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Modeling of High efficiency high
step-up DC/DC converter with
voltage multiplier module

S.Nagargj*, L. Rajgi**, K. Shanthini***

Abstract: The utilization of Renewable energy becomes an important source of electrical energy with the
advancement in power el ectronic technol ogy. Renewable energy systemsgenerate | ow voltage output and thus, high
step-up dc/dc converters are widely employed in many renewabl e energy applications Low voltageis converted into
high voltage by using step-up converter The review of various topologies of high step up converter and their
performancewith voltage multiplier circuitsarediscussed in this paper. The meritsand demerits of these converters
are discussed. This paper shows the comparison of efficiency and voltage gain for various boost converter
topol ogiesintegration with voltagemultiplier.

1. INTRODUCTION

The conventiond boost converter provides step up conversonwithout highgain dueto thelimitation of conduction
lossesinthecircuit parameters. The gainreachesinfinite, when the duty cycletendsto unity. The gain depends
onthel2Rlossesintheinductors and the power electronic devices connected. The voltage gainisdifficult to
obtain with conventional boost topologies because of the parasitic components, which limitsthe frequency and
the system size. A voltage multiplier isa device which convertsthe low voltageinput to ahigher voltage by
means of capacitors and diodes combined circuit. The voltage multiplier helpsin reducing theturn’sratio of
transformer for better performance.Fig.1. showsatypical photovoltaic systemthat consists of asolar module
and ahighstep up converter.

The conventiona boost convertersare provided with voltage multipliersto increase the voltage gain without
having high duty cycle and reduce the voltage stress acrossthe switches. The voltage multiplier reducesthe peak
current flowing through the switch and enhancesthe dynamic response with theincrease of turn OFF period. The
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Figure 1: Typical Photovoltaic system
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integration of voltage multiplier with high step up converter increasesthe voltage conversonratio and gain. The
voltage multipliersare provided with capacitorsand diodesin the circuit for converting theinput voltageto another
high level output. The converter with the voltage multiplier determinesthe efficiency and performance of the
photovoltaic system connected to the system. This|solated boost converter with coupled inductors topology
satidfieshigh efficiency.

2. PROPOSED SYSTEM
2.1. Step-up DC/DC Converter with VoltageM ultiplier M odule

The proposed high efficiency high step-up converter with voltage multiplier module is shownin Fig.2. A
conventional boost converter and two coupled inductors arelocated in the voltage multiplier module, whichis
stacked on aboost converter to form an asymmetrical interleaved structure. Primary windings of the coupled
inductorswith N, turnsare employed to decreaseinput current ripple, and secondary windingsof the coupled
inductorswith Nsturnsare connected in seriesto extend voltage gain. Theturn’sratios of the coupled inductors
arethe same.

Theequivalent circuit of the proposed converter isshowninFig.3. WhereL  and L arethe magnetizing
inductors, L, and L, represent theleakageinductors, S, and S, denote the power switches, C, isthe voltage-lift
capacitor, and nisdefined asaturnsratio NS/Np.

Voltage Multiplier Module
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Figure 2: Proposed high step-up converter with a voltage
multiplier module
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2.2. Multilevel switched capacitor DC/DC Converter

Avoiding thetrandformershring obviousbenefitsof size, cost and weight reduction and thusthe reduction of overdl
complexity of the converter. Theother advantageisthe possibility to work at higher temperaturesthan inductor
based counterparts. Recently there has been anew converter developed which meetsthe requirementsof high
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Figure 4: Multilevel switched capacitor DC/DC Converter
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efficiency and ability to work in high temperatures. The voltage gainisaccomplished by voltage multiplier cellsthat
operate based on switching capacitor principle. The pendlty isareatively big number of switches, whichisinthis
case 12. Moreover, dueto capacitive load the switches are exposed to high current stress.

The possihility to use low voltage rated switches and thelack of inductors makeit possible to achieve the
compact and cost effective solution.

