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Abstract

Forward converters generally exhibit poor power factor when em-
ploying in the AC-DC conversion, due to the presence of zero input
current near the zero crossing of line input voltage. In this paper, a
single-switch forward converter with high power factor and low storage
capacitor voltage stress is proposed. By adding a stack up voltage on
top of the reflected input voltage on the forward converter secondary,
the dead angle of input current is eliminated. The storage capacitor
voltage is also kept smaller than the peak input voltage throughout en-
tire line and load conditions. Power factor correction and fast output
regulation are achieved simultaneously by using only a single switch
and a single voltage-feedback control loop. Parameters that affect the
storage capacitor voltage and input current are examined. Experimen-
tal results showed the effectiveness of the proposed converter.

1 Introduction

Owing to the increasing concern about the harmonic distortion in line input
current drawn by switch-mode power converters, power factor correction
(PFC) techniques have been employed in the design of off-line power con-
verters in order to comply with international standards such as IEC 1000-3-2
specifications. Among numerous PFC circuits developed to achieve power
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factor close to unity, the boost converter is the most popular topology due to
its simple circuitry and low cost. For applications, especially for low power
applications, that requires transformer isolation or stepping down voltage,
flyback converters are commonly used due to their simple configuration and
low component count.
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Figure 1: Forward converter serves as a power factor correction circuit.
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Forward converter has the advantage of lower peak output current and
less leakage energy related problems than those of a flyback converter. How-
ever, a normal forward converter, as shown in Fig. 1 (without the input
capacitor Cjy), is unable to use in AC-DC conversion because the bridge
diode blocks the current path for the reset winding during the turn-off pe-
riod of power switch S1. Moreover, energy transfer to output ceases during
the interval when the rectified input voltage |v;y,| is lower than the reflected
output voltage on primary (i.e. V,*N1/N3), resulting in distorted input
current. Even with Cj, inserted for transformer reset, the input current
will be very much distorted since no input current can flow into the circuit
when the input voltage is lower than the voltage on Cj,. By placing the
reset winding on the transformer secondary, the aforementioned problems
are solved [1]. Apart from providing a reset path for the converter (transfer-
ring reset energy to the output capacitor), the reset winding also serves as
a flyback converter when |v;,| is lower than V,*N1/N3 and thus eliminates
the dead angle of input current. However, the converter output contains
substantial ripple voltage at line frequency. To remove this ripple voltage,
[2, 3] attempted to inject an anti-phase ripple voltage into the output with
the same magnitude and frequency. This is done by using another capac-
itor, which stores the energy from reset winding, and an auxiliary switch
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with a sophisticated control system to provide this feature. But it is not a
cost-effective solution for low-power applications.

Single stage PFC converters (SSPFC), which are formed by integrating
the PFC circuit with a DC-DC regulator circuit, aimed at reducing the cost
and simplifying the power stages and control of the converter [4-12]. By
solely controlling the change of output, power input (with PFC) from line
and regulation of output voltage can be done concurrently by sharing the
same switch(es). Examples of circuits that combine a boost PFC converter
and a forward DC-DC regulator have been proposed in [7-9]. Instead of
acquiring energy from the line, the forward regulator stage takes energy from
the intermediate storage capacitor which has relatively constant voltage.
The boost PFC stage can achieve high power factor when the inductor runs
in discontinuous conduction mode (DCM) and the duty cycle of power switch
keeps roughly constant. The main drawback of SSPFC is the high voltage
stress on the intermediate storage capacitor due to lacking control of its
voltage. The paper [9] proposed to add a DC voltage above the rectified
input voltage so that the dead angle of input current of the forward converter
is removed. Nevertheless, the converter still suffered from high voltage stress
on the storage capacitor due to the presence of boost inductor. As a result,
semiconductor devices, such as transistors and diodes with high voltage
rating, should be used. This also limits the practical use of SSPFC in wide
input voltage applications. Recently, direct power transfer concept has been
introduced in which an extra winding is inserted in parallel with the output
and coupled to the boost inductor [10-12]. A portion of input energy stored
in the boost inductor will be diverted to the output directly through this
coupled winding. The voltage stress, as well as the voltage swing on the
storage capacitor when line and load varies, are both reduced. However, the
storage capacitor voltage cannot drop below the peak line input voltage due
to the stepping up of input voltage by the boost inductor.

