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Abstract - When it comes to sustainable energy, solar
photovoltaic energy production is crucial. The photovoltaic
cells use a portion of the sun's energy, which is copious and
readily available. Therefore, the energy conversion
mechanism should have great efficiency. Consequently, a
high-efficiency dc-dc converter for low-voltage solar sources
is suggested. Great voltage gain and high efficiency are used
by the suggested converter to increase DC voltage. Dual
active clamping circuits and a resonant voltage doubler
rectifier are used in the proposed converter. Power switches
experience less voltage stress on the low voltage side. Output
diodes can be turned off with zero current on the high-
voltage side.

Key Words: Photo - voltaic (PV), power efficiency DC-DC
converter.

1. INTRODUCTION

The primary technology for future solar-powered
electricity production is the photovoltaic (PV) module-
integrated converter (MIC) system [4], [5]. There is a
unique power conversion system for every PV module.
The PV module's maximum power is produced via the
power conversion system [7]. A high-efficiency and
inexpensive power conversion scheme needs to be created
in order for the PV MIC system to be economically viable.
The PV module often exhibits a low-voltage characteristic
[15]. Low voltage (the dc voltage of a PV module) must be
converted into high voltage in order to supply electricity
to the grid [14]. A high-voltage gain dc-dc converter is
therefore required.

The integrated cascade boost converter's switch voltage
stress is equal to high voltage, and the current stress is
significant [1]. Conduction losses go up and the
converter's efficiency goes down with a cascade boost
converter. By increasing the coupled inductor's turns
ratio, a converter with a coupled inductor can simply
increase its voltage gain. It does, however, have a sizable
steady-state inductance. The overall efficiency is
decreased as a result of the large steady state inductance's
increased losses [12]. The converter layout is also
intricate, and the design process is as difficult. The
magnetic components, such as the inductor or the
transformer, won't be needed for the SC converters. Thus,

a high amount of switching frequency can be achieved.
However, in order to obtain high-voltage gain, more power
components are needed, which raises the converter's
complexity and price [6].

Due to their components inability to withstand high
power circumstances, the majority of single-phase isolated
DC/DC converters appear inadequate and deficient. The
losses of the converter rise as the phase shift does in a
multiphase dual active bridge converter. Additionally, the
design uses two switch legs, which means that a three-
phase converter needs 12 power switches, increasing the
number of switches, switching losses, and converter price
[10]. Due to its high leakage inductance (0 D 0.333), the
Multiphase ZVS PWM DC/DC Converter has a limited duty
cycle and experiences high circulating energy in the main
side during free-wheeling periods [3].

Photovoltaic sources have made use of the active-bridge
dc-dc converter [9], [2]. At zero voltage, the power
switches on the low-voltage side are activated. However,
due to its reverse-recovery current, the output diode on
the high-voltage side suffers from significant switching
power losses. To lessen switching power losses at the high
voltage side, the half-bridge dc-dc converter has been
introduced [16]. By using a voltage doubler rectifier
circuit, the output diodes are turned off at zero current.
However, this requires a second half-wave rectifier, which
raises switching power losses. As an alternative, low-
voltage PV sources have been employed with active-
clamped dc-dc converters [8], [13]. It makes use of the
resonant voltage doubler rectifier and active-clamping
circuits.

For low-voltage PV sources, a high-efficiency dc-dc
converter is suggested in this research. By utilising a dual
active-clamping circuit, an active-clamped dc-dc converter
is provided. On the low-voltage side, the voltage stress on
power switches is lessened. The suggested converter's
operation is described. The PSIM programme is used to
confirm the proposed converter's performance. The
simulation results demonstrate that at 41-V voltage source
for 330-W output power, a high efficiency of 98 percent is
attained.
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2. PROPOSED DC-DC CONVERTER

2.1. Converter Description

Fig. 1 depicts the proposed DC/DC converter with a
voltage doubler rectifier and dual active clamping circuits.
The DC/DC converter that is being suggested is an AC link
chopper. Dual active clamping circuits were used to make
the inverter part. The rectifier part employs a resonant
voltage doubler rectifier. The dual active-clamping circuit
(S2, S3, Co), transformer T, and resonant voltage doubler
rectifier are the major switches (Si, S4) in the proposed
DC/DC converter (Li, Cr, Do1, Doz ). With little dead time,
the primary switches (S1, S4) and auxiliary switches (S, S3)
are designed to work in tandem.

Metal-oxide semiconductor field-effect transistors are
used in each switch. Except for their output capacitors Cs1—
Css and body diodes Dsi— Dss, they are regarded as ideal
switches. The input capacitor's name is C;. The clamping
capacitor is C.. The output capacitor is named C,.
Thevoltages Vj, V, and V, of the capacitors C;, Cc and C, are
each large enough to be regarded as constants. The
transformer has a leaking inductor Lix and a magnetising
inductor L. Lik is thought to be somewhat smaller than Ly,
The transformer has a turns ratio of 1:N, where N=Ns /Np.
The resonant capacitor is called C,.
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Fig. 1: shows the proposed DC-DC converter's circuit
diagram.

2.2. Converter Operation

The suggested DC-DC converter's switching waveforms
are shown in Fig. 2 for one switching period Ts =(1/fs).
Figure displays the switching waveforms at the primary
side (a). The switching waveforms at the secondary side
are depicted. Six switching modes are available in the
proposed DC/DC converter during Ts. The main switches'
on-time provides the basis for the duty ratio D. S; and Ss3
have been deactivated prior to t = to. When the principal
current ip travels through the body diodes Dsi and Dsy, the
voltages Vsi and Vs4 have been zero.

