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Abstract
This project presents a DC-DC boost
converter topology for low input and high
output

voltage

applications.

This

configuration consists of a closed loop three
winding coupled inductor, a single switch,
and two hybrid voltage multiplier cells. The
proposed

converter

has

the

following

advantages they are the two secondary
windings of the coupled inductor are
increasing the voltage gain, improve the
function rate of magnetic core and power
density, and reduces the stress of power
components to provide a stable constant dc
output voltage, the two-hybrid multiplier
cells reduces the current stress of the diode
by absorbing the energy of stray inductance,
and alleviate the spike voltage of the main
switch, which improves the efficiency.
I.

important

higher voltage (100V). Other important
applications, Renewable energy sources
such as photovoltaic arrays and the fuel cells
sources are more and more widely used to
provide electric energy. However, the
photovoltaic arrays sources and the fuel cells
are low voltage sources, needing step up dcdc converter as an integral interface the
available low voltage sources at high voltage
and the output loads, which will be operated
gain.

An obvious

solution would be

transformer-based converters such as flyback, full-bridge, half-bridge and push-pull
to achieve a high step up voltage gain
without operating at extremely high duty
cycles[1]-[4].These

converters

usually

achieve high voltage gain, which increases

The development of high gain dc-dc
is

voltage of the car battery (12V) to much

require large transformer turns ratio to

Introduction

converters

dc converter is required to boost the low

in

many

applications. Such as in uninterrupted power
supplies (UPS), the voltage of acid battery
(48V) is low, however the inverter bus
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the voltage and current stress on the primary
elements. Active-clamp circuits or RCD
snubbers can be used to address this issue
[5]-[6], but these clamp circuits are complex
and costly. In order to achieve high boost
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conversion ratio with high efficiency, some

Thus, the converters based on the coupled-

converters employ the switched-capacitor

inductor technique with an active clamp

techniques [7], [8] and the switched-inductor

circuit have also been proposed [19], [20],

techniques [9], [10]. However, the voltage

However, the number of driven switches

stress of the switch in these converters is

increases, resulting in the complexity of the

still high, causing serious conduction losses.

circuit. A passive regenerative snubber has

The diode-capacitor voltage multiplier can

been investigated in reference [21]. The

be inserted into the conventional boost,

voltage gain of the converter is higher than

sepic, and zeta converters to serve as the

most converters based on coupled-inductor,

built-in voltage gain extension cell [11]-

and the voltage stresses on all power devices

[14]. However, several multiplier stages are

are relatively lower than the output voltage.

required to reach a very high voltage gain at

A single switch high gain converter using a

the expense of increasing system size and

three

cost, and further, the circuit would be more

proposed [22]. The converter extends the

complex. Recently, some coupled-inductor-

voltage conversion ratio and overcomes the

based converters have been published in

reverse-recovery problem of the output

literatures to offer another design freedom

diode, and the leakage energy of coupled

rather than the switch duty cycle to satisfy

inductor can be recycled. This paper

the stringently high step-up voltage gain

proposed a dc-dc boost converter topology

requirements

leakage

based on three-winding coupled-inductor

inductance of the coupled inductor may not

and diode-capacitor technology for high

only cause high voltage spikes on the power

step-up, high power density and high

device when it turns off, but also induce

efficiency conversion, which adopts a single

large energy losses. In general, RCD

switch and two series hybrid voltage

snubbers,

networks

multiplier cells. Moreover, two identical

composed of a resistor, a capacitor and a

passive regenerative snubbers are used for

diode, can control the rate of change of

absorbing the energy of stray inductance,

voltage or current and clamp voltage

clamping the voltage spike of the main

overshoot. So the RCD snubbers are often

switch. Besides, the regenerative snubbers

used to suppress the voltage spike of the

have important role in supplying extra

switch, but the leakage energy is dissipated.

voltage conversion ratio.

[15]-[22].

which

are

The

small
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winding

coupled

inductor

was
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II. PRINCIPLE OF THE PROPOSED

windings N2 and C2, N3 and C4. When the

CONVERTER

main switch is on, the magnetizing inductor

The equivalent circuit of the proposed
converter topology is shown in Fig.1, in
which a three winding coupled inductor (T )
can be modeled by a magnetizing inductor
Lm, a leakage inductance Lk, and an ideal
transformer with primary winding N1 and
two secondary windings N2 and N3.

and two capacitors in voltage multiplier cells
are charged, and the capacitor Co provides
energy to the load. When the main switch is
off, the primary side and secondary sides of
the coupled inductor, two capacitorsC2 and
C4, and input dc source are connected in
series for transferring energy to the load.
Therefore, the proposed converter can
achieve high-voltage gain in appropriate
duty cycles and low turns ratios.