In this paper, a new high power factor single-switch forward AC-DC con-
verter (SSFC) with low storage capacitor voltage is presented. To eliminate
the dead angle of input current, a stack up voltage source is introduced on
top of the reflected input voltage on transformer secondary during the turn-
on period of power switch. In this way the input power can still transfer to
output (i.e., charging up the output inductor) even when the reflected recti-
fied input voltage on secondary is lower than the output voltage. In [9], the
DC voltage added above the rectified input voltage is used to charge up the
boost inductor. All the energy stored in the boost inductor will be diverted
to the storage capacitor. Therefore the storage capacitor voltage is high
and cannot drop below the peak input voltage. For the proposed SSFC, the
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stack up voltage plus the reflected input voltage are used to charge up the
output inductor directly. The storage capacitor is fed by the reset energy
of transformer, which is much smaller compared to that of a boost induc-
tor. Due to the absence of boost inductor placing at the front-end of the
proposed circuit, the voltage on the intermediate storage capacitor keeps
relatively low.

The proposed SSFC with the stack up voltage source has the following
features:

e the input current has no dead angle, thereby improving the power
factor;

e voltage stress on the storage capacitor is reduced and can drop below
the peak input voltage, permitting the use of smaller storage capacitor
and lower voltage rating semiconductor devices;

e power factor correction and fast output voltage regulation are done by
only a single switch and a single loop controller.

In Section 2, the operation principle and modes of the proposed SSFC
will be described. In Section 3, the steady state analysis will be carried out
to derive the expressions of duty ratio and storage capacitor voltage. The
analysis of input current will be depicted in Section 4. With the design
example given in Section 5, the experimental demonstrations to verify the
proposed concept will be given in Section 6 and followed by the conclusions
in Section 7.

2 Proposed circuit and its operation

2.1 Operation principle

The proposed SSFC is shown in Fig. 2. It consists of a normal forward
converter (with transformer T1, power switch S1, output diodes D3 and
Dy, and output inductor L,), two additional diodes Dy and Ds, and an
auxiliary transformer T2, which is used to implement the stack up square-
wave voltage source. The primary side of T2 with diode D5 is connected
across the intermediate storage capacitor Cg and the power switch S1; the
secondary winding of T2 is connected in series with L,. Capacitor Cp
functions not only as an intermediate storage element for the SSFC but also
the stack up voltage source. The reset energy from T1 and T2 are both
delivered to Cp through D; and Ds, respectively, when S1 turns off. The
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Figure 2: Proposed Single-Switch Forward AC-DC PFC Converter (SSFC).

output power is controlled by sensing the output voltage to a compensation
network and adjusting the duty ratio of S1 using conventional pulse with
modulation (PWM). Power factor correction is automatically achieved by
DCM operation of both transformers T1 and T2.

Fig. 3a shows the conceptual diagram of the proposed method. It is
a simplified diagram showing the output side of the proposed SSFC. The
converter with transformer T1 is modeled as a square-wave voltage source
vs and another square-wave voltage source vy, which is derived from Cp and
used to stack up wg, is placed in series with L,. When the power switch turns
on (in Fig.3b), vs becomes ns|vy,| and v equals ngVp. The voltage across
the output inductor L, is (ns|vi,|[+n4Vp — V,) and it charges up linearly.
Even if |v;,| reaches zero, L, can be charged up by setting v; slightly higher
than V,. Therefore, input current can flow into the circuit once |vg,| rises
from zero and the dead angle of input current is eliminated. When the power
switch turns off (in Fig. 3c), vs goes negative and Ds is reverse biased. v;
also becomes negative and equals Vz(n4/ns). The voltage applied across L,
is (Vg(na/ns) +V,) and it is discharged through Djy.

