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ABSTRACT: A high step up DC-DC converter based on Cockcroft Walton voltage multiplier without a line or high 

frequency step up transformer .It provides continuous input current with low ripple, high voltage ratio and low voltage 

stress on the switches, diodes and capacitor The converter is quite suitable for low input level dc generation systems. 

Based on n-stage Cockcroft Walton voltage multiplier sliding mode control strategy is employed to reduce the ripple 

content. The proposed converter provides a suitable dc source for n+1 level multilevel inverter. The output voltage of 

the converter is regulated at 450V for n= 3 stages of Cockcroft Walton voltage multiplier. 
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I. INTRODUCTION 

 

  Researchers and Governments worldwide have made efforts on renewable energy applications for mitigating natural 

energy consumption and environmental concerns the photo voltaic (PV) cell and fuel cell have been considered 

attractive choices. However, without extra arrangements, the output voltages generated from both of them are with 

rather low level. Thus a high step-up dc- dc converter is desired in the power conversion systems corresponding to 

these two energy sources. 

 

A high step-up dc- dc converter is also required by many industrial applications, such as high intensity discharge lamp 

ballasts for automobile head lamps and battery backup systems for uninterruptible power supplies, the conventional 

boost dc-dc converter can provide a very high voltage gain by using an extreme high duty cycle. However, practically 

parasitical elements associated with the inductor, capacitor, switch and diode cannot be ignored regarding their effects 

reduce the theoretical voltage gain.  

 

Many step-up dc-dc converter has been proposed to obtain high voltage ratios without extreme high duty cycle by using 

isolated transformers or coupled inductors. Among these the voltage fed type dc-dc converters sustains high input 

current ripple. Thus providing low input current  ripple and high voltage ratio. Current fed converters are generally 

superior to voltage fed converters. However, in order to achieve high voltage gain the leakage inductance of the 

transformers is relatively increased due to high number of winding turns. Consequently the switch is burdened with 

high voltage spikes across the switch at the turn off instant. Thus higher voltage rating switches are required. The 

design of high frequency transformers, coupled inductors or resonant components for these converters is relatively 

complex.  

 

Alternative step-up dc-dc converters without step-up transformers and coupled inductors where utilized. Moreover 

cascading diode- capacitor or diode-inductor modules, these kind of dc-dc converters provide not only high voltage 

gain but also simple and robust structures. The control methods for conventional dc-dc converters can easily adapt to 

them, for most of these cascaded structures the voltage stress on each individual switch and passive elements depends 

on the number of stages. 

 

A conventional boost converter and an n-stage diode-capacitor multiplier has the merit that  higher voltage gain can 

easily be obtained by adding the stages of the diode-capacitor multipliers without modifying the main switch circuit. In 

past few decades, high voltage dc power supplies have been widely applied to industries, science, medicine, military 

and especially in test equipment such as X-ray systems, dust filtering insulating test and electrostatic coating providing 
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the advantages of high voltage ratio, low voltage stress on the diodes and capacitors, compactness and cost efficiency 

the conventional Cockcroft-Walton (CW) voltage multiplier is very popular among high voltage dc applications. 

However the major drawback is that a high ripple voltage appears at the output when low frequency (50 or 60 Hz) 

utility sources used. This paper proposes a high step-up dc-dc converter based on CW voltage multiplier replacing the 

step-up transformer with the boost type structure. Thus the proposed converter is suitable for power conversion 

applications where high voltage gains are desired. 

 

II. DC-DC CONVERTER BASED ON CW VOLTAGE MULTIPLIER 

 

A. Constructional Features 

Multilevel inverters are in general uses high frequency switches to be The converter deploys four switches Sc1 and Sc2 

are used to generate an Alternating source to feed into the CW voltage multiplier and Sm1 and Sm2 are used to control 

the inductor energy to obtain a boost performance. The four switches operate at two independent frequencies, which 

provide coordination between output ripple and system efficiency.   

 
Fig. 1 Circuit diagram for 3 stage CW voltage multiplier 

 

The 3 stage CW voltage multiplier is supplied by a low level dc source, such as battery, PV module or fuel cell sources. 

