) and the input in-
ductor current 4,¢(t). It can be observed that #,+14
is less than 0.5D7%, so it is not a problem to se-
lect the duty ratio D as 0.4, which is the same as
that of the conventional forward converter. Fig.9(d)
shows the voltage across the snubber inductor vz,(t)
and the snubber capacitor current i,(¢). During the
on-time of Q, vrp(t) = —wve(t), and 2(t) = —igp(2).
However, during the off-time of Q, vr,(t) becomes
Vpe during mode 2, (Vpg — W)Ls/(Lf -+ LS) during
mode 3, or zero during modes 4 and 5. Also, 4.(t)
becomes i1, (t) +2p12(¢) during mode 2, i, (t) dur-
ing mode 3, or zero during modes 4 and 5. Fig.9(e)
shows the primary transformer voltage and the out-
put inductor current. It can be seen that, at turn-on
transition, there exists a current ringing in the out-
put inductor current waveform. This current ringing
is mainly due to the reverse recovery problem of the
output rectifiers D, and Dyy. Fig.9 shows that all
the waveforms are agree well with the theoretical
analysis.

Fig.10 shows the turn-on/turn-off transient wave-
forms of the main power switch Q. It can be ob-
served that, at turn-on transient, there is a switch
current ringing due to the reverse recovery prob-
lem of the output rectifiers ;) and D,;. During
the turn-on time, the falling V,, intersects the ris-
ing Iy at a quite low current value. Therefore the
integral [ Vys/4,dt taken over the turn-on time is
small so that the average dissipation over a full cy-
cle is also small, as is expected in the conventional
transformerized converter. Furthermore, during the
turn-off time, the rising Vj, intersects the falling I,
at a quite low voltage value so that the integral
J Vaslssdt taken over the turn-off time is small in
the proposed converter. Fig.1l shows the de¢ link
waveforms for the power factor correction opera-
tion. It is quite clear that the power factor cor-
rection has been achieved by the magnetic coupled
snubber stage. Fig.12 shows the oscillograms of the
line current and voltage. The line current shows
the sinusoidal waveform keeping in-phase with the
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line voltage. Thus, the high power factor can be
obtained by using the proposed magnetic coupled
snubber technique. Fig.13 shows the oscillograms
of the output voltage V,, output inductor current
1o, and rectified input voltage |V;| at full load. It
can be seen that low frequency ripple components
are small in the proposed converter with a magnetic
coupled nondissipative snubber. Fig.14 shows the
overall efficiency and the power factor as a func-
tion of the output load for low and high input volt-
ages ( 100Vrms and 120Vrms ). It can be seen that
the efficiency of the proposed converter is 84 % at
full load, which is better than that of other single-
stage converter such as a BIFRED. The power factor
stays relatively high for the entire load range. Fig.15
shows the measured line current harmonics superim-
posed on the specified IEC5E55-2 Class D limits. This
clearly shows that the proposed converter meets the
regulation with a considerable margin, and the mea-
sured power factor is 0.978.

V. Conclusion

In this paper, a single-stage,single-switch isolated
ac/de converter topology, based on a forward con-
verter incoporating the magnetic coupled nondissi-
pative snubber technique, is presented. The pro-
posed new magnetic coupled snubber based tech-
nigue gives the good power factor correction and
low line current harmonic distortions with high effi-
ciency. Furthermore, the proposed converter is ca-
pable of producing an isolated output voltage regu-
lation in a single-stage and single-switch without the
significant output voltage ripple at twice the line fre-
quency. The analysis and design consideration for
the proposed converter are described. Based on this
analysis, nearly optimal values for the magnetic cou-
pled snubber components are selected for the high
efficiency operation of the proposed converter. The
prototype successfully meets the TEC555-2 require-
ments with a efficiency of above 84 % . Thus, the
proposed converter is best suited for low power ap-
plications where the cost is one of the prime objec-
tives.
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Fig.1. Proposed high power factor converter with
a magnetic coupled nondissipative snubber
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Fig.2. Topological sequences for different operation stage of
the proposed converter
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Fig.3. Steady-state waveforms of the proposed converter

am
et on
Vil _‘i;gﬂu..
'
n
oYt
Y14 gt e Ll
ur
i
], Visgp iy
p T
tizefe gy
o 7 [ T
oTa e m

Fig.4. Current waveforms with their slopes
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Fig.5. Idealized dc link waveforms of power factor
correction operation
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Fig.9. Experimental waveforms of the proposed converter
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(a) Tumn-on waveforms;  (b) Tum-off waveforms
top : Vgs(Q) @ 20V/div; top trace: Vgs(Q) @ 20V/div
bottom : Ids(Q) @ 5A/div;bottom trace: Vds(Q) @ 100V/div
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Fig.10. Turn-on / wurn-off transient waveforms of the main
power switch Q
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Fig.11. Experimental dc link waveforms of power factor
correction operation
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Fig.12. Experimental waveforms of line current and voltage

Fig. 13. Experimental waveforms of line voltage,output
voltage,and output current ; top trace: Vi @ 50V/div ;
Vo @ 50mV/div , Bottom trace: Io @ 50mA/div
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