Fig. 4 shows the effect of the proposed stack up voltage method at the
time when S1 is turned on. Without the stack up voltage (i.e. v1 = 0), there
is a dead angle of input current, which is expressed as 61, during the line
period where no input current can flow because ng|v;,| < V, and diode D3
is reverse biased. If v; is added, the dead angle of input current decreases
to 2. When vy = V,, it is expected that the dead angle will be completely
eliminated so that input current can flow all the time once |vjy,| rises from
zZero.
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Figure 3: Conceptual diagram of the proposed method: (a) conceptual dia-
gram; (b) when power switch turns on; (c) when power switch turns off.

Figure 4: Conceptual diagram of the stack up voltage method at the time

S1 is turned on.
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2.2 Operation modes

To facilitate the steady state analysis, parasitic components of the power
switch and diodes are ignored. Assuming the coupling between both trans-
former windings to be perfect, the magnetizing inductance of T1 and T2 are
modeled as Ljs1 and Ljss, respectively. Theoretical switching waveforms of
proposed SSFC is illustrated in Fig. 5. By inspection of the circuit, there are
four modes of operation. The circuit operation is fully analyzed as follows.

T,
=1
[ [
b 4T, -

iy
|II

X

|
. |
i

1

™~
AN

S

Figure 5: Key switching waveforms of the proposed SSFC.
Mode 1 (tp — t1) [Fig. 6a]: Switch S1 is turned on, power is transferred

from both voltage sources, rectified input voltage |v;| through T1 and stor-
age capacitor C'g through T2, to the load. Dy is reverse biased but D3 enters
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Figure 6: Operation mode diagrams of SSFC: (a) mode 1; (b) mode 2; (c)
mode 3; (d) mode 4.
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conduction state. The output inductor L, is being charged up linearly with

a rate ]
diro  n3lvin| +14Ve -V,

. Lo ' (1)
As the dotted ends of the reset windings are positive with respect to the non-
dotted end, diodes D; and Ds are reverse biased. Let the mutual inductance
between primary and secondary (not the reset winding in series with D;)
sides of T1 be Mpy, under perfect coupling it becomes

MTl = ngLMl. (2)

The voltage applied across magnetizing inductance Ly iS |vi,|. From Am-
pere’s law, the input current is

ipl =iLM1 + N30 (3)

Substituting (1) and (2) into (3) and differentiating both sides, we get the
rate of change of iy

dip _ [Vin| . ngn:’,\vm\ +n4Vp — V;)‘ ()
dt Ly L,

The voltage applied across magnetizing inductance Ljse is Vp. Using the
same method as above, the rate of change of 7,3 is given by

dipg VB n3lvin| + naVe =V,
dt  Lam Ly ‘ (5)

Mode 2 (t; — t2) [Fig. 6b]: Mode 2 is initiated by turning off S1. The
voltage applied on the non-dotted end (which is positive with respect to the
dotted end) of T1 secondary equals Vp(ni/ng) and Ds is reverse biased.
Since ir, cannot sustain a sudden change in its direction, D, is forward
biased and iy, continues to flow with a downslope equals

diro —(naVe +ns5V5)

dt - TZ5L0 ' (6)

Meanwhile, the non-dotted ends of both reset windings are changed to pos-
itive with respect to dotted ends and both equal V. D; and Ds are in
conduction state. The reset energy from both T1 (through D;) and T2
(through Dj) are coupled to C'p. The rate of change of ip; is written as

dipy  —Vp
dt TL%LMl

(7)
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Since iy, passes through the secondary winding of T2, the voltage applied
across its reset winding, which is clamped to Vg, can also be written as

di di
VB = MT2 ;;O — n%LMgﬂ (8)
where Mo is the mutual inductance between secondary and reset windings
of T2 and is equal to nansLyre. Substitution of (6) into (8), the rate of
change of ips is given by
dips -1

