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Abstract 

In this project, generation of high voltage DC up to 5KV using Cockcroft- Walton voltage multiplier for study is planned. We 

constructed a prototype of high DC voltage power supply based on design, simulation and implementation of hardware in 

laboratory. In this project firstly we done simulation and found the required parameter, waveforms and result observation. And we 

implemented hardware in high voltage laboratory for the experimental purpose. A simple voltage multiplier circuit using diode 

and capacitor is proposed for the isolation testing of cable and the working of air ionizer which required high voltage DC supply. 

Also we done cable isolation testing. The AC voltage was given to the CWVM circuit and forms the DC voltage then it was 

multiplied by using modified CWVM circuit. The circuit output voltage were DC voltage form. It was realized 8 stage of DC high 

voltage multiplier where it was yielded 5KV DC from the input 230V, 50 Hz ac supply. The result hopefully can be fulfilled the 

theory of the CWVM which is generate high DC voltage with low current.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

High voltage D.C. power supply is widely used in research work (especially in field of applied physics) and in industry level the 

main application of high voltage DC Power supply is in proof design of high voltage cables, relatively large capacitive load, which 

draws high current if it is tested with A.C. high voltage power frequency of sinusoidal waveform instead of d.c. voltage. High 

voltages are generated for dielectric testing of high voltage equipments at power frequency A.C. / D.C. switching surge voltage 

and lightning impulse voltages. For dielectric testing of high voltage equipments, voltages are increased up to several million volts 

but currents are decreased to few milliamps & maximum of one ampere for A.C. /D.C. high voltage test sets. There are several 

application of D.C. high voltage, in the field of electrical engineering and applied physics such as electron microscope, X-Rays, 

electrostatic precipitators, particles accelerator in nuclear physics , dielectric testing and so on. The high voltage equipments are 

used to study the dielectric behaviors under all conditions which the equipments/apparatus are likely to encounter. The tests are 

conducted with voltage higher than the normal working voltage to find out the safety factors over the working conditions and to 

ensure that the working margin is neither too high nor too low. In this paper, the main emphasis has been given up at the first stage 

on design, simulation and development of high voltage D.C. power supply. At the second stage, the D.C. power supply is 

constructed based on hardware implementation which can be utilized for various applications. At the first stage of this work is to 

study voltage doublers circuit and Cockcroft-Walton voltage multiplier circuits and to simulate the circuit for designed value of 

D.C. output voltage. And finally, prototype hardware (assembly of components) is constructed in laboratory at the output D.C. 

Voltage of 5KV based on Cockcroft-Walton voltage multiplier circuit. The main components are used for construction of high 

voltage D.C. power supply, are epoxy molded single phase 230V A.C. power supply, diodes and capacitors. The different voltage 

can be taken out through tapping at every stage of C.W voltage multiplier circuit. This test set will be friendly user in industries 

for field testing as well as in laboratory.  

High Voltage Engineering is very important subject to deal in curricula designed by AICTE and other technical community to 

be studied in graduate and postgraduate level. Since the installation and handling of high voltage laboratory require high investment 

including the skilled personnel to handle it. In this paper low cost circuit design is presented which can be experimented in 

laboratory. As due high applicability and reduced loss level high voltage study now not out of reach of educational laboratory. In 

addition, as high voltage becoming popular in research field, basic development in study is required. The advantage of this set is 

low cost, high reliability, portability and simple control. 
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II. COCKCROFT WALTON VOLTAGE MULTIPLIER 

In 1932 Cockcroft-Walton suggested and improvements over the circuit developed by Greinacher for generation of high DC 

voltage. Fig.1 below shows multi stage single phase circuit of Cockcroft-Walton type. The Cockcroft-Walton is a voltage multiplier 

that converts AC or pulsing DC electrical power from a low voltage level to a higher DC voltage level. It is made up of a voltage 

multiplier ladder network of capacitors and diodes to generate high voltages. Unlike transformers, this method eliminates the 

requirement for the heavy core and the bulk of insulation/potting required. Using only capacitors and diode in cascading network 

these voltage multipliers can step up relatively low voltages to extremely high values, while at the same time being far lighter and 

cheaper than transformers. 

