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There are different low switching stress non-isolated DC-DC power converter
structures developed for Photo-Voltaic (PV) applications with a view to achieve high
voltage conversion ratio. The work proposed in this research article investigates the
performance analysis of a coupled inductor and diode-capacitor multiplier cell based
non-isolated high gain single-switch DC-DC conversion scheme with a single-ended
primary-inductor on the input side. The presented converter suitable for renewable
energy applications has the merits such as continuous input current, high voltage
conversion ratio, and reduced voltage stress across the power switch. The multiplier
cell consisting of two diodes and two capacitors is mainly used to enhance the
converter output voltage level. A MATLAB / SIMULINK model of the suggested
topology has been developed to validate its performance. During the simulation of the
converter, a DC voltage of 50 V was given at the input side. The load end received a
DC voltage of approximately 900 V. Thus, through this study, it was found that the
addition of diode-capacitor cell can significantly improve the static gain of the
suggested converter. The findings of this research may serve as a base for future

studies on improvement of voltage gain of DC-DC converters.

1. INTRODUCTION

The fast depletion of existing fossil fuels and global
warming lead to the development of non-conventional method
of electrical energy generation. All the non-conventional
methods involve renewable process of energy generation
without causing environmental pollution. The electrical
energy can be generated from the renewable energy source
(RES) like photovoltaic (PV) modules. The low level PV
output voltage can be boosted up to higher level using a high
step-up DC-DC power electronic converter that can feed a
grid-connected inverter. The efficiency of power conversion
stages decides the overall performance of the renewable
energy generation systems. Hence, it is necessary to develop
an appropriate high performance DC-DC conversion stage
with significant features of continuous input current, high step-
up gain capability, and low switch stress.

Various high step-up gain DC-DC power electronic
converter structures belonging to isolated and non-isolated

categories were suggested and reviewed in the literature [1-18].

All isolated converter configurations involve the use of
transformers whose turns ratio can be adjusted to increase the
DC output voltage level of the converter. However, the
isolated converters suffer from the drawbacks of reduced

overall converter efficiency and complicated structure [19-21].

Hence, the transformerless converter structures are preferred
due to their high efficiency and simplified converter structure.

Theoretically, the traditional DC-DC boost converter with
high value of duty ratio of the active switch can be used to
achieve high voltage conversion ratio. But, at extreme duty
ratios of the active switch, the active and passive components
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of the converter influence the power conversion efficiency as
well as the voltage gain [22]. The traditional boost converters
can also be cascaded to improve the DC output voltage level
[23]. However, they have the drawbacks of large humber of
power switches with different voltage and current ratings,
inductors, capacitors, and complex power circuitry. The
drawback of complex power circuitry in cascaded
configuration was overcome by using quadratic converter
structure with reduced switch count. The quadratic topology
too has certain drawbacks of high switch voltage stress and
large rating of inductors and capacitors [24]. However, the
three-level DC-DC boost converter topology can have the
reduced switch voltage stress as well as the reduced size of
inductors and capacitors [25]. It is however impracticable to
use the three-level converter structure for certain applications
due to the fact that the output voltage level is not sufficient.
Magnetically coupled isolated DC-DC converter
configurations are also developed in order to achieve high gain,
high power conversion efficiency, and reduced stress across
the power switches [26, 27]. Unfortunately, in these types of
converters, the leakage inductance of the magnetic element is
responsible for the increased switching losses and switch
voltage stress. Without using a transformer, the voltage gain
can be improved using the methods that employ coupled
inductor, switched capacitor networks, and voltage multiplier
modules in the non-isolated converter configurations [12, 13].
Switched capacitor (SC) based converters are used to
achieve high voltage gain by the charging and discharging
phenomena of capacitors. However, the use of large number
of switching devices leads to increased losses and stress on the
switches thereby reducing the conversion efficiency and the
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voltage gain of the converter [28, 29]. Since no reactive
elements are used for energy transfer, the energy and power
densities of the converter are higher. Moreover, the SC based
converter circuits find applications mostly in low-power
electronics area.

Switched inductor (SI) based converter structures are also
employed to obtain high step-up gain. The main problem in
these converter structures is that the switch current stress is
higher [30-32]. The problems of SC based and SI based boost
converters can be solved by center tap inductor or coupled
inductor based boost converters [33-37]. But, the low value of
self-inductance of the coupled inductor causes high current
stress on the switches. Moreover, the coupled inductor has
certain amount of leakage inductance which causes the
generation of very high voltage spikes across the switching
devices thereby causing large switching losses. However, the
high voltage spikes can be suppressed using active clamp
circuit. The complexity of the circuit configuration and control
method is increased due to the addition of clamp network.
Hence, due to the absence of leakage inductance in non-
coupled inductors, the non-coupled inductor based non-
isolated DC-DC converters can be developed to achieve high
gain capability with high power conversion efficiency.

