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We have investigated the crystallographic nature of the nanophase structure on the surface of amorphous
carbon diamond-like film vacuum-deposited on a hot glass substrate by exposing a graphite target to a pulsed
neodymium laser radiation of nanosecond duration with an energy density of 1.18⋅104 J/m2.

In the last few years, one of the main directions in material science has been the development of principles
of obtaining materials with a nanophase structure. By nanophase materials are meant materials in which the size of
particles, crystallites, or phases does not exceed 100 nm. The commensurability of the geometric size with the charac-
teristic size of the particular physical phenomenon being considered (mean free path of electrons of photons, electric
or magnetic domain size, extent of crystal lattice defects) causes various size effects, and the higher surface energy and
extreme conditions for the synthesis of nanoparticles lead to a metastable state of materials that are in the ultradisperse
state. In particular, the physical features of the ultradisperse state appear as a considerable improvement of the strength
characteristics of nanostructure materials with the preservation of their high plasticity and low cold brittleness thresh-
old, the semiconductor character of conduction, an increase in the temperature of the transition to the superconducting
state, a decrease in the melting and phase transformation temperature, a change in the optical characteristics, etc. [1,
2]. The sizes and the size distribution of nanocrystals can effectively be modified by means of pulse laser annealing
[3]. Metal nanoparticles cause the appearance of optical nonlinearity in glasses at wavelengths close to the classical
resonance of electron plasma [4]. The nonlinear properties permit developing a wide gamut of optical devices (lasers,
modulators, optical waveguides, and so on) [5–7].

A promising method for developing coatings with nanostructures is the application of neodymium laser radia-
tion of nanosecond duration for vacuum evaporation of graphite. Composite systems based on nanodimensional struc-
tures deposited on a dielectric matrix consisting of layers of various allotropic states of carbon can become a base
element of nanoelectronics in the near future.

The aim of the present paper is to elucidate the crystallographic nature of nanodimensional structures on the
surface of a carbon diamond-like film obtained by the above method with a laser radiation energy density below the
ionization threshold of the laser-erosion plasma.

Material and Experimental Procedure. In the present work, to obtain plasma, a pulsed neodymium laser
with a wavelength of 1.06 µm, a pulse duration of 30 nsec, and a pulse energy of 3 J was used. The beam was fo-
cused on a graphite target into a spot of area D254 mm2. The target was placed in a vacuum chamber with a residual
gas pressure of 1.3⋅10−3 Pa at an angle of 45o with the laser beam axis. In the direction of the normal to the irradi-
ated substance surface at a distance of 100 mm substrates of 1.2 mm-thick glass were positioned. Carbon diamond-like
films (DLF) were deposited on the glass substrates (hot substrates) heated to a temperature of D473 K. In the experi-
ment, for a laser radiation energy value of E = 3 J, irradiation by a series of 100 monopulses was carried out.

The structure of the modified layers was investigated by the method of transmission electron microscopy
(TEM) and transmission electron diffraction (TED) at an accelerating voltage of 100 kV.

Experimental Results and Discussion. As the TED investigations of the deposited films have shown, under
the action in vacuum on a graphite target of pulsed laser radiation with E = 3 J thin blackened (graphitized) amor-
phous DLFs were deposited on hot glass substrates. The electronograms show a pair of diffusion rings: (111) — d =
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0.206 nm and (311) — d = 0.1075 nm, where d is the effective interplanar spacing (Fig. 1a). Analysis of the TEM
patterns (Fig. 1b) for the above films has revealed on the amorphous DLF surface extended homogeneous portions
without any inclusions of nondiamond phases and zones with graphite inclusions of rounded or faceted form (globular
or facet morphology) of dimensions less than 1 nm and 4–50 nm and their scaly aggregates of diameter from 140 to
240 nm.

Moreover, in the vicinity of these aggregates, obviously, due to the local heating as a result of the condensa-
tion of graphite particles evaporated from the above-mentioned zone, favorable thermal conditions for the nanostructure
nucleation are created on the amorphous DLF surface. The legitimacy of such a suggestion is that the location of nan-
oformations is only in the close vicinity of scaly aggregates. The region of their localization is equal to 80–100 nm,
and the nanoparticle size is 2–4 nm.

The estimates made in [8] have shown that the measured threshold energy density q = 1⋅104 J/m2 enables the
graphite (not diamond) surface to reach the graphite sublimation temperature T = 3700 K. In our case, the laser radia-
tion energy density was equal to 1.18⋅104 J/m2. Direct graphite–diamond transition occurs at 3000 K and a pressure of
11–12 GPa [9].

As is seen from the electron microphotographs, the spatial location of nanoparticles creates a strictly periodic
structure with a definite crystallographic orientation and a characteristic diffraction contrast against the background of
amorphous diamond-like film. By virtue of this, it may be suggested that nanoparticles represent carbon inclusions of
the diamond structure and one can calculate the observed periodic structure according to all the rules of calculation of
electronograms for monocrystals [10]. As a result, the diffraction spots were uniquely identified for the diamond phase
of carbon with (111)-orientation (Fig. 2). Upon the reflex identification operation, a check for equality of the angles

Fig. 1. Electronogram (a) and electron microphotograph (b) of amorphous carb-
on DLF deposited on a hot glass substrate by vacuum irradiation of graphite
by a neodymium radiation with an energy density of 1.18⋅104 J/m2. The white
circle shows the location of the nanophase structure.

Fig. 2. Schematical representation of the TEM pattern of the nanostructure syn-
thesis zone.
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between the experimental radius vectors and those calculated by the formulas for the tentative lattice of the phase was
performed. The complete agreement between the angles and values of the interplanar spacings makes it possible to de-
termine the crystallographic nature of the nanodimensional formation: we have the cubic structure of a diamond with
lattice parameter α = 0.35667 nm.

Thus, the investigations performed have shown that it is possible to obtain a nanodimensional structure on the
surface of amorphous carbon diamond-like film by the method of vacuum laser deposition with the use of the pulsed
radiation from a neodymium laser of nanosecond duration with an energy density of 1.18⋅104 J/m2. It has been estab-
lished that nanoparticles form a periodic crystallographic structure of carbon of a diamond modification of (111)-orien-
tation.

NOTATION

a, lattice parameter, nm; d, effective interplanar spacing, nm; E, laser radiation energy, J; q, laser radiation en-
ergy density, J/m2; T, sublimation temperature of graphite, K.
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