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Reducing the size, weight and power (SWAP) of ion accelerators is one of the driving forces in developing
new accelerators for applications in research and industry. We recently demonstrated a novel multi-beamlet
ion accelerator [1] formed from stacks of wafers (PC board in the first demonstrations) and fabricated using
microfabrication approaches. The concept of this microelectron-
mechanical-system (MEMS)-based RF structure is based on the earlier work of by Maschke [2] on the Mul-
tiple Electrostatic Quadrupole Array Linear Accelerators (MEQALAC). Alternating gradient quadrupoles are
placed between acceleration units to form the accelerator. An initial matching unit consisting of six elec-
trostatic quadrupoles (ESQ), manufactured by 3D-printing, is used to tune the beam envelope parameters
including the effect of space charge and emittance before injecting the ions into the RF structure. The ions
are then accelerated in subsequent RF gaps, powered by a high-Q, on-chip LC circuit. More ESQs are inserted
between RF units to focus the beam transversely along the beam line.
In the proof-of-principle experiment, a filament-discharge multi-cusp ion source [3] with a 3×3 array of ex-
traction apertures was used to generate the injected ion beams, e.g. Ar+, He+ or H+. The inner diameter of
the ion source chamber is 7.5 cm. With fourteen permanent cusp magnets along the chamber wall, the uni-
form plasma region is approximately 3 cm in diameter. The total deliverable current can be easily scaled up
by increasing the number of beamlets extracted from a larger uniform plasma area. For example, to achieve
300 mA total beam current, considering beamlet fill factor of ~10% packing density (e.g. 1 mm diameter aper-
ture with a pitch size of 3 mm), the ion source needs to be capable of producing ion current density at 100
mA/cm2 across an area of 6 cm in diameter. This is certainly within reach of present ion sources, for example,
filament-driven, RF-driven ion source.
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