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Abstract- This paper presents an analysis of a non-isolated soft switching high voltage gain DC/DC boost converter by using a
coupled inductor, voltage quadrupler and active clamp circuit for Photovoltaic (PV) systems. The main advantage of this
converter, coupled inductor with voltage quadrupler circuit is used to decrease voltage stress in semiconductor switches and
providing high voltage gain. Therefore, low voltage valued and low on-resistance Rpgony MOSFETS can be used to decrease
on-state losses. The reverse recovery and high frequency turn off losses is reduced for achieving Zero-Current Switching
(ZCS) in all diodes. Voltage spike caused by leakage inductance of the coupled inductor is minimized by means of the active
clamp circuit. Thus, Zero-Voltage Switching (ZVS) turn on of all MOSFET switches are achieved. The Perturb and Observe
(P&O) method is utilized in this study to obtain maximum power from the PV system. In order to show the effectiveness of the
converter, PSIM simulations are realized under various irradiance cases. The conversion efficiency is obtained about 95.97% at

full load from the simulation results.
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1. Introduction

In the past few decades, distributed generation with
renewable energy sources have rapidly developed [1]. Much
research has been carried out on renewable energy to get
maximum power with high efficiency among renewable
energy resources like wind, Photovoltaic (PV), etc. The
output PV panel voltage is very low between (25-50 V) due
to safety factors and for various applications is required
boosting large voltage [2]. Maximum Power Point
Tracking (MPPT) methods are commonly used with PV
systems to maximize power extraction [3]. The Perturb and
Observe (P&O) [4], [5] and the incremental conductance [6]
MPPT algorithms are frequently used in the PV systems.
These algorithms depend on the voltage-power characteristic,

if (% < 0) right of the maximum power point MPP, while
the left of the MPP when (5 > 0) [7].

In conventional boost converters, high losses are found
on input side due to large peak current which adverse effects
on the magnetic components. Because the large voltage
across the switch, the switch conduction losses are increased
(Rpscon « Vps?). The inductor and capacitor resistances
increase the losses due to large duty cycle. In addition, diode
reverse recovery problem is a disadvantage [8]. For these
reasons, the conventional boost converters are not
appropriate to use for high voltage gain application. To get a
high voltage gain without a high duty cycle, there are several
proposed topologies. Among them, the coupled inductor is
commonly used [9]. Although achieving high voltage gain
with large turns ratio, its leakage inductance cause power
losses and high voltage stress on the MOSFETs [10].
Therefore, passive or active clamp techniques are used to
recycle leakage energy from the coupled inductor. Passive
clamp circuits reform voltage gain, but cause high voltage
stress on output diode. Utilizing active clamp circuit, Zero-
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Voltage Switching (ZVS) turn on with power switches are
obtained [11].

In this paper, coupled inductor based high voltage gain
soft switching DC-DC boost converter is analyzed and
controlled for PV systems. This converter [11] has main
advantages; firstly, the wvoltage quadrupler circuit is
combined with secondary of the coupled inductor to produce
high voltage gain. Secondly, at turn on for a MOSFET,
coupled inductor transfers the energy to the voltage
multiplier circuit. Thus, smaller magnetic component can be
used with this converter. Thirdly, all diodes turned off at
Zero-Current  Switching (ZCS) and therefore reverse
recovery losses, high frequency turn off losses are reduced
and high voltage spike is eliminated.

2. Proposed System Overview

The proposed system, including soft switching, high
voltage gain converter is illustrated in Fig. 1. It involves of
an input voltage (Vpy,)and current (Ipy) from PV panel,
input capacitor (Cpy), a coupled inductor primary side
denotes (L,, and Ly,) and secondary side denotes (Lys), a
clamp circuit (auxiliary switch S, and out capacitor C,3), a
resonant voltage quadrupler circuit (consist of the diodes
D;, D,, D,,, and D,, along with capacitors C,, C,, C,;, and
C,;), parasitic capacitors of MOSFETs (C,, and C,,) and
output DC load (R,). The converter key waveforms as
indicated in Fig. 2 and the nine operation interval are briefly
described in [11].
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Fig. 1. The proposed system block diagram.

The conversion ratio (M) of the converter is calculated
from equation (1). The turn ratio of coupled inductor can be
increased without increase MOSFET’s voltage stress.
Vo _ 142N

M = =
Vin 1-D

@

Soft switching operation of the converter is achieved as the
following:

i) For achieving ZVS turn on of MOSFET S; there are
two conditions: First, the stored magnetizing inductance
energy is greater enough to discharge C,; of MOSFET S,

and charge C,, of MOSFET S,. Second, the dead time (AT)
is enough for charge and discharge the MOSFET parasitic

capacitor. For getting ZVS of MOSFETs, magnetizing
inductance (L, ,.) is obtained from equation (2).
VinDPmax(1—Dmax
Mmax ( k (2)

2(1+2N)I, fs

In this study, the magnetizing inductance (L,,) is selected as
9uH, and dead time (AT) is determined from equation (3).