The converter consist  of one boost inductor Ls, four switches (Sc1 , Sc2 and  Sm1,Sm2 ) ,and one n-stage CW voltage 

multiplier. Sm1( Sc1) and Sm2(Sc2) operate in complementary mode, and the operating frequencies of  Sm1( Sc1) are 

defined as ƒsm denoted as modulation frequency, ƒsc denoted as alternating frequency. Theoretically these two 

frequencies should be as high as possible, so that smaller inductor and capacitors can be used in the circuit. ƒsm is set 

much higher than ƒsc, and the output voltage is regulated controlling the duty cycle of  Sm1 and Sm2, while the output 

voltage ripple can be adjusted by ƒsc. The well known CW voltage multiplier is constructed by a cascade of stages with 
each stage containing two capacitors and two diodes. In an n-stage CW voltage multiplier, there are N( = 2n ) 

capacitors and N diodes . For convenience, both capacitors and diodes are divided into odd group and even group.  

 

B. Circuit operation 

1) The three stage CW voltage multiplier circuit elements are assumed to be ideal and there is no power loss in the 

system.  

2) When a high frequency periodic alternating current is fed into the CW circuit and all of the capacitors in the CW 

voltage multiplier are sufficiently large, the voltage drop and ripple of each capacitor voltage can be ignored under a 

reasonable load conditions. Thus the voltages across all the capacitors are equal, except the first capacitor which 

voltage is one half of the others. 

3) The proposed converter is operating in continuous conduction mode and in the steady state conditions. 

4) When the inductor transfers the storage energy to the CW circuit, only one of the diodes in CW circuit will be 

conducted. 

5) Some safe commutation states are ignored. 

 

For an n-stage CW voltage multiplier, the output voltage is equal to the total voltage of all even capacitors. 
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Under steady state conditions the voltage gain of the converter is given by  

                 Mv =Vo / Vin = 2n / (1-D) 

where  Mv =  Static voltage gain, n = number of stages, D = Duty cycle  

 

III. PROPOSED CONTROL STRATEGY FOR  HIGH STEP-UP DC-DC CONVERTER USING CW 

VOLTAGE MULTIPLIER 

 

A. Sliding mode control strategy 

It is a non linear control method that alters the dynamics of a non linear system by application of discontinuous control 

signal that forces the system to slide along a cross section of the systems normal behavior.  

    The state feedback control law is not a continuous function of time. Instead, it can switch from one continuous 

structure to another based on the current position in the state space. 

 
 

Fig. 2 Simulation diagram of Converter using sliding mode control 

 

Hence sliding mode control is a variable structure control method. The multiple control structures are designed so that 

trajectories always move towards an adjacent region with a different control structure, and so the ultimate trajectory 

will not exist entirely within one control structure. Instead it will slide along the boundaries of the control structure. 

 

The motion of the system as it slides along the boundaries is called a sliding mode and the geometrical locus consisting 

of the boundaries is called the sliding hyper surface. In the context of modern control theory, any variable structure 

system like a system under SMC (Sliding mode control) may be viewed as a special case of a hybrid dynamical system, 

as the system both flows through a continuous state space but also moves through different discrete control modes. 

 

Sliding mode control scheme involves 

1) Selection of a hyper surface or manifold ( Sliding surface – The system trajectory exhibits desirable behaviour when 

confined to this manifold) 

2) Finding feedback gain so that the system trajectory intersects and stays on the manifold. 

 

IV. SIMULATION RESULTS 

 

The Simulation diagram shown in figure 2 represents the proposed control strategy using Sliding mode control (SMC). 

Sc1 and Sc2 are used to generate the alternating voltage, Sm1 and Sm2 are used to control the inductor energy to obtain a 

boost performance. By sliding mode control fast dynamic response, improved performance and reduction in ripple 

content is obtained 
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Fig. 3 Simulated Output Voltage & Current waveform using  SMC control  

 

 
 

 Fig. 4 Output Voltage ripple using  existing Average current limit control   

 

 
 

Fig. 5 Reduced ripple  voltage  obtained employing by sliding mode control 

 

The system specifications for input dc voltage Vin = 54V and modulation frequency ƒsm = 60 KHz and ƒsc = 1 KHz 
with resistive load = 1KΩ for n = 3 stages have been furnished in figure 2 and the resulting waveforms can be referred 
in figure 3. 

 

Figure 4 and 5 represent the ripple voltages employing Average current limit control and Sliding mode control 

respectively. 
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V. CONCLUSION 

 

 In this paper a high step-up dc-dc converter based on CW voltage multiplier without a line or high frequency stepup 

transformer was presented to obtain a high voltage gain. Since the voltage stess on the active switches, diodes and 

capacitors is not affected by the number of cascaded stages, power components with same voltage ratings can be 

selected.The proposed converter provides high voltage gain with improved performance and fast response with reduced 

ripple content. The simulation results has proved the feasibility of the proposed control strategy employed. 
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