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The allotropic forms of carbon (amorphous and polycrystalline graphite, carbon black, fullerenes, nanotubes,
graphene) exhibit a large variety of charge transport properties which have been stimulating fundamental
and applied research for the development of new devices based on micro and nano-sized electronic systems.
Carbon based nanocomposites offer the possibility to improve the device performances and to develop novel
multifunctional material systems by combining the properties of each individual phase. In this paper we
review the electrical properties of carbon materials and some of the most exciting carbon based
nanocomposites, as well as their potential technological applications. First, the electrical properties of
amorphous and polycrystalline graphitic materials and those of their related nanocomposites materials are
discussed. Second, an overview of the state-of-art on research and applications of carbon nanotube-based
composites is presented. Third, we discuss briefly the emerging area of research related to graphenematerials.
Finally, the electrical properties and applications of conducting carbon black aggregates and carbon black/
polymer composites are overviewed.
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1. Introduction

The electrical properties of carbon based nanostructured compos-
ite materials are intimately related to the electronic properties of their
constituting components. Nanocomposites are complex materials. In
addition to the intrinsic properties of each individual phase (including
particle sizes, defect density…), grain boundaries as well as interfaces
play a pivotal role in the overall physical and chemical properties of
composites. From a technological point of view, the combination of
two materials is particularly useful to integrate the properties of the
two components in a hybrid material. Thus, they can be used in
catalysis, nanoelectronics, energy storage, gas sensors, solar cells, to
name but a few. The review presented in this paper includes the most
relevant published data in order to give a general synopsis on the
electrical properties of different carbon phases and on the applications
of carbon based composite materials to be developed. Obviously, due
to the vast number of papers published in the literature the present
overview cannot be exhaustive but it highlights the intrinsic coupling
of electrical properties and development of devices in carbon based
nanocomposite materials.
2. Carbon polymorphic forms

Beside the well-known diamond and graphite crystalline phases,
carbon exhibits many forms such as fullerene molecules, nanotubes,
graphene, semi-crystalline phase such as carbon black, and diverse
amorphous phases [1–4]. In cubic diamond phase, each carbon atom is
bonded to four other carbons by strong sp3 covalent bonds. With no
conduction electrons, diamond has very low electrical conductivity.
Graphite is formed by stacking flat sheets of sp2-bonded carbon atoms
in a two-dimensional (2D) hexagonal lattice, the sheets are weakly
bonded between each other by van der Waals forces. Graphite is a
semi-metal due to the narrow band overlap (about 40 meV) of
valence and conduction bands. Fullerene C60 was the most investi-
gated man made C phase before the discovery of carbon nanotubes
and more recently graphene. A molecule of C60 is a truncated
icosahedron structure having 20 hexagons and 12 pentagons with a
perfect symmetry in the sense that every C atom is a vertex of one
pentagon and two hexagons. Pure C60 is semiconducting (1.8 eV band
gap), however superconductivity can be induced by charge doping
[1,2].

Carbon nanotubes (CNTs) are often described as rolled-up
graphene sheet into a cylinder along a direction defined by the chiral
vector c=na1+ma2 where a1 and a2 are the unit vectors of the
graphene hexagonal lattice (n and m are integers). Single-walled
carbon nanotubes (SWCNT) and Multi-walled carbon nanotubes
(MWCNT) are built from one or few, respectively single layer of
graphene. In a MWCNT, the interlayer distance is about 0.34 nm.
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Depending on their structural symmetry, which is described by the
terms armchair or zigzag configuration, carbon nanotubes can exhibit
metallic or semiconducting behavior [2,3].

Graphene is a two dimensional single sheet of carbon atoms and is
the thinnest existing materials. Because of its 2D character graphene
exhibits peculiar electrical properties; electrons behave as Dirac fer-
mions and they, as well as holes exhibit high mobility (10,000 cm2/Vs
at 300 K). According to the band structure calculations, the valence
band (fully occupied) and the conduction band (empty band) touch at
6 points making graphene to be a zero-gap semiconductor [4].