2.3. Comparison of Step-up DC/DC Converter with Voltage M ultiplier M odule
and M ultileve switched capacitor DC/DC Converter

Topology [%0] P. ~ Gan F, V V,,s \ltage gain Noof  Noof
[kw] [VIV] [kHZ [VDC] formula  switches diodes

Step-up DC/DC Converter with

VoltageMultiplier Module 974 02 100 & 20to70 200 (2+n.D)/(1-D) 1 3

Multilevel switched capacitor

DC/DC Converter A7 100 95 100 40to56 30 (2n+1)/(1-D) 4 2

3. MODESOFOPERATION

The proposed converter operates in continuous conduction mode (CCM), and the duty cycles of the power
switches during steady operation are interleaved with 1808/ phase shift. The key steady waveformsin one
switching period of the proposed converter containssix modes.

3.1. Mode 1

Model1[t, t]: Att=t  the power switchesS and S, areboth turned ON. All of the diodes are reversed-biased.
MagnetizinginductorsL _andL  aswell asleskageinductorsL, , and L, arelinearly charged by theinput voltage
sourceV. .

- Lm S5

Figure5: Mode 1
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3.2. Mode 2

Mode2[t,, t]: Att =t , the power switch S, isswitched OFF, thereby turning ON diodes D, and D,. The energy
that magnetizing inductor L hasstored istransferred to the secondary side charging the output filter capacitor C..
Theinput voltage source, magnetizing inductor L, leakageinductor L, and voltage-lift capacitor C, release
energy to the output filter capacitor C, viadiodeD,, therefore extendsthe voltageon C..
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Figure 6: Mode 2

3.3. Mode 3

Mode3[t, t]: Att=t, diode D, automatically switches OFF because thetotal energy of leakageinductor L,
has been completely released to the output filter capacitor C,. Magnetizing inductor L transfersenergy to the
secondary side charging the output filter capacitor C, viadiode D, until t.
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3.4. Mode 4

Mode4[t,,t,]: Att=t, the power switch S, isswitched ON and dl the diodes are turned OFF. The operating
statesof modes 1 and 4 aresimilar.
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Figure 8: Mode 4

3.5. Mode5

Mode5: Mode5[t,, t]: Att=t,, the power switch S isswitched OFF, whichturnsON diodesD, and D,.. The
energy stored in magnetizing inductor Lml istransferred to the secondary side charging the output filter capacitor
C.,. Theinput voltage source and magnetizing inductor Lm1 release energy to voltage-lift capacitor C, viadiode
D,, which storesextraenergy inC,.
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3.6. Mode 6

Mode6 [t t ]: Att =t diode D, isautomatically turned OFF because the total energy of leakageinductor L,
has been completely released to voltage-lift capacitor C. Magnetizing inductor L . transfers energy to the
secondary side charging the output filter capacitor C, viadiode D, until t .
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Figurel5: V ,V_,V_ & V
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Thevoltage obtained inthe output sde (V) is450 V showninfigure 12. The switch voltageis clamped at 80 Vwhichis
indicated infigure 16, whichismuch smaler than the output voltage. Figure 15 showsthe voltage on al capacitorstoillustrate
the high voltage storage and theoretica andlysis. V_, isequal to V, plusoutput voltage of boost converter, and V, isequd to
the output voltage of the boost converter. Thus, V_, istwiceof V.V, isequal to V_, and both arenearly V, becauseturns
ratio isfixed as 1. Figure 16 showstheinput current ripple (1. ) and the peak —peak current ripplewhichisvery low.

5. CONCLUSION

Thetopologica principlesand smulation results of the proposed converter ispresented inthis paper. It has been successfully
implemented in an efficiently high step up conversion without an extreme duty ratio and anumber of turn’sratio throughthe
voltage multiplier module. Here, the voltage stress over the power switchesisrestricted and ismuch lower than the output
voltage. So the proposed system issuitable for renewable energy applicationsthat need high step- up conversion with high
efficiency.
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