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Abstract: A non-isolated single switch high step-up converter with low voltage stress is presented in this paper. The
converter is derived based on the conventional fly back converter. A clamping diode as well as a voltage doubler circuit
is used in order to reduce the voltage stress across the switch and diodes. Another converter can also be derived by
rearranging the components and adding a capacitor to the circuit. Since the converter has low voltage stress, lower
voltage rated switch and diodes are used, which result in high efficiency with low conduction losses. The MATLAB
simulation of the converter is done using 24V input voltage and 250V/125W output. The lower stress on the switch and

diodes are verified by the simulation results.
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I. INTRODUCTION

The proposed converter can be used in renewable
application as well as dc back energy systems like solar
arrays, fuel cells, UPS and high intensity discharge(HID)
lamps for auto mobiles. Usually conventional step-up
converters have features of large input current and high
output voltage. Severe reverse recovery problem in diodes
due to high output voltage, hence current stress and
voltage stress increases.

The conventional boost converter can achieve a high
voltage gain and high efficiency only with a reasonable
duty ratio. Due to the losses in the power switch and the
diodes, equivalent series resistance (ESR) of inductor and
capacitor and reverse recovery problem of diodes; the
conversion efficiency and step-up voltage gain are limited.
In converters adopting the transformer, like fly back,
forward, push pull, half bridge and full bridge; the high
voltage gain can be obtained by adjusting the turns ratio of
transformer. The flyback converter is very widely used in
low power applications.

The primary switch and secondary diode of the converter
suffer from high voltage stress due to leakage inductance
of the transformer. Thus, the use of flyback converter for
higher power applications is limited.

A non-isolated single switch high step-up converter is
derived from conventional fly back converter using
clamping diode and voltage doubler structure in order to
overcome the aforementioned problems. By an additional
capacitor semiconductor voltage stress can be further
reduced. The following section shows the derivation and
analysis with operational principles, features and design
considerations. The validity of the study is verified using
MATLAB simulations.
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Il. TOPOLOGY DERIVATION OF PROPOSED
CONVERTER

The fly back converter can be used in achieving high step
up gain in low power applications. The topology
derivation of the proposed converter from conventional fly
back is shown in Fig 1.

The flyback converter in Fig 1(i) is a simple structure with
high voltage stresses on the primary switch and secondary
diodes due to resonance between leakage inductance of the
transformer and  parasitic  capacitance of the
semiconductors.

A voltage doubler circuit is adopted to reduce the voltage
stress on the diode as in Fig 1(ii). The voltage stress on the
diode is clamped to V.and on the primary switch is limited
to Vp by a clamping diode DP, which connects the
primary and secondary ground.

The capacitor Cp shown in Fig 1(iii), act as a clamping
voltage source for the switch and voltage doubler
capacitors. The voltage across Cp is the voltage doubler
value = (1-D)V,. In order to reduce the voltage stress
further, an auxiliary voltage source Vg is connected to
diode Dy, (as in fig 1(iv)) and it becomes Vo-Vaux. If Vaux
is used to boost output voltage the switch can have lower
voltage stress, which results the gain of the boost
converter.

In Fig 1(v), Doy and Va is replaced by Ns and Cp. Then
the output voltage of the boost converter is obtained across
the boost capacitor Cg, V/(1-D) to which the switch is
clamped. The output diodes are clamped to V,-Vg in the
proposed converter. Thus the proposed converter is
derived from the conventional fly back converter as shown
in Fig 1(vi). Low voltage rated devices are used in the
converter to reduce the conduction losses.
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Fig 1. Derivation of proposed converter from flyback
converter

I1l. OPERATIONAL PRINCIPLE

The converter switching period is subdivided into five
operational modes as shown in Fig 2. It is operated in a
duty ratio D. Several assumptions are made in order to
illustrate the steady state operation and are as follows:

1) all parasitic components except the specified one in Fig
1(vi) are neglected;

2) the parasitic capacitance Cpssof the switch Qis small
enough;

3) the output voltage VO and capacitor voltages Vgand
Vcsare constant during a switching cycle.