AT = vV Lm(Crl + Crz) (3)

ii) The ZCS turn off of diodes D,, D,, D,; and D,, is
achieved if the minimum time to turn on MOSFET §; is
greater than the one-half of resonant period. Therefore, the
capacitors C; and C, are obtained as equation (4).
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Fig. 2. The converter key waveforms.

In the paper, high voltage gain is obtained without using high
duty cycle or large magnetic components, which are main
advantages over the conventional converter as indicated in
Table 3.

Table 3. Comparison of conventional and analyzed boost

converter.
Parameter Conventional Analyzed
boost converter boost converter

. 1 1+2N
Voltage gain 5 -
Voltage stress of v Vo
MOSFETSs o 142N
Voltage stress of v NV,
diodes 0 142N
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3. Simulation Results

PSIM based proposed system block diagram is seen in
Fig. 3. The Perlight Solar PLM-250M PV panel is used as
the input source. The PV panel parameters are given in Table
1. Current-voltage (I-V) curves of the PV panel at different
irradiation cases are illustrated in Fig. 4. The ratings of the
Pwep Vvalues are depicted in this figure under the solar
irradiation decreases from 1000 W/m? to 200 W/m? at
constant temperature 25°C. The sensed PV voltage and
current are given to MPPT inputs and then Pulse Width
Modulated (PWM) signal outputs are obtained to gate signal
for main and auxiliary MOSFET switches. The P&O MPPT
algorithm is used due to simple operation, tracking efficiency
and high reliability. For achieving ZVS for main and
auxiliary switches, the time delay between to gate signals is
adjusted properly by using dead time generator. The
converter specifications are given in Table 2.

Re

Fig. 3. PSIM based proposed system block diagram.

Table 1. PV panel parameters.

Parameter Value

PV panel model PLM-250M
Maximum power (B,,) 250 W
Number of cells (N;) 60
Maximum power current (I,,,,,) | 8.20 A
Short circuit current (I,.) 8.78 A
Maximum power voltage (V;,,) | 30.50 V
Open circuit voltage (V,.) 38V
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Fig. 4. 1-V curves under different solar irradiation.
Table 2. The converter specifications.
Components Value
Output voltage (V,) 340V
Switching frequency (fs) 60 kHz
Power (P) 250 W
Turns ratio (N) 1:2.4
MOSFETS (S;, S,) IRFP4227pbf
Diodes (D;, Dy, Dyq, Dyz) MUR1560
Capacitors (Cy, C,) 2 uF
Output capacitors (Cyq, Cyz2, Co3) 100 uF
Magnetizing Inductance (L,,) 9uH
Leakage Inductance (Lyy, Lys) 0.174 uH, 1 uH

The simulation results for the proposed system are
obtained at full load condition. Also, for evaluation
performance of the MPPT method, the solar irradiation are
changed instantly from 1000 W/m? to 600 W/m?2. Figure 5
shows ZVS turn on of the MOSFETs S;, S, with input
signals (Vgs1), (Vgs2) and primary and magnetizing current of
the coupled inductor. In this figure, ZVS turn on of all
MOSFETs is clearly depicted. Figure 6 shows ZCS turn off
of the diodes D,, D,, D,, and D,,. Thus the losses of the
diodes caused by the reverse recovery issue is decreased. The
ZVS and ZCS soft switching process improves the
conversion efficiency of the converter.

The PV panel current (Ip,), voltage (Vpy) and the
converter output current (I,,.), voltage (V,,.) waveforms
obtained by PSIM simulation are shown in Fig. 7. The range
of input and output voltage of the converter is 30 V-340 V. It
can be observed that the converter with coupled inductor and
resonant voltage multiplier circuit provides high output
voltage under different irradiation conditions. The
performance of the MPPT method in rapidly changing solar
irradiation is confirmed.
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Fig. 5. ZVS turn on of the MOSFETSs S;, S, with Vg4, Vis, and inductor magnetizing and primary current.
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Fig. 6. ZCS turn off of the diodes D, D,, D,, and D,,.
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Fig. 7. PV panel Iy, Vpy, and converter I,,;, V,,. waveforms under solar irradiation change.
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4. Conclusion

In this paper, the non-isolated high voltage gain DC/DC
boost converter with coupled inductor and resonant
quadrupler circuit for PV systems is analyzed. The PSIM
simulations are realized to confirm the soft switching process
of the converter. The high voltage gain is realized without
utilizing high duty cycle or large magnetic components
which a main advantage over the conventional converters.
Thus, the efficiency is improved by the low on-state
resistance Rpsony MOSFETSs and the ZVS turn on of the all
MOSFETSs. The reverse recovery losses are decreased and
the quasi-resonant quadrupler circuit provides the ZCS turn
off of all diodes. Therefore, the proposed system is a proper
choice for the PV systems.
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