3. Amorphous and nanocrystalline carbon films

3.1. Electrical properties

The electronic properties of carbon thin films are intimately
depending on their physical structure. Hydrogenated or non-
hydrogenated carbon films, often referred to as diamond-like carbon
(DLC) films, can be either amorphous or nanocrystallinematerials and
contain both sp3 diamond and sp2 graphite bonds. Amorphous carbon
films containing predominantly sp2 bonds are known as graphite-like
amorphous carbon (GAC) films. The physical properties of DLC and
GAC films are strongly influenced by the ratio of sp2 sites to sp3. In
particular the bonding and antibonding electronic states arising from
the π bonds of carbon sp2 sites determine the electrical properties of
these materials [5–8]. They exhibit a wide range of DC electrical
conductivity values at room temperature (from 10-14 to 101 S/m) and
their temperature dependence can be dominated by thermally
activated process with σ=σ0 exp(−ΔE/kT) and/or by hopping
transport mechanisms. Among the theoretical models the variable
range hopping (VRH) model is the most commonly used [9]. For
instance, Zhao et al. [10] reported that in the graphitization process of
the activated carbon treated by high-pressure sintering, the electrical
properties are strongly correlated with structural features. The
conductivity can change from 1-dimensional (1D) to 3-dimensional
(3D) depending on the thermal treatment temperature. In samples
treated below 1000 °C under high pressure conditions, VRH is
observed as the main conduction mechanism. In 1D VRH, the
relationship of resistivity ρ versus temperature T follows the relation
ρ = ρ0 exp T0

T

� �x
with x=1/2, T0 is related to the localization length ξ

of the wave function. When nanoparticles are large enough, the 2D
(with x=1/3) or 3D (x=1/4) VRH conduction mechanisms are
observed indicating that 1D connections change to 2D or 3D. The
insulator–metal transition appears between non-graphitized region
and the almost-graphitized region. In the near graphitized region an
approximately linear ρ–T relationship between resistivity and
temperature is observed and the material exhibits semimetallic
behavior. At higher sintering temperatures (1200–1600 °C) the
graphitized activated carbon behaves as non-Fermi liquid and the
resistivity exhibits a power law ρ=A+BT3/2 [10].

The role of hydrogen on the concentration of localized states in
hydrogenated DLC films has been discussed by Staryga et al. [8]. Since
sp2 configurations are associated to localized states, the effects of
nitrogen doping on the electrical transport characteristics have also
been investigated in amorphous CNx films. The drastic changes in the
electrical properties (about 3 orders of magnitude) observed in a-CNx

films as a function of the N concentration have been correlated to the
bonding ability of N atoms to C sp2 and to C sp3 sites and thus, leading
to the modification of the density of the localized states [11]. The
dynamics of hopping transport in a-CNx was also investigated by AC
electrical spectroscopic measurements [12–14].

3.2. DLC and GAC based nanocomposites

DLC and GAC films have been investigated because of their
promising applications in electron field emission devices. In particular
they are good candidates for cold-cathode materials in field emission
display technologies [15,16]. To avoid surface oxidation drawback, the
incorporation of boron has been found to be an efficient way to
improve the oxidation resistance of various carbon-based materials.
In DLC films depending on the boron content, the nanocomposites are
constituted of boron nanoparticles embedded in amorphous or
nanocrystalline DLC matrix. The electrical conduction was described
in terms of Mott VRH in localized states near the Fermi level [17,18].

The porosity and the relatively low reactivity of DLC and GACmake
them ideal candidates as hosting matrix for neutral or electron donor
nanoparticle species for preparing hybrid materials for catalytic
applications. In catalysis, many studies have also been devoted to
the synthesis of CNTs decorated with metal nanoparticles [19,20].
However DLC and GAC remain better candidates than CNT due to their
low cost of production. Papadimitriou et al. [21] have recently
investigated the catalytic properties of bimetallic samples Pt- and
Au-coated Cu, Fe, Co, and Ni deposited on glassy carbon substrates by
electrodeposition. In energy storage devices with high energy density
like Li-ion batteries, V2O5/carbon composites have been considered to
improve their high-rate performances. The high-rate discharge
capacity properties have been investigated for various C materials
and particle sizes [22].