= V; L
i n%LMg < B+ nalipre

n4VB +n5VO> (9)

Lo

Mode 3 (t2—t3) [Fig. 6¢]: After ips reaches zero, mode 3 begins. During
this mode, all energy in T2 is released. The current iy, may reach zero at
time tg, otherwise iy, will continue to discharge (follows the dotted line of
iLo in Fig. 5) with a rate equals

diLo o _V;)
dt  niLya+ L,

(10)

The reset current in T1 continues to flow through D to store in Cg. The
output capacitor C, sustains the output voltage. This mode ends when ipq
falls to zero.

Mode 4 (t3 — t4) [Fig. 6d]: In this mode, C, continues to deliver power
to the load. All the reset energy of T1 is completely transferred to Cg. The
next switching cycle begins when S1 is turned on again. If ip; has not yet
reached zero at t4 when S1 turns on again, T1 will be run in CCM. A sudden
rise in 47,1 will happen and cause distortion in the input current. But it
can be prevented by proper selection of circuit parameters, to be depicted
in Section 3.

3 Steady state analysis

The storage capacitor voltage Vg greatly affects the voltage ratings of semi-
conductor devices such as transistor and diodes. Additionally, V5 deter-
mines the stack up voltage which will help eliminate the dead angle of input
current. In this section, steady state analysis for the proposed SSFC will be
carried out to derive the relationship between the ratio of storage capacitor
voltage to peak input voltage, Ms, and the circuit parameters such as the
turns ratios (ns, ng and ns) and magnetizing inductances of T1 and T2
(Larn and Lpge), the output inductor L, and the output voltage V,. With

314



these circuit parameters, the equation of input current will also be formed.
For the purpose of this analysis and design, the duty ratio expression of S1
will be obtained first.

3.1 Duty ratio of power switch S1

Referring to Fig. 5, the turn-on time ratio of S1 is defined as d; and the
discharge time ratio of T1, ¢pj, is da. Using the voltage-second balance
condition on Lo, the time ratio do can be expressed by

do = nxds. (11)
Similarly, by calculating the voltage-second balance condition on L,, the
time ratio d4 is obtained:

L, n3lvin| — (ns + 1)V,

ds =
T 2Ly + Ly v,

dy. (12)

As |viy| varies from ground to its peak value during the line period, dy
derived in (12) may go beyond zero, which is impossible in reality. Indeed,
dy is equal to zero when |vy,| < (ns + 1)V, /ng, that is equivalent to the
time ¢1, reaches zero at t2 as shown in Fig. 5. The average output inductor
current i, at each switching period Ty also forms different shapes according
to (12).

Case 1: |vin| < (ns + 1)V,/n3: Under this condition, d4 equals zero.
When S1 turns on, the current in L, rises from tg to its peak

: _v
n3[Vin| +L"4VB 4, Ts. (13)
o

After S1 turns off at 1, ir, falls back to zero at t2. Combining (1) and (11),
iLo is given by

iLo,pk =

- (n3|vin| +naVp — Vo) (ns + 1)

iLo = 5T, d2T. (14)
Considering the output equation, we have
Vo
I, = —. 15
o Ro ( )

Since the average output current I, is equal to ir,, substituting (15) into
(14) gives the duty ratio of S1

2L, Vo
di = . 16
' \/ RoT; (ns + 1) (n3|vin| + 14V — Vo) .




