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ABSTRACT

This paper approaches a design and simulation of a high voltage Cockcroft Walton multiplier and a compact
size deuteron accelerator addressed in neutron generation by d-t fusion. We proposed a circuit arrangement,
which was led to simulations. The particle accelerator was computer-generated providing particle transport and
electric potential analysis. As results, the simulated voltage multiplier achieved 119 kV, and the accelerator
presented a deuteron beam current up to 15 mA, achieving energies in order to 100 keV. In conclusion, the
simulation motivates experimental essays in order to investigate the viability of a deuteron accelerator powered
by a Cockcroft-Walton source. Such d-t fusor shall produce an interesting ion beam profile, reaching energy
values near the d-t fusion cross section peak.

1. INTRODUCTION

Cockcroft-Walton is a voltage multiplier developed by Greinacher [1] that was enhanced by
Cockcroft and Walton [2] intending to produce high-energy positive ion beams. This
generator is an electric circuit consisting of a cascading network of capacitors and diodes to
generate high DC voltage from a low voltage AC or pulsing DC input. It was named after the
John Douglas Cockcroft and Ernest Thomas Sinton Walton used to power their particle
accelerator, performing the first artificial nuclear disintegration in history. Cockcroft-Walton
circuits are used in particle accelerators, but also in many electronic devices that require high
voltages, such as laser systems, CRT tubes, LCD backlighting, power supplies, X-ray
systems, travelling wave tubes, ion pumps, electrostatic systems, air ionizers, copy machines,
oscilloscopes, and many other applications. A baseline circuit is presented in Figure 1.

Figure 1. Cascade Cockcroft-Walton circuit.

mailto:wagnerleite@ufmg.br
mailto:campos@nuclear.ufmg.br


INAC 2011, Belo Horizonte, MG, Brazil.

The multiplier operation process is very simple. At a time when the AC input reaches its
negative pole of the right diode, it allows current to flow from ground to the first capacitor,
charging it. When the AC voltage reverses the polarity, current flows through the second
diode charging the second capacitor with the positive end of the AC source and the first
capacitor. Thus, the second capacitor reaches twice the load acquired by the first. At each
change in input source polarity, the capacitors add charge and increase the voltage level of
subsequently capacitors. The circuit voltage increasing, assuming no load or dissipation, is
twice the input voltage (V0) multiplied by the number of stages (n).

Figure 2. Reproduction of the voltage drop V0 and
the ripple  on a loaded circuit.

In practice applications the multiplier drains charge. Therefore the generator supplies load
current and the voltage will never reach the value 2nV0.  There will  also be a ripple ( ) on
the voltage, and hence two quantities must be considered: the voltage drop V0 and the peak-
to-peak ripple V, which are shown in Figure 2. The ripple can be obtained through equation
1, and the maximum voltage (V0 Max) is provided by equation 2, assuming a number of stages
greater than four [3].
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A Cockcroft-Walton could supply voltage to power a particle accelerator like small size
neutron generators. These devices are composed by compact accelerators that produce
neutrons through fusion between hydrogen isotopes. Those reactions takes place in neutron
generators by means of acceleration of deuterons (d) or tritons (t), or a mixture of the both,
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towards a hybrid target of metal composed of deuterium, tritium or a mixture of two. The
nuclear reaction occurs on the target which provides fast neutrons [4]. Some relevant
applications and concepts of neutron generators are provided by reference 5.

The goal of this paper is to design and simulate a Cockcroft-Walton generator to produce up
to 100 kV with an input voltage of 10 kV with frequency of 5 kHz, as well as to simulate
electric and potential fields on a compact deuteron accelerator based on t-d reaction
nourished by a Cockcroft-Walton generator.

2. METHODS AND RESULTS

2.1. Cockcroft-Walton Circuit

The Powersim code (version 9.0) [6] was applied to simulate the cascade circuit. A diagram
describing the multi-stages circuit is shown in Figure 3. The circuit parameters are presented
in Table 1. A current source was defined in parallel with voltage meter for simulating the
circuit under load, like shown in Figure 3. The load current was varied (1 mA, 10 mA, and 20
mA) to investigate the ripples and to compare with the analytical equations.