3.3. Amorphous C in hard nanocomposite coatings

In the case of nanocomposite thin films based on amorphous C
(a-C) and nanocrystalline hard materials (TiCx, WCx, TaCx, TiBC,..),
which find many applications as new functional coatings, little is
known about the role of C atoms on their electrical properties. It is
expected that C segregation at the grain boundaries yields to the
formation of inter-grains layer and can be the source of important
modifications in the electrical properties of these films. The inter-
grains layer could be either conducting or insulating and composed of
single or binary compounds. DC resistivity measurements as a
function of temperature can corroborate experimentally the struc-
tural evolution (grain size, thickness of the insulating or conducting
layer) of the composite films. To illustrate these facts, in Fig. 1
we show the resistivity changes due to structural modifications in
WC/a-C nanocomposites. The resistivity vs. temperature curves
exhibit characteristics of low degree crystallized materials where
scattering of electrons against grain boundaries and point defects
become important. In such nanocomposites, the experimental results
can be perfectly described by the grain boundary scattering model
[23]. In this model, the electrical resistivity is given by

ρg =
m�

evF
Ne2

� �
1
L

� �
G−ðL=DÞ =

K
L

� �
G−ðL=DÞ

where me⁎ is the effective mass of the charger carriers, υF is the Fermi
velocity, N is the charge carrier density, D is the grain-size parameter, L
is the inner-crystallinemean free path, andG is themean probability for
electrons to pass a single grain boundary. L contains the temperature-
invariant elastic scattering free path, le, and the temperature-
dependent inelastic scattering lin, such that L−1= le

−1+ lin
−1. Fig. 1B

summarizes the principal parameters obtained for the fit. First, the
grain sizes D deduced by the model agree well with crystallite sizes
estimated from XRD and TEM experiments. Second, the calculated
small le values are in agreement with the quasi-amorphous and
nanocrystalline nature of these films indicating that the films contain
high density of point defects. Third, the main parameter controlling the
transport properties of these films seems to be the grain size, D
changing from 2.3 to 6.0 nm. In quasi-amorphous materials, the grain
boundaries vanish and the electron scattering is mainly dominated by
the high density of point defects, this explains the large G values
obtained from the fitting procedure. In contrast, both the grain
boundary regions and point defects contribute to the electron
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Fig. 1. A) Electrical resistivity vs. temperature of a-C/WC nanocomposites. The solid
lines are the best fit with the grain-boundary model. B) Elastic scattering free path le,
grain size D and transmission probability G deduced from the model as a function of the
carbon atomic concentration.

Fig. 2. A) Carbon nanotubes carpets produced over Fe (1 nm film) supported by Al2O3

(10 nm) deposited on Si wafer. The growth is performed at 750 °C and ethylene is used
as carbon source. B) Scanning electronmicrograph shows thatmillimetre long CNTs can
be produced. CNTs are multiwalled with about 5 to 10 walls as can be seen in the
transmission electron micrograph.
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scattering in nanocrystalline films with small crystallites sizes; the
effect of the grain boundaries is noticeable by the diminution of the
transmission probability. A detailed investigation for a-C/WC nano-
composite films has been reported elsewhere [24].

4. Carbon nanotubes

Due to their exceptional electronic and structural properties
(metal or semiconductor, large surface areas, quantum effects
connected with their nano-sized structure) CNTs have been consid-
ered as promising material for many electronic devices. Applications
include thin film transistors and diodes, electrodes in optoelectronic
devices, chemical and biosensors, electronic switching, etc [4,25–28].
In the frame of our research work, part of our activities is focused on
the fabrication and characterization of CNTs. Much attention has been
paid to the synthesis of carbon nanotubes as well as on organized and
complex MWCNT structures. The most suitable method for the
production of CNTs in mass and at low cost or directly on devices is
the catalytic chemical vapor deposition (CCVD) process. Since recent
years, tremendous progresses have been made such as kilogram of
CNTs can be produced per day at very low cost using standard
laboratory equipments [29,30]. On the other hand, MWCNT vertically
orientated to the surface substrate can also be grown. The density of
MWCNT within the CNT “carpets” is around 1011 tubes cm-2 (see
Fig. 2). In order to preserve the catalyst activity whenmillimeter thick
CNT carpets are produced, traces amount of weak oxidizer is
introduced into the reactor together with the carbon source. It is
believed that the amorphous carbon is oxidized during the growth
reducing the rate of catalyst poisoning [31].