Case 2: |vin| > (n5 + 1)V, /ns: In this case, i1, continues to discharge
during the period of d4T's, and d4 obeys (12). The peak value of iz, at t2
equals

, Vo
ZLo,pk‘ = niLod:}TS (17)
By inspecting the waveform of iz, and using (15), the duty ratio of S1 is
given by
2L L,V?
g = | Lo Lo¥o (18)
R,Ts Lo,Vyar + asg
where

a1 = n3(1 + 2ns)|vip| + na(1 + n5)Ve — [1 + n5(2 + ns5)| Vs,
az = (niLarz + Lo)[naloi| — (ns + 1)V,
Note that the duty ratio d; in both cases is dependent on the load resistance
R, and the rectified input voltage |vi,|. When the load drops (i.e., R,
increases) or the input voltage increases, d; is decreased. In addition, d;
is not a constant throughout the line period, it falls to minimum at peak

input voltage, and vice versa. Fig. 7 shows an example of d; for half of line
period.
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Figure 7: Example of duty ratio of S1, d;.

316



3.2 Expression of storage capacitor voltage

During the interval of S1 turn-on, charge is taken away from Cp through
T2 to the load. The average discharging current of Cp, which equals the
average charging current szg at period ty — t1, is given by

7;clischa'r‘ge = inQ (19)
d3T; . 2
= ﬁ [TL3TL4LM2Vm|SIIl9| + (LO + n4LM2)VB — n3n4LM2VO}
M2+t
where |vi,| = Vin|sinf|. V,,, is the peak input voltage and 6 is the angular
frequency of line voltage expressed in radians. For the period when S1
is turned off, the reset energies from T1 and T2 will be both stored in Cp.
Using the voltage-second balance condition on L1, the discharge time ratio,
ds, of T1 through D; is expressed as

Vin|sind
d3 = Tlel%. (20)
Substitution of (20) into (5) gives the average diode current:
B 2Ts s 2
P — diTs (Vi |sind|) ' (21)

2Ly VB

The average diode current ips can be found by combining (9) and (11) is
written as

- d3T

- 2
D5 = 2Lp2 Lo [(niLar2 + Lo) VB + nans Lar2Vo) - (22)

In the steady state, the average storage capacitor current over a half line
period should be zero, therefore

/ ELpgde — (/ EDldQ—l—/ ZD5dl9> = 0. (23)
0 0 0

Defining the ratio of output voltage to peak input voltage as

Vo

and substituting (19), (21), (22) and (24) into (23), we obtain a transcen-
dental expression of Ms:
VB G1(0)

=Y, = Gl - G )



where

T 32| 2
G1(0) = / Md& (26)
o L

™ d? Lga|sind| + (Lo + n2Lye) My — ng Ly M-
G2(9)_/ 2 [ngnaLra|sind| + (Lo + njLasz) Mo — naLasa M| do, (27)
0

B LM2L0

™ d? [(n3L Lo) M. Ly M
G5 (0) :/ 2 [(nfLare + Lo) My + nans L2 M| . (28)
0

LaraLo

Note that for the proposed SSFC, Ms is independent of the load R,.

While there is no straightforward analytical solution to this integral, it can
be solved numerically for specific cases.

4 Analysis of input current

Consider the current i7; in Fig. 5, the area of iz divided by a switching
period T is the instantaneous average input current, which is given by

- BTV, ,
lin = A-sm [(LO + ngLMl)\smH\ + nsLyr(naMy — Ml)] . (29)
2L Lo

It can be seen from (29) that the condition to eliminate the dead angle of
input current is achieved when

n4M2 Z Ml. (30)
Case 1: ngMs = Mj: In this case, the input current becomes

— ETVn(Lo +n2L
T = L Q(LM;FL% MU ) (31)

Equation (31) shows that the proposed SSFC is capable of obtaining si-
nusoidal current that follows the rectified input voltage if d; is a constant
throughout the line cycle. In fact, dy is the primary variable that affects the
shape of input current. As shown in Fig. 7, dy is time-varying and reaches
its lowest point when the rectified input voltage reaches its peak value. De-
pending on the curvature of dj, which is measured from its peak value at
|vin|=0 down to its lowest point, the average input current may therefore
have a flatted-top current shape or even a valley-shape if the curvature of
dy is deeper. This will increase the third harmonic component (and also

318



other higher odd harmonic components but with decreasing magnitude) to
the input current and deteriorate the power factor.

