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Abstract: DC power supplies are extensively used for most of the electronic and electrical power appliances such as in laptops, battery
charges, computers, audio set and others. The presence of non liner loads results into low power factor for the operation of power
system. A three level isolated single stage power factor correction AC/DC converter is proposed to achieve high power factor with less
number of switches and diodes operates at constant duty ratio. With the proposed converter and switching scheme, input current
shaping is achieved. In this, the middle two switches are turned on under zero current in discontinues conduction mode of operation
and upper and bottom switches are turned on under zero voltage. Due to flexible DC-link voltage is obtained and high power factor is

achieved.

Keywords: power factor (PF) correction, single-stage converter, three-level converter

1. Introduction

Now days, the usage of electronic equipment is increasing
rapidly in daily life to fulfill consumers and industrial
demands. The power supply unit is an essential circuit block
in all electronic equipment. It is the interface between the ac
mains and the rest of the functional circuits of the equipment.
These functional circuits usually need power at one or more
fixed DC voltage levels. Switch mode power supplies
(SMPS) are most commonly used for powering electronic
equipment since they provide an economical, efficient and
high power density solution compared to linear power
supplies.

Switch mode AC/DC power converters are required to
operate with high power factor (PF) and low total harmonic
distortion (THD) for improved grid quality and full capacity
utilization of the transmission lines.

Two power factor correction techniques are listed below.
1) Passive power factor correction
2) Active power factor correction

Single-stage power factor correction

Since regulation on the power factor, do not require a
perfectly sinusoidal input line current, efforts have been
made to obtain smaller converters with switches that could
act in accordance with the regulations and be more cost
effective. This led to the emergence of single-stage power
factor corrected (SSPFC) converters.

SSPFC circuits are required to provide the features of both
the power factor pre regulators in addition to those of the
DC/DC converter cascaded with it. These features are:

1) A well regulated output voltage.

2)Isolation between the input AC mains and the output load
on the DC side.

3)A sinusoidal input line current with low harmonic
distortion that meets the requirements of IEC 100-3-2 and
IEC 1000-3-4 standards.

4)High efficiency by eliminating/reducing switching and

conduction losses.
5)Small component sizes and reasonable voltage and current
ratings.

The basic SSPFC circuit was achieved by integrating the
boost input current shaping converter with either a flyback or
a forward converter. Several single-stage topologies use a
small energy storage capacitance leading to large low
frequency ripples in the output voltage. If a larger capacitor
is used to reduce these ripples, it introduces another
drawback that results in uncontrolled floating dc-bus
capacitor voltage. This capacitor voltage can reach very high
levels especially at light load conditions. This imposes a high
voltage stress on the converter switches. Many attempts have
been made to reduce this voltage stress by using output or dc-
bus voltage feedback.

In my work a new single stage three-level isolated AC-DC
PFC converter for high dc-link voltage and low-power
applications is proposed, this is achieved with the integration
of two stages, The proposed converter is derived by
integrating a full-bridge diode rectifier and a DC-DC
converter. Where all of the switches are shared between input
current shaping and output voltage regulation stages, the
proposed converter offers minimum number of components
as of three level DC/DC converters, and does not require any
auxiliary circuit other than a diode bridge and an inductor.
This topology can serve as a low cost power electronic
interface intended for applications requiring high voltage dc-
link. To obtain a high power factor without a power factor
correction circuit, this proposes two independent control
algorithms, embedded in a single microcontroller. This
feature allows having lower output current ripple and less
distorted input current even at light load condition. The
proposed converter provides maximum power factor

2. Proposed converter topology
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Figure 2.1: The proposed single-stage PFC converter

The proposed converter is essentially an integrated version of
a boost PFC circuit and three-level isolated DC-DC
converter. Basically, a diode bridge and an inductor are
added to the three-level isolated DC-DC converter topology
as shown in Fig.2.1. Here the inductor is charged when the
switches S, and S; are turned ON simultaneously. Body
diodes of the switches S; and S, are serve as the boost diode
of the PFC boost converter. At the same time, from the
switches S; to S, are switched to apply Vg/2, —Vg/2, and
zero voltage across the primary side of the transformer. Thus,
all of the switches are shared between the two-stages, which
make it single-stage converter without any additional
auxiliary switches. In this scheme, the duty ratios of the
switches S, and S; are fixed and it is closed to 50% for
simplicity in control and to ensure upper or lower three
switches are not turned ON simultaneously as this would
cause short-circuit through dc-link capacitors. Overlapping
these two signals, as long as short-circuit condition is
avoided, has no impact on the operation of the circuit.
Similar to that in the conventional scheme, zero voltage is
applied across the primary side of the transformer.

