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Abstract-In recent years, with increasing development of power electronics technology, the boost DC-
DC converters are more widely used for the electricity-supply applications. Battery operated systems
such as hybrid vehicles have become more and more popular, these devices along with industrial grade
machines today depend on reliable and efficient DC — DC converters. A conventional boost converter is
used to obtain higher output voltage than the input voltage. Hence the conventional boost converter is to
avoid high input current stress on the switch. The conventional boost converter can be used for step up
applications because of low conduction loss, simple structure and low cost. However, it is not suitable
for high step-up applications.But the main challenge faced by such dc distribution systems is the use of
power electronic converters for integrating renewable sources into the dc bus. So a high-voltage-gain dc-
dc converter is introduced in this paper. This technique also allows the operation with a high static gain
and high efficiency, making possible the design a compact circuit. The proposed concept presents DC-
DC converters with closed loop control to achieve high step up voltage without an extremely high duty
ratio thereby proving that a converter is a possible improvement topology to offer compact design
without compromising any advantages readily offered by a basic boost converter.Simulation results are
obtained using MATLAB/ Simulink.

Index Terms—Diode-capacitor voltage multiplier stages, high voltage-gain dc-dc power electronic
converters,Closedloop,controller.

I. INTRODUCTION

High boost dc-dc converter operating at high
voltage regulation is mainly required in many
industrial applications. High gain dc-dc boost
converter play a important role in renewable
energy sources such as solar energy system, fuel
energy system, DC [1] back up energy system
of UPS, High intensity discharge lamp and
automobile applications. The rapid increase in
the demand for electricity and the recent change
in the environmental conditions such as global

warming led to a need for a new source of
energy that is cheaper and sustainable. Solar
energy has offered promising results in the quest
of finding the solution to the problem.
Converters without transformers can be used as
high step up dc-dc converters as [2-4] they can
achieve high efficiency. These converters can be
divided into coupled and non-coupled inductor
type. A number of coupled inductor-based high
step-up converters have been developed.By
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increasing the turn’s ratio of the coupled
inductor  similar to that in isolated
converters,high voltage can be
achieved.However the leakage inductance of the
coupled inductor is inevitable. Like in isolated
converters, it may cause voltage spike which
increases the voltage stress across main
switches.The non coupled inductor type
converters can achieve high voltage gain with
minimum number of magnetic components.
Moreover the switch voltage and current stress
are very high [5-6].When the output voltage is
high, it becomes necessary to reduce the voltage
stress on the active switches and diodes;
otherwise, [7] it will cause high conduction loss
and becomes more expensive. Due to the
presence of parasitic parameters such as the
equivalent series
inductor,conventional boost converters cannot
provide a high voltage gain and thus results in
high duty ratio. However this extreme duty ratio

resistance of

can cause serious reverse recovery problems and
electromagnetic  interferences  [8-9]. The
extremely narrow turn-off time will result in
large peak current and considerable conduction
and switching losses. A typical choice would be
using two cascaded converters; but it results in
inefficient  operation, reduced reliability,
increased size, and can even result in stability
issues .Another option is the use of isolated
topologies like [10-11], half-bridge, full-bridge,
fly back, forward and push-pull converters; but
it has a disadvantage that it will produce
discontinuous input currents and hence would
require bulky input capacitors. Lots of research
work has been done to provide a high step-up
voltage without an extremely high duty ratio.
The isolated converters can boost the voltage
ratio by using high frequency transformer by
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increasing the turn’s ratio.However, the leakage
inductor must be handled carefully; otherwise, it
will cause large voltage spike across the power
switches or diodes.Therefore, the DC system
with multiple DC/DC converters may play an
important role in the future power systems and
industrial applications In addition, the design of
high power DC-DC converters and their
Controller plays an important role to control
power regulation particularly for a common DC
bus [12]. Basically there are two types of
topology dc-dc converter present, one is
transformer less topology and other one is with
transformer [13]. According to the efficiency
the transformer less topology is better than with
transformer topology. Theoretically, a dc —dc
boost converter can achieve a high step-up
voltage gain with an extremely high duty ratio
near to 100%. However, in practice, the step up
voltage gain is limited due to the effect of power
switches, rectifier diode, the equivalent series
resistance (ESR) of inductors and capacitors.
Many topologies have been presented to provide
a high step up voltage gain without an extremely
high duty ratio. However, these types are all
complex and have a high cost. The coupled
inductor technique provides solution to achieve
a high voltage gain, low voltage stress on the
active switch, and high efficiency without the
penalty of high duty ratio [14]. Thus switching
inductor boost type provides high gain and high
efficiency.
II. TOPOLOGY INTRODUCTION AND
MODES OF OPERATION