III. KEY PARAMETER DESIGN
A. Turns ratio:
In the proposed converter, the coupled
inductor is operated as both flyback and
forward converters, Therefore, the coupled
Fig.1. Circuit configuration of the proposed

transformer. The turns ratio of the coupled

converter.
The

two

inductor should be designed as a flyback

parallel

passive

regenerative

snubbers are composed of the diode D1 and
capacitor C3, the diode D3 and capacitorC1,
through which the energy stored in the

inductor has an influence on the switch duty
cycle, the voltage gain, and the voltage
stress of power devices. The turns ratio can
be depicted by

leakage inductor can be recycled effectively.
Also, the voltage across the main switch S is
clamped to a lower level. Thus, the

n

Vo
3
1  D  
Vin
2

efficiency can be improved greatly. In

The input voltage and the output voltage are

addition, two hybrid voltage multiplier cells

determined by the specific application.

are respectively composed of secondary side

Hence, if the duty cycle is chosen, the turns
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ratio of the coupled inductor can be carried

Table 1

out easily, and then the voltage stress of

Name of the

power devices can be calculated. Generally,

parameter

the duty cycle is less than 0.7 in order to

Input voltage

Vs

12V

decrease conduction loss. On the contrary, if

Output

Vo

96V

the duty cycle is too small, the volume of the

voltage
R

10K

Frequnecy

Fs

40Khz

Capacitor

C1,C3

100μF

Capacitor

C2,C4

220 μF

coupled inductor will be larger due to the
bigger turns ratio. As a result, a compromise
should be made considering the duty cycle

Symbol

Load

Value

resistance

and the turns ratio under given voltage gain.

B. Voltage gain:
If the leakage inductor of the coupled
inductor is not considered, that is to say, k is

V. Experimental result

equal to 1, the ideal voltage gain is written
as:

A prototype in the laboratory is built to
verify the performance of the proposed
Vo 

2n  3
1 D

By using the experimental results we obtain
the output as 8 times of the input voltage.

converter. The electric specifications and
circuit components are selected as Vin=12V,
Vo=96V,

fs=40

KHz,

N1:N2:N3=1:1:1,

C1=C3=100μF, C2=C4=220μF,

MOSFET

IRF630 is selected for switch S, the diodes
IV. Simulation result

are 1N4007.

Simulation results of the proposed DC-DC
boost converter topologies with three
winding coupled inductor are presented
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Fig.2.Simulation Circuit

Fig.3.Simulation Result
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Fig.4 Experimental setup of the proposed system.

Fig.5 Experimental result for the proposed system
VI. Conclusion
Thus, the presented topology can provide

operation analysis and design for the

very high voltage gain under appropriate

converter becomes quite simple since the

duty cycle and turns ratio. Meantime, the
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two multiple voltage units are identical.

output filter inductance,” IEEETrans. Power

Moreover, the voltage stress of the main

Electron.,vol. 30, no. 12, pp.6628-6638,Dec.

switch S is clamped at a level far less than

2015.

the output voltage, so the power switch is

[4] TohidRahimi, MehranSabahi, Mehdi

with low R can be selected to improve the

Abapour,

efficiency. The steady-state analysis of the

“Three-phasesoft-switching-base interleaved

converter is discussed in detail. The

boost converter with high reliability.”IET

simulated and experimental results verify

PowerElectronics,accepted.DOI:10.1049/iet-

the good performance of the proposed

pel.2016.0211.

converter. The accuracy, reliability and the

[5] S. Y. Lin, and C. L. Chen, “Analysis

disturbances occurring from the external

and design for RCD clamped snubber used

sources

in output rectifier of phase-shift full-bridge

have

been

overcome

by the

automatic control system.

Gevork

B

Gharehpetian.

ZVS converters,”IEEE Trans. Ind. Electron.,
vol. 45, no. 2, pp. 358-359, Apr. 1998.

REFERENCES
[1] L. S. Yang, T. J. Liang, and J.F.Chen,
“Transformer-less DC-DC converter with
high step-up voltage gain,” IEEE Trans. Ind.
Electron,vol.56, no.8, pp. 3144-3152, Aug.
2009.
[2] B. Gu, J. S. Lai, N. Kees, and C.
Zheng, “Hybrid-switching full-bridge DCDC converter with minimal voltage stress of
bridge rectifier, reduced circulating losses,
and filter requirement for electric vehicle
battery chargers,” IEEE Trans. Power
Electron., vol.28, no.3, pp.1132-1144,Mar.
2013.
[3] Z. Q. Guo, D. S. Sha, and X. Z. Liao,
“Hybird three-level and half-bridge DC-DC

