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The helium ion microscope has enabled novel devices, including planar
high temperature superconducting tunnel junctions® and graphene nanoribbons,?
based on displacement damage to single crystal substrates. There are more subtle
possibilities with untapped potential; Causer et al.,® for example, have shown
chemical mixing in FePts without disrupting the crystal lattice and molecular
dynamic simulations* suggest the possibility of forming graphene nanoroads® by
selectively desorbing F from fluorographene with low energy Xe ions. In this
paper, we describe a source of energetic He atoms for use in a proximity printing
tool with the throughput and depth-of-field required for system-level studies of
these intriguing technologies. Neutral particles are required since they are
immune to charge build-up on the mask and substrate. ® A very small virtual
source and large angular current density are needed to supply the staggering doses
(3-4 orders of magnitude larger than in lithography) required for nanoscale
substrate modification.

Fig. 2 shows the new source. He" ions are extracted from a multi-cusp ion
source, accelerated and focused by a 2-electrode lens, and neutralized in a high
pressure, charge-transfer cell filled with thermal He gas. The main idea is to place
the cell as close as possible to the final electrode. This reduces the cross-over (the
virtual source) diameter by minimizing space-charge bending of ion trajectories
within the cell. At 50 keV, the source size and brightness are 50 um and 2,540
Alcm?-sr, resp. In the present configuration (8M beamline and 5 um proximity
gap), penumbral blur=0.031 nm (2c), current density=0.156 nA/cm?; beam
diameter=50 mm, and the PMMA exposure time is 12 s. Reducing the beamline
to 1 M reduces exposure time to 0.2s, while penumbral blur (0.24 nm) remains
small enough to provide nanometer resolution. We will discuss the low voltage
characteristics of the source for each of the noble gasses at the conference.
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Figure 1: Schematic of the 50 keV helium atom source. lons are extracted from a multi-cusp ion
source, accelerated by a 2-electrode lens, and neutralized in a charge transfer cell filled with
thermal He gas. The neutralization process, lower right, involves charge transfer scattering, where
an electron is transferred to a positive energetic ion by an atom in the helium ambient.