Mode 1 [to-t1]: In this mode, the switch Q is turned on.
The leakage current iyy(t) decreases with the slope of
(Vecs— nVs— Vo)/Lygand the difference between the
magnetizingcurrent i ,(t) and the leakage current is
reflected to the primarycurrent i;,(t).
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Fig. 2 (i) Mode 1 operation
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likg(t), ILm(t), and ii, (t) can be expressed asfollows:

Ves —nVgt-Vo

g (0 = "SR (1) + g (1) (3.1)

i () = T (1) HiL (1) (3.2)

i ()= 1 (i (O - g (1) (3.3)
Where,

g (10) Ty (1) = (LCLHV0=Ve) _ DVy T3 9

leg (1-D) Lm 2

Mode 2 [t;— t;]: The mode begins when ij4(t) reaches zero.
The diode Doy is turned on and the leakage current flows
through it. The diode Do, is turned off and its voltage
stress is clamped to Vo— Va. The leakage current ij(t)
charges the capacitor CS and can be expressed as follows:

. Ves —nVg -V
ing (1) = CST:B(t —11) (3.5)

JLL— A
o
w@® B = [Jw
feof

Fiz. 2 (1) Mode 2 operation

Mode 3 [t,— t3]: This mode begins when the switch Q is
turned off. The clamping diode Dypis turned on, and the
voltage stress on the switch is clamped to Vg. The leakage
current increases and the difference between the
magnetizing current i n(t), and the leakage current is
reflected to the primary side through the diode Dp. ijg(t)
and i m(t) can be expressed as follows:

VB -Vg)+ Vgs—V .
nn TPt VeVt 2) + g 1)
lkg

g () = (3.6)

looi
—

fin e r&,’ Op

iﬁ\_._.”_

vs() “
ies]

Fig. 2{iii} : Mode 3 operation
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i (0 = 20 12) i, 1) (37)
Where,
it (t2) =D Ts + g (1) (38)

Mode 4 [t;— t,]: This mode begins when iyg(t) reaches
zero. The diode Dg; is turned on and the leakage current
flows through it. The diode DO1 is turned off, and its
voltage stress is clamped to Vo— Vg. The leakage current
ig(t) discharges the capacitor Cs and increases more
slowly unlike the converter in Fig. 1(c). This is because
the voltage stress on the capacitor CB is lower than that on
the capacitor Cpin Fig. 1(c). ig(t) can be expressed as
follows:

=

’i-'..:.op 2 p.

Bl
i .
Ns

Fiz. 2(iv) : Mode 4 operation

l’l(VC —Vi)+ Vs —Vo(t _ t3)
kg

ig () = (3.9)

Mode 5 [t,— ts]: This mode begins when iy(t) reaches the
magnetizing current i ,(t), which flows through the diode
Doy . Thus, there is no current flowing in the primary side.
This mode ends when the switch is turned on.

Fiz. 2{+) : Mode 3 operation

IV. SIMULATION ANALYSIS AND RESULT

The simulation analysis of a non-isolated single switch
high step up converter is carried out on the basis of the
following assumptions:

1) Input voltage (Vi,) = 24V

2) Output voltage (V,)= 250V

3) Output power(P,) = 125W

4) Switching frequency(fs) = 80KHz
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5) Duty ratio(D) = 40%

6) Leakage inductance(Lyxg) = 28.15puH
7) Magnetic inductance(L,) = 1.31mH
8) Transformer turns(N,:Ns) = 8:45

9) Output capacitor(C,)=82uF

From the above assumptions, output current(l,), time
period(Ts), load resistance(R,) and capacitors Cs and Cpg
are calculated as follows:

1

Time period, Ts === = 1.25e°sec(4.1)

fg  80X1000
Output current, |, :z—" = % =0.5A (4.2)

Load resistor,RL:\I’—“:Zos—g:SOOQ (4.3)

Capacitor design, Cs=Cg = - ):"AV (4.4)

_ 05

~ 4x80x103

=4V

Where, V= Vin
1-D

The simulation is done by using MATLAB2013. The
focus was on the output voltage and voltage across the
switch and diodes. The closed loop Simulink model of the
proposed converter using a PID controller is shown in fig

= 1.5625e-6 =~ 2.2puF Assuming, AV, = 10% V;

Fig 4: Closed loop simulation diagram of the proposed
converter

The simulation results are shown below.
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Fig 5(a): Output voltage of 250V DC
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V. CONCLUSION

The experimental analysis of a non-isolated single switch
high step-up converter is presented in this paper. The
validity of the basic operational principle is verified by the
MATLAB simulation using 12V DC input and 120Vv/60W
output. The proposed converter has a low voltage stress
across its switch and diodes. Hence the converter has
lower conduction losses and reduced reverse recovery
problem which lead to attain higher efficiency. Thus the
converter has a high output voltage with lower voltage
stress and duty ratio on comparing with the conventional
circuits.

