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Abstract: This paper focuses on an interleaved quadrupler 

dc –dc converter high voltage gain with low voltage stress 

.Renewable energy is important for now a days and 

increases widely because of energy shortages and 

environmental contaminate problem in renewable energy 

system generate low output voltage and thus high step up 

dc-dc converter used to achieve high output voltage. In 

proposed system we are using three stage interleaved boost 

converter ,coupled inductor and voltage quadrupler concept 

used to reduced conduction losses, voltage spikes, voltage 

stress , balanced output voltage and achieve high output 

voltage without using extreme duty ratio and non- isolated 

operation. Therefore, DC boost converter is needed to boost 

up a dc voltage. In dc boost converter. However a duty ratio 

is larger means the output voltage is high. But the duty 

ratio is increasing means conduction time is high and it will 

arise voltage stress on switching devices, conduction loss is 

high. By the use of three interleaved stage interleaved boost 

converter and voltage quadrupler concept it will achieve 

high output voltage and reduce voltage stress and 

conduction loss. 

 
I. INTRODUCTION 

Nowadays, renewable energy is increasingly valued and 

employed worldwide because of energy shortage and 

environmental contamination. Renewable energy systems 

generate low voltage output, and thus, high step-up dc/dc 

converters have been widely employed in many renewable 
energy applications such fuel cells, wind power generation, 

and photovoltaic (PV) systems. Such systems transform 

energy from renewable sources into electrical energy and 

convert low voltage into high voltage via a step-up converter, 

which can convert energy into electricity using a grid-by-grid 

inverter or dc microgrid. A typical renewable energy system 

that consists of renewable energy sources, a step-up 

converter, and an inverter for AC application. The high step-

up conversion may require two-stage converters with cascade 

structure for enough step-up gain, which decreases the 

efficiency and increases the cost. Thus, a high step-up 

converter is seen as an important stage in the system because 
such a system requires a sufficiently high step-up conversion 

with high efficiency.  Conventional step-up converters, such 

as the boost converter and flyback converter, cannot achieve 

a high step-up conversion with high efficiency because of the 

resistances of elements or leakage inductance; also, the 

voltage stresses are large. Photovoltaic (PV) power-

generation systems are becoming increasingly important and 

prevalent in distribution generation systems. The use of new  

 

efficient photovoltaic solar cells (PVSCs) has emerged as an 

alternative measure of renewable green power, energy 

conservation and demand-side management. Photovoltaic 

solar cells have initial high costs; PVSCs have not yet been a 

fully attractive alternative for electricity users who are able 

to buy cheaper electrical energy from the utility grid. 

However, they have been used extensively for water 

pumping and air conditioning in remote and isolated areas 

where utility power is not available or is too expensive to 

transport. 

 
II. PROPOSED SYSTEM 

The proposed converter is a conventional interleaved boost 

converter integrated with a voltage multiplier module, and 

the voltage multiplier module is composed of switched 

capacitors and coupled inductors. The coupled inductors can 

be designed to extend step-up gain, and the switched 
capacitors offer extra voltage conversion ratio. In addition, 

when one of the switches turns off, the energy stored in the 

magnetizing inductor will transfer via three respective paths; 

thus, the current distribution not only decreases the 

conduction losses by lower effective current but also makes 

currents through some diodes decrease to zero before they 

turn off, which alleviate diode reverse recovery losses.  

 

The advantages of the proposed converter are as follows. 

1) The proposed converter is characterized by low input 

current ripple and low conduction losses, which increases the 
lifetime of renewable energy sources and makes it suitable 

for high-power applications. 

2) The converter achieves the high step-up gain that 

renewable energy systems require. 

3) Due to the lossless passive clamp performance, leakage 

energy is recycled to the output terminal. Hence, large 

voltage spikes across the main switches are alleviated, and 

the efficiency is improved. 

