
 

  
Abstract— A new method of controlling high DC voltage based 

on Cockcroft Walton Voltage Multiplier circuit by using digital 
controller is presented. The digital controller is developed using 
Complex Programmable Logic Devices (CPLD). The proposed 
system utilizes a single-phase AC as an input supply. The power 
switching devices in the controlled bridge are controlled by the 
multiple-pulse Pulse Width Modulation (PWM) switching 
technique so as to minimize the low order harmonic present on 
the AC side of the converter system. A low pass filter is 
incorporated in the circuit to filter out unwanted harmonics and 
to give a sinusoidal AC current. A high frequency transformer 
with 1:1 ratio is incorporated in the design to provide galvanic 
isolation for better circuit performance and protection. The 
optimum operation of transformer core in four quadrant of B-H 
curve is also considered in the proposed converter topology. The 
laboratory model of the converter is developed and tested. The 
experimental result is compared with the simulation result. 
 

Index Terms— Cockcroft Walton, Complex Programmable 
Logic Devices (CPLD), and Pulse Width Modulation (PWM) 
 

I. INTRODUCTION 
HE demand from physicists for very high DC voltage 
forced the improvement of rectifying circuit quite early. It 

is obvious that every multiplier circuit in which transformer, 
rectifiers and capacitor unit have only to withstand a fraction 
of the total output voltage will have great advantages. Today 
they are many standard cascade circuits available for the 
conversion of modest AC to high DC voltage. However this 
project only treated on Cockcroft-Walton type.  
    Conventionally, multi-stage power conversion with AC-
DC-AC-DC is used to generate a high DC voltage. This 
technique does not require a sophisticated controller to control 
the operation. However, due to the inherent characteristics of a 
multi-stage system, it requires more components. The lower 
orders of harmonics are dominant in the uncontrolled bridge 
topology and require a large LC filter size to minimize these 
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effects. A low-power active filter can also be used to control 
the harmonic current, but at some additional cost. The high 
DC voltage can also be generated using a simple AC-DC 
topology, which consists of a high ratio of a step-up 
transformer but requires a large size of transformer. Although 
the topology is simple, the harmonic current generated is 
uncontrollable [1] 
    High direct voltages are required for several type of 
dielectric diagnosis test, usually formed on non-destructive 
tests, on insulation structure, as well as for research and high 
voltage effects under DC [2]. 
    There is a few methods to control the output of the 
Cockcroft Walton circuit such as varying the modulation 
index of the switching pulses, frequency of the input voltage, 
varying the duty cycle of the switching pulses and etc. These 
control technique can be done by using analog and digital 
method. This paper concentrates only in varying the 
modulation index (varying the width of switching pulses either 
wide or narrow) by using digital control method. The 
switching method is by using PWM switching technique. This 
is done by using Xilinx Foundation Series software and then 
downloads it into XC95108 chip.  
 

II. SYSTEM CONFIGURATION 

The principle of operation of the Cockcroft Walton is based 
on built-up energy in the inductor winding during switch-on. 
During the positive cycle, M1 and M2 are switched on.  

 

 

 

 

 

 

 

 

This will charge the coupling transformer and operate the 
transformer core in the first quadrant of B-H curve. While 
during the negative cycle M3 and M4 need to turn on and this 
will operates the transformer in the third quadrant of B-H 
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Fig.1. The proposed converter circuit 



 

curve. Hence, this will fully utilized the transformer B-H 
curve. Consequently, more power can be delivered to the 
secondary circuit. The energy from the transformer is 
transferred into the capacitor and load during both switching 
cycle. The rate of energy transferred is determined from the 
percentage of duty cycle which controlled by the modulation 
index. More energy will be transferred to the capacitor at 
higher modulation index and thus a higher DC voltage will be 
produce [3]. The proposed converter circuit is shown in Figure 
1 which consists of a low pass LC filter with resistor damper 
R, four IGBTs (M1, M2, M3 and M4) of type BUP314, 
snubber circuit Cs and Rs, eight fast switching diodes (D1 
until D8) of type RHRP30120 and a high-frequency 
transformer with 20 turns on both sides. 

During the positive cycle, the current flows from AC 
source-filter-D2-MA-D3-M1-transformer-M2-D8-MB-D5 and 
back to supply. During this time, the coupling transformer 
charging up and operate the transformer core in the first 
quadrant of B-H curve as shown in Fig. 2.  

 

 
Fig. 1: Positive flow 
 

 
Fig. 2: Negative flow 

 
During negative cycle the current flows from AC source 

through D6-MB-D7-M3-transformer-M4-D4-MA-D1 and 
back to AC supply. This operates the transformer in the third 
quadrant of B-H curve, thus fully utilizing the transformer 
magnetizing cycle. Consequently, more power can be 
delivered to the secondary circuit. The energy from the 
transformer is transferred into the capacitor and load during 
both switching cycles. The rate of energy transfer is 
determined from the percentage duty cycle of the pulses. More 
energy will be transferred to the capacitor at higher 
modulation index and thus a higher DC voltage will be 
produce [3-4].  

