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Focused electron beam induced chemical vapor deposition was performed in a scanning
electron microscope with a field emission gun using a precursor of iron carbonyl. Due to the
longer deposition time and higher gas pressure than those of our previous electron
beam-induced deposition method, a new type of deposition occurred. A large amount of
nanosized crystals were produced around the focused beam irradiation point on a carbon
substrate at room temperature. The nanocrystals were systematically characterized using
transmission electron microscopy with electron energy loss spectroscopy (EELS), and were
identified to be single crystals of α-Fe. C© 2006 Springer Science + Business Media, Inc.

1. Introduction
The fabrication of nanosized magnetic structures is cur-
rently receiving much interest because of its potential ap-
plication in nanotechnology as well as for the fundamental
understanding of nanomagnetics [1–3]. Electron beam-
induced deposition (EBID) using metal carbonyl precur-
sors is a promising technique for nanofabrication and has
been extensively studied. Tanaka et al. [4] and Mitsuishi
et al. [5] fabricated nanodots, the sizes of which are less
than 5 nm, by EBID. Also, two- and three-dimensional
structures, e.g., nanowires, nanofigures and nanorods have
been synthesized [6–8]. However, their applications seem
to be limited, since most of these structures are amor-
phous phases or nanocrystals distributed in an amorphous
carbonaceous matrix, and the deposits usually contain a
large quantities of carbon atoms in addition to the metal
ones. Although crystallization can be achieved through
post heat-treatments [3], it is difficult to obtain nanosized
single crystals by this method.
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In the present paper, we report the formation of a
large amount of nanosized α-Fe single crystals. This sug-
gests the possibility for fabricating crystalline, especially
single-crystalline, nanostructures at room temperature di-
rectly by EBID. Such a nanostructure may be potentially
useful for bottom-up self-assembly in micro- and nanofab-
rication.

2. Experimental procedures
A JEOL JSM-7800UHV field emission gun scanning
electron microscope (SEM), operated at 30 kV was used
for EBID at a beam current of 8 × 10−10 A. The base
pressure of the specimen chamber was 2 × 10−6 Pa. Iron
pentacarbonyl (Fe(CO)5) was used as a precursor. Precur-
sor vapor was introduced to the chamber though a nozzle
installed on the SEM. Carbon micro-grid films were used
as substrates.
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In our previous electron beam-induced deposition
(EBID), a 3-nanodot array on the substrate was made
by focused electron beam irradiation for 60 s under about
7 × 10−5 Pa of the pressure gas in the chamber [3]. Due
to longer deposition time (1000 s) and higher gas pres-
sure (1.2 × 10−4 Pa) in the present EBID, a new type of
deposition on the substrate was produced around the fo-
cused beam irradiation point (deposited nanodot) at room
temperature.

Microstructures of the deposits were observed us-
ing a transmission electron microscope (TEM), JEOL
JEM-3000F, attached with an electron energy loss spec-
troscopy (EELS) apparatus at room temperature, operated
at 300 kV.

3. Results and discussion
A focused electron beam was irradiated on the substrate,
and a nanodot was formed on the substrate as conventional

Figure 1 SEM image of nanosized α-Fe crystals.

electron beam-induced deposition. Around the nanodot on
the substrate, a large amount of nanosized crystals were
formed, a SEM image of which is shown in Fig. 1. The
shape of each crystal resembles a cube.

Figs 2a and b show a bright-field TEM image and cor-
responding electron diffraction pattern, respectively. It
was found that these crystals possessed random crystallo-
graphic orientations. By indexing the diffraction pattern,
such crystals were identified to be bcc α-Fe. There exist
two additional weak diffraction halos that are from the
amorphous carbon substrate and iron oxides (Fe3O4 or
Fe2O3), respectively. The formation of the latter is con-
sidered to be due to the exposure to the air during the
transportation from the SEM to the TEM.