Figure 3. Circuit diagram of a multi-stage
Cockcroft-Walton used on the simulation.

Table 1. Circuit parameters

Element Value
Capacitance 2 F
Frequency 5 kHz
Stages 6

Figure 4 provides the voltage versus time displaying the capacitors charging until the
maximum value of about 120 kV. Curves of the three load current presents similar behavior;
however, the voltage dropping increases with the growth of the load current, as presented in
equation 2. The ripples are shown in Figures 5, 6 and 7, for drained current of 1, 10 and 20
mA, respectively.



INAC 2011, Belo Horizonte, MG, Brazil.

Figure 4. Voltage (V) versus time.

Figure 5. Voltage (V) versus time, ripples for 1 mA of load current.

Table 2. Simulation and analytical equation assessments

Load current sim. (V) V0 Max. sim. (V) calc. (V) V0 Max. calc. (V)
1 mA 2.43 119969.59 1.05 119997.95

10 mA 11.54 119831.24 10.05 119979.90
20 mA 21.97 119677.95 21.10 119959.80

                 * sim.: simulated, calc.: calculated.
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Figure 6. Voltage (V) versus time, ripples for 10
mA of load current.

Figure 7. Ripples (20 mA of load current).

Table 2 shows the ripples found on the simulation of the 1, 10 and 20 mA load current. At the
1 mA, there is a discrepancy, between ripples provided by simulation and analytical
equations assessments, greater than 50%. The ripples from simulations at the load currents of
10 mA and 20 mA reveal deviations of 13 and 4%. The value of maximum voltage deviations
was significantly small, 0.02% for the current load of 1 mA, 0.12% for the current of 10 mA
and 0.23% for the current of 20 mA.

2.1. Accelerator System

Here the adopted  nomenclatures are: plasma electrode (EP), suppressor electrode
(SE), ground electrode (GND) and target (TG). Electrode configuration on the particle
accelerator is provided by the modeling and results presented in reference 7, which allows set
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the position of GND in relation to the PE. The positioning of the SE was obtained after an
exhaustive set of parameters in simulations, correcting the geometry for optimizing a high
quality beam profile. CST code [8] was used to design and simulate the device. Figure 8
describes the final configuration. The potentials applied on the electrodes are presented in
Table 3.

Figure 8. Deuteron accelerator. From left to right:
EP, SE, GND, and TG.

Table 3. Potentials in the electrodes

Electrodes Potentials (kV)
PE 20
SE -0.8
TG -83

Figure 9. Equipotential lines in the accelerator.
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The behavior of the electric field can be depicted by equipotential lines in order to illustrate
its conduct. The potential distribution diagnosis inside the housing of the accelerator is
presented in the Figure 9. It is observed that the electric field is slightly divergent in the
extraction system. Thus, it becomes almost parallel and, subsequently, the field assumes a
convergent profile as it approaches to the target. Figure 10 shows the deuteron beam in
tracking and energy profile. Collisions with the intermediate electrodes were not diagnosed.
The final deuteron current reaches 15.69 mA.

Figure 10. Deuteron beam profile.

3. CONCLUSIONS

A 6 stages cascade generator with input voltage of 10 kV and frequency of 5 kHz can be
employed with relative simplicity to obtain voltages of about 120 kV. In this case, there is an
imminent drop in voltage due to load current that determines, proportionally, the amplitude of
the ripples. The voltage drops provided by simulation and calculation showed less than 1%
discrepancy in the evaluation of different current drained. A voltage of 100 kV, with
magnitude of about 20 kV less than the maximum capacity of the generator, was applied to
feed the deuteron accelerator. The present simulations show that the accelerator with the
parameters and geometry given in this paper can produce a good quality beam with energy
greater than 100 keV, at the cross section peak for d-t fusion. Also, a Cockcroft-Walton
system can power a neutron generator based on d-t reaction. Results presented here motivate
the conduction of experimental trials, which can be held in the near future.
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