To solve the defects found in SC based, SI based, and
coupled inductor concept based converter configurations, this
paper proposes a non-isolated high step-up single switch DC-
DC boost converter topology consisting of non-coupled and
coupled inductors along with a voltage boosting module
comprising diode and capacitor elements. The findings throw
light on improving the voltage conversion ratio of the
converter by almost eighteen times the input voltage. The
suggested converter is made to operate in continuous
conduction mode with low switch voltage-current stress. The
use of low on-state resistance Rpsiony leads to the reduced
switch conduction loss.

The organization of the remaining sections of this paper is
as follows: Section 2 describes the various modes of operation
of the proposed non-isolated high gain continuous input
current DC-DC converter with diode-capacitor cell under
steady state condition. Section 3 explains the simulation aspect
of the converter in MATLAB / SIMULINK platform along
with the discussion of the waveforms of all active and passive
components. Section 4 summarizes the findings and the
limitations of the proposed research work.

2. PROPOSED CONVERTER TOPOLOGY AND ITS
OPERATING PRINCIPLE

The operating principle of the suggested non-isolated
positive output single-switch DC-DC converter topology
shown in Figure 1 is analyzed based on the assumptions that:
(i). The ideal models of active and passive elements are used
in the converter; (ii). All inductors and capacitors are large
enough so that no ripples appear in inductor currents and
capacitor voltages. The continuous conduction mode
operation of the proposed single-switch DC-DC converter is
discussed under five different modes as shown below:

Mode | (to<t<ti): The Mode | analysis of the converter is
explained by means of Figure 2. During the time interval
between to and t;, the MOSFET switch S is turned on and the
diodes D3, D4, and D5 are under forward biased condition.
The diodes D1 and D2 are under reverse biased condition. The
current through the inductance L1 increases rapidly. The
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inductance L1 is charged to supply voltage V.. The parallel
charging of capacitors C4, C5, and C6 occurs. The power is
delivered to the load R from the source V. This interval to-t;
is a very small period. The current flow path for Mode |
operation is shown in Figure 2.

Mode Il (ti<t<tz): The switch S continues to conduct and
the diode D2 carries forward current during Mode I1 operation.
The diodes D1, D3, D4, and D5 get open circuited. The stored
energy in the capacitor C6 is delivered to the load R. The
capacitor C2 charges the capacitor C1 and the inductor L2. The
inductor L3 charges the capacitor C3. The capacitor C5 gets
charged from the source. Whereas, the capacitor C4 gets
disconnected from the source. The current flow path for Mode
Il operation is shown in Figure 3. The Mode Il time interval is
longer. The following Eqgns. (1) and (2) are obtained for Mode
Il operation.

Vi =V (1)

Ve = (N +1)(Vg, — V)

where, ‘n’ represents the turns ratio (Ns/ Np) of the coupled
inductor. Ns = No. of turns in the windings of inductor L3. N,
= No. of turns in the windings of inductor L2.
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Figure 1. Proposed single-switch DC-DC converter
configuration
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Figure 4. Converter operation during Mode 111
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Figure 6. Converter operation during Mode V

Mode 11 (t<t<ts): During Mode Il operation as depicted
in Figure 4, the switch S is not conducting. The diodes D1 and
D2 carry forward current. The diodes D3, D4, and D5 are
under reverse biased condition. The capacitor C2 gets charged
by the current through the inductor L1. The recycling of stored
energy in the inductor L2 to the capacitor C1 occurs through
the diode D1. The capacitor C5 gets charged from the source.
Whereas, the capacitor C4 gets disconnected from the supply
source. The load R receives energy from the capacitor C6. The
Mode I1l interval is too small.

Mode 1V (ts<t<ts): The Mode IV operation of the converter
is explained as shown in Figure 5. During this time interval ts-
ts, the switch S continues to maintain non-conducting state.
The diodes D1, D3, D4 and D5 carry forward currents. The
diode D2 is under reverse biased condition. During this
interval, the source voltage charges the capacitors C4, C5, and
C6 in parallel. The load R receives the power from the source.
This interval ts-ts is greater than that of Mode Ill. The
following Egns. (3) and (4) are obtained for Mode IV
operation.

Vi =V -

Ve 3)
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Vo=V + Vi, + Vi3 + Vg 4)

Mode V (ts<t<ts): During Mode V operation as shown in
Figure 6, the switch S continues to remain turned off. The
diodes D3, D4 and D5 carry forward currents. The diode D1
and D2 are under reverse biased condition. The source voltage
charges the capacitors C4, C5, and C6 in parallel. The load R
receives the power from the source through the diode D5. This
interval ts-ts is greater than that of Mode IV.

The following Eqgns. (5) and (6) are obtained by applying
the inductor volt-second balance principle and the voltage gain
(G) of the proposed converter is obtained as shown in Eq. (7)
by assuming the turns ratio (n) of the coupled inductor as 4.

D
Vo, =——V
c1 (1-D) de )
1
Ve, = ﬁvdc (6)
V, 6+5D
Vdc (1_ D) (7)

where, D represents duty ratio of the switch S.

The above gain equation is obtained by assuming negligible
leakage inductance and magnetizing inductance of the
inductor.

