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Synopsis To study the potential role of low energy secondary electrons in focused electron beam induced deposition
(FEBID) we have studied FEBID using 1,1-dichloro-1-silacyclohexane, silacyclohexane and 1,3,5-trisilacyclohexane.
While the first of these compounds shows appreciable cross sections for dissociative electron attachment (DEA) in the
gas phase, DEA is not observed for the latter two. Dissociative ionization, on the other hand is a fairly efficient decom-
position path for all three compounds. The performance of these compounds in FEBID is compared with their decom-
position through low energy electrons in the gas phase and discussed in context to the role of DEA and DI in FEBID.

Focused electron beam induced deposition

(FEBID) is a direct writing technique suitable for
the fabrication of three dimensional nanoscale
structures. In this technique a tightly focused high-
energy electron beam impinges on a surface under a
constant stream of precursor molecules. Ideally the-
se decompose through electron-induced processes
leaving a well defined deposit, which spatial exten-
sion is confined to the focal with of the high-energy
electron beam. However, through elastic and inelas-
tic (ionizing) scattering of the high-energy electron
beam, large amount of secondary electrons (SEs)
are produced outside the focal point of the primary
beam. These SEs are capable to dissociate precursor
molecules through dissociative electron attachment
(DEA), dissociative ionization (DI), neutral dissoci-
ation (ND) and dipolar dissociation (DD) - process-
es that have distinctly different characteristics with
regards to the products formed and their energy de-
pendency. Recent gas phase studies [1-3] showed
that commonly used precursor molecules can have
considerable DEA and DI cross sections and that
these processes may thus play an important role in
FEBID. Especially these processes are potentially
responsible for broadening of the deposit beyond
the focal width of the primary beam.
In the current contribution we put effort into com-
paring the relative role of DEA and DI in FEBID by
comparing the performance of 1,1-dichloro-1-
silacyclohexane (DCSCH), silacyclohexane (SCH)
and 1,3,5-trisilacyclohexane (TSCH) in FEBID
with gas phase, experiments where these molecules
all decompose through DI while DEA is only ob-
served for DCSCH [3].

For comparison we grew series of pillars using
DCSCH and TSCH with increasing electron beam
exposure time. The base diameter of the pillars
grown with TSCH is saturating much sooner (at
~97nm) than those of DCSCH (at 160nm). Similar-

ly the diameter of neighboring pillars, in close prox-
imity to growing pillars, is found to be stronger in-
fluenced (broadened) in DCSCH. Figure 1 shows
this effect for arrays of nanopillars from SCH and
DCSC, deposited from top to bottom and left to
right. While the first and last grown pillars for SCH
shows more or less same diameter, there is a con-
siderable difference for DCSCH.
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Figure 1. Array of nanopillars deposited with a) si-
lacyclohexane and b) 1,1-dichloro-1-silacyclohexane.

In the current contribution we discuss these FEBID
results in context to the efficiency of DI and DEA to
these compounds in the gas phase.

Acknowledgement: The authors acknowledge sup-
port from the Icelandic Centre for Research and the
University of Iceland Research Fund. RKTP
acknowledges STSM financial support from the
COST Actin CELINA; CM1301.

References

[1] S. Engmann et al. 2011 Angew. Chem. Int. Ed. 50
9475

[2] S. Engmann, et al. 2012, Phys. Chem. Chem. Phys.
14 14611

[3] E. H. Bjarnason, et al. 2011 Int. J. Mass Spectrom.
370 39

! E-mail: odduring@hi.is

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1



