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lon beams extracted from radio-frequency (RF) discharge ion sources are used in various fields,
such as particle physics, semiconductor microfabrication, and medical applications. However,
oscillations in the beam intensity due to the RF discharge have been observed, and the oscillations
make the beam convergence poor. To improve beam convergence, it is necessary to understand
the physical mechanism of beam oscillations by numerical analysis of the whole ion source plasma
including the plasma generation region and the beam extraction region.

Conventionally, a particle model using the particle-in-cell (PIC) method, which can solve the
potential structure generated by the plasma, has been used for the numerical analysis of beam
extraction. However, if its simulation region is extended to the whole ion source, a huge calculation
cost becomes a problem. Therefore, this study aims to develop an integrated model that uses a
PIC model for the beam extraction region and a fluid model for the plasma generation region. In
this study, as a first step of model development, a zero-dimensional model, which is derived by
averaging the plasma fluid equations in the whole plasma generation region, was developed.

The analysis using this model showed the time variation of plasma resistance, plasma impedance
and the resultant input power to the plasma due to RF heating. However, the oscillation in the
plasma density was not large enough to affect the beam convergence. One of the possible
reasons is the effect of spatial averaging in the model.

To check this result, a three-dimensional electromagnetic PIC model that solves the
electromagnetic field generated by the external coil and plasma was introduced, and numerical
analysis was performed. The density did not oscillate much because the plasma generated near
the coil gradually transported to the extraction region. On the other hand, the temperature
oscillation was observed in the whole region in response to RF heating, with an amplitude of about
10%.

These analyses showed that it is difficult to perform a sufficient analysis by coupling the 0D model
with the PIC model. Therefore, the numerical model for the plasma generation region is changed to
the electromagnetic PIC model and will be extended to the extraction region.
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Development of Integrated Simulation Model for lon Source Plasmas
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2. MAKRREEOHE (F:R)
lon beams extracted from radio-frequency (RF) discharge ion sources are used in various fields, such as particle
physics, semiconductor microfabrication, and medical applications. However, oscillations in the beam intensity
due to the RF discharge have been observed, and the oscillations make the beam convergence poor. To
improve beam convergence, it is necessary to understand the physical mechanism of beam oscillations by,
numerical analysis of the whole ion source plasma including the plasma generation region and the beam
extraction region.
Conventionally, a particle model using the particle-in-cell (PIC) method, which can solve the potential structure
generated by the plasma, has been used for the numerical analysis of beam extraction. However, if its
simulation region is extended to the whole ion source, a huge calculation cost becomes a problem. Therefore,
this study aims to develop an integrated model that uses a PIC model for the beam extraction region and a fluid
model for the plasma generation region. In this study, as a first step of model development, a zero-dimensional
model, which is derived by averaging the plasma fluid equations in the whole plasma generation region, was
developed.
The analysis using this model showed the time variation of plasma resistance, plasma impedance and the
resultant input power to the plasma due to RF heating. However, the oscillation in the plasma density was not
large enough to affect the beam convergence. One of the possible reasons is the effect of spatial averaging in
the model.
To check this result, a three-dimensional electromagnetic PIC model that solves the electromagnetic field
generated by the external coil and plasma was introduced, and numerical analysis was performed. The density
did not oscillate much because the plasma generated near the coil gradually transported to the extraction
region. On the other hand, the temperature oscillation was observed in the whole region in response to RF
heating, with an amplitude of about 10%.
These analyses showed that it is difficult to perform a sufficient analysis by coupling the OD model with the PIC
model. Therefore, the numerical model for the plasma generation region is changed to the electromagnetic PIC
model and will be extended to the extraction region.
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