Such analysis was further verified by the following
EELS analyses, as shown in Figs 3 and 4. Fig. 3 shows
an EELS spectrum taken from the deposited nanosized
α-Fe crystals on the carbon substrate. A broad carbon σ ∗
edge appears in the EELS spectrum, which is a typical
feature of the EELS spectrum from amorphous carbon.
The small oxygen peak in the EELS spectrum came from
the aforementioned effect. Meanwhile one can see the
sharp Fe EELS peaks L2,3 in the spectrum. Fig. 4 shows
a zero-loss image and a corresponding Fe elemental map.
One can see that in the Fe elemental mapping, Fe pro-
file is overlapped well with the crystal morphology in the
zero-loss image. Each crystal is numbered in Fig. 4a.

Fig. 5 shows a typical HREM image of a crystal. The
edges seem to consist of {100} planes. The top-left and
bottom-left insets are a local enlargement of the boxed
area and corresponding Fourier diffractogram. The two
characteristic planes (110)α-Fe and (1̄10)α-Fe are labeled,
the spacings of which are about 0.20 nm. According to
the electron diffraction, EELS and HREM analyses, it is
suggested that the crystals are single crystal α-Fe.

Figure 2 Bright-field TEM image (a) and corresponding electron diffraction pattern (b) of the nanosized α-Fe crystals.
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Figure 3 EELS spectrum of the deposited nanosized α-Fe crystals on the
carbon substrate.

Obviously, the formation of α-Fe crystals was closely
associated with the decomposition of iron carbonyl
molecules under the focused electron beam irradiation.
Also some Fe(CO)5 molecules were adsorbed on the sur-
face of the substrate. By the irradiation of the incident
focused electron beam, the precursor molecules were dis-
sociated into non-volatile and volatile components. The
volatile materials are evacuated by the vacuum system,
while the non-volatile ones accumulate to form the depo-
sition on the substrate.

The decomposition of Fe(CO)5 has been investigated in
several studies. It was reported that Fe(CO)4–(CO) bond
dissociation energy was 2.38 eV, whereas the second dis-
sociation energy Fe(CO)3–(CO) was reduced to less than
0.61 eV [9]. Lewis et al reported [10] that Fe was rapidly

formed following the removal of the first CO. It was veri-
fied that only Fe and Fe(CO)5 without other Fe-containing
fractions were detected on the substrate [11–13]. Koops
et al. reported that the threshold energy to dissociate the
C–O bond was about 12 eV [14]. It is well known that
the secondary electrons emitted from the substrate with
energies ranging from 0 to 50 eV, play a very important
role in the electron beam induced deposition process [6].
Therefore, in the area of electron beam irradiation, Fe, C
and O atoms/ions can be formed due to the dissociation
of Fe(CO)5 by the effect of secondary electrons.

The formed Fe, C and O atoms/ions deposit in part
at the beam irradiation position, and small fractions of
them may be deposited around the irradiation position.
This might be due to the local temperature increase by
the electron beam irradiation or sputtering effect by the
high-energy electron beam. Some molecules above the
substrate within the electron beam may be decomposed
and deposited around the irradiation position on the sub-
strate though the dissociation cross section of the primary
electron beam is small. Kunz and Mayer [15] also reported
that an autocatalytic decomposition of Fe(CO)5 and the
formation of an Fe film occurred after the unfocused elec-
tron beam irradiation was stopped once the Fe film was
formed as a nucleation step, though the experimental con-
ditions, such as beam energy and substrate temperature,
were different from our study. In our experiments, a sim-
ilar process may be considered to occur for the formation
of Fe nano-crystals, though further studies are necessary
to clarify the mechanism. That is, atoms or tiny clusters of
Fe may be deposited around the irradiation position on the
substrate, these Fe atoms act as nucleation sites, and Fe
crystals grow due to such an autocatalytic decomposition.

In short, our work may open a new route that
monocrystalline nanosized metal particles can be fabri-
cated just simply by using focused electron beam-induced

Figure 4 Zero-loss image (a) and Fe EELS mapping (b) of Fe nano-crystals on carbon substrate.
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Figure 5 HREM image of a typical nanosized α-Fe crystal.

deposition at room temperature using metalorganic
precursors.

4. Conclusions
Nanosized α-Fe single-crystals were fabricated on a car-
bon substrate by focused electron beam-induced deposi-
tion using Fe(CO)5 as a precursor. This is a novel route to
deposit such isolated nano-crystals at room temperature.
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