The electrical properties of MWCNT carpets have been investigat-
ed by four-point measurements. As shown in Fig. 3, the electrical
measurements were performed either perpendicular or parallel to the
growth direction of the nanotubes. In both directions, the resistivity
unambiguously exhibits the 2D Mott VHR behavior ρ = ρ0 exp T0

T

� �x

with x=0.31–0.34. No significant room temperature conductivity
difference was observed between the two different orientations.
However, a slightly faster increase of the resistivity with decreasing
temperature in the perpendicular configuration was observed. The 2D
Mott VHR behavior observed in our carpet films can be explained by
the fact that conduction parallel to the MWCNT is a low resistivity



Fig. 3. Four points resistivity of CNT carpet in two configurations: parallel and
perpendicular to the tube growth direction. Inset shows the behavior of ln(R) as
function of T−1/3, to illustrate the 2D Mott behavior. In the temperature range of 200 K
to 6 K, the best fits using the relation ρ = ρ0 exp T0

T

� �x
lead to x=0.311 and x=0.336 for

parallel and perpendicular configurations.
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metallic one but the global results are mainly dominated by the in-
plane (xy) hopping between the MWCNT. These results show that if
conductive CNT carpets are needed it could be necessary to improve
the growing process or to add a second phase in order to increase their
electrical conductivity (see below).

4.1. CNTs in conductive nanocomposites

CNTs can be used as a dispersed conductive phase in an insulating
polymer matrix. The electrical conductivity of such composites is
usually discussed in terms of percolation theory; the electrical volume
conductivity is given by the percolation scaling law σ(p)=σ0(p−pc)t

where pc is the percolation threshold concentration and t the critical
exponent [32–35]. Below the critical volume fraction the conductivity
of the composite remains electrically insulating because the conduc-
tive particles are dispersed or grouped into small clusters. Above a
critical volume fraction, the conductivity increases by many orders of
magnitude. The values for the exponent t, observed for polymers filled
with carbon black, carbon fibers, CNTs and graphene sheets, are
typically in the range of 1 to 4. The percolation threshold coincides
with the formation of a continuous network of conductive particles in
the insulating matrix. For example, in polyamide 6.6-MWCNT
composites a percolation threshold of 1.0 wt.% MWCNT was found
[36]. In epoxy resin-based CNTs composites it was shown that the
addition of less than 1.0 wt.% of CNTs into epoxy improves the
electrical conductivity of the composite from around 10−11 to 10−1

S/m [37–39]. The conductivity is mainly restricted by the contact
resistance of the CNT junctions [40,41]. It is also reported that the
addition of about 0.1 wt.% of Ag can significantly improve the contact
resistance of the CNT junctions in the polymer matrix increasing the
conductivity by more than four orders of magnitude [42]. Finally, the
number of studies reporting on the electrical properties of nanocom-
posites based on CNT carpets is rather limited. The effect of CNT
alignment on percolation conductivity in CNT/polymer composites
has been investigated by Du et al. [43]. Recently Silva et al. [44] have
reported that CNTs alignment within polymer matrix resulting of the
impregnation of carbon nanotube carpets yields to the enhancement
of the conductivity (1.5×102 S/m) by two orders of magnitude as
compared to the conductivity of composite with randomly oriented
CNTs.
4.2. Organic solar cells

Transparent conducting electrodes based on CNTs have been
investigated as alternative material to indium tin oxide (ITO)
electrodes in organic solar cell and LEDs [45–51]. SWCNT and
MWCNT exhibit intrinsic work functions values in the range of 3.4–
4.0 eV and 4.5–5.1 eV, respectively, which are comparable to that of
the ITO films (4.3 eV). Therefore, SWCNT and MWCNT can be used in
bulk donor–acceptor type of solar cells, particularly by combining
with π-conjugated polymers. In organic materials, the photon
absorption causes a delocalization of the excited states generating
excitons (electron-hole pairs). In such solar cells, CNTs act as electron
acceptors, enhance the exciton dissociation by providing high field at
the nanotube/polymer interface, and improve the transport of holes.
Similar effect has been observed not only by dispersing double-walled
carbon nanotubes in the polymer layer of P3HT or P3OT/n-Si
heterojunction solar cells but also by incorporating oxidized
MWCNT in the P3OT layer of region regular P3OT/n-Si heterojunction
solar cell [50,51]. CNTs have many advantages compared to ITO films:
low cost fabrication, resistant to attack of strong acids, porous
electrodes on flexible and non-flexible electrodes.