[6] M. M., N.L., and V. R., “Steady-state
stability of current mode active-clamp ZVS
DC-DC converters,” IEEE Trans. Power
Electron., vol. 25, no. 6, pp. 1546-1555, Jun.
2010.
[7] O. Abutbul, A. Gherlitz, Y. Berkovich,
and A. Ioinovici, “Step-upswitching-mode
converter with high voltage gain using a
switched-capacitor circuit,”converter with
high step-up voltage gain,” IEEE Trans. Ind.
Electron,vol.56, no.8, pp. 3144-3152, Aug.
2009.
[8] B. Axelrid, Y. Berkovich, and A.
Ioinovici,“Switched
inductor

capacitor

structures

transformerless

hybrid

/switched-

for
DC-DC

getting
PWM

converter with reduced circulating loss and

Volume 5, Issue 10, October/2018

Page No:475

JASC: Journal of Applied Science and Computations

ISSN NO: 1076-5131

converters,” IEEE Trans. Circuits Syst.I,

photovoltaic module application,” IEEE

vol. 55, no.2, pp. 687-696, Mar. 2008.

Trans. Power Electron., vol. 27, no. 4, pp.

[9] Y. Tang, D. J. Fu, T. Wang, and Z. W.

1809-1817, Apr. 2012.

Xu, “Hybird switched-inductor converters

[15] W. H. Li and X. N. He, “ Review of

for high step-up conversion,” IEEE Trans.

non-isolated high step-up DC/DCconverters

Ind. Electron., vol. 62, no. 3, Mar. 2015.

in photovoltaicgrid-connected applications,”

[10] Y. H. Chang, and Y. J. Chen,

IEEE Trans.Ind. Electron., vol. 58, no. 4, pp.

“Modeling and implementation ofhigh-gain

1239–1250, Apr. 2011.

switched-inductor

[16] Y. P. Hsieh, J. F. Chen, T. J. Liang,

switched-capacitor

converter,” in proc. IEEE ISIC Conf., 2014,

and

pp. 9-12.

implementation of a novel single-switch

[11] F. L. Tofoli, D. D. S. Oliveira, R. P. T.

high step-up DC-DC converter,” IET Power

Bascop, and Y. J. A. Alcazar,“Novel

Electronics, vol. 5, lss. 1, pp. 11-21, Jan.

nonisolated

2012.

high-voltage

gain

DC-DC

L.

S.

Yang,

“Analysis

and

converter based on 3SSC and VMC,” IEEE

[17] Tseng, Kuo-Ching, Jang-Ting Lin,

Trans. Power Electron, vol. 27, no.9, pp.

and Chi-Chih Huang. "High step-up

3897-3907, Sep. 2012.

converter

[12] X. F. Hu, and C.Y. Gong, “A high

inductor

voltage gain DC-DC converterintegrating

applications." IEEE Transactions on Power

coupled-inductor

Electronics, vol 30, no. 2: 574-581, 2015.

and

diode-capacitor

with
for

three-winding

fuel

cell

coupled

energy

source

techniques,” IEEETrans. Power Electron.,

[18]

vol. 29, no. 2, pp. 789-800, Feb. 2014.

C.Y.Gong, “A Three-state switching boost

[13] M. Prudente, L. L. Pfitscher, G.

converter mixed with magnetic coupling and

Emmendoerfer, E. F. Romaneli, and

voltage multiplier techniques for high gain

R.Gules, “Voltage multiplier cells applied

conversion,” IEEE Transactions on Power

to non-isolated DC-DC converter,” IEEE

Electronics, vol 31, no. 4: 2991-3001,2016.

Trans. Power Electron., vol. 23, no. 2, pp.

[19] T. F. Wu, Y. S. Lai, J. C. Hung, and

871-877, Mar. 2008.

Y. M. Chen, “Boost converter with coupled

[14] S. M. Chen, T. J. Liang, L. S. Yang,

inductors and buck–boost type of active

and J. F. Chen, “A safety enhanced, high

clamp,” IEEE Trans. Ind. Electron., vol. 55,

step-up

no. 1, pp. 154-162, Jan. 2008.

DC-DC

converter

for

Volume 5, Issue 10, October/2018

AC

X.F.Hu,

G.R.Dai,

L.Wang,

Page No:476

JASC: Journal of Applied Science and Computations

ISSN NO: 1076-5131

[20] Y. Zhao, W. H. Li, and X. N. He,
“Single-phase

improved

coupled-inductor-based

active
converter

clamp
with

extended voltage doubler cell,”IEEE Trans.
Power Electron., vol. 27, no. 6, pp.28692878. Jun. 2012.
[21] R. J. Wai, and R. Y. Duan, “High
step-up converter with coupled-inductor,”
IEEE Trans. Power Electron., vol. 20, no. 5,
pp. 1025-1035, Sep. 2005.
[22] Mohammad Khalilzadeh, Karim
Abbaszadeh, “Non-isolated high step-up
DC–DC

converter

based

on

coupled

inductor with reduced voltage stress,” IET
Power Electronics. Vol. 8, Iss. 11, pp. 2184–
2194, May.2015.

Volume 5, Issue 10, October/2018

Page No:477

