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ABSTRACT
This paper presents the simulation and analysis of a non-isolated step-up DC-DC converter operating in
continuous inductor current mode with fixed switching frequency. The proposed converter proves better
steady state performance in terms of improved voltage gain compared to the conventional boost
configuration. The suggested two stage converter topology is fed by an uncontrolled diode bridge rectifier for
which the sinusoidal input AC voltage is (50/

2 ) V (rms). The design of the converter is such that the input

AC voltage of (50/ 2 ) V (rms) is stepped up to around 256 V (DC) at the load end for the duty ratio value of
0.8. The performance of the proposed converter configuration is validated through simulation in
Matlab/Simulink platform. The open-loop configuration provides higher constant output voltage profile
compared to the conventional boost topology. The output voltage and current profiles show reduced settling
time with almost no overshoot. The output voltage ripple is reduced to lower value. The suggested
configuration ensures that the voltage-current stress across the switches is also reduced.
KEYWORDS: Continuous inductor current mode, DC-DC converter, Duty ratio, Matlab/Simulink, Open-loop
configuration, Voltage-current stress.

I. INTRODUCTION
There are two different classifications of high
voltage gain DC-DC converter topologies such as
non-isolated and isolated configurations [1]-[4].
Due to the use of transformer in the isolated
converter
structure,
there
are
certain
disadvantages such as low power density, slightly
complicated structure and control, and easy
saturation of magnetic flux [5]-[9]. The nonisolated
DC-DC conversion schemes are desirable for
certain applications in view of improved efficiency
and power density [10]-[11]. Now a days, the most
20

commonly used approach of DC-DC conversion is
to employ two stages; a non-isolated DC-DC
converter can be used as the first stage and an
isolated or non-isolated DC-DC converter may be
used as the second stage of conversion. The second
harmonic voltage effect that is reflected at the
output stage because of single phase AC mains
input is eliminated due to the use of first stage
[12]-[14]. The complexity, cost and space can be
reduced when only a single output is sensed and
regulated by feedback control. Usually, in the front
end, an uncontrolled diode bridge rectifier circuit is
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used to convert AC mains voltage to unregulated
DC voltage [15]-[16]. In the present work, two
stages of DC-DC conversion such as boost power
stage and conventional boost stage are used to
improve and regulate the DC output voltage. The
proposed two-stage conversion scheme is a
cost-effective approach in high power applications,
where the input current is forced to follow the input
voltage due to an active power factor correction
stage at the front-end, to ensure the elimination of
input current harmonics. Also, a loosely regulated
high voltage DC established at the output of the
power factor correction stage serves as the input
voltage to a conventional DC/DC converter to
produce a tightly regulated high DC output voltage
[17]-[19].
Some authors proposed a comprehensive review
of voltage-boosting techniques, topologies, and
applications of DC-DC boost converters [20].
Advanced
high-voltage-gain
DC-DC
boost
converter topologies and single switch AC/DC
converter with extended voltage conversion range
are suggested in [21]-[23] for renewable energy and
SMPS applications. The soft-switched CCM boost
converters having voltage conversion ratio twice
that of the conventional boost converter for
high-power applications are better analyzed in [24].
The work presented in this paper gives the steady
state behavior of a high voltage conversion ratio
DC-DC conversion scheme consisting of two stages.
The first stage converts a low level rectified DC
voltage is converted into a high level DC voltage in
the first stage using a boost inductor and switch
elements [25]. This stage is called boost power
stage whose output is given as input to the second
conventional boost converter stage which is
capable to produce an increased DC output voltage
than the first stage across a resistive load.
The research work presented in this paper is
structured with four sections including the
introduction part. The steady state behavior of the
proposed
DC-DC
converter
operating
in
continuous inductor current mode has been
explained in section 2. The section 3 illustrates the
simulation analysis of the suggested converter
configuration in Matlab/Simulink environment
and the corresponding results and discussions.
The conclusion of the proposed work is given in
section 4.

non-isolated rectifier-fed two-stage DC-DC boost
converter operating in continuous inductor current
mode is shown in Fig.1. A DC output voltage is
obtained from a 50 Hz single phase AC supply
using a diode bridge rectifier. A capacitor C is used
to filter out the ripples in the DC voltage. The first
stage of DC-DC conversion scheme receives this
filtered DC output as the input. The first stage is
called boost power stage consisting of components
such as a suitably designed boost inductor, a boost
rectifier, a boost pre-charge diode, and a boost
(MOSFET) switch. The filter inductor on the input
side of the boost stage provides a smooth
continuous input current waveform. The ripple
present in the input current is typically 20-40% of
the average input current. The filter inductor‟s size
and maximum current are determined using the
Equations (1) and (2) shown below [25]:
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The two active switches Sb and S1 in the proposed
converter configuration shown in Fig. 1 are turned
on or off together. Accordingly, two modes of
operation for the converter are explained as shown
below:
Mode-I operation of the converter:
During Mode-I operation of the converter, both
the switches Sb and S1 are turned on. The diode Db
gets forward biased and the diodes Dbr and D get
reverse biased. The two inductors Lb and L1 are
connected in parallel across the DC output of
rectifier (Vdc) and the capacitor C1 discharges the
energy through the load RL. The inductors are
charged and hence absorb energy from Vdc. This
Mode-I operation is explained as shown in Fig. 2.
The two inductors Lb and L1 carry equal currents

(I Lb  I L1  I L ) since they have the same values
and are connected across the same input DC
source V12 = Vdc. The energy absorbed

( WLON ) by

the inductors during the turn-on period of the
switches Sb and S1 is given by Equation (3).
(3)
WLON  Vdc  I L  D  Ts
Where, D is the duty cycle of Pulse Width
Modulation (PWM) pulse; Ts is the PWM period.

