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Abstract

A tapered solenoid electromagnet was developed to efficiently focus plasma generated in a laser ion source (LIS). The
objective is to improve beam generation efficiency from the plasma to achieve microampere-class beam currents for ion
implantation in materials development, even with a low-energy laser. The solenoid was designed to produce a magnetic
field of several thousand gauss within the limited space of the vacuum chamber, sufficient for focusing plasmas up to
titanium. Three coil winding configurations were evaluated through magnetic field calculations, and the optimal design
was selected based on field strength and cooling performance. The fabricated solenoid, consisting of ten stacked coils
using hollow conductors, achieved a maximum magnetic field of 3750 G at an excitation current of 232.5 A. These results
demonstrate the successful realization of a tapered solenoid electromagnet capable of generating the magnetic field
strength required for focusing plasmas up to titanium within the spatial constraints of the LIS chamber.
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Figure 1: The TIARA laser ion source chamber.
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Figure 2: (Top) Simulation of Ti plasma focusing using
tapered and linear solenoids. (Bottom) Axial magnetic flux
density distribution perpendicular to the target surface.
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Figure 3. Coil winding configurations (Design 1-3) with
hollow conductor indicated by color (orange: 3.5%6.4 mm,
t=1 mm, green: 55 mm, t=1 mm ).
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Figure 4: Central magnetic flux density versus solenoid
number under a 30°C temperature rise condition for each
design (Design 1: 141 A, Design 2: 233 A, Design 3:
193 A).
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Figure 5: Fabrication process of the tapered solenoid coil:
(a) Stacked configuration of 10 solenoid coils. (b) After

epoxy impregnation with current electrodes and
temperature sensors. (c) Final assembly with water-cooling
fittings.
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