4) Low cost and high efficiency are achieved by employment 

of the low-voltage-rated power switch with low RDS (ON); 

also, the voltage stresses on main switches and diodes are 

substantially lower than output voltage. 
5) The inherent configuration of the proposed converter 

makes some diodes decrease conduction losses and alleviate 

diode reverse recovery losses. 
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Fig.1. Block diagram of proposed system 

The block diagram of the proposed system show in fig.1. is 

achieving high output voltage with low voltage stress and 

conduction stress. The input dc source is from the solar panel 

into three stage inter-leaved boost converter with coupled 

inductor. Using PWM controller for triggering switches. The 
output of voltage of voltage multiplier connected to DC load 

or DC micro grid. Fig. 2. Shows the circuit diagram of the 

proposed system drawn using MATLAB simulation tool. It 

consists of a dc source from PV panel. Three stage 

interleaved boost converter with coupled inductor and 

voltage quadrupler circuits are used. The switching of the 

PWM inverter can be effectively controlled by the output. 

The balanced capacitor is connected to achieve balanced 

output voltage. 

 
Fig. 2. Circuit diagram of the proposed system. 

 

III. MODES OF OPERATION 

A. Mode 1 

 
Fig.3. Equivalent circuit of mode1 

In mode 1 condition switch 1 is on condition on that time L1, 

L2, L3 inductance are stored on energy. Switch 1 is short 

circuit in previous mode capacitance stored energy flowing 

through diode D2 to the load. The L2 inductance stored 

energy flowing through diode D4 and D6 through the load. 

The L3 inductance stored energy flowing through diode D5 

and d7 through the load. The coupled inductance is used in 

the circuits so the energy is flowing to capacitor. Balancing 

capacitor C1, C2 is used in the circuit to achieving balanced 

output voltage. 
 

B. Mode 2 

 
Fig. 4. Equivalent circuit of mode2 

In mode 2 condition switch 1 is on condition on that time L1, 

L2, L3 inductance are stored on energy. Switch 2 is short 
circuit in previous mode capacitance stored energy flowing 

through diode D2 to the load. The L1 inductance stored 

energy flowing through diode D1 and D7 through the load. 

The L3 inductance stored energy flowing through diode D5 

and d7 through the load. The coupled inductance is used in 

the circuits so the energy is flowing to capacitor. 
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C.  Mode 3 

 
Fig. 5. Equivalent circuit of mode 3 

In mode 3 condition switch 1 is on condition on that time L1, 
L2, L3 inductance are stored on energy. Switch 3 is short 

circuit in previous mode capacitance stored energy flowing 

through diode D2 to the load. The L1 inductance stored 

energy flowing through diode D1 and D7 through the load. 

The L2 inductance stored energy flowing through diode D4 

and D6 through the load. The coupled inductance is used in 

the circuits so the energy is flowing to capacitor. 

 

D. Voltage Multiplier Operation 

A voltage multiplier is an electrical circuit that converts AC 

electrical power from a lower voltage to a higher DC voltage, 

typically using a network of capacitors and diodes. Voltage 
multipliers can be used to generate a few volts for electronic 

appliances, to millions of volts for purposes such as high-

energy physics experiments and lightning safety testing. The 

most common type of voltage multiplier is the half-wave   

series   multiplier,   also   called   the Villard   cascade (but 

actually   invented by Heinrich Greinacher). Assuming that 
the peak voltage of the AC source is +U, and that the C 

values are sufficiently high to allow, when  charged, that a 

current flows with no significant change in voltage, then the 

(simplified) working of the cascade is as follows 

 
Fig. 6. Voltage Multiplier Operation 

1. Negative peak (−Us): The C1 capacitor is charged through 

diode D1 to Us V (potential difference between left and right 

plate of the capacitor is Us 

2. Positive peak (+Us ): the potential of C1 adds with that of 

the source, thus charging C2 to 2Us through D2  
3. Negative peak: potential of C1 has dropped to 0 V thus 

allowing C3 to be charged through D3 to 2Us.  

4. Positive peak: potential of C  rises to 2Us (analogously to 

step 2), also charging C4 to 2Us. The output voltage (the 

sum of voltages under C2 and C4) raises till 4Us.  