3. SIMULATION MODEL OF THE CONVERTER AND
ITS RESULTS

The MATLAB / SIMULINK model of the proposed non-
isolated positive output single-switch DC-DC converter
operating under continuous conduction mode is developed as
shown in Figure 7 and simulated at a switching frequency of 1
kHz. The gate pulse given to the switch S is shown in Figure
8. Table 1 lists the values of parameters used for the simulation.
The ‘ode 45 solver with a graphical user interface (GUI) is
used for the converter simulation. The performance of the
converter is analyzed by varying the duty ratio D of the switch
from 0.5 to 0.9. But, the waveforms for all active and passive
elements are taken at low duty ratio (D = 0.5). At this low duty
ratio itself, the load voltage (Vo) of 900 V is obtained. Figure
9 indicates the input DC voltage of magnitude 50 V. The load
voltage (Vo) and load current (lp) are indicated as shown in
Figure 10 and Figure 11 respectively. The waveforms of load
voltage and load current reach the steady state without any
overshoot and they have settling time of around 1 s. The
voltage across the capacitors C4 and C6, and the resistive load
R is same as V.

The capacitor C6 current is depicted as shown in Figure 12.
This current is shown as a short pulse occurring for a very
small interval of time. The capacitor C6 current is almost zero
for about 1 ms duration following the peak instant. No ripples
are found in the current and voltage waveforms of C6. The
voltages waveforms for the inductors L1, L2, and L3 are
shown in Figure 13 and Figure 16 respectively. The voltage
across the inductors L1 and L2 reach peak value of around 500
V for a very short interval of time. Then the voltage decreases
approximately to 190 V followed by very small fluctuations



about 0 V axis. There are some fluctuations observed in the
voltage waveform of L3 as shown in Figure 16 during the
various modes of operation of the converter. At one instant,
the voltage reaches the peak value of around 600V for very
short interval of time and the voltage keeps on changing
between positive and negative values. The three inductor
current waveforms are shown in Figure 14, Figure 15, and
Figure 17 respectively.

Similarly, all the capacitors’ (C1, C2, C3, C4, and C5)
voltage waveforms are illustrated in Figure 18, Figure 20,
Figure 22, and Figure 25 respectively, and the current
waveforms for the same capacitors are shown in Figure 19,
Figure 21, Figure 23, Figure 24, and Figure 26 respectively.
Figure 27, Figure 29, Figure 31, and Figure 34 respectively
illustrate the waveforms of voltages across the diodes D1, D2,
D3, D4, and D5 respectively. From the Figure 27, it is
understood that a negative voltage in the form of a short pulse
appears across D1 for a very short interval of time followed by
a constant negative voltage for the rest of the time. Then this
pattern of voltage across D1 repeats. The Figure 29 and Figure
31 illustrate that the voltage pattern appearing across D2 and
D3 keeps on varying in the negative direction. Whereas from
Figure 34, it is clear that the voltage variation observed across
D5 is between 0 V and 1 V only. Figure 28, Figure 30, Figure
32, Figure 33, and Figure 35 show the waveforms of currents

through the diodes D1, D2, D3, D4, and D5 respectively. From
the above Figures, it is understood that all the diodes D1, D2,
D3, D4, and D5 carry currents in the form of a pulse for a very
short duration followed by zero current instants. The diodes
D1, D2, D3, and D5 carry positive currents and the diode D4
carries negative current.

Table 1. Parameters used for the converter simulation

Parameters Symbols Values
Source voltage Ve 50 V (DC)
Load voltage Vo 900 V (DC)
Load current lo 1.5 A (DC)
Switching frequency fs 1 kHz
L1 66 pH
Inductors L2 10 mH
L3 110 pH
C1 360 F
C2 330 F
Capacitors C3 110 &
C4,C5 40 pF each
C6 3mF
Load Resistance R 600 Q
Duty ratio of D 05
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Figure 7. MATLAB / SIMULINK model of the proposed DC-DC converter configuration
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Figure 22. Voltage across the capacitor C3
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4. CONCLUSIONS

The steady state performance analysis of a non-isolated high
gain positive output single-switch DC-DC converter structure
with a voltage boosting module of diode-capacitor type is
presented in this paper. The single-switch operation and the
continuous input current are the features of the proposed
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converter. The low switch voltage-current stress and the
reduced switching losses are the additional features of the
converter. The voltage and current waveforms of all active and
passive components are presented and analyzed. MATLAB /
SIMULINK tool was used for simulating the converter and the
results validate its performance. The results illustrate that the
high gain capability of the suggested converter topology can
be realized at low duty ratio (D = 0.5) itself. Further, no
overshoot is observed in the load voltage and load current
waveforms. However, the limitations of the converter
suggested in this work are that (i). the number of passive
elements and diodes used is more. (ii). the leakage inductance
and magnetizing inductance for the coupled inductor are
neglected to simplify the analysis. (iii). the turns ratio (n) of
the coupled inductor is assumed as 4. The future research
direction is towards the analysis of the proposed converter
with definite values of leakage inductance and magnetizing
inductance for the coupled inductor with turns ratio greater
than four.
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NOMENCLATURE

D Duty ratio of the switch S

G Voltage gain of the proposed converter
Ve Input DC voltage (V)

Vo Output voltage (V)

lo Output current (A)