 
Fig. 1: Circuit Diagram of –ve Half Cycle of C-WVM 

 
Fig. 2: Circuit Diagram of +ve Half Cycle of C-WVM 

Where, 

C1,C2,C3……Cn =  Capacitor, 

D1,D2,D3……Dn =  Diode 

The advantages of Cockcroft-Walton Multiplier circuit are low in cost, small in size and can be easy to insulate the circuit. 

Another advantage of voltage of multiplier circuit is its peak to peak voltage at each stage will be double. 

 Working of Cockcroft Walton Voltage Multiplier Circuit 

 During negative half cycle, D1 is in forward bias and D2 is in reverse bias so capacitor C1 is charged through diode D1 to 

Vmax (via path NA’M). 

 During positive half cycle, D2 is in forward bias and D1 is in reverse bias so that Vmax add arithmetically exiting potential 

C1, thus capacitor C2 is charged through diode D2 to 2Vmax (via path MA’AN). 

 Again negative half cycle, C3 is charged 2Vmax through Diode D3. 

 Again positive half cycle, C4 is charge diode D4 to 4Vmax. 

 Repeat these process again and again which stage you required. 

 The voltage across the column of capacitors consisting of C1, C3, C5, C7, C9, C11, C13, C15 keeps on oscillating as supply 

voltage alternates. Therefore, this column is known as oscillating column. However, the voltage across C2, C4, C6, C8, C10, 

C12, C14, C16 remains constants and it is known as smoothening column. The voltage at A, B, C, D, E, F, G and  H are 

2Vmax, 4Vmax, 6Vmax., 8Vmax, 10Vmax,  12Vmax, 14Vmax,  16 Vmax  Therefore voltage across all the capacitors is 2V 

max, except for C1 where it is Vmax only. The total output voltage will be 2nVmax where n is the number of stages. Thus, 

the multistage arranged in manner above enables to obtain very high voltage. The equal stress of elements (diodes and 

capacitors) used is very helpful and promotes a modular design of such generators. 

III. DESIGN OF MULTIPLIER CIRCUIT 

 Capacitor Selection 

The size of capacitors used in multiplier circuit is directly proportional to the frequency of input signal. Capacitor used in off line,. 

The voltage rating of capacitor is determined by the type of multiplier circuit. The capacitor must be capable of withstanding a 

maximum voltage depending upon the no’s of stages used. A good thumb rule is to select capacitor whose voltage rating is 
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approximately twice that of actual peak applied voltage. For example a capacitor which will see a peak voltage of 2Em should 

have a voltage rating of approximately 4Em. 

 Diode Selection 

Prior to selection of diode basic device parameter must be considered. 

 Repetitive Peak Reverse Voltage 

Repetitive peak inverse voltage is the maximum instantaneous value of reverse voltage across the diode. Applied reverse voltage 

below this maximum value will produce only negligible leakage current through the device where as voltage in excess of the 

maximum value can cause circuit malfunction and even permanent component damage because sufficient leakage current will flow 

through the device 

 Frequency of Input Signal 

While selecting rectifier diode, the frequency of input signal to multiplier circuit must be taken into account. For symmetrical input 

signals, the device chosen must be capable of switching at speed faster than the rise and fall times of the input. If the reverse 

recovery time is too long the efficiency and regulation of the device will suffer. In the worst case, insufficient recovery speed will 

result in accessing heating of device. And in this case permanent damage of device will take place. The reverse recovery time is 

very dependent upon the circuit and the condition being used to make the measurement 

 Peak forward surge current (Ifsm) 

Peak forward surge current rating is given for most of rectifier diodes. This rating corresponds to the maximum peak value of 

single half sine wave which, when superimposed on the devices rated load current can be conducted without damaging of rectifier.  

Rs= Vpeak / Ifsm. 

For example: maximum supplied voltage VRMS = 230 volts,  

Then Vpeak = 1.414×230V 

Rs= 1.414×230 /200=1.6261 Ohm, 

Ifsm = Forward surge current rating of diode=200 Amp. 

 Forward Current (I0) 

As sited earlier that, ideal multiplier circuit, the load will draw no current. Ideally significant current flow through the rectifier 

occurs during capacitor charging. Therefore, device with very low current rating (100mA) and in case of cable it comes to micro 

amperes can be used. It must be noted that forward current and forward surge current rating are related. 