Figure 8: Simulated input current (i;,) waveforms of SSFC with different
values of ng and L,: (a) n3 = 0.5; L, = 30uH; (b) ng = 0.3; L, = 30uH; (c)
n3z = 0.3; L, = 100pH.

Case 2: ngMs > M;y: Under this condition, L, will be charged up by
the storage capacitor even when input voltage reaches zero. Therefore input
current can still flow into the circuit and a step of input current will occur at
the zero crossing of input voltage. The instantaneous average input current
at this moment is

- BTV,

T [n3(naMs — My)]. (32)

On the one hand, the step of input current helps to improve the power factor
if the shape of input current is not sinusoidal. For most single-stage PFC con-
verters, which merged the boost converter with other transformer isolated
DC-DC converter, the input current is of a bell-shape [4-12]. This is due to
the non-linear property of boost converter applying in input current shaping.
But it was experimentally verified in [6] that the step of input current, which
is introduced by the regenerative clamping capacitor, improves the power
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factor. It is due to the fact that the step current reinforces the fundamental
component of input current, though it also adds to odd harmonics of input
current with smaller quantity. On the other hand, as the proposed SSFC
inherits unity power factor capability, the step of input current should be as
small as possible but adequate to remove the dead angle of input current.

To improve the power factor of proposed SSFC, d; should be maintained
close to a constant (i.e. a straight line) over the line cycle. The sine term in
(16) and (18) is the component to produce the curvature property of d. If
ng is decreased, the effect of the sine term will be diminished. At the same
time, it can be seen from (29) that when ng is reduced, the step of input
current near the zero crossing of input voltage is also reduced. However,
to eliminate the dead angle of input current for the entire line condition,
a small input current step is needed. In the meantime, the sine term in
(29) should be magnified so that the input current drawn by the SSFC can
be close to pure sinusoidal. This is done by increasing L,. To confirm the
discussion above, Fig. 8 shows a series of simulated input current waveforms
of the SSPFC by PSpice with different values of n3 and L,. The harmonic
components of input current under different cases are also investigated and
shown in Fig. 9.

40+
351
307
= 254 Bn3=0.5;
an —
‘E 304 Lo=30uH
3 On3=0.3;
£ 157 Lo=30ull
10+ On3=0.3:
51 Lo=100ul
D_J

3rd 5th Tth SLh

Current harmonics

Figure 9: Input currents harmonics of SSFC with different values of ns
and L,.
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5 Simplified design example of the proposed SSFC

Since the experimental demonstration is just to verify the proposed con-
cept and analysis, a simplified design of the proposed SSFC with 50W /28V
DC output and 90V,.,,,s input is described. Constant switching frequency of
100kHz is chosen. To confirm the preceding analysis, two series of experi-
mental setup are carried out with different values of ng.

Now, the turns ratio n; is considered. As mentioned in the operation
mode analysis, if transformer T1 is not completely reset before the turn-on
instant of S1, the input current will be distorted. More important, if the
change in flux density during the turn-on period of S1 is not equal to the
return change during the off period, the core will be saturated. In order to
shape the input current closely sinusoidal and prevent core saturation, ¢p;
must reach zero before the next switching cycle and the following inequality
must be satisfied

ds <1—dj. (33)

The worst case for ip; to stay in DCM is at full load and minimum line
conditions where the input voltage reaches its peak (i.e. sinf = 1). In this
case, duty ratio of S1 reaches the critical value dj iz It is because the
boundary of DCM and CCM of T1 starts at the peak input voltage and
CCM of T1 spreads wider from this point if the load is further increased.
Substitution of (33) into (20), gives the inequality

1- dl,cm’t

M. (34)
dl,cm't

ny <

Therefore the turns ratio of transformer T1, n;, must be smaller than the
above equation for the entire line and load conditions.

