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Abstract

Industrial accelerators are utilized in a variety of fields, including semiconductor manufacturing and medicine. In recent
years, there has been an increasing need to enhance the irradiation throughput of industrial accelerators. To address this
need, development of high-current ion sources is required. We have developed a 2.45 GHz off-resonance 100 mA-class
microwave discharge ion source for proton beam that can be integrated into an industrial accelerator. The plasma chamber
and the matching transformer, which matches the impedance between the waveguide and the plasma chamber, were
designed using analytical methods and the finite element method. The beam extraction system, which consists of three
single-hole electrodes operating in acceleration and deceleration modes, was designed using beam orbit calculations that
take into account space-charge effect. A prototype of the ion source has been fabricated and beam tests have been
performed. The target beam current of 120 mA was successfully achieved, and a stable beam was extracted for a duration

of 30 minutes.
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Table 1: Target Performance of the lon Source

Ton species H*
Extraction voltage 45 kV
Beam current 120 mA <
Operation mode CW
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Figure 1: Overview of the designed microwave discharge
ion source.
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Figure 2: MW electric field simulation of a plasma
chamber and a matching transformer.
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Figure 3: Magnetic field simulation of the plasma
chamber.
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Figure 4: Beam extraction simulation.
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dependence of beam current.
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Figure 6: Microwave power dependence of beam current
by coil-to-coil distance.
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Figure 7: Stability of beam current.
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