4.3. CNTs in catalysis and energy storage devices

Since open ended or opened CNTs can be produced by chemical or
physical processes, CNTs have been considered as ideal support for
metal nanoparticles. Ag nanoparticles deposited on CNTs gained
significant attention due to their potential applications as catalyst
[52,53]. In energy storage devices, CNTs have been considered as
potential anode material for Li-ion batteries [54–57]. However, pure
CNTselectrodes exhibit high irreversibility capacity loss in thefirst cycle.
The cycling stability can be improved using carbon-based composites,
such Si–, Sn–, SnO–, SnSb0.5–, and TiO2–CNTs. Recently it was reported
byYan et al. [57] that the addition of Ag to TiO2–CNTs electrodes leads to
better cycling stability and higher reversible capacity (up to 272 mAh/g
after 30 cycles), the increase of the electronic conductivity is
accompaniedbyanefficient transferof Li-ion in the composite structure.

4.4. Gas and biological sensors

CNT materials find as well a lot of application in chemical and
biological sensor devices [28,58–69]. Pure SWCNT can exhibit drastic
changes on electrical conductance when exposed to NH3, NO2 or O2

gases. The sensing mechanisms have been attributed to the charge
transfer of adsorbates [58,59]. However the charge sensitive conduc-
tance in SWCNTs is limited, like in graphite the sidewalls of pure CNTs
are relatively non-reactive. Therefore, a novel strategy has been
developed to alter the electronic properties of pure CNTs. Thus, a
series of functionalization schemes have been proposed [67–69].
SWCNT decorated with transition metal (Pt, Pd, Rh) nanoparticles are
able to detect hydrogen, methane and CO [65,66]. Recently,
composites based on CNTs and polymers have been considered as
interesting gas sensing materials [25,67–69]; SWCNT and MWCNT
grafted with different polymers have been prepared and are able to
detect vapors of several organic solvents such as dichloromethane,
chloroform, acetone, as well as inorganic substances like HCl [69].

On the other hand, CNTs exhibit higher surface area than
amorphous glassy carbon, they are therefore more suitable substrate
for studying the immobilization or growth of biomolecules. Daniel et al.
[27] have recently reviewed various aspects on the functionalization/
grafting of DNA onto SWCNT and MWCNT with or without self-
assembly which can be employed in fabricating biosensors for selective
recognition of DNA. The advantage of the CNT based chemical sensors is
that they can operate at room temperature with fast response time,
they exhibit relatively high sensitivity, good selectivity and reversibil-
ity, and they are able to detect a large number of diver gases.

image of Fig.�3
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5. Graphene

Since the successful isolation of graphene layers by simple
mechanical exfoliation, the fundamental properties of the single flat
monolayer of graphite have been intensively investigated [4,70–83].
Graphene exhibits excellent electronic properties: high carrier
mobility, ballistic transport, quantumHall effect at room temperature,
and good mechanical and chemical stability. Therefore, graphene has
attracted interest for many applications. It is considered as promising
material particularly for nanoelectronic and optoelectronic devices
[4,70–73], in spintronics [74], in bio- and chemical sensors [75],
quantum computing [76], etc. Many chemical routes to synthesize
graphene at large scale have been developed including epitaxial
growth on SiC [70,71], chemical vapor deposition [77–79], and
graphene oxide reduction [80]. The successful development of future
graphene-based electronic devices depends on high-quality and the
large scale availability of the material [4,70,81–83].

As predicted by Geim and Novoselov [70], the most immediate
application for graphene could be integration in composite materials.
However, preparation of graphene-based composite materials is not a
trivial task due to the strong surface-surface attraction between the
sheets preventing its dispersion. Moreover, depending on the method
of preparation the transport properties of few graphene layers can be
considerably reduced as compared to expected properties of single
layer material. To illustrate this, Fig. 4 shows an example of resistivity
measurements performed on a flake agglomerate graphene sheets
sample chemically derived from graphite oxide. Between 6 K and
200 K, the resistivity as a function of temperature clearly exhibits a
VHR law ρ = ρ0 exp T0

T

� �x
with x=0.52 characteristic of 1D conduc-

tivity according to Mott model. Such a behavior is difficult to explain
for flake agglomerate 2D graphene sheets. As discussed above, the 1D
VHR conductivity is often observed in amorphous carbon materials
[10]. The effects of electron-electron interaction on disordered
systems with highly localized states leading to a T−1/2 dependence
have been early investigated by Efros and Shklovskii [84]. Evidence of
Coulomb gap in agglomerate graphene sheets derived from graphite
oxide needs more investigation.