In reality more cycles are required for C4 to reach the full 

voltage. Each additional stage of two diodes and two 
capacitors increases the output voltage by twice the peak AC 

supply voltage. 

 

IV. DESIGN ISSUES 

High power density, high efficiency, and power scalability 

are becoming more and more desired for the AC-DC front-

end converters in the distributed power systems. Higher 

power density can eventually reduce the converter cost and 

allows for accommodating more equipment in the existing 

infrastructures. Driven strongly by economic and 

environmental concerns, high entire-load-range efficiency is 

more and more required by various organizations and 
programs, such as the U.S. Energy Star, Climate Savers, and 

German Blue Angel. Due to the rapid evolving IC 

technologies, the AC-DC front-end converters as products in 

the market have relatively short lifespan. Power scalability 

characteristics are important features to cost effective 

solutions. This continuously increasing power density and 

efficiency target and the power scalability requirement pose 

challenges for today’s AC-DC front-end converter 

technology. 

 

A. High Efficiency 
80 plus is a basic efficiency requirement for the front-end 

converter, it requires the efficiency to be higher than 80% at 

20%, 50%, and 100% load. Other than the 80 plus 

requirement, Climate Savers is targeting at higher efficiency. 

It even target to achieve 4% or 3% efficiency improvement 

every year in these coming two years.  It is expected to 

achieve 88% efficiency at 20% and 100% load, and 92% 

efficiency at 50% load. The computer giant, Dell, is targeting 

at even more aggressive efficiencies, as. Not only the 

efficiency target is set higher, but also 10% and 5% load 

efficiency is required. Based on these activity of varies 
organizations and companies, the trend is that the efficiency 

requirement keeps increasing and is extending to lighter load 

conditions. Today, the power supply industry is at the 

beginning of a major focus shift that puts efficiency 

improvements across the entire load range. This focus on 

efficiency has been prompted by economic reasons and 

environmental concerns caused by the continuous, 

aggressive growth of the Internet infrastructure and a 

relatively low energy efficiency of power delivery systems of 

large Internet-equipment hosting facilities. 

 
Fig. 7. Wave form of efficiency analysis 
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The conduction loss and the reverse recovery loss used to be 

a big limitation to the efficiency of the power factor 

correction (PFC) stage. With the advancement in the power 

semiconductor device technologies, the PFC efficiency has 
been improved significantly in the past decades. The on-

resistance of today’s high voltage MOSFETs has been 

reduced approximately ten times compared to the same 

voltage rating MOSFETs available in the nineties by super-

junction technologies. For example, the on-resistance of the 

Cool MOS IPW60R099CS, developed by Infineon, is only 

99 mΩ. With this super-junction technology, even lower on-

resistance can be achieved with larger die size. By adopting 

CoolMOS devices, the MOSFET conduction loss is not a 

dominating factor in the PFC efficiency anymore. Similarly, 

today’s high-voltage ultra-fast recovery diode can achieve 

much better reverse recovery performance, which greatly 
reduced the switching related losses. Furthermore, with the 

introduction of the high voltage silicon carbide (SiC) 

Schottky diodes, the PFC diode reverse recovery loss 

problem is virtually eliminated. 

 
Fig. 8. Wave form of measured PFC high line efficiency 

Using today’s most advanced semiconductor devices, the 

existing power architecture, which is widely used in today’s 

server systems, still has its limitations facing today’s 
extremely challenging requirements for simultaneous 

maximization of both the entire-load-range efficiency and 

high power density. Designed with the new generation 

CoolMOS (IPW60R099CS) and the SiC diode (SDP06S60), 

switching at 130 kHz, the measured PFC .Further 

improvement at light load is still needed to meet today’s 

efficiency challenges. 