II. SWITCHIN STRATEGIES 
SPWM is a well known as wave shaping technique in 

power electronics converter system. For realizing SPWM, a 
high frequency triangular carrier signal, VC, is compared with 
a sinusoidal reference signal, VR, of the desired frequency, and 
the crossover points are used to determine the switching 
instants. When sinusoidal signal has magnitude higher than or 
equal to the triangular signal the comparator output is high, 
otherwise it is low as shown in Figure 4. 

 
 

 
Fig. 4. SPWM Generation 

 
The counter output (carrier signal) is compared with the set 

external data and a PWM signal for triggering M1 and M2 is 
generated. To generate triggering pulses for MA and MB, the 
output from comparator B and A is combined using OR gate 
and the result is shown in Figure5. 

 

 
Fig.5. Experimental result of IGBT triggering pulse of 20 kHz carrier 
frequency at modulation index 0.5 
(scale Y: 2.5V/div, scale X: 5ms/div) 

III. COCKCROFT-WALTON 
The Cockcroft-Walton circuit is a voltage booster circuit 

with an array of series-connected diodes and capacitors as 
shown in Figure 6. When a reference voltage is applied to this 
circuit, voltage potentials are boosted depend on the number 
of stages used (multiplied by integer). This circuit delivers 
good linearity in both DC and pulsed currents while 
maintaining low power consumption and allow compact 
circuit design. [5]. 

M1 and M2  

M3 and M4  

MA and MB  



 

 

 
 

Fig.6. Cockcroft Walton circuit 
 

    The principle operation of the converter is as follows. 
Referring to Figure 6, capacitor C1 charged in the direction 
shown in the negative half cycle to the maximum value of the 
AC supply via diode D1. During the positive half cycle, the 
charge on capacitor C1 aids the AC supply, so that the 
capacitor C2 is charged twice the maximum supply voltage. 
The same is repeated at the next stage of the cascaded 
capacitors and diodes. In practice, with load and volt-drops, 
the value will be reduced [6-8].  

Due to the configuration of the converter (refer Figure 1) 
and the switching technique (refer Figure 4), the current will 
charge and discharge the transformer such that the output 
increases rapidly producing a high DC voltage.  

IV. SIMULATION AND EXPERIMENTAL RESULTS 
PSpice simulation software was used to simulate the circuit 

prior to implementation, while the laboratory model of the 
proposed converter is developed using components below. 
The carrier frequency was set to 20 kHz. The display 
measurement was obtained by means of TDS-210 oscilloscope 
from Textronix. The converter has been tested with following 
parameters: 

Input voltage VL = 15V 
Modulation index = 0.1 to 0.9 
Load = 2MΩ 
Input filter parameter, L = 2mH, C = 2uF (AC) 

The voltage gain ratio obtained linearly increases as the 
modulation index increases as shown in Figure 7. Voltage gain 
can reach up to 100. The voltage gain ratio is defined as the 
ratio of DC output voltage to the phase rms input voltage.  

 
 
 
 
 
 
 

 
 
Fig.7.Effect of modulation index on the voltage gain ratio 

V. HARMONIC REDUCTION 
The switching action of the rectifying device inevitably 

results in non-sinusoidal current being drawn from the AC 
supply system. In essence, the AC supply delivers a sinusoidal 
voltage with power flow relating only to the fundamental 
(mains) frequency. The load then converts some of this power 
to higher frequencies, and transmits harmonic power back into 
the supply system. Hence a rectifying load acts in part as a 
harmonic generator. Figure 9 shows the experimental and 
simulation results of input supply current before filtering, 
while Figure 10 is input current waveform after filtering where 
the unwanted harmonic is eliminated. 

 

 

 
Fig. 9. Input current waveform before filtering. a) Experimental result (b) 
Simulation result (scale Y: 5A/div, scale X: 4ms/div)  
 



 

 

 
Fig.10. Input current waveform after filtering. a) Experimental result (b) 
Simulation result (scale Y: 1A/div, scale X: 4ms/div) 

VI. CONCLUSION 
The performance of single-phase single-stage high DC 

voltage multiplier circuit has been demonstrated. The pulse 
width modulation technique used for switching the IGBTs 
shows that it can improve the quality of AC current injected 
back to the utility supply with less low order harmonics. The 
results also demonstrate that with a 1:1 transformer ratio, the 
voltage gain of Cockcroft Walton with four stages can be 
boost up to 100. The DC output voltage is regulated externally 
using a modulation index. By using Xilinx CPLD to produce 
PWM signal it provides a convenient way to vary the width of 
PWM and regulate the output of high DC voltage. 
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