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focused ion beam microscopy
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Progress is reported on a second-generation magneto-optical trap ion source (MOTIS) for
nanoscale lithium ion microscopy. The first version of this system, reported in [1], has become
an integral part of current research investigating lithium ion transport in battery electrode
materials. In addition to secondary electron and ion backscatter microscopy, a lithium focused
ion beam (FIB) can be used for precise ion implantation, allowing uniquely detailed studies of
ion dynamics.

To construct a high-performance version of the original Li MOTIS, we focus on increasing
current and reducing emittance in the beam [2]. Using a 2D magneto-optical trap (MOT) in the
place of a Zeeman slower, the 3D MOT load rate is enhanced by more than an order of
magnitude, to 7x10° atoms/s. lonizing this entire flux yields a current over 1 nA. To reduce the
size of the ionization region, we implement a novel two-photon ionization procedure [3]. Starting
with ultraviolet laser light (323 nm), we resonantly excite atoms in the MOT to the 3Pz, state,
from which an IR laser (795 nm) ionizes them to the continuum with minimal effects on their
Kinetic energy. Focusing both ionization beams and overlapping them at the center of the MOT
results in a source size approximately two orders of magnitude smaller than in the single-beam
configuration. Preliminary data suggests that the ion current at this source size remains above
100 pA—significantly better than the original MOTIS.

Retrofitting this second-generation Li MOTIS onto a commercial FIBSEM with in-situ AFM
capabilities will result in a powerful platform for studying nanoscale lithium ion transport in a
wide variety of materials. In addition to battery electrodes, there is excellent potential for
studying other ionic devices, including memristors, nonvolatile resistive memory, and
neuromorphic hardware.
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