The proposed converter is inspired from a
Dickson charge pump [20]. Diode-capacitor VM
stages are integrated with two boost stages at the
input. The VM stages are used to help the boost
stage achieve a higher overall voltage gain. The
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voltage conversion ratio depends on the number
of VM stages and the switch duty ratios of the
input boost stages. Fig.1 shows the proposed
converter with four VM stages. For simplicity
and better understanding, the operation of the
converter with four multiplier stages has been
explained here. Similar analysis can be
expanded for a converter with N stages.For
normal operation of the proposed converter,
there should be some overlapping time when
both the switches are ON and also one of the
switches should be ON at any given time
(seeFig.2). Therefore, the converter has three
modes of operation. The proposed converter can
operate when the switch duty ratios are small
and there is no overlap time between the
conduction of the switches. However, this mode
of operation is not of interest as it leads to
smaller voltage gains.
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Fig.1. Proposed high-voltage-gain dc—dc
converter with four VM stages

a). Mode-1
In this mode, both switches S1 and S2 are ON.
Both theinductors are charged from their input
sources Vin; and Vin,.The current in both the
inductors rise linearly. The diodes indifferent
VM stages are reverse biased and do not
conduct. TheVM capacitor voltages remain
unchanged and the output diode outis reverse
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biased (see Fig.3); thus, the load is supplied
bythe output capacitor Cout.
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Fig.2. Switching signals for the input boost
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stage for the proposed converter
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Fig.3. Mode-I of operation for the proposed

Vlnl

converter with four VM stages
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Fig.4. Mode-II of operation for the proposed

converter with four VM stages
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b). Mode-11

In this mode, switch S1 is OFF and S2 is ON
(see Fig.4).All the odd numbered diodes are
forward biased and the inductor current IL1
flows through the VM capacitors charging the
odd numbered capacitors (C1,C3,...) and
discharging the even numbered capacitors
(C2,C4,...). If the number of VMstages is odd,
then the output diode Dout is reverse biased and
the load is supplied by the output capacitor.
However, if the number of VM stages is even,
then the output diode is forward biased charging
the output capacitor and supplying the load.
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Fig.5. Mode-III of operation for the proposed
converter with four VM stages

In the particular case considered here, since
there are four VMstages, the output diode is
forward biased.
¢). Mode-111
In this mode, switch S; is ON and S2 is OFF
(see Fig.5).Now, the even numbered diodes are
forward biased and the inductor current IL,
flows through the VM capacitors charging the
even numbered capacitors and discharging the
odd numbered capacitors. If the number of VM
stages is odd, then the output diode Dy is
forward biased charging the output capacitor
and supplying the load. However, if the number
of VM stages is even, then the output diode is

www.ljiemr.org

reverse biased and the load is supplied by the
output capacitor.
ITII. VOLTAGE GAIN OF THE
CONVERTER

The charge is transferred progressively from
input to the output by charging the VM stage
capacitors. For a converter with four stages of
VM (see Fig.1), the voltage gain can be derived
from the volt-sec balance of the boost inductors.
For L, one can write

("L-‘L 1} =10 (1
Therefore, from Fig.4, it can be observed that
the capacitor voltages can be written in terms of
upper boost switching node voltage as
Hnl

fiy = Vaa = Vo=V, — Vo, =
I’(.l T’(‘.i 1(- I'uut ICJ (l—dl) 2
Where dl is the switching duty cycle for
Si.Similarly, from the volt-sec balance of the
lower leg boost inductor L,, one can write the
capacitor voltages (see Fig.5) interms of lower
boost switching node voltage as

Vaae—Vies = Von~Toos = s

(1—dy) (3)

Where d; is the switching duty cycle for S,.

