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In-situ direct writing by electron and ion beam from solutions opens a pathway for resistless fabrication
of nanostructures at high throughput. This method utilizes the electron beam (e-beam) or ion beam (ibeam) as an ionizing source that decomposes solvent (specifically water here) molecules to generate
aqueous electrons and other radicals in a complex cascade of reaction pathways [1]. In water,
radiolytically generated aqueous electrons (eaq-) act as a reducing agent when interacting with organic
and inorganic compounds, this may be harnessed to guide local deposition of the material directly from
the precursor. Since electron and ion beam microscopes generally operate in high vacuum, (except
variable pressure scanning electron microscope) it is necessary to utilize cells to encapsulate the liquid
precursor in order to prevent evaporation. These liquid cells are composed of silicon microchips and
silicon nitride membranes. In-situ liquid cell electron microscopy, has been used to investigate the
mechanisms of electron beam induced nucleation, growth, and coalescence of nanoparticles in a variety
of precursors at various concentrations [2-5]. To date, most in-situ liquid cell studies have been
performed using a scanning electron microscope (SEM) or a (scanning) transmission electron
microscope (S)TEM [1-2].
Use of the helium beam with the opposite charge and shorter mean free path offers the potential for the
localization of the reaction zone on the single digit nanometer scale. Here, we will present our results
demonstrating writing of platinum structures from liquid in a platinum chloride solution using helium
ions with sub-10 nm resolution (Figure 1). Using data analytics on acquired in-situ growth movies
(Figure 2) we are able to elucidate the main statistical descriptors for helium ion beam initiated platinum
structure growth. The possible mechanisms of beam induced growth and ultrahigh localization of
reaction zone are discussed. Furthermore, we will discuss optimization of solution chemistry and
instrumental parameters as they relate to the quality and thickness of structures and the extension to
device fabrication on a single digit nanometer level. [6]
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Figure 1. Imaging of deposited direct write platinum structure with a) in-situ in HIM and b) ex-situ via
SEM

Figure 2. Data analytics of movie growth videos under different ion dose conditions reveals that the
rate nucleation and growth of the Pt particles increases with decreased ion beam fluence.
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