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Thin film samples (d ≈ 40 nm) of tetrahedral amorphous carbon (ta-C), deposited by filtered cathodic vacuum

arc, were implanted with Ga+ at ion energy E = 20 keV and ion fluences D = 3×1014−3×1015 cm−2 and N+ with
the same energy and ion fluence D = 3 × 1014 cm−2. The Ga+ ion beam induced surface structural modification
of the implanted material, displayed by formation of new phase at non-equilibrium condition, which could be
accompanied by considerable changes in the optical properties of the ta-C films. The N+ implantation also results
in modification of the surface structure. The induced structural modification of the implanted material results in
a considerable change of its topography and optical properties. Nanoscale topography and structural properties
characterisation of the Ga+ and N+ implanted films were performed using atomic spectroscopy analysis. The
observed considerable surface structural properties modification in the case of the higher fluence Ga+ implanted
samples results from the relatively high concentration of introduced Ga+ atoms, which is of the order of those for
the host element.
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1. Introduction
Amorphous carbon (a-C) is a disordered phase of car-

bon without long-range order, containing carbon atoms
mostly in graphite-like sp2 and diamond-like sp3 hybridi-
zation sites. Depending on the relative concentrations of
sp2- or sp3- hybridized carbon, a-C has shown excellent
physical properties such as high hardness, low friction
coefficient, chemical inertness, relatively high thermal
conductivity, and optical transparency [1]. The term te-
trahedral is used to describe amorphous carbon films with
a large percentage of sp3 bonding (up to 87%). The films
are manufactured using a variety of techniques, including
filtered cathodic vacuum arc (FCVA), pulsed laser de-
position (PLD), and mass selected ion beam deposition
(MSIBD) [1–4]. The high sp3 content in the films re-
sults in unique properties that include extreme hardness
(≈ 70 GPa), chemical inertness, high electrical resistivity,
and wide optical band gap [5–9]. Other important factors
which make the films an attractive material for coatings
include a smooth surface and low friction, thermal stabi-
lity and transparency over a wide spectral range. These
properties also offer advantages as compared to another
wide optical bandgap material — silicon carbide (SiC)
— for uses in nanoscale optical data recording for archi-
val information storage using focused ion beams (FIB)
techniques, where SiC thin films found useful applicati-
ons recently [10–17].

In the case of polycrystalline silicon carbide (pc-SiC)
thin films, ion bombardment is used to amorphize areas
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of the films by computer operated FIB systems, thus cre-
ating useful optical contrast between non-irradiated po-
lycrystalline areas and the irradiated amorphous areas,
which can be further used for nanoscale optical data
recording for archival information storage [10–12]. In
the case of hydrogenated amorphous silicon carbide (a-
SiC:H) films, computer operated FIB systems are used
to both introduce irradiation defects and additionally
chemically modify the amorphous structure of the films,
thus reducing their optical bandgap in even a more ef-
fective manner for the useful creation of optical contrast
between implanted and non-implanted areas of the film
material for applications in nanoscale optical data recor-
ding [13–17].

In both polycrystalline and amorphous SiC film mate-
rials, a considerable part in the creation of useful opti-
cal contrast between irradiated and non-irradiated areas
of the films is played by the transformation of substan-
tial part of the present diamond-like (sp3) carbon bonds,
before the irradiation, into graphite-like (sp2) carbon
bonds, as a result of it [12, 17]. It is expected that a
similar mechanism of the carbon bonds transformation
would result when applying ion bombardment with dif-
ferent ions, e.g. gallium (Ga+) and nitrogen ions (N+),
in ta-C films, so that to achieve useful optical contrast
between irradiated and non-irradiated areas of the films,
which could possibly be of interest for further uses in ar-
chival information storage. Nanoscale topography and
structural properties characterisation of the Ga+ and
N+ implanted films has been performed using atomic
spectroscopy analysis.
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2. Experimental

Thin ta-C films (d ≈ 40 nm) were deposited on Cor-
ning glass substrates using a commercial FCVA system
(Commonwealth Scientific Corporation). Carbon plasma
is produced from the arc spot on the cathode, 99.999%
pure graphite in high vacuum. Cathodic arcs are prolific
generators of highly ionized carbon plasmas. With the
FCVA technique, the plasma stream is steered through
a magnetic filter to eliminate neutral particles genera-
ted at the cathode. At the filter exit, the fully ionized
plasma, consisting of carbon ions and electrons, streams
towards the substrate. The films were deposited at room
temperature with an arc current of 120 A under floating
conditions.