The switching scheme of the converter is given in Fig. 2.2.
The switches S,-Ss, and S;—S; have 180° phase shift with
respect to each other. The duty ratios of S,-S; should be
greater than 0.5 such that two signals overlap. Here, the
circuit is explained considering that input inductor current is
discontinuous and the switching scheme is as follows; S; is
turned ON right after S5 is turned OFF, and similarly, S, is
turned ON when S, is turned OFF. A dead time should be
inserted in between the turning ON instant of S; and turning
OFF instant of S;, and likewise between switching of S, and
S, to avoid short-circuit
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Figure 2.2: Switching scheme of the proposed three-level
AC-DC converter

3. Modes of Operation
3.1 Mode 1 [to<t<t,]

In this mode, both the switches S; and S, are turned ON. The
upper capacitor Cqy, discharges to the load by applying —
V4 /2 to the primary side of the transformer. The primary side
current increases linearly under constant voltage. The diode
Dg conducts which is at the secondary side of the
transformer. The voltage across the output inductor is Vo =
Vy/2N— V. In this mode, the boost inductor L, does not
interfere to the operation of the circuit.

3.2 Mode 2 [ti<t<t,]

At t =ty, the switch S; is turned OFF and the switch S, is kept
ON. The current in the leakage inductance conducts the
diode Ds and the primary side current freewheels through the
diode Ds and hence zero voltage is applied across the
primary side of the transformer. The output inductor voltage
is equal to -V, and the output inductor current decreases
linearly.
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3.3 Mode 3 [t2<t<t3]

At t = t,, the switch S; is turned ON, and the switch S, is still
remains ON. The primary current continuous to freewheel
through the diode Ds and zero voltage is applied across the
primary side of the transformer and hence, the output
inductor current continuous to decrease under output voltage.
At the same time, Vi, is applied across Ly, and input current
increases linearly and the energy is stored in the inductor.

3.4 Mode 4 [t3<t<t5]

At the beginning of this mode, the switch S, is turned OFF
and the switch S, is turned ON, while the switch S; is kept
ON. Within this time interval, the following two operations
are completed.

The energy stored in the input inductor is transferred to the
de-link capacitors. The inductor current decreases linearly
under Vi, — V.. At the same time, V/2 is applied across the
primary side of the transformer.

The current in the leakage inductance is transferred to the
lower capacitor Cy. This causes the output current to
commute from the diode Dg to D;. At the end of this time
interval, the energy in the input inductor is completely
transferred to the dc-link capacitors and the commutation of
the output diodes is completed. In this case, the energy stored
in L, is transferred to the dc-link at t=ts. Then, the current
commutation from Dg to D7 is completed at t=tg
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3.5 Mode5 [t5<t<t6]

In this mode the lower capacitor Cq, discharges over to the
load and the voltage V4/2 is applied across the primary side
of the transformer. The voltage across the output inductor is
V1o = Vgo/2N — V,. The input current remains at zero in DCM
mode.

3.6 Mode 6 [t6<t<t7]

At t = tg, the switch S, is turned OFF, and only the switch S,
is ON. This allows leakage current to freewheel through the
diode D¢, and zero voltage is applied to the primary side of
the transformer. The output current decreases linearly under

3.7 Mode7 [t7<t<t3]

At t = t;, the switch S, is turned ON. The energy from the
input is stored in the inductor. This is similar to Mode 3,
except that in this mode the primary side current is opposite
to that in Mode 3 and freewheels through the diode De.
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3.8 Mode 8 [tg<t<t;]

At the beginning of this interval, the switch S; is turned OFF,
the switch S; is turned ON and the switch S, remains ON.
This mode is similar to Mode 4, where the stored energy in
the inductor is transferred to the DC bus capacitors, and —
V4 /2 is applied to the primary side of the transformer. At the
same time, the output inductor current commutates from D~
to Dg.

g Wty Rty

=Clt I)-’ L.

.
r
-
1
-
Iy

4. Simulation Model

Figure 5.4: input inductor current

Figure 4.1: Simulation model of the proposed converter

5. Simulation results

Figure 5.5: output inductor voltage

Figure 5.1: Input voltage and input current
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Figure 5.6: power factor

6. Conclusion

In this paper three level isolated single stage power factor
correction converter is achieved with less number of switches
and diodes. With this converter topology flexible dc-link
voltage is obtained and nearly unity power factor is achieved.
The proposed converter is used for low power application; it
is more reliable and cost effective than the conventional two-
level inverter.
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