REFERENCES
[1] Jae-Kuk Kim and Gun-Woo Moon, “Derivation, analysis, and
comparison of non-isolated single-switch high step-up converters

with low voltage stress,” IEEE Trans, Power Electron, vol. 30, no.
3, Mar 2015.

77



IJIREEICE 'S25N (Pring 2571 — 3956
‘ International Journal of Innovative Research in
IJIREEICE Electrical, Electronics, Instrumentation and Control Engineering

ISO 3297:2007 Certified
Vol. 4, Issue 9, September 2016

[2] Q. Zhao and F. C. Lee, “High-efficiency, high step-upDC-
DCconverters,” IEEE Trans. Power Electron., vol. 18, no. 1, pp.
65-73, Jan. 2003.

[3] C.-T.Panand C.-M. Lai, “A high-efficiency high step-up converter
with low switch voltage stress for fuel-cell system applications,”
IEEE Trans.Ind. Electron., vol. 57, no. 6, pp. 1998-2006, Jun.
2010.

[4] S.-K. Changchien, T.-J.Liang, J.-F.Chen, and L.-S. Yang, “Novel
high step-up DC-DC converter for fuel cell energy conversion
system,” IEEETrans. Ind. Electron., vol. 57, no. 6, pp. 2007-2017,
Jun. 2010.

[5] K.-C. Tseng, C.-C.Huang, and W.-Y. Shih, “A high step-up
converter with a voltage multiplier module for a photovoltaic
system,” |EEE Trans.Power Electron., vol. 28, no. 6, pp. 3047—
3057, Jun. 2013

[6] T.-F. Wu, Y.-C.Chen, J.-G.Yang, and C.-L. Kuo, “Isolated
bidirectional full-bridge DC-DC converter with a flyback snubber,”
IEEE Trans. PowerElectron., vol. 25, no. 7, pp. 1915-1922, Jul.
2010.

[71 J.-M. Kwon, E.-H.Kim, B.-H.Kwon, and K.-H. Nam, “High-
efficiency fuel cell power conditioning system with input current
ripple reduction,” IEEE Trans. Ind. Electron., vol. 56, no. 3, pp.
826-834, Mar. 2009.

[8] C.-S. Leu and M.-H.Li, “A novel current-fed boost converter with
ripple reduction for high- voltage conversion applications,” IEEE
Trans. Ind.Electron., vol. 57, no. 6, pp. 2018-2023, Jun. 2010.

[9] S. V. Araujo, R. P. Torrico-Bascope, and G. V. Torrico-Bascope,
“Highly efficient high step-up converter for fuel-cell power
processing based on three-state commutation cell,” IEEE Trans.
Ind. Electron., vol. 57, no. 6, pp. 1987-1997, Jun. 2010

[10] D. A. Ruiz-Caballero and 1. Barbi, “A new flyback-current-fed
push—pull DC-DC converter,” IEEE Trans. Power Electron., vol.
14, no. 6, pp. 1056— 1064, Nov. 1999

[11] X. Hu and C. Gong, “A high voltage gain DC-DC converter
integrating coupled-inductor and diode-capacitor techniques,” IEEE
Trans. PowerElectron., vol. 29, no. 2, pp. 789-800, Feb. 2014.

[12] R. W. Erickson and D. Maksimovic, Fundamentals of Power
Electronics.Norwell, MA, USA: Kluwer, 2001, pp. 39-55.

[13] N. Mohan, T. M. Undeland, and W. P. Robbins, Power Electronics:
Converters,Applications and Design. New York, NY, USA: Wiley,
1995,pp. 172-178.

[14] T.-J. Liang, J.-H. Lee, S.-M.Chen, J.-F.Chen, and L.-S. Yang,
“Novel isolated high-step-up DC-DC converter with voltage lift,”
IEEE Trans.Ind. Electron., vol. 60, no. 4, pp. 1483-1491, Apr.
2013.

Copyright to IJIREEICE DOI 10.17148/IJIREEICE.2016.4916 78



