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Electron-beam-induced deposition (EBID) is a resistless method and can add desired materials on
any position of substrate directly, which is suitable for three-dimensional fabrication [1]. This
process includes the electron-solid interactions among three entities: electron beam, substrate, and
gas precursor [2]. These interactions are so complicated that, so far, parts of them are still unknown
and need to be studied further. The present study focuses on the entity of electron beam. By
changing its energy and probe size, the influence on the process of EBID was investigated.

EBID was performed in a SEM with 20keV electrons, a STEM with 200keV electrons, and a TEM
with 400keV electrons, respectively. Both SEM and STEM were eqsulpped with a FE-gun, while the
TEM uses a LaBg ﬁlament The basic pressure is in the order of 10~ Pa for SEM and STEM, and
10°® Pa for TEM. During EBID the pressure did not change much after introducing W(CO)s gas into
the chamber. Carbon thin film (about 100nm-thick) was used as substrate to deposit tungsten tip.

The profiles of tungsten tip deposited with 20keV, 200keV, and 400keV electrons were shown in
Fig.1(a), (b), and (c), respectively, which shows the in-situ growth of tips. Fig.1(a) and (b) are
secondary electron (SE) images, while Fig.1(c) is TEM images. The tip was deposited in a “spot
mode” by focusing and fixing the electron beam on the top surface of carbon film for different
seconds, and the images were taken by tilting the substrate 30 degree after deposition. With 20keV
electrons tip grew on the top surface of substrate, and there was no tip on the bottom surface. Using
200keV electrons, deposition also happened on the bottom surface as indicated by an arrow in
Fig.1(b). However, the size of the bottom tip is small and the growth of the top tip is still
dominated. When 400keV electrons were used in EBID, the growth of the bottom tip was
comparable to that of the top tip, as shown in Fig.1(c). (Dashed line indicates the position of the
carbon film, which was transparent to electron beam in TEM images.) The length (or height) of top
and bottom tips deposited with different electron energy was summarized in Fig.2. In order to
differentiate from the top tip (open symbols), negative values were assigned to the bottom tip (solid
symbols). In this time span (60s-2000s) the growth of the top tip is nearly linear, with a rate of
about 1.01nm/s for 20keV electrons, 0.89nm/s for 200keV electrons, and 0.43nm/s for 400keV
electrons. For 200keV electrons, the length of the bottom tip saturates quickly at the deposition time
around 180s to a value of about 120nm. However, longer bottom tip can be fabricated using 400keV
electrons. The bottom tip deposited at 1800s is about 745nm-long. Although the bottom tip length is
also turning to saturation for 400keV electrons, it is still not saturated yet before the deposition time
of 2000s. As a result, low energy electrons result in a shorter bottom tip. Fig.3 shows the tip
deposited with different probe sizes using 400keV electrons in TEM. The diameter (full width at
half maximum) of spot 8, spot 7, and spot 6 is about 70nm, 100nm, and 180nm, respectively. The
tip length as a function of normalized electron dose was shown in Fig.4. Smaller probe size results
in a higher growth rate, higher aspect ratio, and a longer bottom tip. These results can be understood
considering the interactions between electron and solids.
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Fig. 1. Tungsten tips deposited on 100nm-thick carbon film using (a) 20keV electrons in a SEM
with a probe size of 2nm; (b) 200keV electrons in a STEM with a probe size of 0.8nm; (c) 400keV

electrons in a TEM with a probe size of about 70nm.
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Fig. 3. Images of tungsten tips deposited with
probe sizes of 70nm (spot 8), 160nm (spot 7),
and 180nm (spot 6) using 400keV electrons in a
TEM.
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Fig. 2. Growth behavior of top and bottom
tips showing the influence of electron energy.
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Fig. 4. The plots of top and bottom tip

length summarized from Fig.3, showing

the effects of probe size on the process of
EBID.
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