Ion implantation of N+ and Ga+ was carried out
at room temperature (RT) using a commercial broad-
beam ion implanter. The ion-beam intensity was I ≈
2 µA/cm2, the ion energy was E = 20 keV, and the
ion fluences used were D = 3 × 1014−3 × 1015 cm−2 for
Ga+ implanted and D = 3 × 1014 cm−2 for N+ implan-
ted samples. SRIM simulation program [18] was used
to determine the projected range Rp ≈ 29 nm and the
struggle ∆Rp ≈ 10 nm, for N+, and Rp ≈ 17 nm and
∆Rp ≈ 4 nm, for Ga+, implanted ions into the ta-C film
samples (d = 40 nm).

The surface topography and local morphology varia-
tions of implanted and unimplanted regions of the ta-C
films were analysed with the help of atomic force mi-
croscopy (AFM) using scanning probe microscopy system
(MFP-3DTM, Asylum Research, Oxford Instruments)
operating in tapping and contact mode. All measure-
ments reported here were performed at room tempera-
ture in an ambient air atmosphere.

3. Results and discussion

3.1. Surface characterisation of N+ implanted ta-C
films

The surface morphology of pristine ta-C samples was
studied using AFM measurements in contact mode. In
general, the films are homogeneous over large areas of the
substrate (Fig. 1). RMS roughness is less than 2 nm at
different areas of the sample.

The AFM analysis results for the N+ implanted ta-
C samples showed again very low roughness, with only
slight increase in the height of the implanted area
(Fig. 2).

3.2. Surface characterisation of Ga+ implanted ta-C
films

The surface morphology of the Ga+ implanted ta-C
samples was studied using AFM measurements in tap-
ping mode. As shown, the unimplanted films are homo-
geneous over large areas of the substrate (Fig. 3). The
AFM analysis results for the Ga+ implanted ta-C sam-
ples with the lower ion fluence showed again very low
roughness, with only slight increase in the height of the

Fig. 1. AFM analysis of the pristine surface morpho-
logy of ta-C film: (a) topography and (b) surface
roughness (RMS).

Fig. 2. AFM topography image (a) and height profile
(b) across the boundary of an implanted and an unim-
planted regions of a 40 nm thick ta-C film (implantation
fluence D = 3×1014 cm−2); Note that the AFM images
are 10× 10 µm2 in size.

implanted area; however, the surface height for the ta-
C films implanted with the higher Ga+ fluence changes
considerably (Fig. 4). Presumably, this is due to the high
concentration of the introduced Ga+ atoms, which is of
the order of those for the host element. The change of
the structures could lead also to changes in the optical
properties, whose effect is a subject of some other publi-
cations of ours [19, 20].

Fig. 3. AFM topography image (a) and height profile
(b) across an unimplanted region in a 40 nm thick ta-C
film. (note that the AFM images are 500× 500 nm2 in
size).

4. Conclusion

The obtained results in the present work have shown
that ion implantation of ta-C thin films with N+ and Ga+
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Fig. 4. AFM topography image of a Ga+ implanted
40 nm thick ta-C film with implantation fluences D1 =
3 × 1014 cm−2 (a) and D2 = 3 × 1015 cm−2 (b). (note
that the AFM images are 500× 500 nm2 in size).

with relatively low ion fluence (D = 3×1014 cm−2) has no
significant effect on the film surface morphology. Howe-
ver, higher fluences of Ga+ ion implantation (on the order
of D = 3× 1015 cm−2) in such films results in considera-
ble modification of the surface structure and morphology
changes of the implanted ta-C films. The observed pro-
perties modification results from the high concentration
of introduced Ga+ atoms, which is of the order of those
for the host element. The change of the structures could
lead also to changes in the optical properties, studied in
earlier publications of ours, whose effect could be made
use of in high-density optical data storage.
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