II. PROPOSED CONVERTER CONFIGURATION AND ITS
MODES OF OPERATION
The power circuit topology of the proposed
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Fig. 1 Configuration of the proposed rectifier-fed non-isolated two-stage DC-DC boost converter

Fig. 2 Mode-I operation of the proposed converter

Fig. 3 Mode-II operation of the proposed converter
Mode-II operation of the converter:
 V  Vdc 
(4)
WLOFF   L
  I L  (1  D)  Ts
During Mode-II operation of the converter, both
2


the switches Sb and S1 are turned off. So both the
The law of conservation of energy states that the
switches will act as open circuit. The diodes D br
energy can neither be created nor be destroyed.
and D get forward biased. The diode Db gets reverse
Hence, the Equations (3) and (4) are equal.
biased. The current flow direction is as indicated in
 V  Vdc 
Fig. 3. The two inductors are now connected in
Vdc  I L  D  Ts   L
  I L  (1  D)  Ts
series to provide the energy to the load RL and
2


charge the output capacitor C1. The energy
By simplifying the above equation, the voltage gain
OFF
released ( WL ) by the two inductors during the
(G ) of the proposed converter is obtained as
turn-off period of the switches Sb and S1 is given by
Equation (4).
22

C

shown in Equation (5).
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The typical steady-state waveforms of the
suggested converter configuration operating under
continuous inductor current mode are presented in
Fig. 4.

circuit is simulated using solver „ode 45‟ of
variable-step type. The Simulink uses a graphical
user interface (GUI) for solving process
simulations. Discrete state variable model of
sampling

time

TS  4e 005 sec. is used for

simulation. The gating pulses to the switches Sb
and S1 are shown in Fig. 4. The various waveforms
for the proposed converter are shown in Fig. 6 –
Fig. 9 respectively. The output DC voltage is
compared with that of the conventional boost
converter. The simulation results demonstrate that
the proposed converter shows improved voltage
gain compared to that of conventional boost
converter.
Table I: Simulation parameters of the proposed
converter
Circuit components

Values

Boost Inductor ( Lb )

150 mH

Inductor ( L1 )

150 mH

Filter Capacitor (C )

100 µF
25 µF

Output Capacitor
Fig. 4 Typical steady state waveforms of the
converter
III. SIMULATION RESULTS AND DISCUSSION
The proposed converter model has been
developed and simulated in Matlab/Simulink
platform. The simulation diagram of the proposed
two-stage converter is shown in Fig. 5. The circuit
components are obtained from Sim Power System
library. Multi-plot and Scope are used for viewing
the simulation results. The proposed rectifier-fed
two-stage boost converter is simulated at a
switching frequency of 50 kHz. The values of circuit
components for the simulation are selected based
on the design considerations and are listed in Table
I shown below. Table II lists the specifications of
the proposed converter. The proposed converter

(C1 )
Load Resistor ( RL )

96 Ω

Duty Ratio of the switches
(D)

0.8

Table II: Specifications of the proposed converter
Specifications

Values

Input AC voltage (Vi)

(50/ 2 ) V (rms)
256 V (DC)
50 kHz

Output voltage (VL)
Switching frequency (Fs)
Maximum output power
(P0)
Average output current
(IL)

Fig. 5 Simulation diagram of the proposed DC-DC converter configuration
23
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160 W
2.5 A

Fig. 6 Input AC voltage waveform (Vi) for the proposed converter

Fig. 7 Output voltage waveform (VL) of the proposed converter for duty cycle D = 0.8

Fig. 8 Output current waveform (Iload) of the proposed converter for duty cycle D = 0.8

Fig. 9 Inductor current waveform of the proposed converter for duty cycle D = 0.8
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IV. CONCLUSION
This paper presents the steady state behavior of
a non-isolated rectifier-fed DC-DC boost converter.
The time-domain simulations have been are
carried out in Matlab/Simulink environment to
validate the effectiveness of the proposed
converter. The results demonstrate that the
proposed converter configuration has the
capability to produce an output voltage which is
almost nine times the DC input voltage for a
particular duty cycle. Hence, the proposed
converter topology can provide the improved
voltage gain. In the proposed converter
configuration, the switches are turned on and off
together by the conventional Pulse Width
Modulation technique. The proposed converter
configuration is compared with that of the existing
conventional DC-DC boost topology which can give
output DC voltage only five times the input DC
voltage. Moreover, in the proposed non-isolated
converter topology, the switching losses, the
voltage stress and the current stress of the
switches are significantly reduced. The high DC
voltage gain and slightly improved efficiency can be
realized
using
the
non-isolated
converter
configuration suggested in this paper.
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