The time interval during this mode is regarded as minimal
in comparison to Ts because the switch output capacitor Cs

(= Csi= Cs2=Cs3=Cs4) is so small. S; and S; are turned ON
once more to start the next switching cycle.

2.3. clamping capacitor voltage varies with duty
cycle.

The inductor volt-second balancing principle states that
the average value, or dc component, of voltage supplied
across an ideal inductor winding must be zero. This idea
also holds true for every transformer winding and other
magnetic devices with numerous windings.

The voltages V. and V. are expressed as a result of the
voltage-second balance relation on the magnetising
inductor L.

V.=[D/(1-D)] Vi
V:=(1-D) V,

The output voltage V, and the input voltage Vi are
obtained using the voltage-second balance relation on the
secondary winding of T during Ts.

Vo/ Vi=N/(1-D)

The input voltage V; regulates the maximum voltage stress
of S; and S3. The clamping capacitor voltage V. is the
maximum voltage stress that S; and S; can withstand.
Figure 4 depicts the relationship between the duty ratio D
and the clamping capacitor voltage V.. The inverter
portion of the suggested DC/DC converter employs a dual
active-clamping circuit. When using a dual active-clamping
circuit, the clamping capacitor voltage is always lower
than when using a traditional active-clamping circuit.

By adopting the traditional active-clamping circuit, it
means that the switch voltage stress of the proposed
DC/DC converter is consistently lower than the switch
voltage stress of the previous converter [12].

The clamping capacitor voltage V. may be lower than the
input voltage V;, particularly when the duty cycle ratio is
less than 0.5. It is especially helpful in low-voltage PV
systems where switching power losses account for more
than half of the total power losses.

D. Conditions for turning off zero current

Before turning ON the output diodes Do1 and Dy, the
currents via the output diodes ipo1 and ipo2 should be zero.
Before the output diode is turned OFF, the series
resonance in Mode 1 and Mode 4 should have completed
its half-resonant time. For the output diodes to be turned
off at zero current, the following requirements must be
met.
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Sin [0DmaxTs] =0 if Dmax < 0.5

Sin [wc (1-Dmax )Ts] =0 if Dmax > 0.5
The resonant frequency,

f, should be greater than the critical resonant frequency,
f;, to enable zero-current turnoff of the output diode.
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Fig. 2: shows the relationship between the clamping
capacitor voltage Vc and the duty ratio D: (a) in the
scenario of the traditional active-clamping circuit, and (b)
in the scenario of the dual active-clamping circuit.

3. SIMULATION RESULTS

The simulation results are given using PSIM 9.0 software
to support the theoretical study of the suggested topology.

Table -1: Simulation Parameters

Parameters Value

Input voltage, V; 40V
Qutput voltage, V, 409V
Output power, P, 330 W
Switching frequency, {5, 5 kHz
Input capacitor, C; 13.2 nE
Clamping capacitor, C¢ 680 pF
Switch output capacitor, Cs 500 pF

Transformer turns ratio, N 5

Magnetizing inductor, Ly 9 ph

Leakage inductor, Ly, 3 pH
Resonant capacitor, C. 0.4 uF
Output capacitor, C, 50 pF

Table - 1 lists the specifications of the various parts that
make up the suggested DC/DC converter. A triangle and
DC signal is compared in order to apply the gating signals
to the gate terminal of the power switches. We may
obtain equal-distance PWM pulses by comparing these
two signals, and these pulses are then applied to the gate
terminals of the power switches S1 to S4. Figure 6
displays the voltage across the switches. The input and
output voltage simulation waveforms are displayed in
Fig. 6. 41 volts is the typical input voltage. 409V is the
average output voltage as measured. The input and
output power waveforms are displayed in Fig. 6. About
337W is the input power. A 330W average output power
has been determined. The difference between the input
and output powers is minimal. Thus, the suggested DC-
DC converter achieves high voltage gain and efficiency of
97.9%.
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Fig. 3: shows the waveforms of the gate voltage (Vg1 &
Vg2), the DC signal (Vqc), and the carrier voltage (Vi)
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Fig. 4: Voltage waveforms over switches (Vs1,Vs2, Vs3 &
Vs4)
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Fig. 5: Waveforms of input and output voltage (Vin, Vo)
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Fig. 6: Waveforms of input and output power (Pis, Po)
4. CONCLUSION

A high-efficiency and high-gain DC/DC converter has been
suggested for low-voltage PV sources as a way to provide
efficient PV conversion. The proposed DC/DC converter's
operation has been explained. Along with the circuit
operating modes and accompanying key waveforms, the
converter's synthesis was explained. The suggested
converter improves power efficiency by decreasing
switching power losses. High voltage conversion ratio and
zero current output diode turn-off are provided by the
suggested DC/DC converter topology.

PSIM is used to verify the proposed DC/DC converter. At
41-V input voltage and 340-Watt output power, the
suggested converter achieves a high efficiency of 98
percent. The installation of a modified PI controller for
output voltage regulation opens up the possibility of
further efficiency gains. This can also enhance the dynamic
and transient response. Future DC/DC converter

prototypes could be produced with high gain and great
efficiency.
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