Graphene can be used in nanocomposite conducting polymers,
Stankovich et al. [85] have succeeded to prepare polystyrene-
graphene composites with excellent structural characteristics where
the graphene sheets were individually and uniformly distributed
throughout the volume, such composites exhibit very low percolation
Fig. 4. Sheet resistance of graphene packet layers produces by chemical reducing
graphite oxide. Ln(R) is presented as function of T−1/2, in order to evidence the
modified VHR behaviour. The line is a guide for the eyes. The best fits give x=0.521.
threshold of around 0.1 vol.% and high electrical conductivity of about
0.1 Sm−1 enough formany electrical applications. Graphene thin films
can also be used as transparent electrodes for solar cells [86] or in
liquid crystal devices [87]. Another interesting field of application for
graphene-based composites is in Li-ion batteries. Recently Paek et al.
have [88] reported on the preparation tin oxide/graphene nanosheets
(SnO2/GNS) nanocomposites, the SnO2/GNS nanoporous material
exhibits reversible capacity of 810 mAh/g with superior cyclic
performances compared to that of bare SnO2 nanoparticles.

6. Carbon blacks

Carbon black (CB) is the generic name for a family of small particle
size carbon fractal aggregates. Carbon black is chemically and
physically distinct from soot and black carbon. The basic building
units of CB are nano-sized particles formed by stacked graphene
layers exhibiting random orientations about the staking axis and also
in translation parallel to the layers (turbostratic structure). The
graphene layers contain defects, distortions and discontinuities. Some
graphene layers extend over two adjacent particles. The overlapping
graphene layers and the fused nature of the particles ensure the
electrical conductivity throughout the aggregate structure [89–91].
Carbon blacks are electrical conductors with electrical conductivity
values ranging from 1 to 104 S/m. The intrinsic electrical properties of
CB aggregates depend on many factors such as the electrical
conductivity and the size of the individual particles, the level and
nature of impurities on the surface of the graphene layers, the degree
of contact between the particles of the same aggregate and between
the particles of different aggregates, and the packing factor or density
[92–96].

Due to their electrical properties, carbon blacks are widely used as
conducting fillers in polymers. CB/polymer composites have wide
range of applications including graded semiconductors for optoelec-
tronic applications, conducting electrodes, solid electrolytes for
batteries, anti-reflection coatings, room temperature gas sensors,
electrical switching devices, etc. The electrical applications of CB have
been reviewed recently by Chung [97]. It is worth noting that most of
CB/polymer composites exhibit a sharp increase of their electrical
resistivity with increasing the temperature. This phenomenon, known
as the positive temperature coefficient PTC effect, is particularly
pronounced in semicrystalline polymers near the melting point [98–
100]. In addition, drastic increase of the resistivity (103–106 times)
can also be observed at room temperature when CB/polymer
composites are exposed to solvent vapours (acetone, butanone,
chloroform, cyclohexane, benzene, toluene) [101,102]. Both the PTC
and the chemiresistive effects have been described on the basis of
percolation theory; the matrix expansion and the breakdown of
conduction pathways throughout the composite play the main role.

7. Conclusions

There is no doubt that carbon based nanocomposite materials will
be used in the future in numerous applications. The combination of
pure organic, inorganic, biological materials with carbon should result
in new materials with superior physical and chemical properties.
From the electronic point of view, carbon based nanocomposites can
be insulators, semiconductors, metals and superconductors offering to
engineers the opportunity to use them in a wide range of applications.
The electrical properties of carbon based composite materials are
intimately related to the electronic properties and the nature of their
constituting components. Obviously, one of the greatest challenges for
future industrial applications is better carbonmaterials synthesis with
improved reproducibility. In particular, the control of the size, defect
density and doping of the nanostructures is a necessity.

Regarding the preparation methods, surprisingly physical or
chemical vapor deposition (PVD, CVD) techniques have very little

image of Fig.�4
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explored as alternative methods for the preparations of conductive
C based nanocomposite thin films which constitute interesting
materials for many industrial applications. PVD and CVD techniques
combine with standard chemical and other methods can be use for
the deposition of the filler or matrix phase in single layer
nanocomposite thin films or for the deposition of advanced
nanocomposite multilayer thin films with special nano-architecture
such as multilayers composed of thin layers of different C based
nanocomposite materials.
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