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Figure 2: (a) ORION Plus He Ion Microscope from Zeiss AG, located at University of Southampton. (b) Schematic of He+ ion focusing column.

with the earlier Ga+ systems, and reduced proximity effect, are
the reasons for the renewed interest in ion beam lithography in
the form of scanning helium ion beam lithography or “SHIBL”.
The ultimate resolution is determined by a combination of ion
beam diameter and resist properties with subsequent ion scat-
tering and ionization cascade. It is not due to de Broglie quan-
tum mechanical wavelength of the charged particle as seen
through the comparisons in Table 1.

Table 1: Comparison of quantum mechanical wavelengths for ions and
electrons.

beam energy
[eV]

electron
wavelength
[nm]

Ga ion
wavelength
[nm]

He ion
wavelength
[nm]

100 0.12 0.00034 0.006
1000 0.04 0.001 0.002
10,000 0.012 0.000034 0.0006
100,000 0.004 0.00001 0.00002

These wavelengths determine the diffraction contribution ddf to
the ultimate probe size for all forms of charged particle micros-
copy and lithography, according to the RPS formula [27,28],

(1)

where ds and dc are the contributions to the final spot size due
to spherical aberration and chromatic aberration. The Gaussian
optical image size magnified through the lens optics is dg. The
quantum mechanical wavelength contribution can be neglected
for ions (see Table 1). In the critical regime dominated by chro-
matic aberration, the energy spread of He+ ions from the ALIS
is in the range 0.25–0.5 eV FWHM, which is one order of mag-
nitude less than for Ga+ ions from the LMIS [29,30]. For
100 eV electrons the wavelength is more than 10% of the target
1 nm resolution. This is of particular relevance to lithography
using electrons generated in proximity probe (STM) systems
and will be discussed further in Section 3. After the ultimate
probe size is determined, the ability to perform lithography
using charged particle beams and the resolution obtained is set
by the scattering of the beam in the resist layer and the under-
lying substrate. Scattering and range depend upon a combina-
tion of electron scattering and nuclear scattering. The latter is of
particular importance for heavy ions like Ga+ and causes
damage to the resist through sputtering and loss of substrate
crystallinity. The situation for Ga+ ions is further complicated
by the property of Ga+ as a p-type dopant of silicon. Scattering
and range can be calculated using Monte Carlo simulation
codes with typical results as shown in Figure 3 [30]. The advan-
tages of SHIBL using He ions over SIBL using Ga ions is clear
from the reduced lateral spread of the beam in the top 10–20 nm
of the surface where the ultrathin resist layer is located for
nanolithography. In practice, the effect of the resist can be
ignored and the lateral spread is determined by the wafer sub-
strate alone. The resist layer is exposed not by the primary ions
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