From (2) and (3), the capacitor voltages for the

proposed converter with four VM stages can be

derived as
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Fig.6. Proposed converter with N number of
VM stages
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The output voltage is derived from (2), which is
given by
Vo = Voot Vil - Vi1 2Vin2

; ; T
(I=d) (1-dy) (=) (5
Similar analysis can be extended to a converter

with N number of VM stages (see Fig.6). Thus,
the VM stage capacitor voltages are given by

. n+l Vi n-—1 Vinz
v(f‘r? = p T "
2 {1—0{1) 2 (l—{l‘.-g)

Ifnis odd &n <N,

, n Hn 1 n l%112
e )
o= \)ima) Ty

Ifniseven & n<N

The output voltage equation of the converter
with N number of VM stages depends on
whether N is odd or even and is given by

(6)
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also chosen to be identical, i.e., d; = d, = d, then
the output voltage is given by

) Vin
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Fig.7. Alternative to the proposed converter
with N number of VM stages
In, an interleaved boost power factor corrected
converter with voltage-doubler characteristics is
introduced. It can be observed that it is a special
case of the proposed converter with a single VM
stage (N = 1).It is worth noting that there is an
alternative to the proposed converter (see Fig.7)
where diode D1 of the first VM stage is
connected to the lower boost switching node

Vi = Ve + Vina if Nisodd anc.l caPacitor Clis connecte.,d to'the upper boost
(1—ds) switching node (compare with Fig.6).
_ (N+1) Vg " N+1\ Vg The output voltage equation for this alternative
"\ 2 ) (1-4d) 2 ) (1-dy) % topology is given by
v Voy + Vin1 T = (l\ T 1) le I (i\‘ T 1) Hn?
foo= Vo —— =
= VoN - ut ; . :
Ll “ — dl] J (]-(ﬁ) J ([-dg)
If Nis even AT
if Nis odd 10
B N+2 Vm 1 n N le . . (o
out = | p p
When the converter operates in an interleaved 2/ (1- dl) 2 /(1= d?)
manner with single input source, if d; and d; are if Nis even. (11)
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For N = 1, if one combines the topology
depicted in Fig.6 with its alternative (see Fig.7),
then the resulting converter in Fig.8 is similar to
the multiphase converter introduced.

In general, when both topologies with N number
of VM stages are combined, then the resulting
converter is shown in Fig.3.10.When N is odd,
then from (7) and (10), the voltage gain of the
combined topology is given by

o (NN Vo (N4DY Vi
Ifullr = +
2 (1—(!1) 2 (1—(!3)

if N'is odd. (12)

In this case, the original topology and its
alternative each process half of the output
power. In other words, the average currents of
Doutl and Dout2 are equal. When N is even, the
output voltage of the combined topology would
be either (8) or (11) and will be dictated by the
topology that provides a higher output voltage.
Both legs (see Fig.9)would compete with each
other and only one of the output diodes (Doutl
and Dout2) would process the entire power
while the other will be reverse biased. When N
is even, putting the converters in parallel only
makes sense if there is only one source used and
d; = d». In that case both (8) and (11) determine
the output voltage to be

Fig.8. Combined topology with single VM stage
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Fig.9. Combined topology with N number of
VM stages

Vout = (N +1) L if N iseven
(1-d) (13)
For the combined topology with a single
input source and identical duty ratios d1 and d2,
1e.,, dl= d2 = d, both the boost stages will
always have symmetrical inductor and switch
currents irrespective of the number of VM
stages.
IV. MATLAB/SIMULINK RESULTS

)
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Fig.10 Proposed high-voltage-gain dc—dc
converter with four VM stages
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Fig.15 Output voltage waveform
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Fig.16 Proposed high-voltage-gain dc—dc

converter with four VM stages with closed loop
controller

Fig.13 Voltage waveform of diode voltages
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Fig.17 Output waveform of inductor currents

Fig.18 Output waveform of switch currents

Fig.19 Output voltage waveform of closed loop

controller
V. CONCLUSION
Thus a closed loop circuit of DC- DC
converters based on the Three-States witching
cell and voltage multiplier cells was introduced
in this paper using PI controller.The proposed
converter is based on diode—capacitor VM

wWWwWw.ljiemr.org

stages and the voltage gain is increased by
increasing the number of VM stages. It can
draw power from two input sources like a
multiport converter or operate in an interleaved
manner when connected to a single source.
These problems can be reduced by using a
converter based on voltage multiplier. Dc-dc
converter can achieve a low voltage gain to step
up a high voltage gain output. The proposed
converter is based on a boost stage. Therefore
work has been successfully carried out to make
the design compact and to improve the
performance of voltage controlled boost
converter. To provide a better compact design
and a converter which operates in low duty
cycles a new modified method of closed loop
control of boost converter with voltage control
method have been developed which provides
low ripple and compactness in the
design.Closed loop control can be done by
average current control method instead of
voltage mode control.
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