By assuming L1 = 370uH, Ly = 1230uH, ngy = n5=0.55, and L, =
30pH and referring to (25), My = 0.536 for ng = 0.3 and My = 0.544 for ng =
0.4. The critical duty ratio di ¢, which happens at full load and peak input
voltage, for both cases can be determined either by (16) or (18). Using the
above circuit parameters, (ns + 1)V,/V;, = 0.34. This indicates that with
n3 = 0.3, (16) is used while for ng = 0.4, (18) is used. Therefore, the critical
duty ratio for n3 = 0.3 and 0.4 are 0.62 and 0.58, respectively. To maintain
T1 in DCM, the maximum turns ratio n; should be calculated. Moreover,
for a fair comparison, n; should be the same for both setup. Substituting
the values of My and dj it of the two setup into (34), we have n; < 0.32 for
n3=0.3 and ny < 0.39 for n3=0.4. In this prototype, n; = 0.3 is selected.
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6 Experimental verifications

In order to verify the operation and performance of the proposed SSFC,
a 50-W/28-V DC with input voltage of 90V,,,s hardware prototype was
implemented and tested. The following components were used for imple-
mentation of the circuit: Cp - 220uF; D1, Dy and D5 - MURA460; D3 and
D4 - MURS60; S1 - MTW14N50E; C, - 3300uF; T1 - ETD34 core with
11 primary turns, 4 (5) secondary turns for n3 = 0.3 (n3=0.4) and 4 reset
turn; T2 - ETD34 core with 20 primary turns, 11 secondary turns and 11
reset turns. The proposed circuit employs RCD snubbers across both trans-
formers to absorb the leakage energy, as well as to reduce the voltage spike
induced on the drain-to-source voltage of S1.

N
B i e e

e

T
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(b) |

Figure 10: Measured line voltage (vj,) and current (i;,) waveforms of SSFC
with different values of n3. (a) ng = 0.3; upper trace: v, 100V /div; bottom
trace: i;, 200mA /div; time base: 5 ms/div; (b) ns = 0.4; upper trace: vj,
100V /div; bottom trace: i;, 200mA /div; time base: 5 ms/div.
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Figure 11: Measured power factor with different values of ns.

Figs. 10a and 10b show the typical line voltage and current waveforms
of the experimental SSFC for n3 = 0.3 and ng = 0.4, respectively. These
figures show that the proposed converter does not contain the dead angle
of input current. Fig. 11 illustrates the power factor of both implemen-
tations for entire load range and that agrees the analysis of power factor
improvement with smaller ns. It is interesting to note from Fig. 12 that the
storage capacitor voltage Vg is much lower than the peak input voltage. For
the existing single-stage PFC converters, power factor is improved at the
expense of increasing the storage capacitor voltage due to the presence of
boost inductor. However, it can be observed that, for the proposed SSFC,
one can find a proper value of ng which improves the power factor without
changing Vp. This feature is particularly desirable for wide line input ap-
plications. The experimental Vg is a bit smaller than the calculated values
because in the analysis it is assumed in lossless condition and the coupling
of transformers is perfect. But it is already a good approximation to predict
Vp. Fig. 13 shows that the storage capacitor voltage is kept low throughout
the line variations.
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7 Conclusions

This paper presented a novel single-switch forward power-factor-corrected
AC/DC converter operating in DCM. By eliminating the dead angle of line
current, the proposed converter exhibited high power factor. Moreover, due
to the absence of boost inductor (as being inserted in existing single-stage
converter for shaping the input current), which steps up the storage capac-
itor, the proposed circuit possessed low voltage stress on the storage capac-
itor. This voltage can even reach below the peak input voltage throughout
the entire line and load variations. Therefore, smaller storage capacitor and
semiconductors such as diodes and main switch can be used for wide input
applications. With few components added, it is expected that the proposed
circuit is also suitable for compact power supply with power factor correc-
tion.
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