 Forward voltage (Vf) 

In practice the forward voltage drop Vf of the rectifier does not have significant effect on multiplier networks overall efficiency.  

Voltage drop = No. of stages * Forward voltage / Output voltage in kV 

IV. SIMULATION 

The simulation work of CWVM of 2 stage has been done by using MATLAB software. Following fig shows the circuit diagram 

and waveform in result. 

 
Fig. 3: Circuit Diagram of CWVM of 8 Stage 
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Fig. 4: Vmax (324.56V DC output voltage) 

 
Fig. 5: Stage 2(648.9V DC output voltage) 

 
Fig. 6: Stage 3(1298V DC output voltage) 

 
Fig. 7: Stage 4(1945V DC output voltage) 
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Fig. 8: Stage 5(2594V DC output voltage) 

 
Fig. 9: Stage 6(3242V DC output voltage) 

 
Fig. 10: Stage 7(4539V DC output voltage) 

 
Fig. 11: Stage 8(5192V DC output voltage) 
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In these simulation, we used rating of capacitor is 470nf (for 1st 2 Stage), 100nf (for 2nd 2 Stage), 47nf (for 3rd 2 Stage), 22nf (for 

4th 2 Stage), and Diode (IN5408). In which output value of first stage is 648.4V (DC) & Second stage is 1297V (DC), Third stage 

is 1945V (DC), fourth stage is 2594V (DC), fifth stage is 3242V (DC), Sixth stage is 3891V (DC), Seventh stage is 4539V (DC) 

and eighth stage is 5192V (DC). Thus, we simulated the CWVM. 

V. RIPPLE VOLTAGE 

Whenever high voltage generating circuit are loaded, a fluctuation in the output DC voltage ∂V appears, which depends on the 

supply voltage frequency is known as ripple. 

Ripple of the n-stage multiplier will be,  

δV=
I

f
(

1

Cn
+

2

Cn−1
+. . …

n

C1
) 

From equation (1) it is clear that, multistage circuit the lowest capacitors are responsible for most ripple and it is, therefore, 

desirable to increase the capacitance in the lower stages.  

Therefore, capacitors of equal value are used in practical circuits i.e., Cn = Cn – 1 = ... C1 = C and the ripple is given as,  

δV= 
I

fC
 
n(n+1)

2
 

The second quantity to be evaluated is the voltage drop ΔV which is the difference between the theoretical no load voltage 

2nVmax and the on load voltage.  

Voltage drop ΔV = (I/fc) (2/3 n³ + n²/2-n/6), 

Regulation of voltage = V/2nEm. 

VI. EXPERIMENTAL (HARDWARE) SET UP 

We make a prototype and also testing isolation of cable which experimental (Hardware) set up are given below: 

 
Fig. 12: Prototype of CWVM 

In these experiment (Hardware), we used main hardware component and their rating are given below: 

 Polyester Capacitor 

 470nF  (voltage= 1000V) 

 100nF  (voltage= 1000V) 

 47nF   (voltage= 1000V) 

 22nF  (voltage= 1000V) 

 Potential Divider (Resistance): 2.2MΩ 

 Digital Multi-meter 

 PCB Epoxy Glass 

 Ionizer equipment 

 Diode Type: IN-5408  

 Repetitive Peak Reverse voltage :1000V 

 RMS Reverse Voltage: 700 V 

 Forward Current: 3.0 A 
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 Peak forward Surge Current : 200A   

 Forward Voltage: 1V   

VII. CONCLUSION 

In these paper, we designed, accomplished a simulation of waveform in MATLAB and implemented prototype for the laboratory 

purpose. Generation of High DC voltage at laboratory up to 5KV is designed, simulated and implemented and also testing the 

isolation of cable under 5KV for laboratory level. Size of complete high voltage Cockcroft Walton multiplier circuit is small and 

cost is also less. This small size circuit gives high voltage at the end of multiplier circuit. Because of the light weighted circuit it is 

portable it gives high reliability. Construction of whole circuit is simple and robust in nature. We are used this circuit for air ionizer 

to remove smoke from atmosphere. This multiplier circuit is useful for a scientific instrument, TV sets and CRTs, Oscilloscope, 

x-ray and photomultiplier tubes and field testing of HV cables. 
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