 

V. PULSE WIDTH MODULATION TECHNIQUE 

The advent of the transformerless multilevel inverter 

topology has brought forth various pulse width modulation 

(PWM) schemes as a means to control the switching of the 
active devices in each of the multiple voltage levels in the 

inverter. The most efficient method of controlling the output 

voltage is to incorporate pulse width modulation control 

(PWM control) within the inverters. In this method, a fixed 

d.c. input voltage is supplied to the inverter and a controlled 

a.c. output voltage is obtained by adjusting the on and–off 

periods of the inverter devices. Voltage-type PWM inverters 

have been applied widely to such fields as power supplies 

and motor drivers. This is because: (1) such inverters are well 

adapted to high-speed self-turn-off switching devices that, as 

solid-state power converters, are provided with recently 

developed advanced circuits; and (2) they are operated stably 

and can be controlled well. Advantages are the output 

voltage control can be obtained without any additional 
components. With this type of control, lower order 

harmonics can be eliminated or minimized along with its 

output voltage control. The filtering requirements are 

minimized as higher order harmonics can be filtered easily. 

 

A. PWM Control Techniques  

Space vector PWM- The performance of each of these 

control methods is usually judged based on the following 

parameters: a) Total harmonic distortion (THD) of the 

voltage and current at the output of the inverter, b) Switching 

losses within the inverter, c) Peak-to-peak ripple in the load 

current, and d) Maximum inverter output voltage for a given 
DC rail voltage. From the above all mentioned PWM control 

methods, the Sinusoidal pulse width modulation (sin PWM) 

is applied in the proposed inverter since it has various 

advantages over other techniques. Sinusoidal PWM inverters 

provide an easy way to control amplitude, frequency and 

harmonics contents of the output voltage. In the Sinusoidal 

pulse width modulation scheme, as the switch is turned on 

and off several times during each half-cycle, the width of the 

pulses is varied to change the output voltage. Lower order 

harmonics can be eliminated or reduced by selecting the type 

of modulation for the pulse widths and the number of pulses 
per half-cycle. Higher order harmonics may increase, but 

these are of concern because they can be eliminated easily by 

filters. The SPWM aims at generating a sinusoidal inverter 

output voltage without low-order harmonics. This is possible 

if the sampling frequency is high compared to the 

fundamental output frequency of the inverter.  

 

 
Fig. 9. Pulse Width Modulation 

The phase voltage can be described by the following 

expressions: 
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Where wm is the angular frequency of modulating or 

sinusoidal signal. wc is the angular frequency of the carrier 

signal. M is modulation index. E is the dc supply voltage. f is 

the displacement angle between modulating and carrier 
signals. And Jo and Jn are Bessel functions of the first kind. 

 

VI. SIMULATION AND RESULTS 

A. Three Stage Inter-Leaved Converter With Voltage 

Multiplier 

 
Fig.10. Proposed Three Stages Interleaved Voltage Multiplier 

Simulation System 

 
Fig. 11. Proposed System Input Voltage 

 
Fig. 12. Input Current 

 
Fig. 13. Output Voltage and Output Current 

 
Fig.14. Conduction losses 

 

B. Conduction Losses for Proposed System 

I/p voltage =18 v 
O/p voltage =158 v 

Power= V*I=158 * 3.165 

P=500.07 W 

Pon =Von Io Ton 

Von=on-state voltage 

Io=conducting of current 

Ton =conduction during the on interval 

Pon =0.102*6.85*0.3 

Pon =0.209 W 

 

VII. CONCLUSION AND FUTURE SCOPE 

In this paper we achieve high output voltage and to reduce 
voltage stress, conduction loss by the use of three stage 

interleaved boost converter with coupled inductor and 

voltage quadrupler circuits. The simulation work depicts the 

effectiveness of the proposed system. High voltage 
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conversion such as fourfold of input voltage -Minimized 

voltage stress on switching devices, minimized conduction 

losses, balanced output, minimized current ripple In future 

solar power will be a major source of power as the need for 
renewable energy Resources have raised in the last decade. 

The system can achieve high output voltage and to reduce 

voltage stress, conduction loss by the use of three stage 

interleaved boost converter with coupled inductor and 

voltage quadrupler circuits. The setup can be tried for a micro 

grid application as micro grid and smart grids are gaining 

attention these days. 
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