
Special Issue on Low-Pressure
Plasma-Enhanced CVD

This Special Issue of Chemical Vapor Deposition is de-
voted to research on low-pressure plasma-enhanced chemi-
cal vapor deposition (PECVD). Although investigations in
PECVD date back in time to the beginning of the second
half of the last century, in recent years PECVD has experi-
enced the emergence of new applications due to new mate-
rials and process requirements. In addition, basic research
efforts have recently been made towards understanding the
complex physical and chemical mechanisms underlying
plasma-based processes.

The use of CVD techniques assisted with low-pressure,
highly reactive plasmas has contributed to important
achievements in different research fields ranging from sur-
face treatment and synthesis of nanostructured materials to
biomedical applications and new plasma diagnosis meth-
ods. The use of plasma (rather than thermal) activated
CVD is fundamental for allowing the synthesis of well-
aligned graphitic nanofibers. In particular, the role of the
electric field in the vertical alignment of growing carbon
nanotubes was confirmed in experimental and computa-
tional studies published in 2006.

Nanofabrication processes require that adequate build-
ing units are generated, transported, and stacked onto suit-
ably prepared surfaces. PECVD often provides a good op-
portunity for the generation of a large variety of building
units. Besides the molecules present in the feedstock gases,
atoms, ions and radicals are generated by electron impact
and/or by subsequent chemical reactions. Also, negative
ions within the plasma are confined by the plasma sheath
and can eventually reach relatively high concentrations giv-
ing rise to polymerization and clustering through reactions
with other plasma species. In contrast, the number of build-
ing units in thermal CVD, without ions or clusters, is more
limited and deposition rates are usually significantly slower
than in PECVD. A distinct feature of low-pressure
PECVD is the fact that electrons and heavier species have
quite different average energies; nonthermal plasmas are
usually produced during low-pressure PECVD processes.
The latter considerably enrich the chemical environment of
low-pressure PECVD (compared to that of thermally acti-
vated CVD), making accessible chemical pathways not
available when using conventional CVD.

The production of silicon- and carbon-based nanoassem-
blies are the most thoroughly studied plasma-assisted CVD
nanofabrication processes of the last 15 years. The strong
scientific and technological interest in these novel materials
is motivated by the diverse physical properties exhibited by
these structures.

Low-temperature plasmas produced during PECVD
have also led to new applications for the surface treatment
of biomedical devices, applications which benefit from the
experience of plasma physics and chemistry gained in
other, more mature, areas such as microelectronics. Recent
developments in plasma coating can enhance the fatigue
strength and the corrosion and wear resistance of biomate-
rials as well as their tribological and mechanical properties.
These new advances can also achieve bioactive or bioinert
performance, transform a hydrophobic surface into a hy-
drophilic one, or significantly improve biocompatibility
and adhesion between bones, tissues and implants. Proper
applications yield dense, pinhole-free coatings with excel-
lent interfacial bonds due to the graded nature of the inter-
face, and are compatible with masking techniques to enable
surface patterning.

The first contribution of this Special Issue reviews some
examples of the state of the art in PECVD research. These
are illustrated by critically commenting on the progress in
some active research lines. The rest of the papers try to
provide a balanced perspective of present and emerging re-
search lines in low-pressure PECVD.

The research by Lu et al. shows the possibility of using
plasma-assisted metal-organic CVD for the production of
nitrogen-doped p-type ZnO films (a material with impor-
tant applications in optoelectronic devices) on glass sub-
strates at a low temperature of 250 °C, that is, half the tem-
perature needed in the alternative methods used up to now.

The versatility of plasma polymerization is illustrated by
three contributions to this special issue. The paper by Förch
et al. offers a review as well as original results for the
expected applications of plasma-polymerized films in bio-
medical applications. The work by Roualdès et al. ad-
dresses the synthesis of ion-exchange plasma membranes
for miniature fuel cells using low-frequency RF capaci-
tively coupled plasma reactors. They show that plasma po-
lymerization is an efficient way to produce competitive
ion-exchange membranes with standard ionic conduction.
The article by Barranco et al. proposes a new method
based on the plasma polymerization of dye molecules that
avoids the problems caused by previous procedures. It per-
mits a tailored synthesis of optically active thin films con-
taining dye molecules that are active as absorbent or fluo-
rescence emitters (i.e., colored and fluorescent films).

The experiments carried out by Long et al. using reac-
tive-plasma-aided RF sputtering of hydroxyapatite bioim-
plant coatings clearly show how by varying some process
parameters such as the DC bias (and hence, the ion energy/
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flux), one can effectively control the relative presence of
hydroxyapatite, CaO, and CaTiO3 phases (and, hence, bio-
compatibility) in the films.

The results by Ten Eyck et al. deal with the use of low-
pressure plasma-enhanced atomic layer deposition
(PEALD), an alternative to PECVD for applications
where high surface area and conformal coverage is critical.
This work proves the ability of PEALD to deposit palla-
dium on a polymer substrate, a process of interest for
advanced logic devices, by tailoring (and characterizing)
the H2/N2 plasma species to enable ALD while at the same
time not attacking the substrate.

The work by Stancu et al. describes quantum cascade
laser absorption spectroscopy (QCLAS), a new diagnostic
method for monitoring PECVD processes.

The experiments shown in the contribution by Cernetti
et al. are part of one of the scarce reports describing how a
low-pressure PECVD process enables the synthesis of
faceted germanium nanocrystals (10–100 nm) within the
generated nonthermal plasma.

Finally, we have three papers devoted to the PECVD of
carbon thin films. The work by Neyts et al. presents a
molecular dynamics simulation of the growth of thin amor-
phous hydrogenated carbon films under additional ion

bombardment. The article by Camero et al. deals with the
synthesis of nanoparticles in carbon thin films obtained
using low pressure Ar/H2/C2H2 plasmas. In addition, an
analysis of the plasma kinetics is performed by optical
emission spectroscopy and evaluating the temporal evolu-
tion of electron energy distribution function for different
acetylene concentrations. The contribution by Tabarés et
al. illustrates with five different gas mixtures the effect of
film inhibition and/or perturbation that nitrogen molecules
have during low pressure PECVD of amorphous hydroge-
nated carbon films. The application of the N2 influence on
inhibition of tritium-containing carbon co-deposits in the
divertor region of thermonuclear fusion reactors is dis-
cussed.

I hope that the different articles included in this Special
Issue serve to illustrate the tremendous potential of low-
pressure PECVD and, at the same time, to stimulate
further investigation in the not yet well known areas of this
complex research field.
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